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Objective The aim of the present study was to investigate the visual perception difference between ADHD children with and without
sensory processing disorder, and the relationship between sensory processing and visual perception of the children with ADHD.

Methods Participants were 47 outpatients, aged 6-8 years, diagnosed with ADHD. After excluding those who met exclusion criteria,
38 subjects were clustered into two groups, ADHD children with and without sensory processing disorder (SPD), using SSP reported by
their parents, then subjects completed K-DTVP-2. Spearman correlation analysis was run to determine the relationship between sensory
processing and visual perception, and Mann-Whitney-U test was conducted to compare the K-DTVP-2 score of two groups respectively.

Results The ADHD children with SPD performed inferiorly to ADHD children without SPD in the on 3 quotients of K-DTVP-2. The
GVP of K-DTVP-2 score was related to Movement Sensitivity section (r=0.368*) and Low Energy/Weak section of SSP (r=0.369%*).
Conclusion The result of the present study suggests that among children with ADHD, the visual perception is lower in those children

with co-morbid SPD. Also, visual perception may be related to sensory processing, especially in the reactions of vestibular and proprio-
ceptive senses. Regarding academic performance, it is necessary to consider how sensory processing issues affect visual perception in chil-

dren with ADHD.
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INTRODUCTION

Children with attention deficit hyperactivity disorder
(ADHD) experience difficulties because of the inattention,
impulsivity and deficit of activity control that can have a se-
vere effect on performance in school, home and community
environment.' Recently, several studies support the idea that
individuals with ADHD have different visual perception. It
was reported that a group with ADHD presented spatial bias
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as part of impaired perceptual-attentional-action coordina-
tion.” In multiple visual-spatial tasks intended for right hemi-
sphere processing assessment in children from 14 to 16 years
old, right hemisphere dysfunction was reported, and adults
with ADHD were also impaired on a letter cancellation task.
Teenagers and adults with ADHD demonstrated a higher
mean left-sided omission rate than healthy controls.** Visual
perception problem in children with ADHD have been re-
ported, however, little is known about the factors of visual per-
ception in ADHD children.

Visual perception is viewed as an information-processing
task involving the reception, organization, and assimilation of
visual information in the central nervous system.” If the infor-
mation-processing centers of the brain do not run well, in-
complete visual perception is the result. In several studies, hy-
per-reactivity to sensory stimuli in children with ADHD has
been confirmed through parent-report and physiological test-
ing,® and they showed greater reactivity to sensory stimuli,
with larger initial reactions and subsequent lack of habitua-
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tion,” which is a natural tendency to diminish the distraction
created by incoming sensory information.® In addition, chil-
dren with ADHD often suffer visual hypersensitivity or pho-
tophobia, diminished ability to process auditory or tactile in-
put, and poor balance performance, equilibrium, postural
control or coordination.”"* For these reasons, overactive and
impulsive symptoms in sensory processing disorder can be
easily confused with (and often co-occur with) ADHD, and
children with ADHD often have comorbid sensory processing
disorder.® As a result, ADHD children who have sensory prob-
lems may also present different visual perception than chil-
dren with ADHD who have typical sensory processing.

The main objective of the present study was to investigate
the difference between children with ADHD with sensory
processing disorder (SPD) and without SPD. It was hypothe-
sized that children with ADHD and SPD would present with
lower visual perception than children with ADHD without
SPD, and sensory processing would be positively correlated
with visual perception in ADHD.

METHODS

Subjects

Forty seven children who were psychiatric outpatients in
Samsung Changwon Hospital from 2011 to 2012 participated
in this study. They were diagnosed with ADHD by two psy-
chiatrists, according to the criteria of the Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM-IV-TR).

Children were excluded if: 1) Their IQ score were less than
80 on the KEDI-WISC, 2) had comorbid tic disorder, trau-
matic brain injuries, seizure disorder, or pervasive develop-
ment disorder, or 3) had taken any psychiatric medication. A
total of 38 children’s data were analyzed and all 38 children
were recruited. Children ranged from 6-8 years of age, and 34
(89.5%) were boys and 4 (10.5%) were girls. The total sample
percentage distribution of children in each age level was as fol-
lows: 6 years old, 20.5%; 7 years old, 50.5%; 8 years old, 20%,
and their mean age were 7 years 3 months. The mean IQ was 103.

Procedure

The present study was approved by the Institutional Re-
view Board for human subjects at Sungkyunkwan University
Samsung Changwon Hospital in Korea (2012-SCMC-008-00).
Participants all completed Korean Wechsler Intelligence Scale
for Children-IIT (K-WISC-III) and Korean Kiddie-Schedule
for Affective Disorders and Schizophrenia-Present and Life-
time Version (K-SADS-PL). Subjects were asked to complete
the Developmental Test of Visual Perception-2 (K-DTVP-2)
by an occupational therapist, and parents completed Short
Sensory profile (SSP). The subjects were clustered into two

120 Psychiatry Investig 2014;11(2):119-123

groups, based on SSP score. Twenty subjects with SSP score
154 or lower were clustered into SPD group, and the rest 18
subjects were clustered into non SPD (control) group.

Measures

Korean Developmental Test of Visual Perception-2

K-DTVP-2 is the Korean version of Developmental Test of
Visual Perception-2. It evaluates children’s visual perception.
Based on eight separate but interrelated subscales: Eye-Hand
Coordination, Copying, Spatial Relations, Position in Space,
Figure-Ground, Visual Closure, Visual-Motor Speed, and
Form Constancy.

The raw scores are recorded, then converted into standard
scores, percentiles, and age equivalents using normative table.
From the eight standard scores, two composite quotients are
calculated, one regarding motor-reduced visual perception
(MRP), and one regarding visual-motor integration (VMI).
A general visual perception (GVP) composite quotient is also
calculated by combining the standard scores from all eight of
the subtests.' In the present study, three composite quotient
scores were analyzed: GVP, MRP, and VML

Short Sensory Profile

The Short Sensory Profile (SSP)" is the shorter version of
the Sensory Profile,'® which measures the child’s sensory pro-
cessing abilities, as expressed in the functional performance
of daily life. SSP consists of 38 parent-reported items of be-
haviors associated with abnormal responses to sensory stimuli.
The SSP yields a total score and seven section scores: Tactile
Sensitivity, Taste/Smell Sensitivity, Movement Sensitivity, Un-
der-responsive/seeks Sensation, Auditory Filtering, Low en-
ergy, and Visual/Auditory Sensitivity. Items are scored on Lik-
ert scale (1=always, 5=never). The possible range of raw scores
on the total scale is 38-190, with higher scores (155-190) re-
flecting normal performance. A score of 142-154 reflects a
probable difference in performance while a score of 38-141
reflects a definite difference in performance (Dunn, 1999). In
the present study, SPD group was composed of subjects having
a score of 38-154, and non SPD group was composed of sub-
jects having a score of 155 and more."

Kiddie-Schedule for Affective Disorders and
Schizophrenia-Present and Lifetime Version-Korean
Version

This is the Korean version of the K-SADS-PL," which is
semi-structured parent interview and can be used for children
from 6 years to 18 years of age." It takes about 1 hour 30 min-
utes to complete. Two psychiatrists administered interview
in this research.



Statistical analysis

In order to determine the relationship between sensory pro-
cessing and visual perception, Spearman correlation analysis
was run, and Mann-Whitney-U test was conducted to com-
pare the K-DTVP-2 score (GVP, MRV and VMI) of two groups
(SPD and non SPD) respectively.

p<0.05 was considered significant. The Statistical Package
for the Social Sciences (SPSS) version 19.0 was performed for
Statistical analyses (version 19.0, SPSS Inc., Chicago, IL, USA).

RESULTS

Comparison of group scores on SSP and K-DTVP-2
The mean score for the SSP in the SPD group was 137.70,
and in the non-SPD group was 167.80. The results of the U-
test of K-DTVP-2 yielded a statistically significant result (p=
0.012, 0.033, 0.026). The statistics for the individual factors
are presented in Table 1. The scores for the SPD group were
significantly lower than the non SPD group on 3 quotients.
This indicates that children with ADHD and SPD have dimin-
ished visual perception than those children without SPD.

Relationship between sensory processing and visual
perception

The correlation coefficients between the total score and all
scores of SSP and K-DTVP-2 of all subjects are presented in
Table 2. Spearman correlation analysis indicates that a GVP
of K-DTVP-2 score had a positive relationship with the total
SSP score (r=0.334*). The correlations between seven sections
and three quotients of K-DTVP-2 were analyzed. The GVP

Table 1. Comparison of group scores on SSP and K-DTVP-2
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score was positively related to Movement Sensitivity section
(r=0.368*) and Low Energy/Weak section of SSP (r=0.369%).

DISCUSSION

It was hypothesized that children with ADHD and SPD
would present with different visual perception than children
with ADHD but without SPD, and that more accurate senso-
ry processing would be correlated with more accurate visual
perception in children with ADHD. The results of this study
are consistent with these hypotheses.

The SPD group had lower mean scores on three quotients
of K-DTVP-2 than the non SPD group, and the differences
were statistically significant. We also observed that there was
moderate relationship between general visual perception and
sensory processing. There are several factors affecting visual
perception, such as, attention, short- and long-term memory,
individual’s biases, feelings, attitudes, or life experiences.’**
While sensory processing is only one of the factors influenc-
ing visual perception, a moderate correlation could be con-
sidered quite meaningful.

The finding indicates that two groups clustered into SPD
and non SPD by sensory processing ability have different vi-
sual perceptions. What causes the visual perception difference
between two groups of children with ADHD? The results re-
veal that, the VMI score on K-DTVP-2 of SPD group was sig-
nificantly different from the score of the non-SPD group. Also,
general visual perception related to the specific SSP subscales
‘movement sensitivity’ and low energy/weak. ‘Movement sen-
sitivity’ is described as over-responsiveness to vestibular stim-

SPD (N=20) Non SPD (N=18) Total subject (N=38) Mann-Whitney-U p
K-DTVP-2
GVP 94.90 (12.27) 105.61 (15.12) 99.97 (14.41) 98 0.012
MRP 95.05 (16.27) 106.61 (15.97) 100.52 (16.58) 107 0.033
VMI 95.10 (10.72) 104.50 (18.61) 99.55 (15.82) 104 0.026

Data presented as mean (SD). K-DTVP-2: Korean Developmental Test of Visual Perception-2, SSP: Short Sensory Profile, GVP: General vi-
sual perception, MRP: Motor reduced perception, VMI: Visual motor integration, N: number, SPD: sensory processing disorder

Table 2. Relationship between sensory processing and visual perception

SSp
Total TS TSS MS UsSS AF LEW VAS
K-DTVP-2
GVP 0.334* 0.218 0.041 0.368* 0.263 0.254 0.369* 0.159
MRP 0.254 0.149 -0.033 0.279 0.264 0.167 0.320 0.088
VMI 0.318 0.218 0.061 0.306 0.244 0.243 0.229 0.184

Data presented as Spearman correlation coefficient. *p<0.05. SSP: Short Sensory Profile, TS: Tactile Sensitivity, TSS: Taste/Smell Sensitivity,
MS: Movement Sensitivity, USS: Underresponsive/Seeks Sensation, AF: Auditory Filtering, LEW: Low Energy/Weak, VAS: Visual/Auditory
Sensitivity, K-DTVP-2: Korean Developmental Test of Visual Perception-2
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uli (e.g., dislikes activities where head is upside down;, ‘be-
comes anxious or distressed when feel leave the ground, and
‘fears falling or heights’), and ‘low energy/weak’ is explained
as a tendency to become tired and have weakness (e.g., ‘tires
easily, when standing or holding particular body position,
‘poor endurance, ‘seems to have weak muscles’). The results
reflect that decreased sensory processing in these areas may
be a hallmark of children with ADHD who have visual per-
ception problems, and might indicate such when compared
to typically-developing children. In a previous study, ADHD
group displayed distinguishable low energy/weak’ compared
to typical children in SSP* In addition, other studies suggested
developmental coordination disorder (dyspraxia) often co-
occurs with ADHD,® and more than one third of children with
ADHD have poor balance and coordination" associated with
sensory inputs, sensory integration, and/or the inhibition of
excessive movements.** Children with ADHD often have ves-
tibular or proprioceptive problems which may be related to
decreased visual perception.

Vestibular input and proprioception from eyes, neck and
body, and visual information are integrated to form a “map”
that is used to “navigate” the body successfully in space, they
are unified into one composite sensory process in the brain
stem. This sensory process helps us to direct our eyes when we
look at things. If vestibular and proprioceptive sensations are
not properly organized to keep the eyes moving smoothly,
the child may suffer great discomfort when reading.” There-
fore, children with ADHD and sensory processing disorder
who suffer vestibular or proprioception process problems have
deficits of focusing on an object to provide visual information,
and of maintaining their posture to perform tabletop activities
such as writing or reading. Also children whose major prob-
lem is in processing vestibular input may also score low in vi-
sual perception tests.”

Visual perceptual problems can impact many areas of activi-
ties of daily living, especially school performance, for chil-
dren. Sensory processing which affects several factors related
to visual perception is essential performing visual-processing
tasks such as matching shapes or objects, or tasks containing
unfamiliar stimuli or subtle discriminations. Children may
experience difficulty in recognizing similar letters or words,
and may reverse letters and numbers in spelling. They may not
be able to interpret charts, maps, graphs, symbols, and dia-
grams. In addition, activities that require fine motor and gross
motor skills, such as handwriting and left/right discrimina-
tion can also be affected by visual perceptual problems.” How-
ever, visual perception is easily overlooked, while diagnosis and
assessment are focused only on 1 more obvious dysfunctions
in children with ADHD. Professionals may be overlooking a
very important issue for children with ADHD. Without a vi-
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sual perception assessment perceiving how they process vi-
sual information in their central nervous system, it is much
more difficult to understand and help their daily activities such
as performance in school. Sensory processing’s effects on the
visual perception of children with ADHD.

In summary, our findings confirmed the influence of sen-
sory processing on visual perception in children with ADHD.
The findings indicate that different visual perceptions do ex-
ist between children with ADHD with and without SPD. Also,
sensory processing, especially vestibular and proprioceptive
processing, is related to the visual perception among children
with ADHD. This research can help to categorize potential dif-
ficulties of visual perception dysfunctions in children with
ADHD. The limitations of this study are 1) control group of
normal children was not involved, so it could not investigate
the visual perception differences between ADHD children
and normal children, however, through normative referenc-
ing, these children may be compared to their peers; 2) it had
an insufficient number of subjects to examine parametric data
analysis. However, the exclusion criteria of this study helped
to strengthen its rigor; selecting children with ADHD without
confounding factors such as medication adjustment allowed
for a more accurate generalization of the results.

It is recommended that future works need to analyze senso-
ry processing as a factor that affects the visual perception of
children with ADHD, and to exam the effects of vestibular and
proprioceptive senses related to movement and posture on
visual perception. Using a greater number of participants in
order to provide theoretical refinement of the impact of sen-
sory processing on children with ADHD would be helpful.
Also, investigating the correlations between sensory process-
ing and visual perception for children with diverse diagnosis
is required.
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