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An investigation of visual-spatial attention in
children with attention deficit hyperactivity
disorder

Dikkat eksikligi hiperaktivite bozuklugu olan ¢ocuklarda gérsel-uzaysal dikkatin arastinimasi
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Aim: Attention deficit hyperactivity disorder (ADHD ) has been associated with a disturbance in
frontal lobe network function, mediated by the underactivity of right hemispheric frontostriatal

Child Psychiatry, Ankara regions and loss of normal functional asymmetry. The aim of this study was to examine the right
hemisphere functions and lateralization of visual-spatial attention in ADHD, using line bisection
task.

Materials and Methods: Eighteen children with a DSM IV diagnosis of ADHD participated with
18 healthy controls, individually matched for age, sex, handedness and school years. In the line
bisection task, horizontal lines were presented on the computer screen. Half of the lines were
presented in the right hemispatial area, and half in the left hemispatial area. Participants were
instructed to move the vertical cursor to the judged center of the line by mouse. Subjects per-
formed the task separately with each hand. The difference between fine motor performances was
examined using finger tapping task.

Results: In the line bisection task, bisection performance of the children with ADHD was signifi-
cantly lower than that of the normal children. For mean bisection error scores, the controls were
transecting the lines to the left of the center when the lines were presented in the left hemispace
and to the right of the center when the lines were presented in the right hemispace, performing
both hands. The subjects with ADHD showed the same but smaller bias than the controls. The
apparent deviations from the actual center in the children with ADHD were not significantly dif-
ferent from zero in all conditions. In the finger tapping task, there were no significant differences
between two groups for both hands.

Conclusion: These results supported the evidence for deficit in visual-spatial attention consistent
with disability of the right hemisphere in ADHD.

Key words: attention deficit hyperactivity disorder, line bisection task, spatial attention, right
cerebral hemisphere

Amag: Dikkat Eksikligi Hiperaktivite Bozuklugu (DEHB)'nun sag fronto-striatal devreyi ilgilendi-
ren bir bozuklugun sonucu oldugu iddia edilmektedir. Bu ¢calismada cizgi bdlme testi kullanilarak
DEHB'de sag hemisfer islevlerinin ve gorsel uzaysal dikkatin asimetrisinin incelenmesi amaglan-
mistir.

Gereg ve Yontem: DSM-IV Olcltlerine gére DEHB tanisi almis, ilag kullanmayan ve eslik eden
baska norolojik veya psikiyatrik bozuklugu olmayan 7-14 yaslar arasinda sag elini kullanan 18
cocuk ile onlarla yas, cinsiyet, el tercihi ve okul yasi agisindan bire bir eslestirilmis 18 saglikl cocuk
arastirmaya dahil edildi. Butlin ¢ocuklar ¢izgi bolme testini sag ve sol elleri ile bilgisayar faresi
kullanarak yaptilar. Bilgisayar ekraninin yatay olarak sagindan ve solundan sunulan cizgilerin tam
orta noktalarini isaretlemeleri istendi. Ayrica her iki gruptaki cocuklarin ince motor yetenekler
acisindan farklar parmak vuru testi ile degerlendirildi.

Bulgular: DEHB olan ¢ocuklar cizgi bolme testinde anlamli olarak daha cok mutlak hata yaparak
kontrol grubuna gére diisiik bir performans gésterdiler. Ote yandan kontrol grubu, her iki elle, sag
alanda sunulan cizgileri orta noktanin sagina dogru, sol alanda sunulanlari orta noktanin soluna
dogru bolerken, DEHB grubunda ise benzer bir kalip gortilmekle birlikte orta noktadan sapmalar
sifir hatadan istatistiksel olarak farksiz bulundu. Parmak vuru testinde iki grup arasinda anlamli
bir fark yoktu.

Sonug: Calismadan elde edilen bulgular, DEHB'de sag hemisferin islev bozuklugu ile uyumlu ola-
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ttention Deficit Hyperactivity Disorder (ADHD)
A is one of the most common psychiatric disorders of

childhood and adolescence. Its primary symptoms
include impulsivity, inattention, and hyperactivity. These
behavioral deficits arise relatively early in the childhood,
typically before the age of seven. The disorder persists into
adolescence in 50-80% of cases diagnosed in childhood
and into adulthood in 30-50% or more of these same cases
(1,2).

There are currently no clear biological markers on etiology
or underlying brain abnormality. In terms of the nature of this
disorder, there are suggestions that the right hemisphere may
be playing a role. Lowered right hemisphere activity, particu-
larly in the right frontal regions, has been reported (3, 4, 5).

A number of studies have shown an association between
the diagnosis of childhood ADHD and a relative reduction
in awareness for visual information presented on the left
(6,7, 8,9). Normally, visual stimuli evoke predominantly
right hemisphere activity, so that attention is directed pref-
erentially to the left. Patients with left unilateral neglect due
to right hemisphere damage demonstrated a pronounced
rightward bias in the visual-spatial task such as line bisec-
tion. The line bisection task has been used to demonstrate
the asymmetric perception of space in patients with brain
lesion and in normal subjects who show pseudoneglect,
which can be defined as slight right side neglect.

It is possible to argue that ADHD might be associated
with a mild increased risk of spatial bias away from the
left. Voeller and Heilman (9) administered a clinical test of
neglect (a letter cancellation task, typical laterality task) to
a group of boys with the ADHD diagnosis. Their perfor-
mance resembled that of adults with unilateral neglect fol-
lowing acquired damage to the right hemisphere. Sheppard
et al. (8) have shown that ADHD children, again similar
to left unilateral neglect patients, tend to bisect horizon-
tal lines to the right of the center. However, a study by
Ben-Artsy et al. (10) found no laterality trend of group
differences in a line bisection task administered to ADHD
and control children. Similarly, Adelstein (11) reported no
significant difference between boys with ADHD and con-
trol children in a line bisection task. Those studies that
demonstrated anomalies in spatial biases are in line with
the view that ADHD reflect predominantly right-sided
frontal-striatal system dysfunction (3,12). Importantly,
however, this is by no means a universal finding.

In this research, we aimed to investigate the spatial at-
tention of children with ADHD, using a line bisection
task. The line bisection task is a simple but very sensitive
method to demonstrate visual-spatial asymmetry in human
subjects (13, 14). Also, it gives an opportunity to investi-

gate the effects of hand use and the hemispace in which
the bisection action is performed. In addition to the line
bisection task, we also applied to the subjects a fine motor
task in order to eliminate a motor component involved by
the line bisection task. The hypothesis of this research is
that asymmetric perception of space in normal subjects is
reduced in children with ADHD due to a deficit of the

right prefrontal circuitry.

Material and methods

Participants

Thirty-six right-handed children between 7-14 years
of age participated in this study. The sample consisted of
18 children with ADHD and 18 healthy control subjects,
individually matched for age, sex, handedness and school
years. Written informed consent was obtained from a par-
ent of each subject, and the study was approved by the Eth-
ics Committee of the Ankara University School of Medi-
cine. Table 1 gives the demographic details of the ADHD
sample and their matched controls. A Turkish version
for the Wechsler Intelligence Scale for Children-Revised
(WISC-R) was used to determine the IQ scores of the par-
ticipants (14). IQ scores of all subjects were 85 or above.
Handedness was assessed using lateral preference items
from Revised Neurological Examination for Subtle Signs
Form (16). The children with ADHD (14 males and 4
girls) were diagnosed by the child psychiatrist according to
the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV) criteria (17). All subjects were
combined type, which includes signs of attention deficit
and hyperactivity. None of them had comorbid disorder or
received stimulant medication, or they had been off medi-
cation for at least one month.

Line bisection task

A computerized line bisection task that was developed
in our laboratory was used. In this task a solid horizon-
tal line was presented at the beginning of each trial. Par-
ticipants were instructed to move the vertical cursor by
mouse to the judged center of the line. A vertical cursor

Table 1. Demographic details of the patients with ADHD and
matched controls

ADHD group Control group
(n=18) (n=18)

Mean age (months)  121.5 + 21.8 121.6 = 20

Sex 14 males, 4 females 14 males, 4 females

Handedness 18 right handed 18 right handed

Mean grade in school 4.8 = 1.7 45+15
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Figure 1. Mean absolute bisection errors (mm) for ADHD and control
groups with right and left hand in both hemispace (HS). MABE scores
of the children with ADHD were significantly lower than that of normal
children in every condition [F(1, 34) = 19.26, p<0.0001].

was located at either the left or the right end of the hori-
zontal line. They were also instructed to sit in front of the
screen at a distance of around 60 cm and aligned with the
midline. The lines were in ten different lengths (80, 90,
100, 110, 120, 130, 140, 150, 160, 170 mm), which were
pseudorandomly allocated to total 40 trials. Half of the
target lines were presented in the right hemispatial area,
and half were presented in the left hemispatial area. Each
participant performed the task twice, once with the right
and once with the left hand. The order of hand using was
counterbalanced between participants.

The computer recorded for each subject two scores to
accuracy better than 1 mm: mean bisection errors (MBE)
and mean absolute bisection errors (MABE). MBE score is
the distance of the cursor from the actual center of the line
to left or right; positive values indicate transections to the
right of center and the neglect of the left hemispace, nega-
tive values indicate transections to the left and the neglect
of the right hemispace. MABE score can give the preci-
sion of the subjects’ bisection performance. These scores
are separately evaluated for each hand in the left and right
hemispatial areas. Thus we were able to examine the effects
of hand using and the hemispace in which the line is pre-
sented under four conditions: Using the Left hand in the
left hemispace presentation (LI), using the Left hand in the
right hemispace presentation (Lr), using the Right hand in
the left hemispace presentation (Rl) and using the Right
hand in the right hemispace presentation (Rr).

Finger tapping task

The finger tapping task is a fine motor performance
task (18, 19). The tapping apparatus consisted of a mouse
attached to a wooden rectangular plate (10 x 42 cm). The
mouse was connected to a computer for scoring. The sub-
jects were asked to tap the mouse with the index finger as
quickly as possible and to keep the hand and wrist station-
ary on the wooden base. Before the procedure, the task was

Figure 2. Mean bisection errors (mm) for ADHD and control groups with
right and left hand in both hemispace (RI=Right hand, left hemispace;
LI=Left hand, left hemispace; Lr=Left hand, right hemispace; Rr=Right
hand, right hemispace). ANOVA yielded a main effect for the hemispaces
[F(1,34) = 7.31, p<0.05]. One sample t-test results indicated that the
control group was transecting the line significantly to the right in the
right hemispace (for right hand t(17) = 3.796, p<0.001; for left hand t(17)
=3.687, p <0.005) and to the left in the left hemispace (for right hand
t(17)=-3.165, p <0.01; for left hand t(17)=-2,560, p<0.01). The apparent
deviations from the actual center in the children with ADHD were not
significantly different from zero in all conditions (p>0.05).

demonstrated and then the subjects completed the practice
trials twice with each hand. The task was performed for
10 seconds three times with each hand, alternating sides
with each trial, and the starting hand was counterbalanced
across subjects. For each hand, the mean number of taps
per second, averaged across the three trials, was taken as
the tapping score of the right and the left hand speed, re-
spectively.

All subjects were administered the line bisection task
and the finger tapping task in a quite room. First the line
bisection task and then the finger tapping task was applied.
A demonstration of tasks as well as one practice trial was
given before the child started to complete each task.

Statistical analysis:

In the statistical analysis, repeated-measures analy-
ses of ANOVAs were used. Also, MBE was compared to
zero error, using one-sample-t-test for each hand and each

hemispace in the control and the ADHD subjects.

Results

Line bisection task

As shown in figure 1, in the line bisection task, MABE
scores of the children with ADHD were significantly
lower than that of normal children when the line was pre-
sented in the left hemispace and the right hemispace, for
both hands. MABE scores were analyzed using a 2 x 2
x 2 repeated — measures analysis of ANOVA with groups
(ADHD, Control), performing hand (right, left hand)
and hemispaces in which lines were presented (left, right
hemispace). There was a main effect for the difference be-
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tween the control group and the ADHD group [F(1, 34) =
19.26, p< .0001]. Analyses of ANOVA yielded no another
main effect or interaction between the factors.

For MBE scores, figure 2 indicates that the control
group was transecting the lines to the left of the center
when the lines were presented in the left hemispace and
to the right of center when the lines were presented in the
right hemispace, performing with both hands. The sub-
jects with ADHD showed the same but smaller bias than
the control group, except the condition of left hand-right
hemispace. In the left hand-right hemispace condition,
ADHD group showed leftward bias, when the mean of
the control group indicated the rightward error. The MBE
scores were submitted to an ANOVA by group, performing
hands and hemispaces in which the lines were presented.
The main effect for the difference between the control and
the ADHD subjects was found to be insignificant [F(1,34)
= 0.23]. Also, there was no significant main effect for the
performing hand [F(1,34) = 0.50]. However, ANOVA
yielded a main effect for the hemispaces [F(1,34) = 7.31,
p<0.05]. The interaction between the performing hand
and the hemispace was found to be marginally significant
[F(1,34) = 3.83, p=0.058]. This interaction indicates that
both groups tended to transect the lines in the same direc-
tion (to the left in the left hemispace, to the right in the
right hemispace), but the subjects with ADHD showed
very small amplitude in comparison with the controls.

One sample t-test (comparing mean bisection errors
with zero-that is perfect bisection) results indicated that the
control group was transecting the line significantly to the
right in the right hemispace (for right hand t(17) = 3.796,
p< 0.001; for left hand t(17) = 3.687, p <0.005) and to the
left in the left hemispace (for right hand t(17)=-3.165, p <
0.01; for left hand ¢(17)=-2,560, p<0.01). The apparent de-
viations from the actual center in the children with ADHD
were not significantly different from zero in all conditions
(p>0.05).

Finger tapping task

Table 2 indicates the results of the finger tapping task.
Even though the control group was slightly faster than the
ADHD group, there was no significant difference between
the two groups for both hands [F(1,34) = 2.26, p> 0.05].
Analysis of ANOVA indicates that the right hand was sig-
nificantly faster than the left hand [F(1,34) = 43.53, p<
0.0001]. There was no interaction between the speed of
hands and the groups.

Discussion
The results obtained by the line bisection task in healthy
control children indicated that the subjects tended to tran-

Table 2. The comparison of right and left hand speeds between
ADHD and control groups

ADHD group  Control group p*
(n=18) (n=18)
Right hand speed (taps/s) 4.64 £ 0.62 4.96 £0.55 ns
Left hand speed (taps/s) 409 £049 421076 ns

*Significant at p<0.05, ns=non significant

sect to the right of the midline when the lines were pre-
sented in the right hemispace and to the left of the midline
when the lines were presented in the left hemispace. This
result is in accordance with the results of Giines et al. (20)
and Cigek et al. (21) who applied a paper form of line bi-
section task to adult subjects. In spite of certain conflicting
findings (22, 23), most of the studies either supported or
not conflicted with our results (24, 25, 26). This effect of
hemispace can be explained by the activation-orientation
theory of Kinsbourn (27, 28). According to this theory,
presenting a line in a left hemispace activates the right
hemisphere, and increased activity in the right hemisphere
causes attentional shift to the left and results in a left-sided
bisection bias, and vice versa.

In comparison to the control group, significantly lower
performance of children with ADHD in line bisection task in-
dicated that visual-spatial skills in ADHD was disabled. Neu-
rophysiological and neuropsychological studies have suggested
that the right hemisphere is dominant for spatial attention (29).
This lower performance of children with ADHD in the line
bisection task indirectly suggests a disability of the right hemi-
sphere functions. On the other hand, a significant transection
error was obtained only from the normal subjects, but the chil-
dren with ADHD did not significantly tend to the right or to
the left. This finding also can be accepted as an indicator of an
attentional deficit of the hemispheres, because pseudoneglect
is a product of the normal human brain, which shows a func-
tional asymmetry. Therefore, disappearance of right hemispatial
neglect in the ADHD group was an indirect evidence of the
right hemisphere disruption in ADHD. Many previous reports
showed that normal people tend to neglect the right hemispace
as a result of the superiority of the right cerebral hemisphere in
general attention and visual-spatial processes (30, 31). Also, our
result is in accordance with Sheppard et al. (8) who previously
applied line bisection task to children with ADHD, and found
that the children with ADHD off medication bisected signifi-
cantly away from the left compared with the controls.

The finger tapping task showed that there is no signifi-
cant difference between the ADHD and the control group.
Previous studies also could not find a difference between the
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fine motor function in the ADHD group and the control
group (1). This finding suggests that the low performance of
the ADHD group was not related to a disability of the mo-
tor function but the executive function. All findings show us
once again that ADHD is a disorder of the prefrontal-striatal
circuitry rather than a basic motor disorder.

Results of many investigations suggest that the prob-
lems in ADHD may be due to a lateralised disturbance in
the frontal lobe network function, mediated by the under
activity of predominantly the right hemispheric frontos-
triatal regions (9, 32, 33, 34). Functional neuroimaging
studies, using single photon emission computed thomog-
raphy (SPECT), positron emission thomography (PET)
and functional magnetic resonance imaging (fMRI) have
identified anomalies of frontal metabolic activity indexed
by diminished cerebral blood flow or glucose metabolism
(5, 32, 35). Consistent with such result, structural neuro-
imaging studies have identified morphologic differences in
frontal and striatal structures of ADHD individuals (3, 34,
36). Recently, activity differences during inhibition in ven-
trolateral prefrontal cortical areas, anterior cingulate and
frontopolar regions were identified (37). Our results in-
directly supported these anatomical findings that indicate
the pathology of the right hemisphere in ADHD.

These results have to be replicated with the other stud-
ies, regarding to some limitation of our study. Age distri-
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