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Abstract

Autism Spectrum Disorder (ASD) is a pervasive neurodevelopmental disorder in children and
adolescents. Research into the factors that contribute to the development of ASD has been ongoing
for several decades, and various therapeutic and intervention approaches have been devel-
oped.These methods primarily involve traditional behavior interventions or medication, each of
which has its own advantages and disadvantages. With the advancement of neuroimaging tech-
nologies, researchers are afforded a deeper understanding of individuals’ neural activities. Leve-
raging this understanding, a novel intervention technique, termed neurofeedback training, has
been developed. Neurofeedback technology enables the direct collection of an individual’s brain
neural activity and provides feedback in visual and auditory formats, facilitating direct regulation
of one’s own brain activity. Due to its non-invasive and non-destructive advantages, neurofeed-
back technology is increasingly applied in the treatment of psychological disorders and the ame-
lioration of mental health issues. Despite over two decades of its emergence and development, its
application in the intervention and treatment of Autism Spectrum Disorder (ASD) remains rela-
tively limited. This paper initially provides a concise overview of traditional and commonly used
intervention methods for ASD. Subsequently, employing a systematic literature review and me-
ta-analysis approach (PRISMA), databases including Web of Science, PubMed, Google Scholar, CNKI
(China National Knowledge Infrastructure), and Baidu Scholar were summarized and synthesized
using keywords such as “neurofeedback” and “autism”. A review of prior studies applying this
technology to ASD intervention and treatment is presented, summarizing the program design,
training methods, and other aspects of this technology in ASD intervention. The main findings of
this review indicate that neurofeedback technology yields significant effects in the intervention and
treatment of Autism Spectrum Disorder and the required time period for observed improvements
is relatively short. Hence, this non-invasive technology holds promise for broader applications in
the treatment of Autism Spectrum Disorder. Additionally, this study provides some insights into the
brain functional connectivity of Autism Spectrum Disorder, suggesting avenues for future research
to explore possibilities for further improvement and optimization of this technology through ex-
amination of the brain functional connectivity and neural networks of autistic patients.
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DK #9205 b2 A0UAT 1) ORG99 12 T 5 G- TF- ) 58 FLAR(DSM-5) X 1 FATRE 1 2 B A5 (1012 T b e 1A 2 3k
TTBIT, ¥ ASD BIER—MMA K EIERG, DALt A8 EshIE ZIBR AT A R BR A 2
FERFE, FEHVONEIAR#E2AAE FE G2 ASD AMA IAZ e IR (Lai et al., 2014), H FIE N RFEEG 74
BRIGFE A (R RN 1%, JEHRIER SR, X EEZE TGN, 2016). H HERE R &S
ERVER R RO 2 T 2otk, B AR HARR 1 %0% (1 ADHD).

1.1.1. BAENZSE 5IhEERER

H FE A A 2 — AR B W, H Y TR 5 DA SR 2 R AT A F R A WL A3 31— N g —
WA, VP2 WEFE AR H RE R RIS IR E S Z RN RANDE, WS RAR, b5 Yess,

H PIRE B 2R A AE 2 FhishBf,  FLX SSBRAE AT BE 2 70 K e Tk I B A AR, 76 B PRE R R
R $LEA)VRCELSRMHB ST SR, BAWEE, EET N, X E T Z TN R Fl 2% ) 5
(Elsabbagh & Johnson, 2010). Co¥EERIR FRIGREE A A& B RE I REEAG 0 OREIR 2 —, RIWABEELE
BNREIE R ERAR 1 O DA S i N OB AR, Ve JB 2% (Boucher, 2012). BbAh, fEAESxZ S, H
PHYTE T 2% B A0 5 2 30t X6 e 2 P R R R BB, TR bt o) A N )4 235 8 (T2 B R A BE B AR AR IR )
(1 S sl T e L R SR TR R R R .

A FEINS,  E RS R BRGS0 38 R A 2 58 A B 1 A 2 - A% 46 180 5 3Rk IR R P
53, Deruelle 25 N FIREFLIN A ASD JLEE F A 4 1R 51 B8 17772 65 (Deruelle et al., 2004). [ HIE &
HAEFE B R AT S LA R AB T FLIC I AT 50, I8 RIMBLIET KRG ILEEZ. 3RS RS
R HE A TE W ZBER), EETFRI, )L S 0] UL 5 HR 6 Th R iSRG A 2 5 A
KRGS, 2018), HIT ASD JLEIEH ABEMA MHRAAATIANIE B, DRI 1 I B o) 38k 5| ke 1) 7
T2 AT B2 S EEUN EABATAN BB 4T 9 10 .

T PARE S AR AL A A S T R I (01 2 Feetg, DR B 7038 IS J2 00 5 T B PR EAT
SINTRERE, W E PATRE B3 AR B (10 85 el 8 T A RS ) A T S AR T S
SKARFE ASD MAMIAE A RRG, XBRHACN “H2ZHIR 7 o ZEIRIA, MR R
HFLERFA RIS R, X MR IEE ar S A CE, RS 2R AR, BRSO, RA&Em
ASD M) — 4 (Carreiro et al., 2021). A UEH R, ASD MEM B RAEALALAT A TH R AR I
AL S 2 ST S E L KCTPR T DL AL S e R SRS B 5 (L 4045, 2021), RIMH 5IEW K
BAMEA R

1.1.2. BHERIBRRR &R

H PIRE 8 A - Fef - SURTR RS BRI PR . B0 /) i A B S5 1 X R AR AR B A e N B A7 AE
REER. WA, EHWITEY] ASD AMAEM AL 22 ZHLRIEE BB, 227 B A S AW 2L . FH
ASD MEFE A FIEAMIRTAIT B2 A AT . 200G, A2 A0 5 P00 i 3 e F) T A e 2 i 1 5
FCTIEERE A, HIEAMETET e 00 A A AZ A A0 B0 RG240 f )22 T8 1) Ty R e i 5 A 5 4 58
SRRE AR AEAE TR 9% (Gotts et al., 2012).

AWTEINA, FHASD HEZINAT M —AE R F 2 HAmhIRe 1 skIa (P A5, 2018). iEid
XF ASD FE 2 5 40 T R AH DG R DXRFF 72 A3, X e T e R SR L5 i [ R J2 O i SR BB R AT R 4%)
(77 5%, 2010). B 52 2 (3004 H A 47 D §E) (Casanova et al., 2020; Lowe et al., 2017). FEJEMZL
FOATE BN T FE) (Conti et al., 2017)25 2 AN X AH 2% .

i G TR, ASD BB RN D Re 4 5 1B MAEEZ S, EERICNHA T : mEE BT
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ReiE el 55 5 B #P Th it i 2 id sm AR (Sepulcre et al., 2010; Vissers et al., 2012).

76 B B T I X (R (Y Th Re 4, 2 I L X [R5 BB A 1048 bR, ASD B LA RE ) 5 1 4 Ak
58 77 THI P R g 7T R 5 ozt PR B D e BRIV S A S (9K 55 45, 2015). ASD 2 ORI AR A R S i X
() FR) Ty e 4 Y 35 BRI, S i X [ 1R Dy e B R 1 520 1 ASD iy J2 RPN RT3 T 8 I LR 52
TE ST . ASD AR I K B2 5T 6] IR 4 AN AL, AP AE RS FE G SR I 5, X ot B2
4 T AT AE T JE B B K X 7] (Rudie & Dapretto, 2013). BF 70 & L ASD kil J #5 X 38 () = 1 Th g i 432
BERTIEEH, JCHAAEPNE - drt X, X SRR R BE A ASD SR 1 7 2572 52 2 IR AH
Ko

1.1.3. BAEIELI0) R R0 E %

ASD AT R I L2 i DL 5 S ZIBRAT %5 22 AN 75 THI A 1) ) 5 e i X — 2 1
BER, TXLERIGZRERS . Mg, AN A S S 2 Jr  H . (22 % 3 AL,
H FTRE (20 5 V697 R BAREEAT N F MR 5110, #E—04R R ASD H8 2 i T it Bk 1) A= AL
Hig Ty fT B 1R K98 7

12. MABRAATFR
BUA 19 A FAE T PF B E BB AGTT . AT 8T WEa T (W2t ) UL &7 3

1.2.1. Z5¥RTT

ASD W ERIRYT, EEFEHANGIT . PRI E TR, fERE s ASD B LA K i DR 75 TH HY
BB W7 R TN B 25 K 2 8 s B A 1) “ B =407k 1E3R)T B ) LE N 518 5 3E 5 1B
ZIRAT NG G — VR RS S ANFR R R A RERRCLE S, 2009). FFENER “$r=4" 13k
J7 05 6 80 BL WA E AIERILE B TR, &3t 3 MAMIRKIEITE, R RILEMME T 2 8%
(CARS)#34) 30 43 LA N ) LB AE 3L 32 BEREIR & 5 T 1 E43% 5235, CARS 194 30~37 I JLER — & ik,
M550 KT 37 4300 LE P CEBUR AN B35 (15555, 2023). Hofth— 2o 2536570 78 sP i R 3 1 % ASD JL
H PR SCEBUR, S e 5t iz (4 2 REE, 2022). HRRA (KRGS, 2023). G ( 5
s, 2022).

HEPRLIRIT R, EASURE X ASD iz, DA PE 253 T T B BR8] — se iR wiom 254,
6T A8 HAD B aRAE VEAS SRR AG 45 o AR SRS HOR s 2410 F 55 B AN B SR 2 H TR YT ASD B
Gy AT N EAE e e R R P ) I Z 2, RIS A ANBT SEORME L T AR EE ASD BRE MBGEYE. B,
RIS TP, (IR L 259 A BEfiR v ASD A% Cobiies, FLHAE F 259 s 25l AN ik 245
B R H A EIE A (Geschwind, 2009). #i4BF FE &N A, TEZVIETT H, FH&iE IR T ASD 1A
J7 52 H AT A AT S —FF Bt i Denis Pavald %5 A& H 1 “ASD 2 LR UL il ASD HIR%LE
WRABTHZ B ARG TR S, R —2 5 RGO 5 259 3ph 22558 57 7] BEXT ASD K367
FTA BAFBER (RN, B, 2022).

1.2.2. fTAFM

DAERCAHE AT AT R % EZ AR AT AT IE(ABA), G BRI AT AR R -
SN - Ak, BETT S ASD VAT R4 A SRR BRI o X FP TR H AR5 44— e T sURUIUT 43 it 1
ANIRTESOA BT R SR, F REAT 551 2 IRUF DI SR AN /NP IR, T e 4 SE I B 5 () B A X R 7 VAR
TRESMR I B HE ) LSO A 2 .
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FEZAT AT TG ) LE AR AT Re 8 A5 (AR AR BRI . 9808 DL RIGHAT b, I BT DAk Hoh 22
hie, PemEinHine.
1.2.3. ERITE

WAk, WS R AR E XS ASD JLEE I — My W RTB ek Tl ) LR 2R i e A v k4
FLNTEGIRFNE 7, demiie s A IRSCACRE T WAE VD BLIE R T VA, ) 8 X SR U7 LR I AR R
I RIRI R, MOIERREEOR JLER R SRS ), (R OISR E .

WERRIT V2 B ATRAR T WAk BRI A S S Gk, BT R I, AR E kA B T B FIAE )L
BRSO . SCE AT i, Bk Ah, B AT LUK FoAh 2 5 A AR DL R B A S KR (R 20 A
%, 2018),

1.24. BERHR

PR AT — PR A0S 1 52038 B R AT KIS TE sl AR, X — R F Z@E R i s 5 3h
5%, FURGR. Wrasl A R 0E 5 RIS R, SRR BRI B SE T T 4% B & i VG 2R
P AR S 45 A =R RE . T AR, AR A, e R AR 2 s T
BB YR YT LA SRS # (g JE 10 8 1) 58

I SERE FMRI BT B B N 25773 O A T 2 (I PRI A, ndAidiE (Linden et
al., 2012). Ji&(Karch et al., 2015). =B Z BT (Alegria et al., 2017)%

Wang 45 N\l # 28 J 15142 i) ADHD S35 i 4B = 1) Gamma A58 A8 46 LA 5 3 B2 J2 B % 4 ) AN
ik, AitilZ)5, ADHD B35 [IREHE S5 AN G F I B R 45 49 51 B 3% M P (% (Wang et al., 2016). Ali %5 A
WP RS ZRIE R 5 I SE I sl S5 &, Rk E 1 B 3D 5%, AT ADHD 855 1) 2% [ VE & B
JIEAT IR, FR18 3 R iF45 - (Ali & Puthusserypady, 2015).

TEXTHIARAE S Hva YT v, R EE I RA Alpha RS FRPE(FFA)BEAT#4%, BRI Hr e A 2K i
i X3 Alpha 38 175 29 (10 RE R 58 52 R 1 FERRAR B A 175 24 ) 5 B (Xu et al., 2015). Young IR FE 1, %2
SR EMZ AR ACZ M B o A A% XML B S A v 48 S ot i S i b, AR VAR RE S8 38 10348
SHERIEAT T BT Hi(Young et al., 2017).

KEM T RN, ASD B IS5 T B iS5 KA AE 5, FO FBE Bl 18 100 DA S A ] X 45k ] )3
P IE W LB AFAE 25 5, R AP SR AR X ASD B3 34T T TSR A AT AT 2 % . 1994 4E Cowan
A Markham 15 U A S ZR B ARGE F T B HDE B3 1067, AT —A 8 B ik T T 21 A
JEEIRIIINGR, @ E R R E S, MH G S0 o M 0p BFHERI ZEE BT T, HE
REW, AR RGNGRE, B8 B REA AT N RE DL RSV R ae 13 3 o, Hix—
b 5L I () e 2 1

2. MIRA%E

AR E 4 I Web of Science. Pub Med. Google Scholar. IR, T B2 ARZERI S DL “Hh 20 [ ik
“PhZEM” “Neurofeedback” 8% “Neuro Feedback” Y “Neurofeedback Training” @ “NFT” &5 “ASD”
o “EHPPE” “EHMPERS R FEG 7 “IUMUE” “Autism” BY “autism spectrum disorders” /E A48 2 K HE A
S AL R EE SRR IR S, IR NG ARG E] 850 W E, milid mEERAERE, Br2s 570
e AT RLIE 1.

RANIE AR SORFE LT FRiE: (@) PAASENSEIR T RINSUERE 7L (b) Seie it AR 7 A W
WA () WHFERT AL B PRE A B, AW R AR (d) FFFRERIR SR . ik R % 1.
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rhE R EE A
K& R, NHRE
n=850
| ERFERELIRESVE
n=280
2 EHEEEE
HE n=570
FhEREERERTIE
n=142
Heps 2IFIE
n=280 -
PAMatariRtE:
(a)LM%?ﬂﬁﬁi‘I&B‘JM?}%:
(b)EESHR T - BRREA,
M M Metaffizs (G)ﬁﬁiﬂﬁfﬁuﬁlﬂﬁ?ﬂiﬁﬁﬁ,
n=18 NS REMHR,
(d)HEBRERIASIEE
Figure 1. Literature screening flowchart
1. kTR RIZE
3. Meta 4R
3.1. XHERFHhER
Table 1. The studies included in the meta-analysis after screening
= 1. FREMAN T TEIMR
Z 5 IE FEGER
S O NFT 5t s
e e | o LRI MR RGN E5EI ROI . & ot
HAR g am Bt WERRE fogemimts
(ASD) ! e L
M. 4 47122 T 0 g 30 min/session
Pineda 2008 19 zi ¥ 3228 %m"f,‘?‘rux HeEeNTE i Filii Wk 3 sessionsiweek ATEC ERFE
; B 10 weeks
M. " - g 30 min/sessions
Kouijzer 2009 14 ii 122 W ﬁ*”%ﬂf P CeGNFT  theta beta  C3,C4  MBHEIC 2 sessionsweek  CCC-2. Aut-R  HTIIfE
: T 10 weeks
Bk, 17 8-12 30 min/sessions SCQ. SRS
Kouijzer 2010 20 it‘ffk. 3 M=93 BHMLX AL EEG-NFT theta Cz,Fz, F4 BIRKH 2 sessions/week C‘cc ) A PAT e
: - 11 weeks 8
. y .o ASRS. CARS.
Steiner 2014 10 i& ° gmn HE EEGNFET TR ey 25730 minfsession "o P
;1 4l beta 40 sessions CRS 3.
Bk, 10 45 min/session SRS. ATEC
Pineda 2014 13 " 11.38+3.86 ASD-TD X[/ EEG-NFT mu ca4 WUATHEL  1~2 sessions/week > \ [V
ks 3 40 sessions Vineland-11
Titk: 34 P - S5 " 15~20 min/session
Sokhadze 2014 42 ik, g 146%31 i EEG-NFT ~ 40Hzgamma 4% MG 18 sessions ABC. RBS-R -
- Sk 17 RN delta. theta - g A R
Zivoder 2015 10 AT 4~7 i BEG-NFT (e 5 beta Cz,C4,Fz  AKIEkK 30~65 sessions ATEC R ZE
o Pk 12 — mu. theta. # . Lhisession = \/aps. sRs. &AL
Friedrich 2015 13 Lepk, 1 1153 PhBEHL R EEG-NFT i beta ca [ itiiosd 2~3es~elsg|€vr;/geek ATEC T ASERIE S
Liu 2016 2 Pk 2 11-12  ASD-TD4HE  fNIRS NFB fNIRS gﬁfgg FARR ! Sesss‘jv‘;mee'( NS
FE bk <
Ramot 2017 17 Bk 17 M1:5_2%593 ASD-TD A MRENFT Wit o T ; B4 sessions over 8 days SRS .
' W
Datko 2017 17 zi 143 12514076 ASD-TD #E  EEG-NFT  murhythm ca PRI 4250’2;’;2‘;‘(’;2" ATEC. SRS fHifiifie s
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2R
. Ttk 28 : delta. theta. " . 45 minjweek  ATEC. SRS-2. #L&x@Kifit /s
L IR . 4 i =
Carrick 2018 34 Lbk, 5 O7%06 FEAL xS EEG-NFT beta i ARk 12 weeks ABC e
Perei J @ - 20 min/session -
ereira 2019 11 FitE: 11 16.52+205 ASD-TD %t fMRI-NF BOLD FFA Egus L 2 sessions CFMT. CCMT AMGiR%IGEE
. o W - ) .
Konicar 2021 41 Bk 41 14.05+1.76 NFT Tﬁiu #iE EEG-NFT J R B é)*‘[xgmzl HRITE AR 24 sessions SRS ASD JEAR IS
fE .
Direito 2021 15 B 15 19933 iR rtfMRI-nf BOLD HRD) rﬁ%?mﬁ 58555::;(’5‘5 FEEST |
- 24 min/session PN T ok
Prillinge 2022 41 Bk 41 14.05+1.76 NFT-TAU ff EEG-NFT J R B FCz AT AR 2 sessions/week H /Ji{ﬂ.% 1
4 AR
12 weeks
Bk 6 U T S 2 sessions/week CBCL
~ i : = : i
Werneck 2022 12 T 11~16 GIDERL] EEG-NFT J R B AT AR 12 weeks TV
N N 26 sessions +AZRE S Bk
W N g _ i - AT N
Rauter 2022 1 Bk 1 5 (ESTIFN EEG-NFT B A T8P4  MBUEH w6 months b

3.2. Meta o412

321 MNEIHH

LMK ERR T BN EFXIE, THAMEEBHAELG RN E PG ILE, TR, RUZT
RO LEEBCOR . 141 2 Dy Meta 20 B RN BT IE, im — AT U W70 0 A R HTBE LSO A5 20

RYIGEE DR .

EGa
LR RN, 95%E 15 X 5] N[0.416, 0.875], BEXIEAEEE,

Meta Analysis
Study name Statistics for each study I]cdys's g and 95%C1
Hedge's g Standard Error Variance Lower Limit Upper Limit Z-Value P-Value
Kouijzeretal., 2009 0.804 0,393 0,154 0,035 1.574 2048 0.041
Kouijzer et al., 2010 L.654 0.324 0.105 0.019 1.289 2019 0044 ——
Steiner et al, 2014 0.348 0,299 0.090 -0.239 0.934 1,161 0.246 - &
Pineda et al 2014 1121 0.340 0116 0.454 1.788 3.295 0.001
Sokhadze ct al., 2014 0.527 0,230 0.053 0,075 0.978 2287 0,022 — .
Ramot et al., 2017 0675 0.258 0067 0.168 1181 2611 0.009 L
Datko et al., 2017 3081 0.038 1077 1.047 5014 2,968 0.003
Carrick etal., 2018 o191 0.254 0.065 -0.307 0689 0.750 0.453 =
Konicar et al, 2021 0,490 0.246 0.060 0,008 0.971 1992 0.046 t
Diireito et al, 2021 0.524 0.262 0.069 0010 1.037 1.997 0.046 —_—
Werneck et al, 2022(M) 0,884 0428 0,183 0.045 1723 2,064 0.039 N
Wemeck et al, 2022(F) 0.884 0428 0.183 0.045 1.723 2.064 0.039 -*'
0.595 0.08% 0.008 0422 0.768 6736 oo MO0 -0.50 0.00 0.50 1.00

Figure 2. Effect size calculation

E2 yNEHE

3.2.2. B4R

BRI, A FR SR Re T AR S LR S T, 2, WIANRES IF. A7t
Ko 25 I 3 B, Q K36 SEBr L A6 06 BRI AR S DI AR S 2 5 X ), a2 Q Ml df ZESeit L2
HXH. GitE Q HRmMEMMA T, df ZoRrRILE T, XPENZEERM P20 4. QK¥hd, P<
0.05, A Mk, PHS: Ziahr i TR AW TS, w2 T 5 R AR R (R ) 5 R
ST e 172 <500, MR W] LS AZ .

323 AREHBHRLE

FESCHERAITFU AR, AEAE 2 B2 3 SCRR I e 3R BSC R R m AR 22 170 5 SR WF 70 45 18 0 8 11
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Wr, DIMEHER LS RE, HRLERE N IZ AT 5k + 10 (k A RAGWTFTAEL H )N A& A 45 7T RE1E
RN R a RUER, RNERMAE, SHepEERI T RetEs/h . Wk 4 fos, 28 Meta 73 iR %
ERYON 170, FoRIETHE 170 W SAT LRSI, A REHERIAD LS5

Maodel Effect size and 95% confidence interval
Model Number Studies Point estimate Standard error Variance Lower limit Upper limit
Fixed 12 0.595 0,088 0.008 0.422 0,768
Random effects 12 0.607 0.098 0.010 0.416 0L.800
Test of null {2-Tail) Heterogeneity Tau -squared
Z-value P-value Q-value driQ) P-value l-squared Tau Squared Standard Error Variance Tau
6.736 0.000 13.011 11 20.293 15454 0.018 0.048 0.002 0.132
6.211 0.000

Figure 3. Tests for heterogeneity publication bias
E 3. RRMRE

Classic fail-safe N

Z-value for observed studies 7.29127
P-value for observed studies 0.00000
Alpha 0.05000
Tails 2.00000

Z for alpha 1.95996
Number of observed studies 12.00000
Number of missing studies that would bring p-value to > alpha 155.00000

Figure 4. Tests for publication bias

B 4. ZRWBEE

3.3. RAESEE#HEHITHEMR

FEARERA T [ (K SCHR T, K2 B R W T T %K ASD JLEL 7 PNAL, 73 Al 2 e S 15t
WIZRAN 22 RTINS T, DB U SCEEAEXT ASD BEAT T (4 [R5 17 AR N2 30 A I A DX [
PARFURH 8 S BB AR R R LB B - T 5 IR W R 2 TR 22 57

3.4.ROI 5XEESH)IEE

ARSI T A, AT T AMRBA A AT 5 X R e LR BEAT T A DR ST, (3
RN TR 2 R R DI fE, FON R AR M FEU R AT R AR R, R, A4 S iR ASD &
SR LE DT BE AT TR 5038 th AR AR ORI 1T B A — AR O ME AT R (R R o AR
Prpss RS E s, BT R A HS RS EEG VRERE AR S ISR, TR ER A A s RR 22 AR RO
BEXS T ASD FEE BANR DT T BN RN 5 AL 2 AT IR AR 2RI R h e B T A A A XA O 3 45
TREEX, BT R CA R DASS R FAL S A AT T BRI . AN, fE—SEBESIEE, ATRER
TSR E AR REAT W ZR BT T B W8 B AR B D50 BT T ASD B RACREAR, DTSR A 1 AR 52 1 X
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