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Abstract
Receive Date: Introduction: Autism Spectrum Disorder (ASD) is characterized by persistent impairments in
15/07/2025 reciprocal social interaction and communication across multiple contexts, along with
restricted, repetitive, and stereotyped behaviors and interests. The aim of this study was to
%c/%%%(gzte' determine the effectiveness of neurofeedback on the social and behavioral skills of children
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with ASD.

Method: A single-subject ABA design was employed in this study. The statistical population
included all children with ASD referred to the Paya Rehabilitation Center in northern Tehran
in October 2019. Two 7-year-old children were selected through purposive sampling and
received neurofeedback therapy in 40 sessions of 45 minutes, three times a week. The research
instruments were the Social Skills Rating System (SSRS) and the Autism Treatment
Evaluation Checklist (ATEC). Data were analyzed using visual inspection and Cohen’s d
effect size.

Results: Visual analyses of social skills, behavioral problems, and behavioral deficits
indicated the positive effects of neurofeedback on ASD symptoms. In addition, effect size
calculations using Cohen’s d confirmed the effectiveness of the intervention during both the
treatment and follow-up phases.

Discussion and conclusion: The findings of this study may inform treatment planning and
clinical interventions aimed at reducing symptoms and improving rehabilitation outcomes in
children with ASD.
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Extended Abstract
Introduction

Autism Spectrum Disorder (ASD) is marked by
persistent deficits in social communication and interaction,
alongside restricted and repetitive behaviors [1]. Social
dysfunction has consistently been a defining and enduring
feature of ASD from childhood through adulthood [4].
Children with ASD often struggle with initiating
interactions, interpreting nonverbal cues, engaging in
reciprocal conversations, and understanding others'
perspectives [5]. These difficulties extend into broader
challenges such as independent living, education,
employment, and building social relationships. Deficits in
essential social skills—like imitation, empathy, and joint
attention—impede peer acceptance, academic success, and
overall adjustment, often leading to isolation, anxiety, and
depression in later life [6].

Beyond social impairments, behavioral problems are
also prevalent among children with ASD [8], including
both internalizing symptoms (e.g., anxiety, depression) and
externalizing behaviors (e.g., aggression, hyperactivity)
[9]. Nearly 50% exhibit severe behaviors like tantrums,
self-injury, and violence, which limit intervention
effectiveness and increase caregiver stress. Alarmingly,
40% of these children respond poorly to standard
behavioral and pharmacological treatments [10].

Given the impact of these social and behavioral
challenges, the need for effective therapeutic approaches is
critical. Neurofeedback has gained growing clinical
support as a non-invasive intervention targeting specific
brain regions to promote self-regulation and neural
plasticity [11, 12]. Studies have shown that children with
ASD can learn to modulate brain activity, resulting in
behavioral improvements and neural patterns more aligned
with  typical development [13-15]. Additionally,
neurofeedback has been linked to enhanced social and
cognitive functioning [16—19]. Considering the urgent need
for accessible and effective interventions, this study aimed
to determine the efficacy of neurofeedback on social and
behavioral skills in children with ASD.

Method

A single-subject A-B-A design was used. The
statistical population consisted of all children with ASD
referred to Paya Rehabilitation Center in northern Tehran
in October 2019, from which two 7-year-old children with
high-functioning ASD were purposively selected. They
received 40 neurofeedback sessions (45 minutes each, 3
times per week). Protocols included delta and theta
inhibition (2-7 Hz), SMR and beta enhancement (12—15
Hz), and high-beta inhibition (22-30 Hz) at Cz, C4, and F3
sites.

Inclusion criteria were having a medical record with a
confirmed DSM-5 diagnosis of high-functioning ASD by a
psychiatrist, an 1Q above 70 (WISC-IV), age between 6

and 10 years, no pharmacological or psychological
treatment during the intervention, and parental consent.
Exclusion criteria included epilepsy, Down syndrome,
cerebral palsy, serious medical conditions, absence from
intervention sessions, and lack of family cooperation.

Data were collected using the Social Skills Rating
System (SSRS) and Autism Treatment Evaluation
Checklist (ATEC) and analyzed through visual inspection
and Cohen’s d effect size.

Results

Repeated measurements during baseline, mid-
intervention, post-intervention, and two follow-up phases
indicated positive effects of neurofeedback on autism-
related symptoms. Visual analysis of raw scores showed
increased levels and positive trends in social skills—
including cooperation, assertiveness, responsibility, and
self-control—during the intervention and follow-up phases,
compared to baseline. Similarly, a downward trend was
observed in problematic behaviors (externalizing,
internalizing, and hyperactivity) and behavioral deficits
(speech-language-communication, socialization,
sensory/cognitive awareness, and physical/behavioral
health), supporting the treatment goals.

Cohen’s d effect sizes confirmed the meaningful
clinical changes observed in visual analysis. Effect sizes
from baseline to post-intervention ranged from medium to
large across all domains (d = 0.66 to 0.90). Moreover,
intervention effects remained stable during follow-up, with
effect sizes ranging from small to medium (d = 0.16 to
0.51). Large effect sizes (e.g., d = 0.84 to 0.90) observed in
certain domains of the single-subject ABA design reflect
stable and meaningful clinical improvements. However,
due to the small sample size and sensitivity of effect size
metrics, these results should be interpreted cautiously and
supported by visual analysis.

Overall, the results indicate that neurofeedback was
effective in enhancing social functioning and reducing
behavioral difficulties and deficits in both children. These
findings support the use of neurofeedback as a potentially
beneficial intervention for children with ASD.

Conclusion

The findings of this study demonstrated that
neurofeedback was effective in reducing behavioral
problems and enhancing social skills in children with ASD.
Recent qEEG analyses in individuals with ASD have
revealed a characteristic U-shaped profile, which, besides
serving as a diagnostic biomarker, may guide treatment.
This U-shaped signature reflects significantly increased
low-frequency bands (delta, theta) and high-frequency
bands (high beta), alongside reduced mid-frequency alpha
bands compared to typically developing peers, possibly
due to GABAergic dysfunction in inhibitory circuits [37].

Elevated slow-wave activity (delta and theta) is
associated with distractibility, mind-wandering, poor
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concentration, slowed reaction time, impaired judgment,
and anxiety. High theta levels have been linked to
inattention and certain depressive disorders, while theta
reduction correlates with improved executive functioning
and consequent cognitive-behavioral enhancement. Normal
delta activity supports emotional connection, creativity,
and intuitive perception. Executive dysfunction and
attention deficits correlate with increased slow waves (4—8
Hz) in central and frontal cortices, accompanied by
decreased SMR and beta (13-21 Hz) amplitudes. Notably,
in autistic children, slow waves abnormally remain
elevated even during wakefulness [37].

Given the association between slow-wave dominance
and impaired impulse control, decreased attention, and
arousal dysregulation, suppressing delta and theta activity
may induce behavioral improvements, particularly
increased arousal and attention. Prior studies confirm that
theta suppression combined with low beta enhancement
leads to positive behavioral changes such as reduced
impulsivity, hyperactivity, and irritability in daily life [38].

Neurofeedback trains individuals to shift attention
from internal states to external stimuli, improving
cognitive performance. Children with ASD often exhibit
hyperexcitable nervous systems, resulting in attention
deficits and poor functioning [24]. Our intervention
focused on enhancing beta (12—15 Hz) activity to increase
alertness and concentration, thereby improving cognitive
and behavioral outcomes.

Moreover, neurofeedback-induced brain activity
modulation leads to behavioral changes, including social
behaviors, which are rooted in cognitive processes.
Feedback provided during training enhances brain
function, subsequently improving behavior. According to
theory of mind, a core deficit in ASD is impaired
attribution and awareness of one’s own and others’ mental
states. Neurofeedback, by providing real-time feedback on
brain activity, fosters this awareness, resulting in improved
cognitive skills and social functioning. The current study’s
findings can inform therapeutic planning and clinical
interventions aimed at symptom reduction and
rehabilitation in children with ASD.

In the present study, the intensive nature and time
demands of the neurofeedback sessions occasionally
resulted in participants missing a limited number of

sessions. To minimize the potential impact of these
absences, make-up sessions were arranged as promptly as
possible, preferably within the same week. This study’s
findings, while promising, should be viewed cautiously
due to methodological constraints. The single-case design
with only two participants limits generalizability and
increases susceptibility to individual variability. The
within-subject design (in which each participant is
compared with themselves at different phases) inherently
reduces some variability but also limits external validity.
The lack of a control group and reliance on parent-reported
outcomes further restrict causal inference and may
introduce bias. Additionally, the observed effect sizes may
be inflated due to the small sample and within-subject
design. Future research with larger samples, control
conditions, and blinded assessments is needed to confirm
these results.
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. Split-Half.

. Pangborn & Baker.

. Autism Diagnostic Interview- Revised.
. Delta.

. Theta.

10 . Sensory Motor Rhythm (SMR).

11 . Beta.

12 . High Beta.

O 00 3 N W

ol oLz o )len suisaz ;o ol ¥
s b YA T ) ol 5 als 5 Lavgs oliie
300l el il g yladse ccpally dus a5 00l
00 ol 45 ol ooliiasl plly e 3| ol imgy
i o0 |y Lol Jole 90 g ol 4365
sl wlie 00,5 gl)ls 1 el l law ) Lpo )
(S 5 6 pdigan (55502 o 5en
slo)ls; slagulide oo ,5 ol 3 S5 sla LS, ¥
o=l 6ol 0 yei  (JB i 5 (59,0 Sla 13, (g
(V=odel V= alS 0 =5.550) © S b )5 (b
oo 3l oldia sy 5 8,03 350 o0 ploxl
Sl Cowd ay lidie s Glos 4 by e (lao ol
gh Sl slaizl sl oo jo YL 8y oS
sle s, o 5V 8, i ¢ elaixl slac,loe YL
5 Pl el i (6,18, O S0l oy S
2 @leill by, b oebiie jlel culys YA gl
e IAD elaiz] sl les Jale gl |, plao 3
b (9,0 Slomer g AT [ St Lo )3 ule
hS—ie slajld) g AT eloial lao )l 1
S5 9 Sl LSy (eSl 3s,S 3,155 < IAA
 onilly 8 50 2lesTil oy, 4 wleio sLael Y4
layts, Jole g AV _elazzl glacs oo Jole (ol
Jele sl 1y Elis S Gl tzmen /90 15 USCe
S ie sl ks, Jole g +IAR _elaza] gl los
30591 sy ¢ IFA
JESCENES S NPT PSR (S PYITR
s ocs o> Lb Y] T2 peudsl g wiley, Lawgs
Sl g Lagleys elsil (bl sl 42s5 YV Jals
— i i ez il ol el sl b s o
G b e 2T s elaiz] bLsyE oL
a (550 p08 o o 1) (6518 5 (comz Zudlu
U er=cew,ob) Glas,o an & ST 465 O O e
S EsT YO 5 (Y=o Sl V=l )5 (0>
M=oz St U r=lanss ASs) glaz o ez

1 . Social Skills Rating System (SSRS).

2 . Gresham & Elliott.

3. Autism Treatment Evaluation Checklist (ATEC).
4 . Rimland & Edelson.
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4. Mu.

5 . Sensorimotor Mu-Rhythm.

6 . Mu Rhythm Synchrony Neurofeedback (MRS-
NFB).

7. Autonomic Nervous System (ANS).

Y4

3 LS (ml g 4l halST adslas 5l e o goge)]
o slaatil il onile Jluk 55 (655K g4l e
5 3l alor 5l ilnganen (i mli Ly 5l
L sl s M1 o cisedlys  as V-] oS
&5l o Ghso—el 5 Soady )i Ghjeal S
OS5 033l ls gy wials 55 a3 ' (g i
5 Glamexl ) Se cubline S o0 plesl 1 as Y]
0558,S" oolitusl sl cinls ST leys (sl Soandg, g
Saardgp e 1 a5 VY] S 5 5SSl g,
Jsb 5o ke o Jlsb b 1 sl e LS oo
055 Sazil (pizan 55, oy oualie 5 olis
5 socbaiog (5 Sdan 50,0 110] oy Ken 5" pessS
3yl Slyseen axdllas pl gt b s el Lol @l
TR WU E A PURP TSR A J RIPHE 3
2y el o GIS05S sl Sloys sy o g
(S50 dalllas o y3 INY] Ligslao 5 oollo (puizman
5 szl Ol s Seadg )9 ()l
|y ) S5t 5 el o (1055 65035, sladlad
45 Heboled (A joban ais s a0
bl loys 0 Soadds i ilosls plis s iags
O slos pnS 0 )5 el o SN L2 e Sl
g5 5 ol slass ,o olasslss JLs ol b ¥Y]
sanline i lises Slalllas 1o oolitul 350 oo JS55
fds Fo V-] o Kan 5 golas iges olgie 405 0
ol VoLl (asdn )3 59, 4) (gl5,98 sladds YO
@tlF9)95 FSSan w505 S 5 slekd sileaz LG
5 (V-Y+ Hz) ol sby s (F-Y Hz) L5 jlge ol ba)]
C4 gFz F7 Cz !9 ;0 A\Y-10 Hz) SMR g5
Slaybid; )3 6 pSain als addlae (1l mlss og
«gibmlsl ol elaizl oo «Siiusl 5 glaids

oL 1) 092 51l 9 s i dllasil (s Soe> sla L3,
ada VA 65 5 b 5 VY] ) Sen g 0505 L ol
Fse cslaozmoz] B carbline S 25 LS 50 Soands e

A S Glalesl 09 )5 55 1) (5 lobine (58,Shes 5 (5,158,

1 . Auditory Integration Training (AIT).
2 . Goodman.
3 . Mekkawy.
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