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ABSTRACT
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Introduction: Children with cerebral palsy (CP) have been found to present with visual perceptual impairments (VPI). Research indicates
differences in VPI in various subtypes of CP. However, visual perceptual deficits in children with CP has not been investigated in terms of
occupational therapy assessment and treatment in a South African context. The purpose of this study was to determine the specific VPI
in learners aged 4-18 years with various subtypes of CP attending a school for learners with special needs in Johannesburg, South Africa.
Method: The Test of Visual Perceptual Skills 3rd ed. (TVPS-3) was used to assess 80 learners. Their subtest scores and composite scores
were compared according to their subtype of CP as well as other demographic variables including age, and the Gross Motor Function
Classification System (GMFCS) level.
Results: All the subtypes of CP were found to present with VPI, with the right spastic unilateral (hemiplegic) group having the fewest
number of impairments and the ataxic group the greatest number of impairments. A significant difference in visual discrimination
and figure ground scores were found based on the subtype of CP while the Basic Processes composite scores on the TVPS-3 differed
significantly for both the subtypes of CP and gender. No significant differences were found for VPI based on age and GMFCS levels.
Conclusion: Visual perceptual impairments were found in a high percentage of participants with CP with significant differences between
the subtypes of CP and according to gender but not for age and GMFCS levels.
Key words: Cerebral Palsy, Visual Perception, TVPS-3, Visual Perceptual Impairment, Occupational Therapy, Gross Motor
Function Classification System

INTRODUCTION

the goal of allowing the child to participate optimally at home, at
school and in their community7.
Initial studies completed in the 1960s - in which perceptual assessments were administered to children with dyskinetic, bilateral
spastic and unilateral spastic (right and left) CP - indicated differences
in VPI in children with various subtypes of CP8. In their systematic
review in 2015 Ego et al.3 recommend that further research on the
differences of visual perceptual impairment in the different subtypes of
CP be conducted with a larger number of participants, since a limited
number of studies have considered these differences3,8–11. Gaining a
better understanding of the specific visual perceptual impairments
for each subtype of CP will in turn allow occupational therapists to
provide specifically targeted intervention. This is particularly true in
South Africa where resources for the treatment of children with CP
are limited, especially in the public sector where caseloads are high12.
In these settings, it is often necessary to treat children in groups
rather than individual sessions. Determining whether specific visual
perceptual impairments are more likely to occur in different subtypes
of CP will also allow for easier clustering of children for group therapy.
The subtypes of CP are classified using the Surveillance of
Cerebral Palsy in Europe (SCPE)13, which is a standardised classification of CP that is now used internationally. It was developed
according to motor deficits with which the child presents. The
classification identified three main subtypes of CP: spastic, dys-

Cerebral palsy (CP) occurs as a result of an early, non-progressive
lesion to the central nervous system (CNS) in children. These children present with a variety of different developmental disorders
depending on the area of the lesion in the brain1. Visual perceptual
ability is one of the many areas that is often impaired in children
with CP. Schmetz et al2 confirmed that children with CP aged 5-18
years have persistent deficits in visual perception or visual perceptual impairment (VPI) compared to typical children of similar age
and nonverbal IQ2.
Ego et al3. indicate that there is no accepted prevalence rate
of visual perceptual impairment (VPI) in children with CP3 due to
different lesion patterns in the brain. These children present with
different aetiological factors and clinical characteristics, so the type
of visual perceptual deficits and the degree of impairment differ from
child to child with CP. These differences have been associated with
the different subtypes of CP3. Perceptual deficits have functional
implications for children with CP and can affect their academic performance in reading ability and learning4 as well as their activities of
daily living (ADL’s) such as dressing5. It is therefore essential that the
visual perceptual skills of children with CP are assessed in order6 to
improve performance in these functional activities. Occupational
therapists address these visual perceptual impairments in children
with CP using a bottom up approach to remediate the deficits with
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that children with dyskinetic CP had fewer VPIs than spastic
children, therefore indicating that VPI may be associated with CP
where spasticity is the predominant sign8. Children in the spastic
bilateral (UL and LL as well as LL only) and left spastic unilateral
groups, however, had significantly lower scores than children with
right spastic unilateral CP8. These results confirmed those from
studies by Skatvedt25 as well as Wedell26 who reported although
both right and left spastic unilateral groups presented with VPI,
the dominant area for visual perceptual processing in the right
cerebral hemisphere resulted in those with left spastic unilateral
CP having lower visual perceptual scores than those with right
spastic unilateral CP25,26. Some early studies used assessment tools
that required motor control that could have directly impacted on
the results. These studies were inconclusive as they did not clarify
specific VPI deficits in children with different subtypes of CP27.
With the advent of validated assessments of visual perception
which are motor free and more reliable, Stiers et al.20 completed
a study on 62 participants with various subtypes of CP using
the L94 visual-perceptual battery20. Most of these participants
between the ages of 4 and 21 years had some form of spastic
CP (11 unilateral, 49 bilateral). Forty percent of the participants
presented with visual-perceptual impairment and they concluded
that children with dyskinetic and ataxic CP have less severe VPI
than children with spastic diplegia, quadriplegia and hemiplegia.
However, there were only four participants with dyskinetic and
ataxic CP in their study and they reported that research specific
to visual perceptual skills in this subtype of CP is however very
limited due to rarity of dyskinetic and ataxic CP20.
The more severe VPI in children with spastic subtypes of CP
has been attributed to cortical damage where visual perceptual
processing predominantly occurs26. Pueyo et al.28 confirmed the
findings reported above in 2009 when they compared the visual
perception of 23 participants with bilateral spastic CP and six
with dyskinetic CP. They assessed visual perceptual abilities using the Benton’s Facial Recognition Test and Benton’s Judgment
of Line Orientation Test. The participants with dyskinetic CP had
significantly higher scores with 50% of participants in this group
having deficits compared to the 79% of participants with bilateral
spastic CP28.
No detail on the types of visual perceptual deficits were identified in the different subtypes of CP in the literature, and no literature on VPI for children with CP in South Africa was sourced. This
study therefore aimed to determine the specific VPI in children
with different subtypes of CP attending a school for learners with
special educational needs (LSEN) in Johannesburg, South Africa.

kinetic and ataxic13. Spastic (unilateral and bilateral) CP is the
most common clinical subtype found in near or full-term infants
whereas in preterm and very preterm infants, spastic (bilateral)
diplegia is more common14. Spastic CP occurs due to damage to
the cortex15 and the cortical spinal tract (pyramidal tract) and the
sensory pathways16. Seventy percent of children with CP have
spastic or mixed forms of the condition where more than one type
of motor pattern is present, resulting in spastic bilateral diplegia,
quadriplegia or spastic unilateral hemiplegia16. Spastic bilateral (upper limb and lower limb (UL and LL) CP resulting in quadriplegia
is associated with global hypoxic-ischemia events, intrauterine
infection, and metabolic disorders. Children born prematurely
with periventricular leukomalacia and mal-development of periventricular oligodendrocytes (specifically in the corticospinal fibres
innervating the lumbosacral segments) present with spastic bilateral (lower limb (LL) or diplegic CP17. Spastic unilateral (right or
left) CP results in hemiplegia due to a focal pathology that occurs
as a result of unilateral cerebral and cortical-subcortical lesions.
The cause of unilateral CP correlates to isolated porencephalic
cysts, internal capsule lesions, periventricular lesions or damage
to the cerebral hemisphere18. Thirty percent of children with CP
have extrapyramidal (dyskinetic) forms which include dystonic,
rigid, choreo, ataxic and hypotonic CP and which occur as a result
of damage to the pathways between the cortex and the basal
ganglia16. Choreo-athetotic and dystonic CP have been found to
correlate with perinatal asphyxia and hyperbilirubinemia. Ataxia
CP is the least common type of CP and is caused by damage to
the cerebellum and cerebellar pathways15,18.
The different cerebral lesions responsible for the subtypes
of CP (according to the SCPE classification) result in comorbid
cognitive impairments. In the definition of Cerebral Palsy by
Rosenbaum, the motor disorders are often accompanied by
disturbances of perception19. Stiers et al.20 concluded that visual
perception deficits are related to a different location of damage
in the brain and the vulnerability of visual neural structures at
birth20. Other factors such as motor dysfunction assessed on the
Gross Motor Function Classification System (GMFCS) also have
no correlation to VPI and Hamid et al. reported that the severity
of gross motor functioning does not directly impact on the visual
perceptual skills of children with CP9. Verbal intelligence scores
have also not been found to be associated with VPI in children
with CP21. Although attention, language or memory3 may differ
according to the subtype of CP, only impairments related to visual
perception were considered for this study.
Studies have reported VPI in children with CP2,3,22 as a result
of a malfunctioning of the associative visual systems rather than
the posterior visual pathways23. A systematic review by Ego et al.3
reported that 40%-50% of children with CP presented with VPI
with a mean perception quotient of 70 to 90, indicating visual perceptual dysfunction must be considered as a core issue in children
with CP3. Challenges with visual perception have been associated
with white matter injury, right-sided brain lesions, preterm birth,
and spastic diplegic CP with the intensity of the visual perceptual
deficits being associated with different subtypes of CP3. Associated
visual defects in children with CP2 can be caused by periventricular
leukomalacia, intraventricular haemorrhage, hypoxic ischaemic
encephalopathy or a cerebral infarction18.Thus, even when deficits
in acuity is accommodated with spectacles in children with CP,
other factors such as visual fields, eye movements and binocular
nystagmus24 might also influence the child’s visual perceptual skills.
When assessing VPI in children with CP, Abercrombie8 found

METHOD
A quantitative and cross-sectional design was used to determine
the visual perceptual deficits in children with different types of
CP. The data compared the participants’ scores to normative data
as well as the cluster of the scores and each child was assessed
once29. The study was based at Forest Town School, in Johannesburg South Africa, which is a government school for learners
with special educational needs (LSEN) which caters largely for
children with CP. The population for the study included children
with different subtypes and a medical diagnosis of CP. Since the
school caters for children with mild intellectual disability (MID),
this was used as the criterion for the intellectual level for inclusion in the study. Total population sampling was used in this study
and all the children in the school between ages of 4 years – 18
years, diagnosed with CP, and who had attended occupational
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Data Analysis

therapy for at least 6 months were included in the study. The
sample size included 19 children with spastic unilateral CP, 35
children with spastic bilateral CP, 17 children with dyskinetic CP
and 9 with ataxic CP.

The demographic data, subtypes of cerebral palsy and the other
information related to motor function levels and education were
analysed using descriptive statistics and frequencies. The frequency of the scaled scores for the TVPS-3 were calculated for
the different subtypes of CP. These scores were compared for
each subtest of the TVPS-3 as well as the standard scores for the
composite sections of the TVPS-3 using the Kruskal–Wallis test
to determine if a significant difference existed. The composite
standard scores for the TVPS-3 were also compared according to
the variables of gender, age, and motor function on the GMFCS
using the Kruskal–Wallis test to determine if a significant difference –based on these variables - existed.

Research Instrument
A demographic questionnaire was designed by the researcher
to capture demographic information and included date of birth,
gender, diagnosis, GMFCS level, grade, or class, whether they
receive occupational therapy and the length of time they have
received occupational therapy. It was also used to determine
if the child met the inclusion criteria for the study. The Test of
Visual Perceptual Skills 3rd ed. (TVPS-3) was used to assess each
participant. This standardized test, includes seven subtests: Visual Discrimination, Visual Memory, Spatial Relationships, Form
Constancy, Visual Sequential Memory, Figure Ground, and Visual
Closure30 The TVPS-3 has been found to be a reliable and valid
measure of visual perception for 4-18 year olds31. It provides a
consistent measure and is relatively free of error. It has a high
level of homogeneity and high test-retest reliability32. The TVPS3 provides the examiner with scores that can be analysed both
for intervention and research purposes. The TVPS-3 was chosen
for this study as it can be used to test children with motor or
speech impairments30.
On completion of the assessment, the raw scores were converted into scaled scores and percentile ranks. The scaled scores
were grouped into the appropriate index scores, which included a
composite score for the overall test, Basic Processes, Sequencing
and Complex Processes. These composite scores allowed the
examiner to compare the skills that are related to each other,
such as Basic Processes, which includes visual discrimination, visual
memory, spatial relations, and form constancy; Sequencing which
includes visual sequential memory and Complex Processes which
includes figure-ground and visual closure. Scores were converted
to standard scores and percentile ranks30.
Although the validity of using visual perceptual tests including
the TVPS-3 with children with cognitive disability has been under
scrutiny33 limited studies have confirmed the validity of using the
TVPS-3 with typical children and those with learning disabilities
in an urban South African population32,34.

RESULTS
Demographics
Table I (p21) presents the age, gender and GMFCS level demographics of the participants for different Cerebral Palsy subtypes
in the study. Most participants had spastic bilateral (LL) CP, were
male and fell within the age group of 9 years – 13 years 11 months.
Only 15% of participants were on GMFCS levels 4 and 5.

Visual Perceptual Impairment in children with
Cerebral Palsy
Table II, (p21) indicates that six out of the 80 participants (7%)
scored within normal range or above average for their age group.
That means that 93% of the participants presented with overall
visual perceptual difficulties and z scores below -1SD.

Comparison of the Subtests of the Test of Visual
Perceptual Skills -3rd Edition according to the
Cerebral Palsy subtypes
Table III (22) presents the results for the comparisons between
the TVPS-3 subtests’ overall and composite scores for the subtypes of CP. It was found that scores for the visual discrimination
(p=0.03) and the figure-ground (p=0.03) subtests had statistically
significant differences between the subtypes of CP. The scores
for visual memory, spatial relations, form constancy, sequential
memory and visual closure were not statistically significantly different when the CP subtypes were compared. When comparing
the overall scores of the different subtypes of CP, it is evident that
the spastic unilateral (right) CP subtype had the highest scores
with a mean standard score of 76.55. The spastic bilateral (LL
and UL) CP subtype had the second highest score, followed by
spastic bilateral (LL) CP subtype, dyskinetic and spastic unilateral
(left) CP subtype. The ataxic group had the lowest scores, with
mean standard score of 43.55.
There was a significant difference in the Basic Processes
standard scores (p=0.002) of the different subtypes of CP. The
Basic processes score is comprised of visual discrimination, visual
memory, spatial relations and form constancy. There was no
significant difference found in the composite scores for Complex
Processes and Sequencing of the different CP subtypes.
When the spastic bilateral CP subgroups were compared,
the spastic bilateral (LL) CP group scored higher than the spastic
bilateral (LL and UL) group in the visual discrimination, visual
memory, figure-ground and visual closure subtests. The spastic
bilateral (LL & UL) CP subgroup had higher scores on the spatial
relationships, form constancy and sequential memory subtests. The
composite scores of these two subtypes of spastic bilateral CP

Research procedure
Ethical clearance for the study was obtained from the Human
Research Ethics Committee (HREC) at the University of the
Witwatersrand (M170817) and permission to conduct the study
was obtained from the Gauteng Department of Education. Class
lists were screened, and therapists were consulted to identify
which of the children they were treating met the inclusion criteria
of the study. Consent forms, information sheets and demographic
questionnaires were sent to the parents of these identified children.
When parental-signed informed consent was obtained and the child
met the inclusion criteria, the child was included on the list for assessment. Where the child gave witnessed verbal assent, testing
was completed by the researcher who has experience in using the
TVPS-3. The test was administered individually in the standardised
manner, in accordance with the manual, in a quiet assessment room
in Forest Town School’s Occupational Therapy Department. Subtests were concluded when the child reached a ceiling and could
no longer identify the correct answers after three attempts.
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Table I: Demographic Information of Cerebral Palsy subtypes (n=80)
Subtype of
cerebral palsy

Total
Group

Spastic Unilateral (Right)

Spastic Unilateral
(Left)

Spastic Bilateral (LL)

Spastic Bilateral (LL
and UL)

Dyskinetic

Ataxic

n (%)
Number of Participants
Age (Years,
Months)

Gender
Gross
Motor Function
Classification
System Level

80

9 (11)

10 (13)

27 (34)

8 (10)

17 (21)

9 (11)

5y-8y 11m

27 (33)

5 (6)

2 (2)

10 (12)

2 (2)

7 (8)

1 (1)

9y-13y 11m

37 (46)

4 (5)

4 (5)

15 (18)

4 (5)

6 (7)

3 (3)

14– 18y 11m

16 (20)

0 (0)

4 (5)

2 (2)

2 (2)

4 (5)

5 (6)

Male

44 (55)

8 (10)

3 (3)

9 (11)

4 (5)

16 (20

4 (5)

Female

36 (45)

1(11)

7 (8)

18 (22)

4 (5)

1 (1)

5 (6)

GMFCS 1

17 (21)

6 (7)

5 (6)

1 (1)

0 (0)

2 (2)

3 (3)

GMFCS 2

27 (34)

3 (3)

5 (6)

5 (6)

2 (2)

6 (7)

6 (7)

GMFCS 3

24 (30)

0 (0)

0 (0)

20 (25)

0 (0)

4 (5)

0 (0)

GMFCS 4

8 (10)

0 (0)

0 (0)

1 (1)

5 (6)

2 (2)

3 (3)

GMFCS 5

4 (5)

0 (0)

0 (0)

0 (0)

1 (1)

3 (3)

0 (0)

Table II: Overall Standard Scores and SD of children with
Cerebral Palsy

80

75

Number of
Participants (%)

Standard
Score

z scores

Scaled
scores

8 (10)

<55

-3

2

36 (45)

55-69

-2

4

30 (38)

70-84

-1

7

55

5 (6)

85-114

Mean

10

50

1 (1)

115-130

+1

13

Complex Proceses

70

65

60

45

SS of 100 = age-appropriate performance
SS of 115 = 1SD above age related performance

Male

Female
Gender

80

75

are very similar with the spastic bilateral (LL) CP group having
higher scores in the Basic Processes, Sequencing and particularly
the Complex Processes.

Basic Processes

70

Comparison of the Composite Scores of the Test
of Visual Perceptual Skills -3rd Ed to Gender, Age
and GMFCS Level

65

60

A significant difference was found (p=0.031) in the Basic Processes standard scores of male and female participants. Males
had significantly higher scores than females in the Basic Processes
scores. The Sequencing standard scores (p=0.702) and Complex
Processes standard scores (p=0.156) of males and females did not
have significant differences. When looking at gender differences,
Figure 1 indicates that males had higher standard scores in all
areas including Basic Processes, Sequencing and Complex Processes.
There was no significant difference in the standard scores for
the different age groups and GMFCS levels on any of the composite
scores on the TVPS-3 (Table IV, p22).

55

50

Male

Female
Gender

75

Sequencng

70

DISCUSSION

65

60

55

South African learners from Forest Town LSEN School participated
in this study and were sourced using total population sampling. A
total sample of 80 learners with CP participated in the study, 55%
were male and 45% were female. The slightly higher percentage
of males was supported by other studies that have found that CP
is more common in males than in females35. The distribution of the

50

Male

Female
Gender

Figure 1. Comparing Gender in Basic Processes.
Sequencing and Complex Processes (n=80)
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Table III Test of Visual Perception - 3rd Edition subtest scaled scores, overall and composite scores in different Cerebral
Palsy subtypes (n=80)
CP subtype

Spastic Unilateral
(Right)
n=9

Spastic
Unilateral
(Left)
n=10

Spastic
Bilateral (LL)
n=27

Spastic
Bilateral (LL
and UL)
n=8

Dyskinetic

Ataxic

n=17

n=9

p value

Mean (SD)
Visual
Discrimination

5.44 (2.65)

4.40 (3.13)

4.74 (2.84)

3.75 (2.19)

2.71 (2.64)

2.22 (2.33)

0.03*

Visual Memory

5.55 (3.97)

3.90 (4.43)

4.26 (3.73)

3.13 (3.09)

3.24 (3.40)

1.78 (2.39)

0.27

Spatial Relationships

6.11 (3.86)

3.80 (4.02)

4.81 (3.08)

5.13 (3.72)

3.12 (2.78)

2.44 (2.70)

0.10

Form Constancy

4.11 (2.26)

4.10 (2.77)

3.81 (3.66)

4.50 (4.44)

4.47 (3.48)

1.78 (2.11)

0.33

Basic Processes

76.55 (12.50)

65.50 (12.22)

71.04 (12.36)

70.50 (13.18)

63.88 (19.12)

43.55 (33.32)

0.002*

4.22 (3.19)

4.20 (3.61)

4.70 (2.95)

5.13 (2.30)

3.06 (2.66)

2.67 (2.55)

0.24

65.55 (28.22)

60.30 (24.63)

69.81 (23.99)

69.37 (28.46)

53.53 (32.19)

52.22 (31.34)

0.362

Sequential Memory
Sequencing
Figure-Ground

6.11 (5.58)

4.40 (4.48)

4.52 (3.37)

3.38 (2.83)

2.59 (2.32)

2.56 (3.13)

0.03*

Visual Closure

5.00 (4.95)

3.70 (2.83)

4.07 (3.05)

3.75 (3.20)

3.24 (2.31)

3.44 (4.12)

0.93

Complex
Processes

77.00 (24.55)

64.60 (13.60)

67.85 (23.79)

55.37 (35.11)

64.59 (8.73)

48.44 (38.74)

0.167

Overall

75.89 (14.46)

65.10 (12.10)

72.11 (11.52)

74.87 (21.15)

65.82 (7.23)

56.33 (23.46)

Significance p ≤ 0.05 *, p ≤ 0.01 **

Table IV Comparing Gender, Age and GMFCS in Composite Scores(n=80)

Gender

Age

Basic Processes

Sequencing

Complex
Processes

70.45 (16.31)

63.75 (28.39)

67.88 (24.79)

Female

61.22 (21.27)

61.33 (27.47)

60.03 (23.96)

p value

0.031*

0.702

0.156

71.45 (9.72)

66.25 (23.18)

69.50 (18.62)

68.69 (11.97)

64.95 (25.55)

62.89 (24.39)

14yrs – 18yrs 11mo

53.52 (33.26)

52.35 (36.83)

60.41 (31.78)

p Value

0.21

0.53

0.72

64.82 (21.50)

58.70 (30.73)

71.23 (26.02)

Male

5yrs - 8yrs 11mo
9yrs - 13yrs 11mo

GMFCS

GMFCS 1
GMFCS 2

Mean (SD)

Mean
(SD)

Mean
(SD)

63.78 (25.19)

63.33 (30.00)

61.18 (21.65)

GMFCS 3

69.33 (11.50)

67.50 (18.53)

66.20 (25.16)

GMFCS 4

72.87 (11.32)

58.12 (36.74)

62.00 (26.01)

GMFCS 5

58.25 (5.68)

55.00 (36.97)

50.00 (33.65)

p Value

0.60

0.82

0.52

Significance p ≤ 0.05 *
review completed by Ego et al.3 The findings in the current study
are similar to those of Pueyo et al.28 who found that 90% of the
children with CP in their study had visuo-spatial impairment and
60% visuo-perceptual impairment. The high percentage found
in the current study may be attributed to the chosen population
being at a special needs school and thus all requiring some sort
of special learning support.
In this study, the overall scores on the TVPS-3 for all the spastic
CP subtypes were higher than the dyskinetic CP subtype except
for the spastic unilateral (left) CP subtype. The participants with
dyskinetic and spastic unilateral left CP subtype achieved lower
scores with the lowest overall scores being achieved by the ataxic

subtypes of CP at Forest Town School was similar to that described
in the literature 3,35 with the nearly 70% of the participants having
a diagnosis of spastic CP followed by dyskinetic (21%) and ataxic
(11%) CP subtypes respectively.

Visual perceptual impairment in children with
Cerebral Palsy
In this study, the prevalence of visual perceptual impairment in this
population of participants with CP was 93%. According to Stiers
et al., the prevalence of visuo-motor and perceptual impairment
can range from 39% to 100% for children with CP20, but most
studies report a prevalence of 40-50% as found in the systematic
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controlling eye movements would cause this test to be very difficult and even affect the results41. All the scores for participants
with dyskinetic CP were higher than those of the ataxic group
except for visual closure.
Ataxic CP- On the TVPS-3 results of the ataxic subgroup,
the scores for all the subtests fell -2 SD below the mean, thus
indicating visual perceptual impairment. Many children with
ataxic CP have cerebellar ocular nystagmus18 and this results in
difficulty with scanning, tracking and focusing and could be one
of the contributing reasons to the ataxic CP groups’ low subtests
and composite scores. The lowest scores for this subtype group
were for visual memory and form constancy. Limited research
is available on visual perceptual impairment in ataxic CP due to
its rarity20 with many studies having far fewer participants with
ataxic CP than this study.
The findings in this study do not correlate with the findings of
other studies which concluded that visual perceptual impairment is
associated with CP where spasticity is dominant8,20. However, the
ataxic group in this study were older and in the modified section
in the school so may have presented with added cognitive difficulties as they were unable to follow the academic programme.
Sigurdardottir et al.42, in a study on 127 Icelandic children with CP,
found with dyskinetic and ataxia CP still requiring support services
into adolescence presented with more cognitive difficulties42.
Although visual perception has not been strongly associated with
intelligence43 in children with CP this finding may account for the
result for the majority of the ataxia participants in the current study
The analysis of VPI in children with CP according to demographic factors indicated a significant difference (p=0.031) in the Basic
Processes scores of male and female participants, with males scoring higher than females. There were no significant differences
between Sequencing and Complex Processes scores. Stadskleiv et
al.42 also found higher cognitive scores for males with CP in their
study, but the gender difference was not significant44. Although the
tests are considered to be gender free in certain circumstances, it
appears that there may be differences between genders in South
African children, but other studies did not consider this variable so
comparisons cannot be made32. Smith et al.45 completed a study
where they looked at the considerations when assessing South
African children using standardised visual perception tests using
the Developmental Test of Visual Perception 2nd Edition. In their
study, males and females had similar scores on all the subtests of
the DTVP-2 except the figure-ground subtest which had a significant difference (p=0.03), with females scoring higher than males45.
No significant differences for age were found in this study for
Basic Processes, Sequencing and Complex Processes scores. In all the
index scores, a trend that younger participants appeared to have
slightly higher scores than older participants, was noted. This could
be attributed to younger children having more exposure to therapy at the school which considers visual perceptual impairments.
Stadskleiv et al.44 confirmed in their study on neuropsychological
profiles of children with CP, that older children and adolescents
had a lower average performance on standardised tests than
younger age groups attending rehabilitation at a hospital44. Again,
it is possible that only older participants with more deficits were
retained in the programme. When motor function was considered
there was no significant differences in the visual perceptual scores
of the different GMFCS levels. The GMFCS level 4 participants
scored the highest in the Basic Processes composite scores and
the scores of the GMFCS level 3 participants were highest in the
sequencing composite scores. These results correlate with the

subtype. The visual perceptual deficits vary between the subtypes
depending on the specific areas of the brain and vision that is affected. The different subtypes of CP are associated with damage
to different areas of the brain and the extent of deficits for each
subtype is considered:
Spastic Unilateral CP- The participants with left spastic unilateral CP had consistently lower scores on all subtests and composite scores than those with right spastic unilateral CP. This was
supported by Wedell26 who suggested this finding was accounted
for by damage to the right cerebral hemisphere since right side
of the brain is dominant for visual perceptual processing. Visual
perceptual impairment is therefore more likely to occur in children
with left spastic unilateral CP34. Lidzba et al.10. reported similar
differences in visuospatial perception on the Rey Osterrieth Copy
test36 and the Tube Figures test37 for adolescents and young adults
with left spastic unilateral CP. They supported this finding by suggesting language “crowding” in the right hemisphere as a result of
alternate language development in that hemisphere, also affects
the perceptual ability in those with left spastic unilateral CP10.
Spastic Bilateral CP- The results for this subtype of CP, indicate
that the extent of physical dysfunction does not necessarily impact
on the visual perceptual scores of the participants with CP, supported by research completed by Hamid et al.9. However, in the
current study the participants with spastic bilateral (LL & UL) CP
had a higher overall score on the TVPS -3 than the participants
with spastic bilateral (LL) CP. There is some controversy since
Menken, Cermak and Fisher27, reported that children with spastic
bilateral (LL & UL) CP had lower scores on the TVPS while Stiers
et al.20 (using the L94 tasks) found that the children with spastic
bilateral (LL & UL) CP had higher scores than children with spastic
bilateral (LL) CP and spastic unilateral left CP. However, the L94 is
a computer based test with items which differ from the TVPS-338.
This confirms the findings in the current study, that children with
spastic bilateral (LL & UL) CP and children with spastic bilateral
(LL) CP may have different deficits depending on the specific tests
used and the specific subtests assessed on the TVPS-3.
In the current study the spastic bilateral (LL & UL) CP subgroup
had higher scores on the spatial relationships, form constancy and
sequential memory subtests. However, the spastic bilateral (LL)
CP group had higher scores than the spastic bilateral (LL and UL)
group in the visual discrimination, visual memory, figure-ground
and visual closure subtests. The spastic bilateral (LL) CP group had
higher scores in the Basic Processes, Sequencing and particularly
the Complex Processes. Although other studies found that children
with dyskinetic and ataxic CP had higher visual perceptual scores
than all the children with different subtypes of spastic CP none
of these studies used the motor free TVPS-38,38. The children
with dyskinetic and ataxic CP had lower scores than the children
with spastic CP subtypes.
Dyskinetic CP- All the scores for the dyskinetic CP group fell at
-2 SD and -3 SD below the mean. Their lowest scores were on visual discrimination in Basic Processes and figure-ground in Complex
Processes. Both these TVPS-3 subtests require the participant to
focus on the very intricate details to either discriminate between
the objects or to find the objects in very busy, distracting backgrounds. Visual impairment difficulties could contribute to these
poor scores since Ipata et al.39 found that children with dyskinetic
CP had the highest incidence of visual impairment. Children with
dyskinetic CP often present with dyskinetic strabismus40 which
could be a contributing factor to the low visual perceptual scores
of the participants in this group. Poor visual acuity and difficulty
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Future research that takes visual impairment into consideration
when assessing VPI in children with CP would be beneficial. Thus,
a comparison between the extent of visual impairment and VP
scores could be compared to determine the impact that vision
has on VP scores.

research completed by Hamid et al.9 where they found that the
severity of gross motor functioning does not directly impact on
the visual perceptual skills of children with CP9

LIMITATIONS
The acuity and eye movements of the participants were not considered in this study and therefore, a comparison between their
visual impairment and their visual perceptual scores could not be
made. The results for visual perceptual skills of the current study
have been considered in relation to the reported visual impairment by subtype in the literature.
The sample in this study had different number of participants
in each CP subtype and the small number of participants in some
groups may have affected the results. However, the number did
reflect the prevalence of CP subtypes and the number of participants seen in other studies.
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