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Background. Children with attention deficit and hyperactivity disorder (ADHD) can experience visual motor control difficulties. Therefore,
early identification of such difficulties is important.

Objective. To determine whether ADHD symptoms are associated with visual motor control difficulties in Grade 1 learners.

Method. In total, 382 children participated in the study. To determine the presence of ADHD symptoms, the educators completed the
Strength and Weaknesses of ADHD symptoms Normal behaviour scale (SWAN) for each learner after six months of observing their class
behaviour. Two kinderkineticists applied two tests, namely the Pyfer Sensory Input Systems Screening test and one subtest of the Quick
Neurological Screening Test-II (QNST-II). Fisher’s exact test was used to determine if ADHD symptoms were associated with visual
functioning difficulties.

Results. ADHD symptoms were found to be significantly associated with 10 out of 21 visual functioning difficulties. These skills included
fixation with both eyes (p=0.0491), fixation with the right eye (p=0.0003), fixation with the left eye (p=0.0042), ocular alignment of the
right eye (p=0.0029), visual tracking with both eyes on X shape (p=0.0284), visual tracking with the right eye (p=0.0301), and visual
tacking with the left eye on a circle (p=0.0032). Furthermore, ADHD symptoms were significantly associated with the QNST-II tracking
test normal range (p=0.0028), moderate discrepancy (p=0.0028) and severe discrepancy (p=0.0075).

Conclusion. ADHD symptoms are significantly associated with approximately half of the tested visual functioning of Grade 1 learners.

Appropriate interventions should be implemented by professionals to assist these learners.
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Collectively, neurological disorders such as difficulties associated
with vision,!! in addition to attention deficit and hyperactivity
disorder (ADHD),? are commonly seen in children. A variety of
these visual difficulties (visual acuity, fixation and visual tracking)
are often overlooked, causing children to be labelled as ADHD.
This statement is in fact contradictory because these children
essentially have learning-related visual difficulties.®’! However, the
literature also indicates that these learning-related visual difficulties
are associated with ADHD.® From an educational and movement
perspective, it is expected from school-age children to excel both
in academics (reading, spelling, writing, arithmetic)® and on
the sportsfield (playing sports including stability, locomotor and
object manipulation tasks).! However, owing to visual difficulties
and ADHD simultaneously, children might find it challenging to
perform well in the classroom or take part in sports, leading to a low
self-image.®! Consequently, the overall wellbeing of the child should
be developed.

Vision is the ability to understand what is seen by means of light
entering the eye to form an image on the retina. Vision may be
affected by the integrity of visual impulses in the eye or the optic
nerve, and even in the visual cortex.*”! According to Cheatum
and Hammond,"® and also Payne and Isaacs,” depth perception,
eye-hand co-ordination, visual form perception, visual memory
and visual development have an important impact on motor
performance. Most of the information that learners gain from
their environment is through vision.”* Furthermore, Cheatum

and Hammond® stated that 20% of school-age children experience
visual problems that are generally undetected (‘hidden disabilities’).
Children with visual problems will struggle with activities such as
reading, spelling, handwriting and arithmetic, which are visual skills
fundamental for success in the school setting.**! Visual problems can
be associated with symptoms of ADHD."!

Learners with ADHD struggle with visual functioning difficulties,
suggesting that learners with ADHD may have trouble in
completing certain tasks owing to poor visual functioning.*"
The American Psychiatric Association (APA) defines ADHD as a
neurodevelopmental disorder that is one of the most commonly
diagnosed disorders in children.” According to Roth et al.,”» ADHD
can be divided into three major symptom clusters, namely inattentive,
hyperactive-impulsive, and combined subtypes. Children with
ADHD may not give attention to detail; not sustain attention during
free play; apparently do not listen when someone speaks to them;
do not follow instructions; lose things they need for an activity; are
distracted by other stimuli; and have difficulty in organising a variety
of tasks.!

Previous studies have stated that ADHD may be associated with
various dysfunctions of the eye such as fixation.®™% A study of 32
girls with ADHD aged 6 - 13 years showed difficulties concerning
their saccadic eye movements compared with the control group,
although the researchers did not find any significant differences
in eye movement performance during smooth pursuit."” Gould
et al" found similar results with 29 girls with ADHD using a
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21-second fixation test. Saccadic eye movements interfered with
their ability to fixate. Munoz et all'” tested 114 people with
ADHD between the ages of 6 and 59 years and concluded that the
participants had a reduced ability to control their fixation behaviour
voluntarily. Furthermore, researchers found a high percentage (57%)
of children had convergence difficulties, and this was attributed to
comorbidity factors, one of which was ADHD.!"®) Deans et al.l")
studied 27 children in the age range 6 - 12 years. The children had to
read, thus fixating on a word and by means of saccadic movements
move from one word to another. It was found that the ADHD group
had much slower reading times than the typically developmental
group. Accordingly, previous research clearly suggests that children
with ADHD can experience visual functioning difficulties, and early
identification is therefore important to support learners to excel in
the school setting.[1>14!

Information specifically about the association of ADHD symptoms
with visual functioning difficulties in children with reference to
fixation, ocular alignment, convergence-divergence and visual
tracking, is limited. Furthermore, the data available are outdated.
Therefore, the aim of the present study was to determine if ADHD
symptoms are associated with visual functioning difficulties among
Grade 1 learners.

Methods

Participants

Initially, 13 former model C primary schools were requested to
participate, but only five of the mainstream schools took part in
the study. Consequently, the participating schools were all from
suburbs with a high socio-economic status. The five schools were
located within a 30 km radius of the University of the Free State in
Bloemfontein, South Africa (SA).

All Grade 1 children attending the five participating schools were
considered for inclusion in the study. The following exclusion criteria
were applied: a child in the age group was outside the expected range
(either younger than 5 or older than 8 years); informed consent was
not obtained from a parent or guardian; and the informed consent
form was not fully completed. Children who were absent during the
testing procedure were also excluded because the testing procedure
had not been completed.

Scores on the Strength and Weaknesses of ADHD Symptoms
Normal Behaviour rating scale (SWAN),"*! the Pyfer Sensory Input
Systems Screening test (Pyfer),!'® and the Quick Neurological
Screening Test-IT (QNST-II) according to Mutti et al.!) were obtained
for a total of 382 learners in Grade 1, of whom 160 (41.9%) were
boys. The mean (standard deviation (SD)) age of the children was
6 years and 8 months (0.4 years, range 6 - 7 years and 9 months).

Ethical considerations

Permission to conduct the research at the various schools was
obtained from the Department of Education of Free State Province.
In addition, the principal of each school gave permission for the
research to be conducted on the school premises during the physical
education periods, so that no academic learning time was lost.
Approval for the study was obtained from the Ethics Committee
of the Faculty of Health Sciences, University of the Free State (ref.
no. ECUFS57/2012). Parents or legal guardians of all participants
provided informed consent. Finally, each child participating in the
study signed an assent form.

Procedure
The SWAN rating scale was applied as described previously.!
The lead investigator explained the procedure for completion of

the SWAN rating scale to each head of department (HOD), who in
turn explained the procedure in detail to Grade 1 teachers at each
school, as not all teachers involved could attend instruction sessions.
Teachers observed children in their classrooms for six months to
ensure that they were familiar with each child. According to the
APA,"? symptoms of ADHD should be present for at least six months
before a diagnosis can be made.

At each of the five schools, Grade 1 teachers had to observe
their own class and assess each child. The number of children
per class ranged between 25 and 32. Teachers had to assess
children in their own time over a period of one month. They were
informed in advance that they could withdraw from the study
at any time and that there was no compensation for completing
the SWAN. The SWAN rating scale was used to determine
which children exhibited symptoms of inattentive, hyperactive
or combined clusters of ADHD. In addition, two Kinderkinetics
postgraduate students, who had been trained to use the Pyfer
and QNST-II tests, administered the tests to participants at their
schools during physical education periods. Each Kinderkineticist
was responsible for performing either one of the instruments to
ensure consistency across the study. The results of the SWAN were
used to determine the association of ADHD symptoms with visual
functional difficulties as determined by the Pyfer and QNST-II in
Grade 1 learners.

Measuring instruments

SWAN

The SWAN rating scale was developed by Swanson et al.'” and
consists of 18 questions/statements on which the participant is
rated by the educator or a parent. The questionnaire needs to be
completed after a period of six months of formal schooling to ensure
that educators are familiar with each child in the classroom."! This
recommendation was applied in our study. When completing the
scale, a value of 1 is allocated if the response to the statement is ‘not
at all’ or ‘just a little) and 0 if the response is ‘quite a bit’ or ‘very
much’. The values allocated to the statements are then added, and
when the sum is >6 for questions 1 - 9, the participant is likely to
have inattentive subtype ADHD. When the sum is 26 for statements
10 - 18, the participant is likely to have hyperactive/impulsive
subtype ADHD. When the sums of both groups of statements
(1 -9and 10 - 18) are 26, the participant is likely to have combined
subtype ADHD. If neither adds up to 26, the participant is unlikely
to have ADHD symptoms.!"*!

Pyfer

The Pyfer test consists of seven skills that include (i) reflex items
(tonic labyrinthine supine, tonic labyrinthine prone, positive support
reaction and equilibrium reactions); (ii) vestibular test items; (iii)
fixation; (iv) ocular alignment; (v) convergence-divergence ocular
control; (vi) visual tracing; and (vii) kinesthesis. For the purpose of
this study, only fixation, ocular alignment, convergence-divergence
ocular control and visual tracing were used, as these are all the visual
motor skills. The Pyfer test is scored only according to pass or fail
criteria. If the participant could perform the activity requested, a
pass is allocated.)

QNST-lI

According to Mutti et al.,!!! the QNST-II is designed to determine
whether a child has learning problems or has symptoms of ADHD.
The test consists of 15 skills, of which only subtest 4 (eye tracking)
was used for the purpose of this study, as this is the only subtest to
measure visual functioning. A mark of either 1 or 3 is allocated for
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the various aspects observed during the execution of the subtest.
The participant scores 1 if the head is moved while performing the
test and 3 if any jerkiness of the eyes occurs on vertical or horizontal
movements. Inability to focus on an object or distractibility is also
scored as 3. If the participant scored between 0 and 3, they will fall
within the normal range, indicating no learning problems. However,
scores between 4 and 6 are indicative of falling within the mild
discrepancy range, and by implication they might find it difficult
to learn in a normal environment. If a score 26 is obtained, the
participant falls into the severe discrepancy range, indicating ADHD
associated with learning difficulties.!"”

Data analysis

The principal researcher used a Microsoft Excel (Microsoft Corp.,
USA) spreadsheet to capture data from the Pyfer screening test and
the QNST-II test electronically. The data were analysed by means of
SAS statistical software.'”) Fisher’s exact test was performed to assess
the association between ADHD symptoms and visual functioning
difficulties. Odds ratios (OR) and associated exact mid-p 95%
confidence intervals (CI) were calculated!” (i.e. the odds of failing
the visual test in question when ADHD symptoms were present,
divided by the odds of failing the visual test when ADHD symptoms
were absent). The association of ADHD symptoms with the results
of the QNST-II test (normal, moderate or severe problems) was
assessed using the Mantel-Haenszel correlation test.!'”!

Results

Of the 382 study participants, 95 (24.9%) had ADHD symptoms;
because the group with ADHD symptoms was relatively small, it was
not divided into a hyperactive, inattentive or combined group. The
remaining 287 (75.1%) participants showed no symptoms of ADHD.

Table 1 presents the cross-tabulations of participants by the result
of the various visual functioning tests (fail v. pass) and the presence
or absence of ADHD symptoms. For each visual functioning test,
Table 2 presents the inferential statistics for assessing the association
of ADHD with visual functioning difficulties, namely OR and
associated exact 95% CI. Only the seven visual function difficulties
with a significant association are discussed further on. Similarly
to Table 1, Table 3 presents the cross-tabulation of participants by
the result of the QNST-II and the presence or absence of ADHD
symptoms.

Table 1 shows that 7.4% of participants with ADHD symptoms
failed the fixation right eye test, but only 0.4% of participants without
ADHD symptoms failed this test. The OR was 22.8 (95% CI 3.42 -
518; p=0.0003; Table 3), which means that the odds of failing the
fixation right eye test among participants with ADHD symptoms
were 22.8 times higher than the odds of failing the fixation right eye
test among participants without ADHD symptoms. Similarly, 5.3%
of participants with ADHD symptoms failed the fixation left eye test,
but only 0.4% of participants without ADHD symptoms failed this
test. The OR was 15.9 (95% CI 2.15 - 379; p=0.0042). Additionally,
fixation both eyes also indicated an odds ratio of 9.3 (95% CI 0.98 -
246.3; p=0.0491).

Furthermore, ADHD symptoms were found to be a statistically
significant risk factor for four other visual functioning tests. As
shown in Table 1, 11.6% of participants with ADHD symptoms
also failed ocular alignment for the right eye, and only 3.1%
of learners with ADHD symptoms, although no significant
difference was found for the left eye between learners with ADHD
symptoms and those without ADHD symptoms. The OR was 4.1
(95% CI 2.15 - 379; p=0.0029). Visual tracking with both eyes on
X shape showed that 9.5% of participants with ADHD symptoms

Table 1. Cross-tabulation of participants who failed
visual functioning and the presence or absence of

ADHD symptoms

Visual functioning

Symptoms of ADHD

Absent

Present

(N=287),n (%) (N=95), n(%)

Fixation
Both eyes
Right eye
Left eye
Ocular alignment
Right eye
Left eye
Convergence-divergence
Visual tracking
Both eyes circle shape
Both eyes square shape
Both eyes X shape
Both eyes horizontal line
Right eye circle shape
Right eye square shape
Right eye X shape
Right eye horizontal line
Left eye circle shape
Left eye square shape
Left eye X shape
Left eye horizontal line

1(0.3)
1(0.3)
1(0.3)

9(3.1)
9(3.1)
10 (3.5)

22 (7.7)
14 (4.9)
10 (3.5)
10 (3.5)
40 (13.9)
28 (9.8)
29 (10.0)
18 (6.3)
36 (12.5)
32 (1L.1)
26 (9.1)
20 (7.0)

ADHD = attention deficit hyperactivity disorder.

3(3.2)
7 (7.4)
5(5.3)

11 (11.6)
5(5.3)
5(5.3)

11 (11.6)
4(4.2)

9(9.5)

7 (7.4)

18 (18.9)
14 (14.7)
18 (18.9)
10 (10.5)
25 (26.3)
14 (14.7)
15 (15.8)
11 (11.6)

Table 2. Odds ratios, 95% CI and p-values for the
association of ADHD symptoms with visual functioning

difficulties

Visual functioning OR  95%CI p-value

Fixation
Both eyes 9.33  0.98-246.3 0.0491*
Right eye 228  3.4-518 0.0003*
Left eye 159  2.15-379.1 0.0042*

Ocular alignment
Right eye 4.05 1.59-10.4 0.0029*
Left eye 1.72 1.0-53 0.3502

Convergence-divergence 1.54 0.46-4.58 0.5411

Visual tracking
Both eyes circle shape 1.56  0.71-3.36 0.2900
Both eyes square shape 0.86  0.24-2.56 1.000
Both eyes X shape 2.89 1.10-7.49 0.0284*
Both eyes horizontal line 220  0.77-6.02 0.1474
Right eye circle shape 144  0.76-2.64 0.2502
Right eye square shape 1.59 0.78-3.15 0.1878
Right eye X shape 2.07 1.07-3.93 0.0301%
Right eye horizontal line 1.76 ~ 0.75-3.93 0.1765
Left eye circle shape 249  1.38-441 0.0032*
Left eye square shape 137  0.68-2.68 0.3653
Left eye X shape 1.88  0.92-3.71 0.0840
Left eye horizontal line 1.75  0.77-3.77 0.1916

ADHD = attention deficit hyperactivity disorder; OR = odds ratio;

CI = confidence interval.
*Statistically significant.
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Table 3. Cross-tabulation of participants bB results of the
QNST-II and the presence or absence of ADHD symptoms

QNST-II, # (%)

Normal Moderate  Severe
Symptoms of ADHD  range discrepancy discrepancy
Present (n=95) 73 (76.8) 19 (20.0) 3(3.2)
Absent (1n=287) 257 (89.6) 26 (9.1) 4(1.4)
Total (n=382) 330 (86.4) 45 (11.8) 7 (1.8)

QNST-II = Quick Neurological Screening Test second edition; ADHD = attention
deficit hyperactivity disorder.

failed the test, compared with 3.5% of those without ADHD
symptoms. The odds of failing were only 2.9 times higher (95%
CI 1.10 - 7.49; p=0.0284). Similar results for visual tracking with
the right eye on X showed that 19.0% failed the skill, compared
with 10.1% of learners without ADHD symptoms. The OR was 2.1
(95% CI 1.07 - 3.93; p=0.0301). In addition, visual tracking with
the left eye on a circle indicated that 26.3% of learners with ADHD
symptoms failed the test, and only 12.5% of learners without
symptoms of ADHD. Accordingly, the OR was 2.5 (95% CI 1.38
- 4.41; p=0.0032).

Finally, ADHD symptoms were significantly associated with the
results of the QNST-II tracking test (p=0.0028), such that presence
of ADHD symptoms was associated with the risk of moderate or
severe problems with visual functioning. Of the participants with
ADHD symptoms, 23.2% had an abnormal result (moderate or
severe problem), whereas only 9.5% of participants without ADHD
symptoms had an abnormal result (Table 1).

The strongest association of ADHD symptoms with visual motor
skill problems (highest odds ratios) was for fixation right eye and
fixation left eye.

Discussion

The study aimed to determine whether the presence of ADHD
symptoms was associated with visual functioning difficulties among
learners aged 6 - 8 years. However, a causal relationship between
ADHD symptoms and visual functioning difficulties cannot strictly
be established using data from a cross-sectional study alone, as we
did here.

In fact, it could be argued that ADHD symptoms might be a risk
factor for impaired visual functioning, as indicated by Gronlund
et al.," who made use of detailed ophthalmologic evaluations when
conducting a study on 42 children with a mean age of 12 years
in Sweden. The researchers came to the conclusion that children
on medication for ADHD did significantly better compared with
children without medication on the visual acuity test for distance. In
contrast, Fabian et al." conducted a study on 56 participants (mean
age 9.5 years) diagnosed with ADHD and 66 (mean age 9 years)
without ADHD. All participants were tested by a professional
optometrist to determine their visual abilities at the Sheba Medical
Institution in Israel. The results for both groups were similar for
visual acuity, binocular vision as well as accommodation, and
therefore not attributed to ADHD.

It is a common characteristic that children diagnosed with ADHD
often avoid tasks demanding sustained mental effort,” which may
influence both fixation and visual tracking. Therefore, according
to Cheatum and Hammond,® a child with fixation problems can
experience difficulties in the classroom when they have to focus
on an object such as a block, word or picture or even the teacher.
With regard to fixation, the current study indicated that ADHD is
significantly associated with difficulties both in the right and left eye.

This observation is in agreement with Munoz et al.,l') who tested
children and adults. The researchers made use of a pro-saccade task
and an anti-saccade task. The difference between the two tasks was
that for the pro-saccade task, participants were asked to focus on a
central fixation point and then they had to move towards a visual
target that was located unconventionally. For the anti-saccade task,
stimulus appearance was similar; however, the participants now had
to look at a central fixation point which was located on the opposite
sides of the target, while they had to try and suppress saccade to the
stimulus. There were 76 children with ADHD and 75 children in
the control group. There was a significant difference between the
two groups, especially to supress their saccadic eye movement when
they had to fixate on an object for some time."?! Gould et al."") tested
53 children with the combined type of ADHD and 44 children in the
control group between the ages of 7 and 13 on a 21-second fixation
test. The conclusion from this study indicated that the ADHD
children, both the girls and boys, struggled more with the fixation
test.®) In contrast, Karatekin and Asarnow!?” studied 30 ADHD
children and 26 children without ADHD in Los Angeles, USA. The
children had to do a fixation test using a picture out of a children’s
book and to answer three questions about the picture. Although the
ADHD group had shorter fixation times, these were not significantly
different from children without ADHD.

Visual tracking is the ability to follow an object.® In this regard,
Cheatum and Hammond® are of the opinion that the learner
with visual tracking problems might struggle to read as the eyes
move from one word to another. Furthermore, difficulties can be
experienced in the physical education class or on the sportsfield,
as the learner might not be able to take part in activities such
as throwing and catching because they struggle to track the
object.®’! Observing slower smooth-pursuit eye movements, the
current study indicated that only three of the 12 visual tracking
functions had been implicated in significant associations with
ADHD, namely both eyes X shape, right eye X shape and left eye
circle shape. Similarly to the current study, Ross et al.?!tested 17
adults with ADHD and 37 without ADHD. The slow pursuit eye
movements were recorded during a constant velocity task at 16.7°
per second. The researchers came to the conclusion that although
the participants showed slower tracking movements of the eyes,
these still fell into a normal range similar to participants without
ADHD. In contrast, Jacobsen et al.,”?! found that the participants
(18 ADHD and 22 without ADHD) in their study could not
continuously track an object even at a constant speed, using an
infrared photoelectric limbus detection eye-tracking device.

In contrast to the current study, Borsting ef al.?® performed a study
on 24 children between the age of 8 and 15 years. The researchers
determined the association between convergence insufficiency and
ADHD and concluded that the association does exist.” A similar but
retrospective study was conducted by Granet ef al.,?"! who reviewed
the charts of 266 participants from the USA. The researchers indicated
a threefold greater association between convergence insufficiency
and ADHD. However, the current study did not find such an
association (p=0.5411). The reason for the contradicting results might
be due to the fact that Borsting et al.”*! as well as Granet et al?¥
used samples where the participants were previously diagnosed with
visual difficulties in their respective visual faculties. The current study
only made used of the Pyfer!"” and the QNST-IL!"® which are both
only screening instruments to determine if a child might have visual
difficulties. According to Cheatum and Hammond,” convergence
is an important aspect in the classroom, especially when the learner
completes work on his/her desk, such as playing with clay, writing and
beadwork.
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Implications

The literature clearly indicates that ADHD and visual function
difficulties can lead to learning difficulties in an educational setting
such as the classroom, in addition to activities on the sports field. The
current study indicated that children find it hard to fixate because they
cannott supress their saccadic eye movements. This will influence the
child’s academic performance as they will not be able to fixate on the
teacher explaining the work, reading activities or being able to build
with blocks. On the sports field, for example with cricket, a batsman
will find it hard to fixate on the oncoming bowler and ball. The
result will be an inability to hit the ball. Furthermore, the inability to
visually track words in a book will lead to poor reading performance.
On the sports field, these children will especially struggle with
object manipulation skills where they have to track an object, such
as catching a ball in rugby and netball, striking activities such as
hockey and cricket, or kicking a ball in soccer. Regarding sports skills,
visual functioning difficulties can restrict a learner’s physical activity,
causing further motor and physical developmental delays. Although
the current study did not indicate problems with convergence, other
literature indicates that these children might also experience problems
which will affect their ability to perform tasks at close range, for
example on a table, and includes activities such as playing with clay
or writing in their books. Therefore, early detection and prevention
of visual function difficulties is important to initiate appropriate
interventions to prevent failure in the school environment and sports
field that can lead to low self-image. Furthermore, visual studies can
aid in categorising ADHD.

Study limitations

The current study only recruited children from the Bloemfontein
metropolitan area, while no children from rural regions of the
province were included. Therefore, the study is not representative
of the SA population. Hence, a replication of this study in different
provinces and regions in SA is recommended to provide more robust
results. Furthermore, ADHD symptoms were identified based on
the SWAN completed by a teacher, rather than a clinician. In future
studies, the parents of the participants could be asked to complete the
SWAN in order to compare its results with the findings of teachers.

Conclusion

The objective of the present study was to determine if the presence of
ADHD symptoms was associated with visual functioning difficulties
in Grade 1 learners (fixation, ocular alignment, convergence-
divergence ocular control, visual tracking, QNST-2 eye tracking).
These tests were conducted on learners 6 - 8 years of age. The
results of this study show that the presence of ADHD symptoms is
significantly associated (p<0.05) with visual functioning difficulties
where both eyes are fixating, as well as where individual eyes
are fixating, respectively. Furthermore, significant associations of
ADHD symptoms have also been noted in problems with the right
eye regarding ocular alignment, both eyes in visual tracking for the
X shape, and the right eye for visual tracking X shape, left eye visual
tracking in a circle, and lastly for QNST-II tracking.
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