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Abstract

Background & Objectives: Cognitive skills deficits, including visual-spatial working memory, spatial-verbal working memory, and spatial
recognition memory, which underlie complex reasoning, are problematic in children with attention—deficit/hyperactivity disorder (ADHD).
Neurofeedback training is an appropriate treatment method to reduce ADHD and increase concentration in these children. Neurofeedback
training, based on increasing beta wave activity and suppressing theta wave activity, has shown that after training, reduction of inattentive
behaviors and improvement in attention is observed in the cognitive function of children with ADHD. Children with ADHD have poor motor
coordination, which is a double problem with ADHD. These children also perform worse on static and dynamic balance tests than normal
children. Because of the relatively high prevalence of ADHD in the world, including Iran, on the one hand, we are witnessing the adverse effects
of this disorder on family mental health and the educational environment of children with ADHD. So, this study aimed to compare the
effectiveness of neurofeedback training interventions and perceptual-motor integration on increasing cognitive skills in children with ADHD.
Methods: The method of the present study was a quasi—experimental study with a pretest—posttest and 45 days follow—up design with a control
group. The study’s statistical population was 7 to11 years old students with symptoms of ADHD studying in primary school in Mashhad City,
Iran, in 2019. By the available sampling method, 36 students were randomly chosen and assigned in 3 groups of neurofeedback training,
perceptual-motor integration, and control. The inclusion criteria in this study included age (7-11 years), average IQ (80-109) (based on the
initial assessment test of students at the beginning of school entry) and not using medication (according to the physician). Lack of regular and
appropriate cooperation to participate in training sessions, as well as the absence of more than three sessions and the presence of comorbidities
such as behavioral problems or coping disregard (based on diagnostic criteria in DSM-5) were considered as criteria for students' withdrawal
from the study. The study data were gathered via Conners Teacher Rating Scale (Conners et al., 1998), Conners Parent Rating Scale—Short Form
(Conners et al., 1998), the software version of Continuous Performance Test (Original Test by Rosvold et al., 1956) and Tehran—Stanford—Binet
Intelligence Test (Afrooz & Kamkari, 2006). Neurofeedback and perceptual-motor integration training were performed in 36 sessions for the
experimental groups. The control group did not receive any special training during this period. For data analyses, we used descriptive statistics
(frequency, percentage, mean, standard deviation) and inferential statistics (repeated measures analysis of variance). Paired comparison of groups
was based on the Tukey test and paired comparison of measurement steps on the Bonferroni test. Data analysis was performed in SPSS software
version 23. The significance level of all tests was considered 0.05.

Results: The results showed that in nonverbal intelligence (p<0.001), verbal intelligence (p<0.001) and general intelligence (p<0.001), the
differences within the group were significant over time. The interaction between the measurement stage and the group was also significant in all
three variables (p<0.001). There were significant differences between non—verbal intelligence (p=0.012) and general intelligence (p=0.046)
between groups. But in verbal intelligence, there were no significant differences between groups (p=0.312). There was a significant difference
in the mean scores of nonverbal intelligence in the neurofeedback training group with the perceptual-motor integration group (p=0.035) and the
control group (p=0.018). But there was no significant difference between the neurofeedback training group and the perceptual-motor integration
training group in the mean scores of verbal intelligence (p=0.411) and general intelligence (p=0.127). Also, in both experimental groups, there
was a significant difference in the mean scores of all three research variables, namely nonverbal intelligence, verbal intelligence, and general
intelligence in the stages of pretest with posttest (p<0.001), pretest with follow—up (p<0.001) and posttest with follow—up (p<0.001).
Conclusion: According to the findings of the study, except in nonverbal intelligence where neurofeedback training is more effective than
perceptual-motor integration, both neurofeedback training and perceptual-motor integration approaches as alternative and complementary
therapies, in the posttest and follow—up stages are effective in increasing the cognitive abilities of children with ADHD.
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8, Brain-derived neurotrophic factor (BDNF)
9, Sensory integration

10, Feedback

dadde \

s Ay YN e gazes 55\ I i e 55 ek SO
U3 L ) 553 ol s Logas SYMS pl il o Ol e
S L n pateiie Gy Ganl b 5 L gl e g b A yke (s
Plysp Ma b Less (slaal (asd las S8 o s
bl Oliss ladle s e -l ‘é")"f*:‘:‘:' HQDIE'SIEp
L5 FoS Jden 5 555k e (bl 2l 53 5 050
G55 Llsl > Jb imfar 5 el SN & el s s oyl
Gbla 53 IS ) g Olie (1) ol DSk T Slyz s
SLLS (o ysNV0Le L3 Sysba oyl wslis Ol ol Cilisee
A1) Sl ol 31 Lo 3510 dgds 5 Lo s34

ls ol 53 edh S el osls ol s iags S
—ebad 8 bl 5 T alab (gl (o,l8 Al ales))
(sl oz IVl Ly 25 oS Lad (bl B 5 TS
(F) ol el se JSCha b JUd P far 5 ol & Dee OS5 555
(e G SISL Dl JW infar s el 4 M 858
bl (0) diwrs s i 5 sl 5 Sles P
a0 Moo 985S 51 Aoy QY Lo oS ol ol yededn lalllas
2 e Sl pi plpaw b gl (I fofar 5 als SO
Sl G sy o 31 (F) 3, 552 oole DS L anlis
st w S O S Gly oals ol 1 eslaad o sens
DS e bpls ool 81 5800 4o S ez
oolse Ll s Vs G as (las e a8 |y I i
M ledl als oy ol oW Wil ol
2V 4(V) 3,03 53 1 08558 G 53 IDes 5 ol (31
oS ol 6lp Olamen Sloyss ls & dtan dins Oliioes 5
(A) el (5 ks £y SO S

Sloss sy E ok, sl whdplosl wlllas el
23 5505 Gl s W nfaz s ek Oliee falS 6l b
b b5l bl «Soddy s E)sal (F) ol 0558 ol
OLL 5l gy 4 il 0313 0L 15 g0 Il O S 5 by 50
> Slas 53 ar )03 35k 5 AT SR SUOLS; SRS 3sl
(Q) 3580 odalin Jld fofar 5 ol @ Yoe IS5 2L
Sl 05 Ol 328 Sokd 555 255013 8055 (2S5 5 Shas (s 3
Sphis TaoelBa s 5 P RS B B e Seddas S
ol s |5 (68 A 5 Sl a5 0 55 5 3 500 Sodd gy 5. (N 0)
AOVY) 3yl

S 3 LIS e Seddss s o S0 e LSer 5 e
5 otaslazel bl 5 elat sbaa,lee 5 ass 5 Sles
3y J i/ s sie oMK Wil 0 O S pl oSSl

1, Attention Deficit/Hyperactivity Disorder (ADHD)
2, Visuo-spatial working memory

3, Spatial-verbal working memory

4, Neurofeedback training

5. Self-control
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