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ABSTRACT
OBJECTIVE: Neuropsychiatric assessment is essential part of child and adolescent psychiatry clinic practice, also provides 
important information about central nervous system dysfunctions. In studies conducted to date, it has been known that both 
the high frequency of psychiatric comorbidity in epileptic patients and that epilepsy comorbidity is quite common in neurode-
velopmental disorders. In fact, considering the high comorbidity of epileptic abnormalities and psychiatric disorders, it has 
been very important to determine predictors for epileptic abnormalities in a clinical sample of child and adolescent psychiatry. 
In this retrospective study, we aim to determine possible predictive factors for epileptic abnormalities in a clinical sample of 
child and adolescent psychiatry according to Weschler Intelligence Scale for Children (WISC-R) results.

METHODS: We identified patients who had two or more rotation errors in the block design subtest of WISC-R by ret-
rospectively scanning the system records of 2609 cases who were applied WISC-R with different prediagnoses at Gazi 
University Child and Adolescent Psychiatry Outpatient Clinic between January 2013 and December 2020 (n=71). After the 
first step identification, we selected the ones who had a previous electroencephalography (EEG) recording available for 
our own re-review (n=60).

RESULTS: We found 15% EEG abnormalities and ADHD is the most common diagnosis in both normal and abnormal EEG 
groups. Due to correlation analysis, there was a positive-mild correlation between presence of EEG abnormality and WISC-R 
performance (r=0.56) in intellectual disability (ID) group and a positive-strong correlation between presence of EEG abnor-
mality and WISC-R performance-verbal scores (r=0.74) in ID group.

CONCLUSION: This study has shown that many different abnormal EEG patterns can be found in patients who have rotation 
errors in the block design test of WISC-R, suggesting diagnoses of ID, and having notable performance-verbal subtests scores 
difference and rotation errors in the block design subtest of WISC-R should be predicitive factors for epileptic abnormalities.
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Neuropsychiatric assessment is an evaluation that 
measures the brain-behavior relationship through 

various tests, which is widely used in the field of neu-
rology and psychiatry. While neuropsychological evalu-
ations target individuals who experienced brain damage 
at wars in the past [1], nowadays, populations for which 
neuropsychological assessments have been useful in-
clude all neuropsychiatric conditions [2]. The problem 
of normal and abnormal functioning of the central ner-
vous system includes not only the evaluation of the con-
sequences of trauma and diseases on the central nervous 
system but also the impact of psychiatric conditions, in 
which central nervous system involvement is presumed 
but not well defined. In neuropsychological assessment, 
special assessment procedures have been used to mea-
sure deficiencies in cognitive functions, personality, and 
sensory-motor functions [3]. The assessment of the cog-
nitive domain has been typically carried out by a battery 
approach that includes tests of various cognitive skill 
areas such as memory, attention, processing speed, rea-
soning, judgment and problem solving, visiospatial, and 
language functions with multiple tests per skill area [4]. 
With the assessment, a patient’s cognitive strengths and 
weaknesses are determined qualitatively (observing the 
approach to tasks and behavior) and quantitative (stan-
dardized and scaled measures) [5]. In the field of neurol-
ogy, neuropsychological tests are used in the diagnosis 
and follow-up processes of many pathologies, especially 
epileptic disorders. Moreover, neuropsychological tests 
in child and adolescent psychiatry practice; while it has 
an important place in the differential diagnosis of psy-
chiatric diseases, it also provides important information 
about central nervous system dysfunctions. Further-
more, in studies conducted to date, it has been known 
that both the high frequency of psychiatric comorbid-
ity in epileptic patients and that epilepsy comorbidity is 
quite common in neurodevelopmental disorders.

The most common neuropsychological assessment 
tool in child and adolescent psychiatry clinical practice is 
intelligence tests. The most widely used intelligence test 
in our country for this purpose has been the Wechsler 
Intelligence Scale for Children-Revised form (WISC-R) 
which was developed by David Wechsler for children 
aged 6–16 [6]. By the WISC-R test, performance score, 
verbal score and general intelligence score have been ob-
tained. Verbal subtests of the WISC-R are as follows: 
general knowledge, similarities, arithmetic, judgment, 
vocabulary, and number sequence. Performance subtests 
are picture completion, picture editing, block design, 

combining parts, password, and labyrinth [7]. The block 
design subtest, one of the performance subtests, is a 
complex task that is found in many neuropsychological 
evaluations and requires visual-spatial ability, and it also 
requires processing speed and fine motor control. This 
subtest, which examines the patient’s copying of abstract 
designs using colored blocks (red and white), has long 
been regarded as the most important indicator of intel-
ligence [8, 9], neuropsychological functioning and one 
of the most sensitive test to central nervous system dys-
function [10]. Although there were many studies about 
WISC-R profiles of epileptic patients in the literature, 
there is no enough evidence about the predictor effects 
of the block design test, which was known to be the 
most sensitive to central nervous system dysfunctions, 
on the electroencephalography (EEG) abnormalities 
[11, 12]. In fact, considering the high comorbidity of 
epileptic abnormalities and psychiatric disorders, it has 
been very important to determine predictors for epilep-
tic abnormalities in a clinical sample of child and adoles-
cent psychiatry.

In this retrospective study, we aim to determine 
possible predictive factors for epileptic abnormalities 
in a clinical sample of child and adolescent psychia-
try under the guidance of neuropsychiatric evaluation 
results. We aim to indicate the frequency of EEG ab-
normalities in children who have two or more rotation 
errors in the block design test, to examine the relation-
ship between age, gender, psychiatric diagnosis, and 
WISC-R subtest scores in children with or without 
EEG abnormality in the block design test and to deter-
mine the localization of the abnormalities in cases with 
EEG abnormality.

MATERIALS AND METHODS

We identified patients who had two or more rotation 
errors in the block design subtest of WISC-R by ret-

Highlight key points

• Electroencephalogram abnormalities have been quite com-
mon in neurodevelopmental disorders.

• Abnormal EEG patterns can be found in patients who have 
rotation errors in the block design test of WISC-R.

• Diagnoses of ID, existing notable performance-verbal sub-
tests scores difference, and showing rotation errors in the 
block design subtest of WISC-R should be predictive factors 
for epileptic abnormalities.
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rospectively scanning the system records of 2609 cases 
who were applied WISC-R with different prediagnoses 
at Gazi University Child and Adolescent Psychiatry 
Outpatient Clinic between January 2013 and Decem-
ber 2020. We included cases with two or more rotation 
errors in our study, because, at standard practice, two 
or more rotation errors in the WISC-R cube design 
subtest are noted by the implementer according to test 
instructions [8]. After the first step identification, we 
selected the ones who had a previous EEG recording 
available for our own re-review. After the retrospective 
evaluation, age, gender, psychiatric diagnosis, and EEG 
evaluations were obtained from the system records of 
the cases with rotation errors. The cases whose EEG 
results could not be obtained from the system records 
and the WISC-R verbal subtest score could not be 
calculated were excluded from the analysis. All EEG’s 
were minimum 20 min in duration. The EEG’s were 
re-reviewed by a certified pediatric epileptologist. The 
awake background rhythm, slow wave abnormalities, 
and epileptiform activity (sharp wave, spike, spike-and-
slow-wave, and multiple spike-and-slow-wave complex) 
were noted. Epileptiform activity was assessed and clas-
sified according to localization as: frontal, temporal, 
central, parietal, and occipital. Gazi University Clinical 
Research Ethics Committee approval was obtained for 
the study (170221/126).

Statistical Analysis
All statistical analyses were performed using the Sta-
tistical Package for the Social Sciences for Windows 
(SPSS) 20.0 version (SPSS for Windows, version 
20.0. Armonk, NY: IBM Corporation; 2012). Demo-
graphic information was analyzed through descrip-
tive statistics. Chi-square test was used for categorical 
variables. Kolmogorov–Smirnov test was used to test 
for normality. Descriptive analyses of WISC-R scores 
in normal-abnormal EEG groups were presented us-
ing means and standard deviations, separately in each 
groups. Since the scores were normally distributed, 
the ındependent sample t-test was used the compare 
the differences of WISC-R scores in groups. Pearson 
correlation analysis was used to determine associations 
between presence of EEG abnormality and WISC-R 
scores between groups. Sample t-test was used to com-
pare the WISC-R scores between normal and abnor-
mal EEG groups. A 5% type-I error level was used to 
infer statistical significance.

RESULTS

There were 2609 children who were applied WISC-R 
with different prediagnoses at Gazi University Child and 
Adolescent Psychiatry Outpatient Clinic between Jan-
uary 2013 and December 2020 and of these 71 children 
had two or more rotation errors in the block design sub-
test of WISC-R, 60 children underwent an EEG record-
ing. In the study group, 30 (50%) children had ADHD, 
eight (13.3%) had dyslexia, 14 (23.3%) had intellectual 
disability (ID), and eight had no diagnosed neurode-
velopmental or other psychiatric disorder. The most 
frequently diagnosed neurodevelopmental disorder in 
normal EEG group is ADHD (52.9%), also in abnormal 
EEG group, the most frequently diagnosed neurodevel-
opmental disorders are ADHD and intellectuel disabil-
ities (33.3% and 33.3%, respectively). None of these pa-
tients had a diagnosis of epilepsy. Nine of these children 
(five boys and four girls, mean Age: 6.8 ± 0.9) presented 
an epileptiform activity, showing a prevalence of 15%. 

  Normal EEG Abnormal EEG 
  group group 
  (n=51) (n=9)

Age* 9.22±2.98 6.89±0.92
Gender (%)
 Boy 64.7 55.6
 Girl 35.3 44.4
Neurodevelopmental 
 disease diagnosis  
 None 7 (13.7) 1 (11.1)
 ADHD 27 (52.9) 3 (33.3)
 Dyslexia 6 (11.8) 2 (22.2)
 Intellectual disability  11 (21.6) 3 (33.3)
Localization of 
EEG abnormalities
 None 51 (100) –
 Posterior – 2 (22.2)
 Temporal – 1 (11.1)
 Frontosantral – 2 (22.2)
 Jeneralize – 1 (11.1)
 Centrotemporal  2 (22.2)
 Asymmetry – 1 (11.1)

*: There is a significant difference instead of age among groups (p=0.02); EEG: 
Electroencephalography.

Table 1. Descriptive statistics and frequencies of neurode-
velopmental diseases, EEG abnormality localizations
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Localization of EEG abnormalities was posterior (n=2), 
temporal (n=1), frontosantral (n=2), jeneralize (n=1), 
sentrotemporal (n=2), and asymmetry (n=1) (Table 1).

Comparison of WISC-R Scores Between Normal and 
Abnormal EEG Groups in ADHD, Dyslexia, and ID 
Children
When we compared the WISC-R scores of children 
with normal and abnormal EEG’s, we found that there 
was not a significant difference in ADHD and dys-
lexia groups (p>0.05). However, in ID group, chil-
dren with abnormal EEG had significantly higher 
“Performance” and “Performance-Verbal difference” 
than others (Table 2).

Presence of EEG Abnormality Related with WISC-R 
Scores in Diagnosis Groups
Due to correlation analysis, there was a positive-mild 
correlation between presence of EEG abnormality and 
WISC-R performance (r=0.56) in ID and a positive-
strong correlation between presence of EEG abnormal-
ity and WISC-R performance-verbal scores (r=0.74) in 
ID group (Table 3).

DISCUSSION

In this study, our aim was to examine EEG profiles of chil-
dren have rotation error on block design performance at 
WISC-R. Half of the children with rotation error were 
diagnosed with ADHD and we found 15% EEG abnor-

  Normal EEG Abnormal EEG Statistics

ADHD (n=30)   
 Total 93.6±16.3 98.6±4.1 F=4.8, t=-0.5, p=0.60
 Performance 93.5±18.0 95.0±3.6 F=3.2, t=-0.1, p=0.89
 Verbal 95.1±15.4 102.0±7.5 F=1.6, t=-0.7, p=0.46
 Performance-verbal -1.5±15.3 -7.0±9.5 F=0.7, t=-0.5, p=0.55
Dyslexia (n=8)   
 Total 88.1±11.8 103.0±43.8 F=21.7, t=-0.8, p=0.41
 Performance 94.8±14.4 109.8±26.8 F=1.6, t=-1.0, p=0.35
 Verbal 83.6±13.4 96.0±50.9 F=146.7, t=-0.6, p=0.55
 Performance-verbal 11.1±17.2 13.0±24.0 F=0.3, t=-0.1, p=0.90
Intellectual disability (n=14)   
 Total 57.9±12.4 68.3±8.5 F=2.2, t=-1.3, p=0.20
 Performance 57.0±12.9 77.0±12.1 F=0.1, t=-2.3, p=0.03
 Verbal 62.6±12.9 63.3±4.6 F=7.1, t=-0.9, p=0.92
 Performance-verbal -3.8±6.2 13.6±10.5 F=1.0, t=-3.6, p=0.004

EEG: Electroencephalography.

Table 2. Comparison of weschler intelligence scale for children (WISC-R) scores between normal and abnormal electroenceph-
alography (EEG) groups in attention deficit hyperactivity disorder (ADHD), dyslexia, and intellectual disability

 ADHD Dyslexia Intellectual disability

Presence of EEG abnormality/total 0.09 0.33 0.37
Presence of EEG abnormality/performance 0.02 0.38 0.56
Presence of EEG abnormality/verbal 0.14 0.24 0.02
Presence of EEG abnormality/performance-verbal -0.11 0.04 0.74

EEG: Electroencephalography.

Table 3. Correlations between presence of electroencephalography (EEG) abnormality and weschler ıntelligence scale for chil-
dren (WISC-R) Scores
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malities in children have rotation error, so ADHD is the 
most common diagnosis in both normal and abnormal 
EEG groups. ADHD is a neuropsychiatric disorder char-
acterized by attention deficit, hyperactivity, and impulsivity 
symptoms that begin in childhood [13]. The majority of 
studies on EEG abnormalities accompanying psychiatric 
diseases in childhood were conducted in children with 
ADHD (46%), and when these studies were reviewed, it 
was suggested that quantitative EEG may be a biomarker 
in the diagnosis of ADHD. [13, 14]. Moreover, it has been 
known that ADHD has been the most common neuropsy-
chiatric comorbidity associated with pediatric epilepsy, af-
fecting about a third of children diagnosed with epilepsy 
[13]. Although it has been known that both epilepsy and 
EEG abnormalities are common in children with ADHD, 
the predictors of this relationship are still unclear. Studies 
have reported that more frequent EEG abnormalities were 
observed in the group with prominent attention deficit, 
treatment resistant, and severe symptoms, but the predic-
tive factors about neuropsychological test performance have 
not been defined yet [15]. In this study, the frequency of 
EEG abnormalities in the ADHD group (10%) was most 
common than the normal population (1–3%) [13, 16]. 
However, studies with ADHD group, it has been shown 
that 30.1% epileptiform activity, mainly focal (usually oc-
cipital or temporal) [17]. In our study group, when the lo-
calization of EEG abnormalities in ADHD group was ex-
amined, abnormal activity was detected in the frontocentral 
region in two of the three cases and in the posterior region 
in one. Although the cases in this study were not clinically 
diagnosed with epilepsy, these findings are consistent with 
the literature, the most common epileptic disorders accom-
panying with ADHD are frontal lobe epilepsies [13, 15]. 
In this study, no significant difference was found between 
the WISC-R scores of normal and abnormal EEG Groups 
in ADHD. This result may be due to the negative effect of 
executive function problems observed in ADHD on neu-
ropsychiatric tests [15, 18].

One of the important findings of this study is that 
EEG abnormalities located in centrotemporal and tem-
poral region were determined in one quarter of the 
children who have rotation error on block design per-
formance with dyslexia (reading disability) which is the 
most common learning disability in childhood. In accor-
dance with our results, in a clinical study by Arhan et al. 
[19] which evaluated, interictal epileptiform discharges 
have been found 25% focal epileptic discharges in chil-
dren with specific learning disability (SLD). Further-
more, this finding is consistent with the remark of “SLD 

as a problem of maldevelopment of temporal lobes dur-
ing the fetal period” by Geschwing many years ago [20]. 
Nowadays, it has been known that children with tempo-
ral lob epilepsy have reduced reading accuracy [21].

ID is one of the most common secondary disabilities 
in people with epilepsy, and the prevalence of epilepsy in-
creases with the severity of the ID. About 50% of those 
with profound disability and between 10% and 20% of 
those with mild disability have suffered from seizures at 
some time in life [22, 23]. In our study, EEG abnormal-
ities were determined in 21% of the children who have 
rotation error on block design performance with ID. 
Our study group had mild ID, because profound group 
could not complete many of the subtests of the WISC-R. 
Thereby, our finding is consistent with literature. We 
also found positive-strong correlation between presence 
of EEG abnormality and WISC-R performance-verbal 
scores in ID group. It has been known that intelligence 
tests are commonly used assessment tools for determining 
epilepsy-related cognitive impairments, or the relation-
ship between scores and epilepsy variables, but there is no 
evidence showing the sensitivity of those tools on epilep-
tic abnormalities. In a study, the WISC-fourth edition 
(WISC-IV) has been shown the to be sensitive for epilep-
sy-related cognitive problems in clinically referred children 
with high seizure burden, particularly problems relating to 
expressive verbal, working memory, and processing speed 
difficulties. Compared to healthy children, children with 
epilepsy have a very high rate of cognitive difficulties as 
assessed by the WISC-IV [24]. Although this study has 
important implications for possible EEG abnormalities at 
child and adolescent psychiatric patient group, also it has 
some limitations. First, this is a retrospective study from 
patient folder and other than EEG records, there are no 
information about concurrent neurological examination. 
Second, the cases in this study were not clinically diag-
nosed with epilepsy and do not use antiepileptic drug, but 
we did not evaluate psychiatric drugs as a variable.

Conclusion
This study has shown that a wide spectrum of EEG ab-
normalities can be found in patients who have rotation 
errors in the block design test of WISC-R. Furthermore, 
our findings have been assserted that having ID diag-
noses, existing notable differences performance-verbal 
subtests scores and showing 2 or more rotation errors 
in the block design subtest of WISC-R, should be pre-
dictable risk factors for epileptic abnormalities in a clini-
cal sample of child and adolescent psychiatry.
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