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Abstract

Purpose: The aim of this study was to investigate the effectiveness of VR Motor games on alpha, theta, and beta brain
waves, sustained attention, and working memory in 7- to 9-year-old children with ADHD.

Methods: In this quasi-experimental study, 26 children aged 7-9 years with ADHD were randomly assigned to either
a VR group (n = 13) or a control group (n = 13). In the pre-test, brain wave patterns (alpha, theta, and beta) were
recorded using electroencephalography (EEG), and sustained attention and working memory were assessed using the
Continuous Performance Test (CPT) and the N-back task, respectively. Then, VR motor game software consisting of
10 three-minute sessions (from very easy to very difficult), totaling 30 minutes, was designed and developed. The VR
group practiced with a VR headset for 6 weeks, twice per week, 30 minutes per session. The control group received
their daily routine exercises and did not undergo VR intervention. In the post-test, the same procedures as the pre-test
were performed.

Results: The results showed that the VR group, compared to the control group, led to a greater reduction in alpha and
theta brain waves (P<0.05). Additionally, sustained attention and working memory improved significantly in the VR
group compared to the control group (P<0.05). No significant changes in beta waves were observed between the two
groups.

Conclusion: It appears that training under VR conditions can help reduce alpha and theta waves and improve sustained
attention and working memory in 7- to 9-year-old children with ADHD. These findings suggest that VR can be used
as an effective non-pharmacological intervention in the neurocognitive and cognitive domains for children with
ADHD.

Keywords: Virtual Reality, Alpha Brain Waves, Theta Brain Waves, Beta Brain Waves, Sustained Attention,
Working Memory, Children With ADHD, Electroencephalography.

* Corresponding author: Jaleh Bagherli, Tel: +98-9123161561, E-mail: bagherli2Z000@gmail.com

Under the terms and conditions of the Creative Commons Attribution (CC BY)

@ ® Copyright: © 2023 by the authors. Submitted for possible open access publication

License (https://creativecommons.org/licenses/by/4.0/).



mailto:bagherli2000@gmail.com

0% P

I (eI

o & y l" 3 ols/ & ~|é
d:a)‘)g G‘“’WOB) dolliad 99
YOV-YFY slaamio o) o)leis ) F 000 VFe) bl Lo

29 G Al g 5l axgi (Lo g L (T) o330 glaol p (g3lro Canbly (5 1o sba s 5L (i 5]
S/ az g5 all SIS 4 Mo (5395
oAl ls

ol S e ool SI5T oKl S wly 55 18 05,5 )
VEoo /o P/ allia b ysdy VFeolo¥/+5 :allio Z3bol 1FAR/+4/TY tallie cdly o

TN 4

abadl> 5 Sl asgr iy o W5 el (5500 Zlgal 5 (55l Comdly S > slassl (ciSu il )y andllas ol ] Bas deddie
il oo (Jdilaz gy paki P a e Al ALV (5055 0 )

50 3 (5 5 ol & ypots Jlab ifazgs b N3] gLl dlo A B Y SasS V8 o yzoaas aslllae oyl 5o sl bsy
Shoslil b (Ly 5 Lo ) (500 glgal (os8Il eiig03l st 5o 08,8 418 GEVY) J5S 5 GBI YD (il Sudly o055
S0l )5 sl (5051 5 (CPT) sy o Shoe (5051 b i it )l abiblo 5 sy args g o 3, gllandls 250
2 (e (b5 b gl s 5D glaids ¥l Ve ol (3lme unlly (25, lacsl il o 05 ooz
o9 b addo Yo s g alan 0 4l g0 an £ Soe 4 (gl oy 09,5 al aisle 5 )b 4ads ¥ gaexe
3,58 ghlre Cumdly allae Coxi g 0,5 by 1) 093 0yeg, Dl ped J5US 05,5 08 (el (ghlme el
28 pladl a3l i b aldse 903l m

ab by Wl ghie glel o i alS 4 i S 09)F 4 S (g5lme bl 09,8 ol (LiS s ibbasdly
-(P<0.05) il (s lobine Sgage J 56 09,5 4 s (s53lme oy 09,5 0 (6,15 aladl> g jlb 4z g5 opizmen (P<0.05)
i ounlie 09,5 53 (5loline Sl L zse 950 50

S Al 5 Il azgi S5us 5 L 5 Wl glal (2l 4y Wl oo (silome CopnBly Ll b (a a8 s o0 A5 4y 36 yoS A
29,10 e d3lons S lgieas wilgs o (giloe Condly a5 aeo o lis baasl plalS S Jld o b ALY 508 o
2565 53 eoliial 9)50 (b ffaz g el PUST 4 M (5055 sl (5 Ld 5 (FSlidbnas 055> ;5 55e

(Jd i Q5055 5,5 aliblo ol azgi diy (sime glsel S (g0 el AT (5500 gl ccslome oy 1gualS” (45l
SIS lasly xSl

bagherliZ000@yah00.com : fuosl «AIYFIFIAFY : polod 0ylouis ¢ J Y5 a5 2 Jgummo okiuns g5 *



mailto:bagherli2000@yahoo.com

YOY

29,00 e laalzlae syl pgi s (pl 3l S
5 ] 4 diz oo 15 85 Gl 03,8 iz,
el a8l b mlS

Lol T gilre Cudly lalase (MSow cpl 5l (S
calizee S| lo s lp gilme Cadly 51 oolau!
20l Gl )5 5 VLS 5 5 llszgi (5058 0 s,
OSen Al opl el sad anl il slaiags
slably slagsh 4 a5 GBS sl pgaza ol
(A WSl dphe iy g0 Coge 4 g S g0 HLES aBdle
Jolo &5 Cel )5 ez (29)b9) o (3lme Saably
W aiz > S U alwgas (28l (Lo o oSy 2
Se bl cel (g g aeY (2ot «s)lo)
aS aes o 58 all) alwgay cudaSle somdn Lo
Sl L) Cel sas gilwand o] o ABly ol
b 5355 3l 50 sl Sl 52
Lol 428558 ) 2 0 )y90 foS e Lo

3o L 1) odlae ol 5 oldlas i s B,b 5l
ady, P ol as el Ll aslesls oylis 5,8, 059>
by )yt 0 )558 5 Ceatl 0310 (635 yo (g (pllnms )
SRl (o) 32 09 o0 dnz pp 525 (S heae whaw o
Sl Sl oslinul b (gilme Cully (s3liliceas
il piyolSel YEEG) 1S llily Sl
Uy adlas 4 00,28 jsb 4 EEG  clo LS
S ohKes o LU (v lgicas .aigd oo oolaiwl bl
e st yed sleasly adllbs (6l EEG slo JUSs
lis glas Slae a5 Wo,S oolatnl (g3l Cosdly 5
Sortp (Jyome Dl yed b avlie jo ) (e (So58
2 S el (V) olfes 5 Jag (10) artn
il aals OB Sl ol 5 1) g5lre lame
SolKiws 5l soliiul o saiews EEG sla s
sl osliiul ogos conlple 0,8 melas (55lne ol
Oyt s (o5 sanaib 6l EEG (loJuSn
Slidss gly by sl Gl e eSls bl
Slidss S 50 (VY) o)l san] cBlis sla LUl

Voojleds ¥ 0,00 NFe Y sl g )l (55,9 ewlidly, aslilad 4o

wS i glaal 2 6ilme Cusdly S > slasl (i

doddo

51 ADHD)  JWé plasg e s
aS el (S5 e slidcias OB oy sl
S Gy gren 0F ces gl
S S35 e i KIS Uy 4 poe ol 555
Al g Faad alie o, mhw b o505 )0 ol ol
aS Wlools lis lalllas .(V) 005 doaxs o clax
Gleasis alox 5l calizee slo s (5055 (ol 330 50
5 azoe (gloacld slaonidc (g liign g axg ;o 50
(s lojle (gpyaeliy o gwlel slas SIS lyls
Ol e el S g g losb (il STyl (6 1S pouad
(V) abl oo S jl>0 S0sS

s3> ,5bas ADHD s 45 Ll 2] slas SIS ale
4> g5 aiiwd T (5)l5 abiBl> 5 b ax g5 i o ]
Sl oy ol 59 cielS5 Sy 5 35 5 Lk Ul st
SBge g s g IS sl )5 akdl
Jolss 1) oaomy sl ulby el gl oledlbl
OMSie lol and 0 SIS g0 (pl jo el 0gd so
L s s S5 1y Jubter ol s
bls)l Jlg,d axl jo amas codld sla g bl
Olejed Klg a5 gladlslae o ccpl ply (F) o410 puitinco
s 13 Baa |, S5l s SIS nl g (s5xe zlsel
30 s@tlides Sldllas .l jloje5 5 slogng db 3,1 5]
A0 oo ylid aS Cewl 0al ploul g9yl lale o A
el L a(f) 5l Vb &yad 092 L ol oyl
Sl az cand attin g oad )55 wladss o oS
g sodls 5 (IS 50 0,Skae 5 (5055 55, ol 5o
«Bpan 0,90 3l L @hlae yids j0 e (Q) ol
el oo 9 aiS o S 5L ADHD (15045 odle

(V7)) 09 oo ol 0,lgo b s 9 (6 ST Az g



S

@ axgi b ogd oo axlse are) (nl Ho goaaie SYlgw L
Coadly Sglite Lulps 5 335 ates ol 00,30
Bl Bue a5 (g5lme Conly e (90) (55l
&le Candly LT a8 cnl ol oz oo Jlgw (0l oo
Eloel oS jo 1) Sl Wl oo 5,18, 3T 51 slax
S sl o lidcnas Sl lgieds by o b5 T g 5he
Sl Gloo,S 5 05 b Slyeis (LT 5 G5
(omizmed ol ol pon (6,15 aladls> 5 jlaul a> g5 ales
S8 zlgel 5o oadosls olis slaialydl b mals L
Jdian b8l 500 aalsz (59, 2 ey Sl )

0l oo rons JB 5o
2 e Zundly (oidu il adllas cpl o (IS 55k 4
Il 4z izeen 5 by 5 5 ] (s glsel Dl i
SoaBly Ll b inyed 5l 9 G 1) )5 Al
ool ol anlllan Bun wdndi> 45 0 (g S0l g 5lxe
5 Gldoeas oje> 0 1) gilre Colly SIS A
gk Jos & dllie (pl izmen Wl () SSLS
Sllugs Wilg oo (silme Comdly LT a5 09) Jlga cnl &
3 Jld iy 4 e 5555 o 1y by g b T 2lgel
g oy b Dlyeess 0l bl g ams iy Jlig 3 axl

Sl o] yod (5,15 alidl> 5 Il

o9 (w9,

o9 TP

—oseslotn b b miaes g5 5l ol ek
Jols Jine piie 092 7S 09,5 L olpon (i503T
09,5) gl 9 53 (55lome Ceddly (25 > slacs sk alsloe
gyl Jolis ainnly sl it g (J5S 09,5 5 Ginlej]
b 5l og )5 abbl> g sk axgi by g LS A S
ooy sl S (6,503l L (e x 05,8) TxY Lsle
oS Sk awglie el b ub eslit
Alr 5o GalesD) (29,5 0m 5 (0saslom & ose3l i)
Jo a4 oymiaesd zyb QL 005 el $ (S
@ JolS Bolas cwyiws 0 Jes g SIS Sllaxde

254

DB 5o eadplxl (gilre Cosdly pFldcias op>
caz EEG olfiws 5l oslil py oliizee 35 a3 052
Sl Coddly olup) SSlbcas il (v
or gl adlhe ;0 (OF) g5l 5 Sds, bl oo
G3lme Cadly (30 5 b bl d e )0 e slacoled
Oy e g 8 axl o aS sl Lis gl g oz lo
09,5 Wl zse Gllas ol ol 9 L5 oo Blas oy
Sy ohlSes 5 ol il elS (ghlre ol
2 83bre Coadly SIS EEG Julow g 450 40 500
s 5wy by cunl Jlis 4 Slgye ollew
5 el il ul WS o s Wb oly a5 sl ol
G2lS il Caadly 09)5 o L g W clled i
00) o, Kod 5 Jr s OVF) ol oLt 1, (g, lolins
50 5iels g Wl 5 LS Zlgel codled jo Lialidl 5l ylas 5
15 s gibre andly aAlslae alaulyay by oo Colled
«$3lome Sanbly lagsl (S ldnas Dl Sl o2y b JS
3 S g Wb ged JLd i ol 0je o DliEod
glyel Sdlad Gliee 990 50 o ondplonil Slindow (lee

2,0 052y (gu 5,k $8lg8 Al
3 i s35) 2 b BEG clilugi el 4y a2 b
SN eyl 5l (o 52wl I8 e ls
ASl o zlasl LSS olaws 5l el ojle 4 el a0
Slee b T el 3 ool 52 EEG Zlgel gl csoisails
ANY) LT (o F-A) L5 (5,0 V%) Lo o, 131 ol
AL O Gl 8 a5 LS ge 5 (55,0 VF-Y ) Ly (5,2
g o) b el glgel 2 L e ol 5,0 Y
Jb> 9 S Sl 9 e B Ly ol
S Wl zg0 (V7)) 5,00 bl | Ol sl g 5o ,udl il
DS (2 g (rade b o5 Cenl Seooly ) (owgie T
gtz b ais by col bgpe (el b (gy0
Lo zoe (V) wboo alS lapdr (ot 5L L g (2l
)l bl )l (g2l Jld (33l 955 505 (s ledon b
0us 135 ol sren e oSl e S (5055 50
Gizee b SOVL ) oS lae 4 4z gi b Jl> oo

YV oojled V¥ 0y90 NN Hliaal g 5l (8,9 el ly, delilad g0



YOO

2 59, Voo abol b ge3] Gilize slaise olejTsl
Gk 5l ol @lgy g oo (515 <A B -0 ab
STy plej 9 GGyl g Bix glallas ol> gl

AQ) ws el sl as g o el e

50 & Al o slp 1 Somgl gesl Y
Sy S Glasgerme S5 cpl jo 285 18 ool
el Bl 9,3 9 395 o0 00ld LS gxlpe 4 Lo s
oy b g5 N b saosls iales o e LT 0,05,
b gzl Sl i el plml e 0 e b
75 5° Srotelin 5 S S el @2yl (arass 5 J S
e O Sles ;0 (65,0 Gliee (pyiien 9 Sigd o
2 o5l Gl @bl 905 o0 sl 53550 Ksloy
Olpl yo goad (5138 » VA alex 5l alies slo ngss
wens | adllae ol o canl 438 13 00l 950 5
OB 055y b cewlizin (g lados Dl o b plad-s lao

(F) o oolanul

anli oz H(pleo g cpally p3) 5L dolidinw ¥
% cd, )5 & ADHD e o S 5 ansds
ool Jlges YA 6115 alao o g Jlgw Y5 (slls cpplly
@b3hl 2l 05 e LSS plas 5 (pally ansgs oS
ElisyS Wl cars 5 A Gl o8 IS 05ei (sl
bl izmen tcwol 0ol (135 - AT Q] ey 90 VY
5 V8 wlie JS lp olesll Gog, b plee (wliie
CAT L - YF 5 e ebie s sl ¢los,S Tyl po

(AN) Sl 00y o

BT

S i PLS slls (5055 3510 4y dsxlio 51
Sz Y gla Salen plxl 5 sgie i jo &l
ua...?b..u 45 ‘_g\)‘)ﬁ‘ ‘U‘)LM 6[.&0..\;9).' Le ‘5»:)....»0
5l ool asils S lyy lawes Jled oo

Voojleds ¥ 0,00 NFe Y sl g )l (55,9 ewlidly, aslilad 4o

wS i glaal 2 6ilme Cusdly S > slasl (i

ol b g Sl ST .0 ADHD 4 S Ssss
GBolai Dysoas 09,5 30 a4 laSoges] janass (Jl>
RPN

&olel diges g anolr

D 4 Se s A LY 5065 Jalds oLl anal
Sloys Sl 4 oaSanzlie b pfars ali
Ss s et Y dilaie Jled i DS gl s 5 0sS
SaaBly 09,8 50 HENY) SoS T Jolds (rmghy diged
Syl bl 2 aS 092 (715 09,5 50 58V g (55l
aeds Jold 3959 sl ylons ot Sl 9,5 5999
oo bl 5 Kpols, bwss ADHD sk
colie 92 oo (Jl ALY g aials .DSM-5
Gy (gmas DWWST 3925 pas 39)5 lons b Bllae
alzlow 0,90 Job ;0 S e (glog s B pan pas gl on
pae ol o> sl lre 0 <ol (g9l w23, sl b
@ bl g ((Shp i en wlida o o)

Dgr gl 5l Bl pall
G 5ojlil il

e ey (EEG) (81,5 glliilg sl oluws .
VYY) Ly g Gy A-F) LS (5,0 VY-A) WT (6500 gl
50 ool cud o oolexw! JLog,8 asl o (55, ¥
Bllas 55 5 285 ol atgtir L g ol >

(V) 208 zlzaul oS8 ail o

a>g5 iomiw 5|y (CPT) aswgay o ySlos oyg037 .Y
5 g3y dag b s gl (nl 28, 5 4 gl
RSO ol Baa g al 4y (VAP0) o) Ken
(Il (o)l p 2 )0 el WSS 7S 5 a2 95 (555
Ok Sl g dgdee wll Sme lsisar ow)lb Sl
a8 5 b 5 Gaes S o Glgieds doyo Ve daS e
Obey g 4l Lo 00 S yoe g0 Al o alold 090 oo



S

a axg b ood ool gl eeil 5l eilly ol
la ool ko (6l «logyin ol g bagygesl opl b
s okl (ANCOVA) il lgsS Judos 5050 5]
ez opesloin Sles SRS L puiblsgS Sl
O 4 503l 50 dialy sloyiie 09, Sl ali
A e 0 bl led o g lobre mhaw L2,
b 4z §

sy

B mpe g ow Sl Dl g Sk
el oo BL1 Y Jgaz 40 05,5 90,0 BaS S b
3095 93 o 9 oo onaline | Jouz ;0 45 yobplen
979 (5 loline Dgldl (SD9p o pd g G (o i LS
OFen it ool S5l e gogesl calply el
Adg

098y g (e 3lill Bzl g (Sl ) Jgu
09)‘? 99 )0 ugud)w

&)lobxe JrS 098 (silome Cunnlg 09,8 ke
- DFY AYVE- Y0 AVDE- £4 () oy
AP VoY ABEY .Y V-YSEENNY ey

P

ol s 15 T gae ol o il ool 5 uSila
J59z 58 05931 e 5 93] G Al 0 90 58 5095 99
oad S Y Jgaz 0 45 jeboiylan sl oad 48] ¥
Ceadly slacsil og,8 50 (yge3lm B ge3T Lt 5l e
gl 5o ololine alS (J 7S 09,5 4 o (s3lxe
S ,50 40 . oddlive Jled o 5055 o L W1 3N

Ol o lie °9)§ 99 O 6)‘0LM u‘f....su aLu Toe

256

BRRT3) CERUHALPLIPX ] (e 2Lyl b o ad> e
ol e N s el | iash
30 bl dawg cslie loy yo pFas eS8
p2 a5 0l 8l g a3 )5 18 (hed  po i 390
CERgd WS 1) 0555 slee b Billae cenlie JSge
S & (Bolal Ojgo AT ES WL G 0l 0 s
N o ] 535 g (53lme Cuably) (talojl 095 0
5 G Bas b glulsl 4 bae Jsl anl>
Loy pgd dud> 09 EEG 5 (o3lxe cunily slaolSiws
axg slongel i >l 9 EEG Glacols cus w
09,5 b ogajl 35 09,5 55 1 55 )5 kil g Jlasly
dd> j2 g alin o )L g0 Alan P Do 4y (5lre oy
SLad )0 9 2305 (el (5 jlme Lupaly S L ag S0 Y
2SS e g Wb jeabed s IS (55l
Slad> wiols muwly 55 el Ol e 4 o5 S ol aisl)8
UK i 436 5 3,5 ool ot 5 a0
S8l 1) 093 0ye3g, Dl pad JyuS 09,5 .l aslsl
) i S 3 e ly el o 3 5
slaogel 5 EEG laosls Toame woluyad oLl

Gobol Juloos

Uidu 4o b Judss SPSSl58ls 551 eolawl b laosls
5 byse o jlastinl GBlml 5 Kle  brog bl
ol 05,5 50 52 (6l 93lm 5 9031t S0
by oy e ol o blaal Lol s 5o 08,5

2 Gy g Shggmls aejl 5l besls &565 o

09051 9 0923 Ui 00 (@0 ©g5,500) (Sire glaal Bllae (g5 o jlailiwl Bl il 5 (1 S0k Y Jgor

JrS 09,5 Gilmo cablyeg,S  alope e

YA £ v AY Ay

VXD oeeiliim  Wgse

f.YY £ varsy Y.0A

YAA £ YY.-Q Y.v

YWYP o oseilin Wigse

YV oojled V¥ 0y90 NN Hliaal g 5l (8,9 el ly, delilad g0



Yoy wS i glaal 2 6ilme Cusdly S > slasl (i

Y0 £ YY) YEEEAFAD oeejlm Wizse

Y¥Y £ VA85 YVO R OVANY  peiliin b gse

YA £ \ALF YOV £ AWWAL eelm Lgse
abg e « Shgmgmli a3l ;o + 00 YL sdwlcwwsa Sl azgi Ol s o lasbinl Bl il g 1 SKleo ¥ Jga jo
ool 5 eslial 5 ol osls mjsi o Jboy 5 0993) Gy Al 90 53 509,555 ;0 (6,15 abibl>
| eomilyly by 5 cng) opesl o slome Syl Sl yeiie (Ko (o) Sz il onds W) (05T g
5,5 ok 3 el g eolital Shiggmls fgesl 5l aslllas 590

Sololos mhw a4 axg L el oals &l ¥ Jgo

o33l o 9 033l G Jolie 03 90955 99,0 )5 aladl 5l ax g Sl jed o lastiad Gyl g Sk Y Jgu

JrS 09,5 (silxme Candly 09,5 pres al> yo
VEXA £ YA VESYE YFA (Bim glalas) ol arg sl i
VWAL £ Y.YY YAY £ Y.OF (Bim glalas) ol arg  ogeslm

OVASAE YAYF  OAYFO £ YFFV (el Lo 25Ty b)) sl axsi  ge3l i

OVEXA £ Fe0A  OVVYY £ YOSF (@il oo (255 olo)) Sl azss  ge3]

VWA £ YSY \YFF £ Y.AO (S o IS 0pe) )5 alibls yge3] iy

AREER AL VAVY £ ¥AY (S o IS 0pe) @S aliils se3T ey

Gl J>lye 58 g b it 6l Shggmls Gae3] ls F g

Golro gl goil el @olif Wiz Al P

- Y¥ C A0 0 505 i L5 20

“¥) <Ay 0 5595t L5 zg0

LY -AY 0 595 i Wl zge

LyY -a8 Y# ol Wigse

<A - a¥ Y§ O3ilite b asg

AR « A \t4 Q?‘)'Tu“i Sl azgs

vy F A0 0 oseslobe (6l Akl

XA -AY iz oseslim @S kil
VYAP) 5 5 (- £ANLT j5dome P<eee V= i glyel Dl sl GuilylosS Jelows (9031 b
g bl VPPl gime  P<erVF= o & ol plas s ol oud @l O Jguo o
J5S 058 4 S lme Sutdly 05,5 455 sbey PAND) Wl glsal 2 09, f1 ol iy Slped S8

\ b)Lo.:a AF 0,99 AR LR uLa.w.!le)LQ‘) 6‘}})5 waL'“L)lﬁ) aolilad 9o



&b 258
Sy90 50 il zlasl cpl (lei Ho (6 s Jlolixe rals
Copdly Alslie iy 05 sloline 05,5 il Ly zge
el b zge cudlad s loline 3G (g3le
Ly 5 b3 dall (53 gyl Sl sl il Jelo 9ol @l O Jor
bl jgdome  (5)loline Foodf ©Ohsdome ggeme  Sligdone (50l Olpd g Al it
S VY e ) .Y CEY Ty e ek B sty
SV Ky YRAY ) V10.FY VVOFY S H P
Y T ARV YAFXS YAF.XS 05,5
— — VIFYA 0.0 U
SYA X VA ) YAAF YAAE  oran Sy s 50 o iy
CFRAY Ky YRR ) YYY ) FYY £ 55l i L5 zge
- YYY oo YYAS Y AAYD AAYD 09,5
— —_ — Y YAV.FY V7 AY U
VA AT FY e VIV s o oS (o8t
AV YA YRV ) AFAY AFAY 995 s L ze
<o YY < OYA - OF Y Y.Af V.AY 09,5
— —_ — Y YAY YO Yf.-0 o

6)[5 4.‘45[} 9 (’.O/\A:U )55\7}6 sp<’.”\‘F=

g1 lolixe (+ FVO=UI jgize P<+.++ Ve FEFVAY)
JraS 09,5 4 Cad (glme Cunlly 09,5 S (g, 5ba
slals 2al) Il axg )0 i Jblias 35

sl (s (6,8 abadlo 5 (AsSTy oo 9 Bd>

Al 5 ol g5 (sl ol lssS Jelod 30T gl

3om ol plas mls csl oals &l £ Jgam j0 5,18

ailge b Mol axgs 098 Sl gey] i Sl J S

H9dome (PN F=va.0%) oo Bi> slalkas

YYAY) Sty oley adlge b Jlasl azgs o(- £YY=U]

SIS Al 5 sl a5 sy oolelysS ol 5] s # Jser

bl jgdme (5 loline Fdf Slj9doe ggecne ol Sl ke Lnly yeiie
Sl j9dne

.- f < YA -9 \ - OF cOF S, cwd Ken 5B ke Sl g

SXFL Ty AVY ) AA.F5 AA.F5 93] Gl slalls)

A SRR N CV) S { VOFAY VOFAY 09,5 [(ENES
— — — vy YAy Uas-

SRAYs AF0 e XA \RRYe VIXP oS, s K0l oS Sk axg

A R N T ¥ 4 S FAY.AD FAY.AD oveiloim  (LaSTs oley)
SOAA L Feley  XYAY Y FAY.EY FAY.EY 09,5

YV oojled V¥ 0y90 NN Hliaal g 5l (8,9 el ly, delilad g0



ATAR

wS i glaal 2 6ilme Cusdly S > slasl (i

— —_ — Y fA- A7

AR Uas

<o YY -.fva <OV \ YAYY

VAVE ) o oSad 55y 68 akil>

< YAY *oee) VEYXR \ YY.OA

YY.OA u}.A)TW

< YO oo FYAN Y YAQYY

VAQFY 05,5

— — — Y AT

Y.as Lo

S 509l e 93 Gaee (5y9abse il sl Koo
OGS o Joe o boslsy0 SO lgieds T Wb o5 ks
L ol slocS e 395 5 598b58 (e 50 Gl 85 s
L JtSg,8 s jals (b aad [0 005l o0 3gae |
@ odd S ssley sl Jasl o sslis G elS
Sloedr  cddcads @IS o JSogs Siloy
ahulgay  eadobul  (ygabse plple (V) ols
9 o 9 pSme Y0 51 (S (53lme onably slasl
S pas. Sl o0 00l LES Gz iz 8 pol>
slaadly (S p b pole egn 0 W ogee bl
seals o en g e el lges Slool adles
055 Glre Cadly alslas alawlsas 1) Lo zae codled
Ly 50 Gy 00 Sldlhas (B a5 Jb o wis)S
E9 40 Dgld 4 el S AL cpl ol las
6“;;3%9 PRE:- NI PR s w@lsloe Sow dyioe
adn £ alsloe Soe ol megh j0 .all ba e dges
JUVESIE | P~ SURLIWI IR GUIPLIRIVIT-IR [P U ES Y
S JLd hls g o)kdsn b aS) Lo ail jo by
OS> Lo g e opizmad Bk 0395 (S5 (Sl bagiyo
Aol el bl b a5 @SS Coale 4 S|
Cosdly 09,5 10 (o 15 aladl> g Il ax gy lolie Sgups
Slezar San ¢ S pli-slod sloasl b gjlxe
oseilom Dled gyloline jsbay (gilme ol
O35S 5o |y Sl axg abe 5l 2l Glas SIS

Olpee 4l ol cps 5o s o inlysl ADHD

\ b)Lo.:a AF 0,99 AR LR L)L‘-W-'L'j)l@( 6&})5 waL'“L)lﬁ) aolilad 99

G S Azl 9 Sy

S sl G2l ) Baa b Sl hagh
Sl azgi oLy 5 5 dal) giie glsal 2 (il ol
el PS4 e (o8 0 )5 aidl>
45 by lad Legly sleazil ol plosil Jlb toofazgs
zlsel Ol sloline 2alS 4 e (g5lome Cuably alslas
5 olul azgi ol S5 5 JUig 4l yo by g W
W 7S 05,8 4 Cod Gtalejl 09,5 4o ()18 akidl>
SN nl s oline by zan Slyais a5 > 4o
Juigp 5o 55 W lgy plojen Sals giny daaily
e (297,17 (SFLD o SIS sene b olyen
ol R lre Codly (SSL ceae SIS s
2 el s JB € ae o5 4025 L g WS (o0
15 g WT glawl s g, codlad Ltals « bl ol
5 e gl Janp parass I slalis wlg e
(V) wsl Sledl| S5 ssle p

S3lme Sl 09,5 )0 L5 g Wl lsel s jlolins talS
alllne 1o o] sl lyiead o5 5 o5 gloazily b
Ohlews 5o (g5le cusdly ol 515 EEG Sl 4y 09>
5 Wl edlad e a5 W08 (3,135 5 aizlop (Slg s
il s oline alS lme Candly 05,8 o LS
JUSg,8 a4l jo a5 wisls (lad 55l 5 oo Gizeen
Silme Sdly 09,8 50 W5 L5 oo Gllas ol o
05 5,5 o)Ll s co Bazdly ! yeas o .l e alS
S9abst 5 ol Sl L L s W g als
b Gllae ol bad o (5lme Conbly (slags,5lis alanlgay
295y Bk 3l Silme asBly (g g e 91

SByb 5l 500l Jpls 5l s xSl el b 5 LT il


https://doi.org/10.1016/j.neubiorev.2009.04.001
https://doi.org/10.1016/j.tics.2012.10.007

S

B sl s (Shol glatslon oje> o JWd i
EMe gyl bt OS3sS 0,8 S8 oS e
& W Ayl ekl g SIS 0 egasa (2L
el 2 5 o] (6, R8 4 e Wil oo Jslse 0
Slogd cd el sl s a4 Koo oldl 4 o0
Ol 5o LelS wondo lal Sliviss b llas a5 o]
518 oyl 31 oolial sl ol o 2 il 15 g Ll
S 8 bt (B0s8 @ Wil oe (silme Sundly
Shagh S Shls S8 gl &S5l sla ks,
L iged x> g olyen olbcasgame b Lol
y Sosmehly slagysesl ylel pud i Y9) Szs8
S e dgaoe | gl (S pdipeend g da3 e Bl
4 peerd Gl a5 0 JL ALY 4 sga0me  gw asald
pas (pizmen a3 e a5 1) (g sleeg S ple
s g1l g3b ale) Jlab duylio 05,8 5l ooliul
Sondly Sl aesai il (Jgene (> oy b
pas ogh SIS olea oS 2l Sl gl
Sl el oo 5 Bl 5 xS osesl 2!
S pae il podle 3580 oy Jobo 5o allas
ADHD o555 £33 510 B s il ol it JolS

il a8 5T s Wl oo Sz
Lyl slacsil b o o5 ol olis Ghaghy cnl b
el oS Dot S5 098 5 (silome Suadly
aS G904 13,10 0925 (g loline Cglay L WT 50
Gl 4 e ilre Susbly (S > slagssl 098
S JLig,8 4l b5 g Wl zge p0 (b pSadir
6,5 abdl> g ol ax gl (rizran A U5 095 4
Syedr J5S 09,5 A S ilme ZuaBly 05,5 )0
39 Oy (Sulolne Dglay (L zge 950 50 .8l (5, loline
Lyl a5 S olgie eonlply i oaslin 05,8
2Ly Wl zge Ghals' b (gt bl (g5lme condly
o S5 s L Olss cpl g o)l JLig,8 aml
O3 45 dwy o0 Y5 4 o S joboay el ol pen 2L

Sie s8I alS 4 Wl e (gilme Coddly Ll 0 L

260

S e @l L gilee Coxdly e oS vig
G 3ol ol B ol HlesS wiadan IS § pwsi
a b in G50S4 Lel 5l g aiS e W5, s
5 ool d(VY) wo oo lis addle slasll, slassl
@ Wilg co ol ol as wle RIS o oYL oSl
b O Ol 09 o (6,15 alaSlo 5l azgd Ca ol
a2 gl parass ;3 Sl A8 5 GSLS L 4
ST Sl az g cud b g ools ialS 1y Sgpm s3bs
Sols ylid 38 o) 5es g (Sl b gleds (YY) 0iS 0
o355 o VR L (a3biim oS o (S 5 (ayed &5
50 Oglds taile ks g ax g5 o] axlllas o i ja
Jeed ) @SS g9 j0 Sglay 5l 8L el S Lnadly
Do g (Gelss (5,2 ol aln 5o slee Blse

A5k alslue
Wl oy Lzals oS sas o oylid ol Giagh sleaisl
&) Al 5 )l 4z g sgnn b JUSg 2 aml o LS
5 Jgyd Al i b Slojen ol .cl 054 ol o
SIS Al 5l g aler Sl 2] sles S5
S S Gl e Ojle 4 (0) cl g
Sly Bliboas meog S W5 Wl zge Sllugs
D20 oo Sl gilre Condly slagil 09,5 g o Slas
=5 a b g Wlzge lilog plos gilme oadly
sl Jligp 4l o b g Wl gge (53 als
i J55 8 b 55 Sl 15 5 W1 Sl ol ol
ool nadlge b il cusBly slagil Lulyd b
2558 JBIs o wlidss sl 5l (S Sl s
SFlbcmas ol el () p 4 45 Wil
Olosp 9 930 o0 Jdiar (055 50 (silome ually
abddl> 5 jlnk argh) Sl Glas S 5 e loel
A e ey Al Glaasly Olsea | (6

O35S L as gl 3l soliiul 9,50 Wilgs oo )] (sloaidly

YV oojled V¥ 0y90 NN Hliaal g 5l (8,9 el ly, delilad g0


https://doi.org/10.1016/B978-0-12-387691-1.00002-8

Y&

Gt olidsy 4 5l @l i peend gl oS

REIg

b gl
Sustained Attention
Working Memory
Virtual Reality
Electroencephalography

el NS

Voojleds ¥ 0,00 NFe Y sl g )l (55,9 ewlidly, aslilad 4o

wS i glaal 2 6ilme Cusdly S > slasl (i

O3S 4o (o )5 aladl> g Sl ax gl Dgups 9 L Wi
Pho 29,0 e aAlSlon SO Glgieds 5 oS S5 Jld i
050 Q055 nl sl (Gl 5 (SFlbnas o> )0
s ysn s oY iS5 ) S ] 55 18 oolinl



WE!

Rohani DA, Sorensen HBD, Puthusserypady
S. Brain-computer interface using P300 and
virtual reality: a gaming approach for treating
ADHD. Annu Int Conf IEEE Eng Med Biol
Soc. 2014:3606-3609.

Bashiri A, Ghazisaeedi M, Shahmoradi L.
The opportunities of virtual reality in the
rehabilitation of children with attention
deficit hyperactivity disorder: a literature
review. Korean J Pediatr. 2017;60(11):337-
343.

. Shema-Shiratzky S, Brozgol M, Cornejo-

Thumm P, Geva-Dayan K, Rotstein M,
Leitner Y, et al. Virtual reality training to
enhance behavior and cognitive function
among children with attention-
deficit/hyperactivity disorder: brief report.
Dev Neurorehabil. 2019; 22(6):431-436.

. Coleman B, Marion S, Rizzo A, Turnbull J,

Nolty A. Virtual reality assessment of
classroom-related attention: an ecologically
relevant approach to evaluating the
effectiveness of working memory training.
Front Psychol. 2019; 10:1851.

Barati Z, Sepahmansour M, Radfar S.
Comparison of the Effectiveness of Virtual
Reality-based Cognitive Rehabilitation With
Classical Cognitive Rehabilitation on
Improving Executive Function in Children
with Attention Deficit-Hyperactivity
Disorder. J Arak Uni Med Sci. 2021; 24 (5)
:688-703.

. Amin, H. U., Ousta, F., Yusoff, M. Z.;: Malik,

A. S. Modulation of cortical activity in
response to learning and long-term memory
retrieval of 2D verses stereoscopic 3D
educational contents: Evidence from an EEG
study. Computers in Human Behavior, 2021,
114, 106526.

10.

11.

13.

262

&Lo

Sanuki F, Nakphu N, Tahara A, Iramina K.
The comparison of electroencephalography
power and event related potential in success
and failure during multitask game. Front
Neurorobot. 2022:16:1044071.

Shams, A., Nosratabadi, M. E., Sangari, M.,

& Mirmoezzi, M. Effect of cognitive
rehabilitation combined with physical
exercise on sustained, selective, and

alternating attention in school-aged qirls
attention-deficit/hyperactivity disorder.
Iranian Journal of Psychiatry and Clinical
Psychology, 2021, 27(3), 276-287.
Redlinger E, Shao C. Comparing brain
activity in_ virtual and  non-virtual
environments: A VR & EEG study. Meas
Sens. 2021;18:100062.

Clarke AR, Barry RJ, McCarthy R,
Selikowitz M. Electroencephalogram
differences in two subtypes of attention-
deficit/hyperactivity disorder.
Psychophysiology. 2001;38(2):212-221.
Austin, P.D.; Craig, A.; Middleton, J.W.;
Tran, Y.; Costa, D.S.J.;Wrigley, P.J.; Siddall,
P.J. The short-term effects of head-mounted
virtual-reality on neuropathic pain intensity
in_people with spinal cord injury pain: A
randomised cross-over pilot study. Spinal
Cord 2021, 59, 738 746.

. Shabanali-Fami F, Ghasemzadeh S, Nejati S.

The effectiveness of cognitive rehabilitation
(computer-based and classic) interventions
on_cognitive functions of children with
specific learning disorder in Iran: A meta-
analytic study. Feyz Med Sci J. 2022; 26 (2)
:166-183.

Bioulac, S., de Sevin, E., Sagaspe, P., Claret,
A., Philip, P., Micoulaud-Franchi, J.A. and
Bouvard, M.P. What do virtual reality tools

Voojleds ¥ 0,00 NN sl g Jle (55,9 ewlidly, acldlald 5o


https://doi.org/10.1109/embc.2014.6944403
https://doi.org/10.1109/embc.2014.6944403
https://doi.org/10.1109/embc.2014.6944403
https://doi.org/10.1109/embc.2014.6944403
https://doi.org/10.1109/embc.2014.6944403
https://doi.org/10.3345/kjp.2017.60.11.337
https://doi.org/10.3345/kjp.2017.60.11.337
https://doi.org/10.3345/kjp.2017.60.11.337
https://doi.org/10.3345/kjp.2017.60.11.337
https://doi.org/10.3345/kjp.2017.60.11.337
https://doi.org/10.3345/kjp.2017.60.11.337
https://doi.org/10.1080/17518423.2018.1476602
https://doi.org/10.1080/17518423.2018.1476602
https://doi.org/10.1080/17518423.2018.1476602
https://doi.org/10.1080/17518423.2018.1476602
https://doi.org/10.1080/17518423.2018.1476602
https://doi.org/10.1080/17518423.2018.1476602
https://doi.org/10.1080/17518423.2018.1476602
https://doi.org/10.3389/fpsyg.2019.01851
https://doi.org/10.3389/fpsyg.2019.01851
https://doi.org/10.3389/fpsyg.2019.01851
https://doi.org/10.3389/fpsyg.2019.01851
https://doi.org/10.3389/fpsyg.2019.01851
https://doi.org/10.3389/fpsyg.2019.01851
http://jams.arakmu.ac.ir/article-1-6874-en.html
http://jams.arakmu.ac.ir/article-1-6874-en.html
http://jams.arakmu.ac.ir/article-1-6874-en.html
http://jams.arakmu.ac.ir/article-1-6874-en.html
http://jams.arakmu.ac.ir/article-1-6874-en.html
http://jams.arakmu.ac.ir/article-1-6874-en.html
http://jams.arakmu.ac.ir/article-1-6874-en.html
http://jams.arakmu.ac.ir/article-1-6874-en.html
https://www.sciencedirect.com/science/article/abs/pii/S0747563220302788
https://www.sciencedirect.com/science/article/abs/pii/S0747563220302788
https://www.sciencedirect.com/science/article/abs/pii/S0747563220302788
https://www.sciencedirect.com/science/article/abs/pii/S0747563220302788
https://www.sciencedirect.com/science/article/abs/pii/S0747563220302788
https://www.sciencedirect.com/science/article/abs/pii/S0747563220302788
https://www.sciencedirect.com/science/article/abs/pii/S0747563220302788
https://doi.org/10.3389/fnbot.2022.1044071
https://doi.org/10.3389/fnbot.2022.1044071
https://doi.org/10.3389/fnbot.2022.1044071
https://doi.org/10.3389/fnbot.2022.1044071
https://doi.org/10.3389/fnbot.2022.1044071
http://dx.doi.org/10.32598/ijpcp.27.3.3342.1
http://dx.doi.org/10.32598/ijpcp.27.3.3342.1
http://dx.doi.org/10.32598/ijpcp.27.3.3342.1
http://dx.doi.org/10.32598/ijpcp.27.3.3342.1
http://dx.doi.org/10.32598/ijpcp.27.3.3342.1
http://dx.doi.org/10.32598/ijpcp.27.3.3342.1
http://dx.doi.org/10.32598/ijpcp.27.3.3342.1
http://dx.doi.org/10.32598/ijpcp.27.3.3342.1
https://www.sciencedirect.com/science/article/pii/S2665917421000258
https://www.sciencedirect.com/science/article/pii/S2665917421000258
https://www.sciencedirect.com/science/article/pii/S2665917421000258
https://www.sciencedirect.com/science/article/pii/S2665917421000258
https://pubmed.ncbi.nlm.nih.gov/11347867/
https://pubmed.ncbi.nlm.nih.gov/11347867/
https://pubmed.ncbi.nlm.nih.gov/11347867/
https://pubmed.ncbi.nlm.nih.gov/11347867/
https://pubmed.ncbi.nlm.nih.gov/11347867/
https://researchers.mq.edu.au/en/publications/the-short-term-effects-of-head-mounted-virtual-reality-on-neuropa/
https://researchers.mq.edu.au/en/publications/the-short-term-effects-of-head-mounted-virtual-reality-on-neuropa/
https://researchers.mq.edu.au/en/publications/the-short-term-effects-of-head-mounted-virtual-reality-on-neuropa/
https://researchers.mq.edu.au/en/publications/the-short-term-effects-of-head-mounted-virtual-reality-on-neuropa/
https://researchers.mq.edu.au/en/publications/the-short-term-effects-of-head-mounted-virtual-reality-on-neuropa/
https://researchers.mq.edu.au/en/publications/the-short-term-effects-of-head-mounted-virtual-reality-on-neuropa/
https://researchers.mq.edu.au/en/publications/the-short-term-effects-of-head-mounted-virtual-reality-on-neuropa/
http://feyz.kaums.ac.ir/article-1-4511-en.html
http://feyz.kaums.ac.ir/article-1-4511-en.html
http://feyz.kaums.ac.ir/article-1-4511-en.html
http://feyz.kaums.ac.ir/article-1-4511-en.html
http://feyz.kaums.ac.ir/article-1-4511-en.html
http://feyz.kaums.ac.ir/article-1-4511-en.html
http://feyz.kaums.ac.ir/article-1-4511-en.html
https://doi.org/10.1016/j.encep.2017.06.005
https://doi.org/10.1016/j.encep.2017.06.005
https://doi.org/10.1016/j.encep.2017.06.005

14.

15.

16.

17.

Yoy

bring to child and adolescent psychiatry?
Encephale; 2018, 44(3):280-285.

Butcher, J. Mineka, S. &amp; Hooley, J.
Psychopathology Volume 1, Translated by
SeyyedMohammadi, Y. Tehran: Arasbaran
Publication. 2014

Crepaldi, M., Colombo, V., Mottura, S.,
Baldassini, D., Sacco, M., Cancer,
A.;Antonietti, A. Antonyms: a computer

game to improve inhibitory control of
impulsivity in  children with attention
deficit/hyperactivity  disorder (ADHD).

Information, 2020, 11(4), 230.

Franklin, M. S., Mrazek, M. D., Anderson, C.
L., Johnston, C., Smallwood, J., Kingstone,
A., Schooler, J. W. Tracking distraction: The
relationship between mindwandering, meta-
awareness, and ADHD symptomatology.
Journal of Attention Disorders, 2017, 21(6),
475-486.

Horner, S. L., Mrachko, A.; Connor, E.
A;Yasik, A. E. Pre-Service Teachers;
Knowledge of Special Education Laws. Mid-

\ O)Lo.;) AF 0,99 AR LR uLa.w.!le)Lé‘J 5&})5 LS”)L'""L)b) aolilad 9o

18.

19.

wS e laal 1 silme Cudly S > slasib i i

Western Educational Researcher,

32(1).

Janssen, T. W., Bink, M., Gelade, K., van
Mourik, R., Maras, A., Oosterlaan, J. A
randomized controlled trial into the effects of
neurofeedback, methylphenidate, and
physical activity on EEG power spectra in
children with ADHD. J Child Psychol
Psychiatry, 2016, 57(5), 633644.

Mihara, S., Higuchi, S. Cross-sectional and
longitudinal epidemiological studies of
Internet gaming disorder: a systematic review
of the literature. Psychiatry Clin. Neurosci.
2017, 71, 425-444.

2020,

20.Neubauer AC, Fink A. Intelligence and

neural efficiency. Neurosci Biobehav Rev.
2009 Jul;33(7):1004-23.

21.Klimesch W. a-band oscillations, attention,

22.

and controlled access to stored information.
Trends Cogn Sci. 2012 Dec;16(12):606-17.

Sweller, J. Cognitive Load Theory. In
Psychology of Learning and Motivation
(Vol. 55, pp. 37-76). Academic Press. 2011.



https://doi.org/10.1016/j.encep.2017.06.005
https://doi.org/10.1016/j.encep.2017.06.005
https://doi.org/10.3390/info11040230
https://doi.org/10.3390/info11040230
https://doi.org/10.3390/info11040230
https://doi.org/10.3390/info11040230
https://doi.org/10.3390/info11040230
https://doi.org/10.3390/info11040230
https://doi.org/10.3390/info11040230
https://doi.org/10.1177/1087054714543494
https://doi.org/10.1177/1087054714543494
https://doi.org/10.1177/1087054714543494
https://doi.org/10.1177/1087054714543494
https://doi.org/10.1177/1087054714543494
https://doi.org/10.1177/1087054714543494
https://doi.org/10.1177/1087054714543494
https://scholarworks.bgsu.edu/mwer/vol32/iss1/4/
https://scholarworks.bgsu.edu/mwer/vol32/iss1/4/
https://scholarworks.bgsu.edu/mwer/vol32/iss1/4/
https://scholarworks.bgsu.edu/mwer/vol32/iss1/4/
https://scholarworks.bgsu.edu/mwer/vol32/iss1/4/
https://doi.org/10.1111/jcpp.12517
https://doi.org/10.1111/jcpp.12517
https://doi.org/10.1111/jcpp.12517
https://doi.org/10.1111/jcpp.12517
https://doi.org/10.1111/jcpp.12517
https://doi.org/10.1111/jcpp.12517
https://doi.org/10.1111/jcpp.12517
https://doi.org/10.1111/pcn.12532
https://doi.org/10.1111/pcn.12532
https://doi.org/10.1111/pcn.12532
https://doi.org/10.1111/pcn.12532
https://doi.org/10.1111/pcn.12532
https://doi.org/10.1016/j.neubiorev.2009.04.001
https://doi.org/10.1016/j.neubiorev.2009.04.001
https://doi.org/10.1016/j.neubiorev.2009.04.001
https://doi.org/10.1016/j.tics.2012.10.007
https://doi.org/10.1016/j.tics.2012.10.007
https://doi.org/10.1016/j.tics.2012.10.007
https://doi.org/10.1016/B978-0-12-387691-1.00002-8
https://doi.org/10.1016/B978-0-12-387691-1.00002-8
https://doi.org/10.1016/B978-0-12-387691-1.00002-8

