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An Umbrella Review on the Effectiveness of Technology in Enhancing Social Skills for

Children with Autism
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FHEL, IS TR BRIRHARTF AR KRR AFTRRLREALT A, E4 PRISMA @b E 7 2 KH
B, EAN1S BRARGEAE ST LA AMSTAR2 foRk £ B Z @AR(CCA) IR E T AFRAE ST
HE, FHTHELSR. BRI T, HAFH ASD L&A R HAEA T FARME0(SMD = 0.54, 95% CI: 0.40 -
0.68), FEZTABAABARLARE . DA ERAL T H IO TAKEZME, BAAFARE R, L2
ST T TR T At B ke, XM T AT E RS F A

[ K423 ) IRMsE )L, HARABAL; AAHE, A«lk«ﬂ;

Abstract: While technology interventions effectively enhance social skills in children with Autism Spectrum Disorder
(ASD), existing reviews lack high-level synthesis on different technologies’effects and sources of heterogeneity. This study
employed an umbrella review methodology, adhering to PRISMA guidelines to search five major databases, ultimately
including 15 systematic reviews and meta-analyses. Methodological quality and study overlap were assessed using
AMSTAR 2 and corrected coverage area (CCA), followed by data synthesis. Results showed a significant positive effect
of technology on social skills (SMD = 0.54, 95% CI: 0.40-0.68), especially in nonverbal communication. Subgroup
analysis identified computer-based interventions as superior, despite high heterogeneity. Meta-regression analysis

revealed potential age-specific effects of interventions, explaining part of the observed heterogeneity across studies.
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% AR (AFAY AT 8 5 Gt T 4D 45 8 & M R R5F(ASD) A — & 74V 2 K F 27589 AR,
B35 B HJE . T MM 42 S AE(AS) AR K B AT A5 B 69 2 1 K F %43 (PDD-NOS), 4 #iAr
B ERETAZABEFFXABE AT AW KU 4 & (American Psychiatric Association,

2013) W F S RARFTIER, AREERRFOAARELLILTF T ERAL 2 EBH

éﬁi‘ﬁ’i’iﬁy%‘(Myers etal.,2019), X —RETEFGEIE G E T A ASD ZHARRE A X T M5

P, 2 B AT R Z AR XA AR T A 2. B A A3 ASD JLE 4L T H AL

TR, APAXHALRRANAEFREEINGRA ., FEFTABFT X, URA
MRXFROE L, 47 5I2ME AR 7 49 2E & (American Psychiatric Association, 2013).

AR KA AG B & AL R E R T A 4L 7 B A 9] UAE OB 3R A3 4% 89 T L (Rogge
& Janssen, 2019), mBAMKAL AL LB AL T AL A T = A M. 422 MUK ASD ILZRIFE L
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FARARLAHGRY . AFRIEH TR, SELT L4k, ERHFITEFME ASD JLEE4L
A A AAE 7 @ A B 2493 7 (Trémaud et al., 2021) % ASD JLZWH R FRARLA L 26045
HTHENAER. FRERE AEFNEA. ELX DVD. & X K F Mittal et al., 2024;
Sandgreen et al., 2021), B3t AP RIZAEGHERK TROETA G EREE. BERRA. #F
FEUABRBARRLEHI)F B F AN RILE LA A HE i R A MR sl id b
T B E AT &R I 3% ALY 4R dF A= 5 2 4R %) (Mlineo et al., 2009), B AT #1717 A
ABR TG FHRAG ASDILEMEE, DR HILFHEKRA ASD ILZH S 5G4
2 M GBS T7 a6

BAFRCEARSZATHIANRARLGERF AN, A, KELZER TSR TR
BAETR—E, LK TR 69 EARGREH T B4, A LA 45 H K T AHLK E(HCI)
0 F A FALE AR R (Liu et al., 2025), M % —IF4H & BAILE (VR) G T 1 2
i BAK A R 2 (SMD = 0.2; Karami et al., 2021), 5] Bt #7 3% 69 &£ & KA L4 48 (GAD) T 7 LAKIE
B B A #23% 69 £ #) %57 (Feng et al., 2025), XAFAF AR —BRETRZBRBARA LA £ Fhwih
TFRER. TR THELRERGL M, ARAKFRE A BITLRELG TR, R4
MEHARIE RN A2 S KA THARKF MK E ASD JLEA XA H M6 R RLZER 5 T
JEHE, AT ASD JLEA KA T @Ay AR R, AR T TR ARG XERE, XU
AR ZABRBER T AORRKEE B ARESSE,

QAT k&

2.1. FEIEH

A RN BERF AT ASD L EA R K E 0P REGZ K, REZE 5O HAKENE R %mth
Fo L7 09 B #4850 B (PRISMA)4S @1 (Page et al., 2021), #4545 @ A £ 9% 50K & LiE 0
Fa UMY ERNE . MERTE LM,

2.2. HAAGHIRIRE

AR M NARE R A PICOS AERHI 2, BLIEATE, THEAR ., XR., & 514HF 55 ik
AN AT REFGANEE AT FE<18 Y69 ASD AFHF . T SR TRIBEABEKFMR,
BHEHRER, WERXER, MBARK, AHRMESGABEKR, BHETFHRHEAK, A
MEHHER, ANFTREEZSOHE—ABRTH. AFRANOIELAET TFRASRAEAEHLR
FsaaystiBm, B EFRAMNEEH. TE2THERALTHEM XY L ZIITA
A& AR A (Myers et al., 2019), B BFAF A AN R & T BUAT 1% #0F] 69 3% L L+,

23 HFEBELIFLAE

#1114 ERIC. web of science. Scopus. Taylor&Francis Online YA % Pubmed B A%k % 2+
T Xdktek, 442005 5F 1 A £ 2025 5F 12 A8 20 SFe9MMRaF, 24K 2 1562 HLny
MRFERLGER, kR T EL PICOS HERA A, AZ(P)ik £ A H JEH#E 7 547 (autism
spectrum disorder). JLZ(child)%; F#(1)# & £ K ## 8 (technology-based). & 443 5 (virtual
reality). #LZ A(robot). #53h & F(mobile application)¥ % f+ #H K £ A!; 2 R (0)R B4 H A
(social skill). £t 3 i4) i@ (social communication) % ; 2 501% 71 (S) [k & A & 447 i£ (systematic review)
5 L4 #r(meta-analysis), B3 RFAFE HGFFE R EHATHS, R ke A F Lk
FNERITTALTE, KRERGEEMARBENERERHER —RTR, ARG —H M,
SCaK 89 5 it £ %K Bl Endnote 21 #24H7F &, A A RAHR T 300 BT 2 Lk, #TF 1262 A4t
JG S FH 9. B LA AR Z G905, HERT 1145 5 R TAR KO Lk, &G AT
Rl 409 117 BLARIT AL R 51046, REAEA 15 BRELSEAPRERAT, B 1 2HEE
T E 45 PRISMA 15 i 69 5T 5 75 2 iRAZ
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KA 50 09 FAE IR B TAE £ | Microsoft Excel 3431710 F, IR IEA 3L KGaF %4z
E(EHE A R EFW). HAKIE, Tk, ERHGR. EFERE. ANTFREKE. TERA
G AR A (AL A KB 2 AR A Feit oy 2 2R (MD & SMD). 222 WA 95%
BEERENE, 21 ANFRGFLESETT RARLELE,

K 1 AT A AR

—%‘1:_ 22 4 € E}f
a5 /“?':*%iﬁ\ﬁ ~ > ) g e
F—1EH W ) % Gt AR A R E
S FEMBA T4 (FH /3 o o
(F8) R # #mEEEAR (95%ERFRXME)
78)
A b2
Sandgreen(2020) 1 Digital intervention ~ Social Skills 844(426/418) 17 REM,SMD  0.32(0.12,0.51)
Emotion
Zhi(2021) 0 TBI 538 14 REM,SMD  0.9(0.53,1.28)
Recognition
Complex
Santos(2023) 0 Robotics interpersonal 96(48/48) 4 REM,SMD  0.22(-0.52,0.97)
interactions
Social
Sandbank(2023) 0  Technology based o 550(278/272) 17 REM,SMD  0.33(0.02,0.64)
communication
Mittal(2024) 0  immersive VR social skills 210(105/105) 3 REM,MD 1.43(0.01,2.84)
emotion
Farashi(2022) 0 CP o 57 4 REM,SMD  1(0.7,1.3)
recognition
Karami(2021) 1 VR SCS 204(109/95) 5 REM,SMD  0.2(-0.25,0.65)
Liu(2024) 1 HCI-based SST 877 20 REM,SMD  0.398(0.265,0.53)
) ) social and/or 259
Li(2023) 1 Immersive VR 5 REM,SMD  0.285(0.132,0.438)
affective skills (124/135)
social-emotional
Feng(2025) 0  GAI 1562 35 REM,SMD  0.734(0.63,0.838)
development
Social skills
Soares(2020) 0 BITs 138 4 REM,SMD  0.93(0.57,1.29)
training (SST)
Barton(2017) 0 Technology-Aided Social skills NR 4 REM,SMD  0.79(0.25,1.33)
Xu(2024) 0 Digital Interventions SES 1160 22 REM,SMD  0.72(0.35,1.08)
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=i ek i
" EHAE N o
%1k & . ®ORHEBE REE
o Fm#EAK “Hx (Fa4a/sre . L
(F0) pia i) # O BEEEA  (95%EAZRNE)
A i #
Social interaction
gamified
Wang(2025) 0 ) ] and 75 5 REM,SMD  0.46(0.08,0.85)
interventions
communication
Kouroupa(2022) 0  social robots social outcomes (119/NR) 7  REM,SMD  0.35(0.09,0.61)

Notes REM=FAHL A SMD=AREL 4 £; MD=34 £; IG=T i 48; CG=4=#4; TBI =& T H K4y F#; CP =it F it
%7 B ; HCI-based=AM3 I F #;Age mix 0:44 48, 1 AR A4

25 ZHFEREFHNETLE S

HAVKA T &4 16 69 AMSTAR 2 T B3+ AN FF R 5 %5 i = 1745 (Shea et al., 2017),
FET TARBIPAE L BT AN RHATERER BT R ALK NS AN B E
F, N ERBREITRT, KAZARLE 40, BAKR AL E 11 A Ak—Fif
FEIEAET M, AT R RIEH R, #2510 (GRADE) & 4 7 & 45 B A5 AR69E
IR, BT EF E @AR(CCA)F ki1 R I (Pieper etal., 2014), R 5N &AL o7
Z M6 RE & B AT EAKKF, 7+ H 69 CCAMER 4.48%, KA NFREA — a9 5,
2.6. KIEEKEG P
HTEASHAERGR R T R B F T @ T AL E T, AFARBEERFAFL A 5L
A SMD &, R RMA R BRAE &2 m g, @il H Cochran’s Q A= I2 ki A& 7 M K)o
ARNRKZFEFMBEGRZE, RARETAER LA, S RF FHHRETEASH. FF
KRG —F AT HBME AT, BLENTHE SR T RIFEFLLE RGAAEE, AL R
SR G 77 X AR AE B A R R AR, AT 5T R #5038 A i A2 £ 4% A Rstudio #9 meta € % Ao

3AF LR

3.1 HABFEA IRz )L F 7K HFE BT

3.1.1. EHRALZHAE

WA AR AN AR ZRATEI, LE 2 AWKE I T, EXHKTM ASD
JL& BAR G AL AL T FAL B 6932 (SMD = 0.54, 95%CT: 0.40-0.68),12. 7 B+ 4. & B0 T &-#F
5018 AR B R 49 R (P=76.3%), HATRKRHEER N E Fo

3.1.2. AAbAE LR ALATH

A ARYE DSM-5 AL TR AR 09 =AY B SH NS AT T AT, 4ok 2 BT, 4§ 694k
RAAREE G TFTAKXEEFARI AT FIERKF(p =.093), EF%it LRI ERT
AR ARZTREANGFREETE Y . R, KRB K DRE, “JEET BT H VA
&5 H AR ERKSMD =0.77). “F B Z A% F AR 28 D (SMD = 0.39), mizs
A 69 AL LB REATRA I R = P F(SMD = 0.50).

k2 HARF AT ASD JLE 4F 2 AL A AR ARG % of

AL ST AR ATIR FREE B #(95% FAZ K ) I %3t 2 (%)
AR 5 0.39(0.28,0.50) 0

BT ABITH 4 0.77(0.43,1.10) 85.2

hAR 6 0.50(0.32,0.69) 81.4

1243



GCCCE2026

Standardised Mean
Difference SMD  95%-Cl Weight

032 [0.13;051) 8.7%
050 [0.53127) 6.0%
033 [0.02064] 6.9%
093 [057:1.29] 6.2%
079 [0.25;1.33] 4.1%
072 [0.36;1.08] 6.1%
046 [0.08;084] 5.8%
0.60 [0.3;0.81] 43.8%

035 [0.09;061) 7.7%
0.34 [0.09;0.58] 10.3%

045 [-0.01;0.91)  4.8%
020 [-0.25:065 5.0%

028 [0.13;044] 9.4%
0.29 [0.45;0.43] 19.2%

ects model
ty: 7= 0%, @ =0, p = 0.7363

040 [0.27:053] 9.6%
2025 073 [0.63;084] 10.0%
2022

model

90.7%, 1* = 0.0755, p < 0.0001

=
R
-
-
i
.
el
-
— 022 [-0.52:096]  26%
-
-
-
e
L3
-
-
=
= 100 [070;1.30] 7.4%
— 0.69 [0.36;1.02] 26.7%
-

model 0.54 [0.40; 0.68] 100.0%

76.3%, 17 = 0.0475, p < 0.0001
F=927 0= 3(p =0

for subgroup 0260) -1

B2 HARFHA ASD JU& #ARiL B AL R vh 69 AR B

3.2. FIAHRR
ATHRREFFWGRRE, BMNFRET —ZIVADTEZ 54, QEET TREA G EEHHT A
B FERFRHRSFINEPANRAS GG LR EF 50, — e P ERRATLE, i &
8 HJE i R A= TALE R AKTF, & T AN LT IRE T — 2, B LR # AT 047,
WwHE2EZRET, RRAHAEAZMGAEEAEERLE Z 7P =.0260)0 L FPEATHHEMGT
FA(SMD = 0.69)A= K 25 & F #(SMD = 0.60)*F ASD JLE A H L H I ~H+ 5k Kty
MR mALE AR AR(SMD = 0.34)Faiitid RBEAR(SMD = 0.29)89 55 8 o 43T N8G5
TS (n = ) F HEMNYT ERAFERGRIEF T HIN, EAVARE & F mAFA0/1) TN
BN E, FEFHRAMERZSTEG R AN . wk 3 LD ELEREPFHENL
—AREFWFRERR@ = .003), ABMEL 58.T7%MF TN F R, KIBNRAERN T
S (n=11)EF83 2 & A SMD =0.65, ZF & T RN BRAFE KRG T (n=4)89 302
E(SMD=032) LHAZTEN AL A LFWGATIER, HILANGTHN T L RFA
AT R A ZFANERBRTASILEAT Y FHARTHARZR, ATHKRGFHRT
R ILERFT VS FABROKERZHIFE,

& 3 FEIRAA AT R A LS Y3 5 A7

AT EE FR¥E BAHK 95%F 1% X 1) z1a pfa
Apgm (IRe5ILE/FVH) 11 0.65 [0.52,0.79] 9.66 <.0001
FERASW (BABRA) 4 -0.33 [-0.55, -0.11] -2.98 0.0029
Notes B A fF#F 69 F R E (RY): 58.7%; AT L4 (QM): QM(1) = 8.86, p = .003; %] & F A 4% (QE): QE(13) =
25.16, p=.022

3.3, BN L KL FE M

AT I AT RAF AR BTN, RNETTE—F BRI ST LR LM,

APRGAKXTHR TN ASDILEAXBRELA T FEMARGEIARERRAEMEG, AT
W AE B R R AR R A LR R0, AR A T HFBA Egger's it X &
T fritt. B 3 A, AN 2 AT L XBOTHREHS T A 202 = a9 mm,

AL E) B & AR ARIF B AT ik — 7 K Al Bgger's 230,28 R KK it 5 2 F M (p=.982),
R F AR T ook T3t

Standard Erre
03 02 01 00
2

'y
T T
0.0 0.5 1.0

K 3 HATF AT ASD JU & B ARAL S H AL R 7R 69k -+ I
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4.3t

4.1. # KB GE 695 F

4.1.1. HRFAA 5L FE 49 BARRSTH

AFRAFH 69 ASD ILE HAA I MR ELA FFRENZREMD = 0.54)5 Wang et al.
(2025) A7 1k 4 69 L 2 (SMD = 0.46)4830 . A d A 55248 B H K F st ASD L&A
At 0% 7 & 09 7 R A MR (Karami et al., 2021; Santos et al., 2023). A #F % K, @ FE)LE 8T 5F
RO AN KL A HEER® EAE 2 EAX(Dong et al., 2021)., Bk KX F o E KR
FHOTAERTRET ASD ERPERERLCERGA LA, SXEFH, FTRELAE,
TR K VAR T TRk 05 £ F+(Farashi et al., 2022; Santos et al., 2023). B B 245 2 69 4L L4 A8
AR AL B 2 R AG9 T B, Bartonetal. (2017)89 5 5 & T H AR F# ASD L EMATHF AL
ARSI B /) A P S 424 69 % vk, # Sandbank et al. (2020)495F 5% % A I3t ASD JLE AR
WRANGTAARAEE ., ILZFHEREPTAXRLERRLAE, ASD PEREF
ZERENGR R, RE LTI F BB, 2&MEXEZEE NN EG
A PRRFRAEXEIEES ABITH TR TREZILAEXERIFERLN T REAH
o X—2E R L Piet al. Q022)FA X F 45t a9 R Bh ka5 B E R ASD JLEHF 4R 5]
RALR—H. AN — AL, E, R TEZTABHE., KNk, B %A FHE,
HF TR ASD ILEF S H AR TR LA £ 2 F AR Xuet al, 2024). B b K5
AR AW R ITFAE S B AR T, LA 2T AT ARG AR, BPdark
ZHBREA L E Tl T4 a9 A 3 R R ASD JUE BRAY 3R 3R F 2R R A 5 A8 55
AOHRE, (2L AR AR ASD ILE Z F SN L 7 @& Ik, X E5 2 T4
REEL RERARTAARNREFIFHK, RERARLEESHERGMR, §4£4 ASD
ILERE BT ARIFR. TAANABRRYG TS £,

4.1.2. TR T EE 5% R Z F5 NPT

LMt —FBTT REHRKFARERN ASD L&A L H AL £ F R vk, VAIEFF L Z I
Bz AKX B K FHA ASD ILERARBE RN rhE R EL £ 7, Pl BRIZ X VR KT
A7 @, AR K I itiE X VR H A ASD L& #ik4E R H e A 83 69 7% & 2CF (Mittal et al.,
2024), 5 Li et al. (2023)89 8 50 K L2 X, VR K5+ ASD JL & KA A 69 RS v A TR,
PR DAZ AR BOR o ARG AT 0K AL T ot FALAY T3t ASD JU & 41 ST H AR 69 20 & 3L
RERTHERAMBARRKBTZXABERGTFRAALR, -2 E5BEHG KNI TFE, —F @R
B TR A B IiZE X VR HRA G| R W& iz2, & &K E ZHL5F 31F A (Kellmeyer, 2018), 7
—F @R ATHRARR LA T AME B ETEFANGTFRE Y, BBE R ER B LG K
KRARITIFETARXRELEXRT SR, XA —KFRBRMET 69 AR,

4.1.3. L FFEA K697 T 1A

ARG NEZZEIARBRTAOXREREHILEFVFHARFT R HEE, £ LE
ASD JLE R AR DR K-FHTRASHGHFILT, FARELT FEHBANFREG R M,
i@ i AT A K BB NG 5 P R E RARFAE — AT R 2R T A A 58.73%489
FtE. TR EARERRKTRORREA FWHHF T, AALERA, 4735 ASD )LZay T
ART-ARLT, KImt) & 7T BHAEF TR T8 £ A £ F(Canoy & Boholano, 2015), @A
RAFANE R i AW XA AR FH B TRAR XABRRKFRIIANT KENGHLA,
BBATASEER5ILENFRA AN SIER, H ASD ILEFANMBIHFEZ L T L,
R, ARG REDHEES AN, BT TREENOERRKTFRER., 2RXEFHRMARFH
F W h, X B PTANT R0 T ik R 8K A GRADE L4 % BEAKAI %00, BRANS
ARG R B KRB O BTG, MR T R RR, 3R LR FEE M >
AR, B RAVA I AT AR ik BRI A S
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4.2. BRI 5K FFE

BT A RITANG RIS R AR ARG R RBERBEA—RTEE ASD ILE AKX K
1, BAARIE ASD ILEWE X DR K-FHITRADHTEA — LI, 125 5NIR )X —4F
T Re 3 AT R E R F A RvR. ARIRX L 2 RIR T AR ARAKF. HEEEFE, MERLE
HEMAR I E 2L AL R R, K546 GRADE iE35 787 & H 1K R AIK,
X)a B TN RS b e 7 RtE, RS d i, KA REGERE
HRATE T EF AR AR FERR, AL AHABITELAFETER, BB ATEAK T AT
ASD BH AKX ZNEL, EAHERM I —RBASGBAIERERE EXEZETE, A
NFRYEASERBNFX—FTEGTFA, TARERGERUFAFAREATEZ S G,

5.4548

AFRBTTRERTNAKLE AR EERZEAAILZALHRTEGE KRB . £3F ASD HFH

BB R e R EIT R B, MXELRARZRLEFER AL T AN TR, BALSRH

B A RS AR T @A BOR T AR T AL AR XA, B, A4 7 |mas T

AR AN E Tk 5 ABAT A F AR BORE A L HFOHR, HHTRATERE T

FEg R AF AR, AR5 R R AR T IR, Bkt i F Xy e 48t e, Ak

HFH AL R FER T XA T L. ERRT, BRRTMAKE ASD JILZHH SR

AR T LA B LA T F ARk, AT s4e ASD BH AL KB EIERL, H)

BT S AR R PR HCH AR R AR — 0 AR B

B AR
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