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PSYCHOMETRIC AND NEUROPHYSIOLOGICAL ASSESSMENT OF
SCHOOL CHILDREN WITH ATTENTION DEFICIT HYPERACTIVITY
DISORDER-TOWARD BETTER MANAGEMENT AND TREATMENT

[ICHXOMETPHCKA 1 HEBPOIICHXO/TOLIKA MPOIIEHKA
HA IITKOJICKUTE JAEUA CO IEDHITHT HA BHHMAHHETO H
XHMEPAKTHBHOCT- 3A IOJJO5PO MEHAITHPAILE H TPETMAH

Pop-Jordanova N2, and Zorcec T2
IMacedonian Academy of Sciences and Arts
Mniversity Children's Hospital Skopje, R. Macedonia
Medicus 207, Val. 22 2): 109 206

ABSTRACT

ADHD represents a big problem in the educational process because these children are not able to be attentive,
patient, to seat quietly during the class, and additionally they have learning difficulties. In the past decade
rezearchers became more involved in defining and evaluating executive functions in children manifesting Attention
Deficit Hyperactivity Disorder [ADHD). Executive functions are involving information from the werking memory,
inhibition of the inappropriate behavior, as well az directing and sustaining the attention, towards a goal-oriented
behavior.

The aim of this article iz to show our results obtained from pesychometric and neurcpsychologics] evaluation of
the executive functicns in a group of school children diagnosed as ADHD, as well as results for neurcfeedback
training we used therapeutically.

The evaluated group is composed of 30 ADHD children and 20 healthy children as a contrel, matched by age and
gender. Neurcphysiological assessment was performed with Visual Continuous Performance Test (WCFT) from
which Event Related Potentials were extracted. Psychological assessment comprized the use of Stroop Color Word
Task (3CWT) and Wisconsin Card Sorting Test [WCST), while mothers fulfilled Child Behavior Check List [CBCL)
and ADD-H: Comprehensive Parent Rating Scale [ACTeRS).

Chbtained results from psychological and neurophysiclogical assessment confirmed the diagnosis of ADHD az well
as & presence of serious difficulties in executive system functioning trough ERF's component extracted from QEEG
analysis.

Asg a used nonpharmacclogical therapeutic approach we accentuated very positive outcome of neurcfeedback
treatment of these children.

Key words: ADHD, children, executive functions, neuropsychological assessment

INTRODUCTION

The syndrome of restless, inattentive and impulsive
behavior, known as Attention Deficit Hyperactive
Disorder (ADHD) i a common neurodevelopmental
problem in children and adolescents having an incidence
of 37% worldwide, For our opinion, it is better to consider
ADHD as a specific condition than as a real illness’

disorder. In our county the estimated incidence is around
2% of schoal children (Pop-Jordanova, 2005).

It i= no genetic markers in the identification of children
with ADHD, although the dopamine related genes are
strongly involved [(especially D1 and D) (Jaber, 1996).
Howrever, it is known that this specific state could be
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present in the same family members, as well as in twins
(Mick, 2008).

In order to fnd the neurologic basis, many imaging
techniques are used. Brain imaging studies using PET
scanners showed that brain metabolism in children
with ADHD is lower in the areas of the brain that
control attention, social judgment, and movement. In
this context, EEG recording is appeared to be a simple,
non-expensive and useful indicator of brain metabolic
activity. Low metabolic activity in the area that generates
the corresponding EEG is characterized by increase of
slow activities (delta and theta waves) and decrease of
heta activities.

It is supposed that the main brain system fmpaired in
ADHD is the executive system. The executive system is
characterized mainly by two parameters; generalized
activation of the system (arousal =A) and the response
associated with different operations such as working
memory, action selection, action inhibition and action
manitoring (focused activation =At).

Recently, endophenotype i becoming an important
concept in the study of ADHD. Endophenctype represents
gimpler clue to genetic mechanism that the behavioral
gymptoms. [t helps to define subtypes of a particular
disorder and can be used as a quantitative trait in genetic
analysis of probands and families. Concerning ADHD, a
QFEG spectrum classification of ADHD population has
been developed defining four main subtypes: [ subbype
(abnormal increase of deltatheta frequency range
centrally or centrally-frontallyl; 11 subtype (abnormal
increase of frontal midline theta rhythm), 1 subtype
{abnormal increase of heta activity Frontally) and IV
subtype (excess of alpha activities at posterior, central or
frontal lobes) (Kropotoy, 20090,

Still, ADHD is the most underdiagnosed or misdiagnosed
condition in school children. The main reason is the
comorbidity with other psychiatric conditions such as:
learning disorders; conduct disarder; amxiety; depression;
speech problems; mitism spectrum disorder or epilepsy.
The high comorbidity rate created confusion regarding
the definition and diagnosis of true ADHD. From a
nenropsychological perspective comorbidityis considered
part of the same brain and cognitive mechanisms that
produces attentional and behavioral difficulties (Barkley,
2009).

ADHD representsa big problem in the educational process
becanse these children are not able to be attentive,
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patient, to seat quietly during the class, and additionally
they have learning difficulties. So, the diagnosis must
be done precizely in order to fnd the real way for
the management and personalized treatment. In the
diagnostic procedure not only history, clinical signs and
peychometric evaluation are enough. The exact diagnosis
must include as least (JEEG recording and additional nse
of others neuroimaging evaluation if needed.

AIMOF THE STUDY

The aim of this article is to show our results obtained
from psychometric and neuropsychaological evaluation of
executive functions in a selected group of school children
diagnosed as ADHD, as well as results for neuroferdback
training we used therapeutically. All children were
diagnosed and treated as outpatients in the University
Children’s Hospital, Skopje Macedonia, directed for
evaluation of the main problems related to school
discipline and achievement.

SAMPLE AND METHODOLOGY

A randomly selected group of 50 children (from more
than 300 treated), both genders, boysaged 7.33+1,00 years,
and girls aged 8464153 years, all in primary schoal,
were evaluated for possible ADHIL. Main symptoms were
attention deficit, hyperactivity, distractibility, poor peer
interrelations, behavior problems and average school
achievement. The clinical diagnosis is made according
criteria in ICD-10 Manuel. All children were tested with
Kohs Block Design Test, the Stroop Color Word Task
(5CWT), and Wisconzin Card Sorting Test (WCST) and
recorded with QEEG. Mothers fulfilled Child Behavior
Checklist (CBCL) and ADD-H: Comprehensive Parent
Bating Scale (ACTeRS). Control group is consisted of 20
healthy children matched in age and gender.

The Kohs Block Design Test (Zaved za produktivnost
dela, 1967) is performance test standardized to measure
intellipence for mental ages %19 Easy-to-give and
understand instroctions, test was designed to be
performed without many verbal explanations. In this
context, it is especially valuable for testing those with
language and hearing handicaps. Block design test
possess a high degree of correlation and reliability with
Bennet-Simon 10} test and WISC. The test consists of 16
colored cubes and 17 cards with colored designs which
the subject isinvited to duplicate. Kohs cubes are used for
assessment of the intellectual capacities e. g. analytical,
synthetic and logical thinking.
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The SCWT (Stroop, 1935) was designed to differentiate
between individuals who are non-brain damaged and
individuals with brain damage. This test remains a
standard measure in nevropsychological assessment.
It assesses cognitive processing and provides valuable
diagnostic information on brain dysfunction, cognition,
and psychopathology, The SCWT is based on the
aobservation that individuals can read words much faster
than they can identify and name colors. Whether the test
is used as a screener or as part of & general battery, its
quick and easy administration, validity, and reliability
make it a highly useful instrument.

The WCST (Anderson, 1991 is a neuropsychological test
for evaluation of the mental flexibility (“set-shifting”)
when the stimulus is changed, the attention, the working
memory and visual processing,

The CBECL (Achenbach, 1983 is designed to obtain the
parent’steachers descriptions of the child behavior
in a standardized format. It i combined with 113
questions related to assessment of depression, social
communication or withdrawal, somatic complaints,
schizoid  behavior, lyperactivity, problems in the
peychosexual development, delinquent and aggressive
conduct, problems in the conduct, problems with the
judgment and level of anxiety, This questionnaire have
several forms adjusted on the childs age and gender.
Tao broadband grouping are focused: internalized and
externalized. They reflect a distinction between fearful,
inhibited, over controlled behavior and aggressive,
antisocial, under controlled behavior The profile can
contribute to a formal diagnosis by showing the degree of
child's deviance in behaviors that parents are more likely
to ohserve than clinicians, as well az help to structure
effective training.

ACTeRS (U lmann B, 1985)is a simple, standardized form of
test composed of 24 items that objectively measures four
separate factors: attention, hyperactivity, social skills,
and oppositional behavior. This instrument was developed
by researchers at the University of Hlincis Institute for
Child Behavior and Development. ACTeRS can be nszed by
teachers and physicians to helpdetermine which children
are likely candidates for therapeutic intervention. It can
also be used to monitor the effects of treatment. There
are versions for teachers and parents, but also as a ==lf
report form for adolescents and adults. With the paper/
pencil version, raw scores are quickly obtained from the
Bating Form and transferred to the Profile Form, where
norm comparisons are read. Relishilities average. 87
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using various methods, including internal consistency,
test-retest, and inter judge calenlations. We used it as
more gquick but equally valuable as Connor's tests,

The psychometric evaliation of every child was
in a duration of two hours. WCST and SCWT were
condurted with Computer Assisted Neuropsychological
Diagnostics and Therapy [CANDIT], software developed by
Institute for neuropsychology, Zurrish, Switzerland.

A neurophysiological assessment was performed with
QEEG and Visual Continuous Performance Test (VCPT),
from which the ERP components were extracted.
(Cuantitative EEG or QEEG is a collection of quantitative
methods designed to process EEG signals (we used Mizar
technology with 10/20 electrode positions). The QEEG
includes spectral and wavelet analysis of the EEG signals.

During the QFEG recording, the testing of executive
Functions was performed by the Go/NoGo task, where
each assignment is associated with a group of selected
psychological operations  such as  detection  and
recognition of the stimulus, refreshing the working
memory, initiation and'or inhibition of the behavior,
monitoring of the action results, ete. The Go/NoGo task
used in this study is comprised of 400 stimnilates designed
by the Human Brain Institate in Saint Petersburg, Russia.
The stimulates are combined of pairs of pictures which
ran be in & form of a human being, animal or plant. The
pairs are presented every tree seconds, and the interval
of pair appearance is 1, 1 second. The subject is instructed
to press a button as fast as possible when he'she will see
that there are two animals in the pair and inhibit his/her
owrn reactions in any other picture combination. The task
duration is 20 minutes.

The results obtained from the psychometric measuring
are presented in a form of scores and compared to
adequate test norms, adopted by the age and gender of the
examinees. Beside this, we have conducted Student t-test
analysis for independent variables to establish if there
is a statistical significance between the experimental
and the control group, The results are considered to be
statistically significant at a significance level of 0,05, The
data from the neuropsychological assessment that was
performed via VOPT, was transferred to numerical values
with the help of a PC. Those values were transformed
with Fourier analysis and compared with a normative
database comprised of 1000 healthy subjects, grouped
by their age. The data was processed with the statistical
program STATISTICA 1000, The obtained results are
presented in tables and pictures.
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RESULTS AND DISCUSSION

Results obtained for Kohs Block Design Test showed that
evaliated ADHD children have intellectual capacities in
the norm (IQ = 96 + 13, 15).

Mean school notes were as follows: mathematics 3 (range
1- 5); language 4.5; nature and society 3.
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Fig. 1 Profiles obtained for ACTeRS

CRCL fulfilled by mothers showed for boy's accentuated
anxiety, depression, social withdrawals and aggressive

At the profile of ACTERS results showed abmormal
soores in the scales for attention, social adaptation and
oppositional behavior (between 10 and 23 percentile).
Similar results are obtained for boys and girls, still boys
being more byperactive than girls (Fig.1).
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Fig.2  CBCL profiles for boys and girls

Results for WOST and SCWT confirmed that byperactive  The QEEG assessment generally showed: dominant theta
children made significantly more perseverative and non-  activity (4-8 Hz) and deficit of beta activity (16-20 Hz). The
perseverative mistakes, used more cards for all categories  detail analysis of all QEEG records among Macedonian
and have more difficulties in the mental Hexibility that ADHD children (over 300) showed very slow alpha excess

healthy children (Tables 1 and 2). fsubtype 4| in 25% of children, and high theta/beta
Table . T scores and statistical significance for WCST  1atio in frontal-central cortex (subtype 1) in another
in ADHD and control 15%. The majority of 48% belong to the combined | and

2 subtypes. Very rarely (under 2%) we found subtype II1
T score |test signd-| T score |test signl-
WEST ADHD | ficance | Control | ficance | PV3I were overactive cortex is typical finding (Pop-Jordanova

Nestegories | 42 | LY % | avemge | 032 | etal 2005;Zorcec etal. 2007). Fig. 5 shows schematically

Herage
) Bolow ] components of ERP'% included in the executive function
N perseverationa| 31 il BVETd oaoony
2 s call of the bralii. All compirients sre diminkhed in ADHD
N mistakes 12 mverage 50 | average (0,00000% children.
Cotsotal | 30 | B | 5 | guerge |0, 00000
M categories k1| Below 51 average |0, 00001

Hverape

Table2. T scores and statistical significance for SCWT
in ADHD and control

T score | test slgnl- | T score |test signi
SOWT | LT | “heance | ot | Bearve | PValue

Mistakes(Stlll | 50 | average 55 average 01
Mistakes Tl | 20 [ verylow | 50 | aversge [ 0,001
Mistales Il | 20 | Verylow | 55 | sverage | 000000°
S IN-5eT 50 AVETAgE 55 EVETage 002
* means significant

ANOVA for WCST results showed significant difference
between ADHD children and control (F 13.11; p< 0,001), as
well as for SCWT between the two groups (F 15, 66; p < Fig. 5 Fxecutive ERP components
0.001).
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VCPT, as a part of QEEG analysis, showed that by peractive
children performed significantly much omission errors
and commission errors, longer reaction time (BT) and
high variation of the reaction time (var RT) compared
with test norms (table 3).

Table3. VCPTin ADHD children compared with test

norms
VCPT ADHD | norm | etest | pvalee
Omission errors (Go)| 3225 4 1565 | 00000
Commission errars
NoGol 4755 1 758 | 0, 000004
RT{ms) Go 456,80 | 485 417 0, 0001
var IT 18497 nz B78 0, Daoo*

In the analysis of P30o component (activation processes|
we did not find significant differences concerning the
latency and amplitude, while for P3NoGo component
(inhihition processes) the latency is not disturhed but the

amplitude is statistically lower (Tahle 4.
Table 4. P3Go and P3NoGo in children with ADHD
ERP’= ADHD norTm t-test pvalue
FGoimg | 3205 | 3280 | 0.2 00
P3Go [mV) 073 855 0w 0.44
PilNolo [ms) A02.05 41578 060 040
PiloGo[mv] | 467 | 625 | 280 | 0006
Generally, psychometric  and  psychophysiological

evaluation of the examinees with ADHD syndrome
showed accentuated hyperactivity, average intellectual
capacities, significant number of perseverative and non
perseverative mistakes, and use of more cards for all
categories of tasks, as a result of significant difficolties
in mental fAexihility. Achievement for VOPT showed
significantly higher number of mistakes related to
inattention(omission errors], Wrong answers [Commission
errars), shorter reaction time (BT) and higher variation
in reaction time (var BT) compared with test norms.
Vahies of P3Go component in latency and amplitode
are different from the norm, while PINoGo component
showed significant difference in the amplitude.

In the treatment of our clients we used behavior therapy,
and hiofeedback. No medication is used in our country.
For ADHD children personalized bicfeedback protocols
are used related to the QEEG subtype. Generally, we
started with 3-5 sessions of electro dermal biofeedback for
diminishing anxiety, and in the follow the neurofeedback
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is used, two time per week in duration of 50 mimte,
Common protocol comprised diminishing theta activity
and optimizing beta brain activity in specific skull points
depending of QEEG subtype (Pop-Jordanova, 1999). Table
5 shows results before and after biofeedback application.
It is clear that with this kind of therapy we achieved
diminishing of theta, higher power of beta brain waves,
changes of thets'beta ratio, as well as change of brain
rate parameter. Theta/beta ratio is a parameter used
for assessment of ADHD in many studies (Lubar, 199;
Monastra, 2001; Reader, 1994). The brain rate parameter
is indicator introduced by Pop-Jordanova N, Pop-Jordanov
J. (2005 for the evaluation of general mental arousal. The
values of this parameter is approved in other studies
performed in our country (Markovska-Simoska, 2011
Demerdzieva, 2011)

From the Tahle 5 it can be concluded that brain-rate
parameter is more realistic and corresponds to clinical
improvement more than theta/beta ratio.

Results obtained in this study correspond to results in
many other studies concerned ADHD children (Brown,
2006; Doyle, 2006; Zorcec, 2000,

We confirmed through the obtained results of SCWT and
WOST that the main problem in this condition is a deficit
in the executive system. These results correspond with
the results of Reader et al. (1994). In a meta-analysis of
Pennington and Ozonoff, (1996), for 18 studies concerned
to ADHD children, in 15 & confirmed the deficit of
executive system. In the article of Sergeant et al. (2002),
in which the analysis is done in studies performed over
20 years, ten of them confirmed problems in mental
flexibilities. In all studies it is confirmed that SCWT and
WSCT are very sensitive tests in the differentiation of
problems in executive functions.

However, the ADHD is a complex syndrome and the
diagnosis must include neuropsychological assessment
to evaloate the executive system, because the symptoms
could be different from child to child. In this context, the
analysis of ERP's is 8 modern approach in the diagnosis of
ADHD showing the difference in amplitude or latencies.
Van der Meere, (1996, proposed t hat the smaller amplitude
of P3 component is the result of smaller ability for the
engagement of the child in the task performance. Keage
et al. 2006, obtained shorter latencies of P3 component
in ADHD patients. The executive system is changeahble
through the developmental process, which suggest that
ADHD could be the result of slower developmental of
somme nenrological parts of the brain.
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[ICHXOMETPHCHA H HEBPOTICHX O/IOMIKA MPOIEHKA HA IKOCKATE JETA (O
JEGHITAT HA BHEMAHHETO H XHIEPARTHBHOCT- 3A HOJ0BP0 MEHAIIHPARRE H
TPETMAH

Mon-Jopnanora H.Y, Sopuer; T.2

1 MakenoHcka ARagesuia Ha HaykaTe o YMeTHOCTHTE,
I VHHBLpaHTETCKA KIHHHEA 93 JIeTekl fonect, Cronje, P.MakenoHr

ABCTPAKT

AJTX]] npeTeTaByEA TONEM I POGTEM B0 BTYKATHEHEOT IO EC G0 efi 0BHE [EL A HE 06 CNoC0aHN A3 DUaT BHHMATeTHH,
TPOETHBHN, 1A CENAT MHPHO 33 BpEMe HA YACOBMTE W AOMOTHHTETHO HWMAaaT npofines co yuewero. Bo nocnegmime
JEUEHIH HCTPAKYBAYATE CTAHAA NOBEKE HHBONBMPAHH BO AeBHHNPARSTO M HCTDARVEAERETO HA ETIEKY THRHHTE
chvaRIn Raj gemara iop masrtectapaar AT ErmeryraeanTe dyHRIHA 8 RHBONER [AHE BO RHOOPMALIH A00HEHR
NMpexy paboTHATA MEMOPH]A, HHYMOWIHIATA HA HECOOMBETHOTO MDBENEHHE, KARO W BO HACOYVEARETO H OJI[ARYBAHE HA
BHHMAHHETO, TPERY LETHO-HACOYEHO ONHECYBATLE,

Uen Ha opoj Tpya & 08 IH IOKEHMEME HAIDHTE PEIVITATH ZoDHEHN CO NCHMXOMETPHCROTO M HEBPONCHEONOMEDTO
HCTIHTYBAKE HA ErIEKYTHEHNTE (OYHKHW KE] TPYIE HA WENICKH gena gpjarsocrrmgupad wawko AKX, wano w
PEIVITATHTE 0)] HEYPoHADeR TPEHHATOT KOj Mo KOPHCTEEME TEPAIHCKE.

HenuypasaTa rpyna ja coauHyeaat 50 geus oo gujaracea AOX]T kako u 20 3gpaey geua HA CTHYHA BOIPECT K 100,
KAKD KOHTPOTHA CPYTIE.

HerponciceononkaTa OpousHKa e HanpaseHa co Busyened Koemuwywpan Tect wa Mepdopmanupa VOPT) of o)
ce yEmegeny [TotenujanuTe opeguasnasn oo Hactan (ERP), TlomonomyeTs mpoueHa noapsadups RopHucTes
Ha Crpon Tect He ofosam 3bopoeu (SCWT) mako w BMCKOHCHMH TecT HE COPTHpERE HE xaprH (WOCST), pomewa
MajkaTe mononeyeaa TecT e NpoueHka He ogHecyeareTo (CBCL) 1 Tecr ADD-H [ACTeRS) JobMeHwTe pesynTaTH
Of MCIOIOMROTD 1 HEBRONCHNONCMECTO TECTHPARE jA NOTBROME gHjarHoaaTta Ha AOX]] KEKo B NPHCYCTEOTO HA
MOTEKOTHE B0 (MYHELMOHMPAKETE HA ETISEy THEHNOT CHCTeM Mpery KosmnoHeHtnTe Ha EFTT useneusnwn og QEEG
AHEMFETA.

KopicTereTo Ha He aMEKOITOMENOT TEPATTHCKY OpUod (Heypodnaber] MoKEma MHOTY TIOEHTHEHN DEIYITATH KA)
OEME JElA.

Kryusn sbopossn: AKX, erseryTnaHn yHKLMA, I2UE, HEBPOMCHANIOIIKA POLEHK
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