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A Meta-analysis of Language Abilities and Executive Function
for Children with Cochlear Implants
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The purpose of this study was to identify the differences in language ability and executive functions
of children with cochlear implants (Cl) and their peer normal hearing (NH) children, and to find out

whether the auditory history (duration of Cl use, age at implantation) of Cl group plays a role as a
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moderator in controlling the effect size of the differences of the Cl and NH groups. A total of 77
articles were searched, 11 studies which met the inclusive and exclusive criteria were selected from
three electronic databases (Academic Search Complete, Psyclnfo, PubMed). As a result, significant
differences were identified in language ability and the five executive function subtypes (working
memory, inhibition, shifting, emotion control, and sustained sequential processing) between two
groups. But, the hearing history of Cl group (duration of Cl use, age at implantation) did not appear
as a significant moderator. In conclusion, Cl children’s language ability and executive function should

be precisely monitored and regularly evaluated. In addition, we discussed the possibility that some
executive function abilities (plan/organize, attention, and visuo-spatial organization) will remain in CI
group. For the follow-up study, we need to identify various factors that support the Cl children.
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INTRODUCTION

Q15949 o]4(cochlear implants, CDF&E< T2 37t
ol obs=0lA HZHe] IR &4 JEAAFH, ol A7
of BkZ % 53] o7& U] B EHGeers et al,
2003; Geers & Sedey, 2011; Niparko et al., 2010). Z7]°]
QIFetE- oAl S W2 ol S YR FHALE A
AR A3}, sHgA7] &Rt Q1 o] S Hof o]4] o]
9] Adojsd o] AAS 43lst= a2 Bt (Niparko
et al,, 2010). oJAY Z7]°] Q1Zet- oAl S W A
9] ofFE2 8~9A7IA] otsEo] B W] Wl =AY A
o] Btofl ZHY & okal H =7 = SHA|RHGeers et al,
2003), AA] A+ 235 BH Cl obs-E0A E, dolsd, 9
712271 drgo] A3t ZiIA} Qlof, u-e- theFet AxpEo] B
JHEH(Davidson et al., 2011; Ganek et al., 2012; Pisoni et

al., 2008). &, 525 °]4] o|F Cl oF552] E-dolsd A

—_—
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283t SolA A9 BAARl Fo7leE 3L & A=
9, oJ4s] A9 T-Qloj5ES HojFA Y= ols = 4
Stch(Eisenberg, 2007: Ganek et al., 2012; Niparko et al.,
2010; Semenov et al., 2012; Tobey et al., 2013).

A4 A= g g9x], A4H" AT 7Y, 98 H
A2t 22 A AYsgE A= b WE F85tH
(Conway et al., 2009). 184 CI oF55-2 Aol Z7]9] o]n]
A= &S Ao, A3ehs- ol4] oo Ao
£ AotE H4A A= =257] gizol ojAo] dolsEE
Tk ofyet AARIA G = JFE 1A 4 AtHConway et
al., 2009; Kral et al., 2016; Kronenberger & Pisoni, 2018;
Pisoni et al., 2008). Y& A14A e}t JHEA= 7F A5 A&
S 7]Hko 2 dWdsts 953 272 A (self-organizing) Al
go]th(Fischer & van Geert, 2014; Goldenberg & Galvan,
2015; van Geert, 2009). A74R1A1589] Wa2 2t 4 9
T A=o]| Q&5 B AR FEA IdT) 7HE, W,
AIAAE Hie] e54Y 5= vhgetth &F e gk =
7] A2 EY S5 79 FASIE: wEAZE T e}



AR o] 24 9w57)) 5 SAE JEA ol
o 5= = 718 E AlEste] 99 dukEl(domain-general)
A8Y-Z A -5 executive- orgamzatlonal—mtegramve EQD
Ag)9] W2 23HcH(Beer et al., 2014). WA, QIR ZEA]
2], 008 {4, Ak 4 9 GAIA AHEf dijt fAkRt A

A9 71210] L L % 5100, olefet 7149 i8]
H2pol W Cl oF5e] 2, Qlofsel Z3] Hhsh F7k4al

B 59 M Beer et al., 2014,
Geers et al., 2003). o|AY z7] 7383 52 A7
“(executive function) I} & A17491%] dido] E35] £33t
710 &2 YEPAtHConway & Pisoni, 2008; Conway et al.,
2009). A%7|-s2t Tdste] thefst o] 23 do] AIREE%IA]
ok FEH0 2= Adrlsol tall FFA(prefrontal cortex)
9 A X 9] 7|53 BEste] AYHo| 1 HRAIFAQ] 7Y
&< st ol 283 554 5YoE Aojska qltt
(Barkley, 2012; Kronenberger & Pisoni, 2020). 47|
(executive function)d} FAE W AL Ai}Eo0] HE
Aol Etokal 11 oF-g 3ol tisiAle dE B Vs
Sk d Algte] Wk Ad7s2 7de] B4, BAIE 98 &
OFotaA T A2 IE dH9 58S FHSlsH xakst
= 20 & dPA glon, AH3t oY (attention), JA|=E
(inhibitory control), #]7~0] @ £o] Z17]9}(nonverbal and

verbal working memory), %4 (emotion regulation),

5 A A

o)

A& (planning), FA31Z (problem solving) 5
29l X258 52 ZFsH(Beer et al., 2014; Greiner,
2010; Kronenberger et al., 2014b). &, A¥7152 F9
=l Adsta A" F94& 7]Z0l1 QL‘TLQ A o= ®HS
= Ak, ARl Yo = HRE G5 sl A4l
Ps= A=A o2 A5t Hlof| AHE-EHth(Barkley, 2013;
Kronenberger et al., 2014b; Yang & Yim, 2018). A37|%
= AT A off S BAUH, 7] A7 e AEH 0w W
gty dEA Utk (Steinberg, 2010). £3], A7 94
Ao g A8}t F5-Z BASHOF Stz Aol e, A
A = oh5E P52 HolAAY BAH AHdE a7 | o

f

< AAEHDiamond, 2013).
Sl 747] o9 Ad)7)s WS olsfol= A E9] a3t
4|, stgx7] A7l e2 FAaH719 A1 SAE E AEH AL}

2ol e S olEstel He1e] AAA A, A4
2 QFg, HFete o] Q17| W&otk Moffitt et al., 2011).
off] 9 472 Fol A2E L AAslefEe] 25 A3k

A719] 58 9 QlolsH(S 3] G712 e Aoz o2

—

u
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S 9s)7] = S}9tkBlair & Razza, 2007; Bull et al., 2008;
McClelland et al., 2007). o]*¥ Ad7]s-2] A2 A AYoff
Ao 2 AL Aol "33t 7|2 7S AlFsHARE, Cl O}
59 A5 WS Tl A% obsol H|sh A&EHo R H

st 7210 & YehdtH(Kronenberger et al., 2014b). Beer et
al.(2011)9] A-ollAl= 5~18A419] CI ot 4572 FuEo] A}
A19] A7t 2kd719], AR 24, Fs Al Tedsto] o B
TAIE Eltkar B7tsielth £35] dolE wizi= o A=d
9 2H37]9of|A] CI oF5-59] ofg}o] FEHAA Ueh 7|
SFItH(Figueras et al., 2008; Surowiecki et al., 2002).

;‘(4 o]—EjL]- H]jl_%]-o:] oo (] O}EE—O] _H;_o]‘— o]g]. e /U
Y715 49 ol w2 E-Qlols gt HAEAY A&+
9lo & Yeh|& stth(Harris et al., 2013; Kronenberger
et al., 2013a; Pisoni et al., 2011). Surowiecki et al.(2002)
£ 6~14A] CI oY AlZHH 7]19go] FRI91gt Qlojs =}
oJet #AL Btk Figueras et al.(2008)9] FTLol|Al= 8~12A
9] CI ob&olAA A%, FEEA 7|17 52 SAIRE & dots
it AR5 A, AA71Y, T4 5) 1t Felgt A4
AIAE Hiﬁ}oﬂ‘:} o]} o] Ay A+=2 Bl Cl ot
9] Ao}t A3Y7]s 7F LA A¥Hdo] ASH L Utk A
o} 58} A2 55| 7] obs7|ol S FFFeE
A=, A3715Y 78 F484%1 FAE F9g, A7
o, Ag] 5ol doiE=at dofAol AHEE & 7] wiZolth
(Kronenberger & Pisoni, 2018). CI o}5-&2] F-o] 247]
o8 I A ZH(Cleary et al., 2000; Nittrouer et al., 2013), ]
%](Cleary et al., 2000; Nittrouer et al., 2013; Wass et aI
2008), o13st&(Willstedt-Svensson et al., 2004) 53} T+
o] Utk Cl ot A & BA1E Fo8 E3H ‘?ahod‘ﬂﬁe—ﬂﬂr
o] US=tl 5] ARE 871 Sl W WA=t Horn et
al., 2004; Kronenberger et al., 2014b). Pichora-Fuller et
al (2016)2 CI oFs=°] €719 FolAg g gt #7149l

= 7|&0]of gtttal Fl=t, ol A5ehF- o[22 & QIS A
3]'Q 5 Ap=o] Aot A E H5h= 52 T Wol A3
7150l e&sfjof 57| wiolekal shAlstict. 1 Ak =l 7
% obzol BIg] CI oFsollAA A37]sx Foi7]& 7t A
o] g 7}l yelE 4= Ack(Kronenberger et al., 2014b).
A& =0, &U719 &=l Fd(load)el 715, CI oF&2]
AAZE AojA = AsHEA|RE T A% ofsofA B F
2 Ao = CI obsoll Bls 2A ey, ol= 24719
o] CI ote &9 doj&del o & 92 T & =2 nfet
th(Kronenberger et al., 2014b). I t}E A8 A+Lo] 9J5H4H,
CI o]4] o] oF I'\do] At F2] 27] o}9] Hp+= 119 9] +
o] 27| dl&5tAaL, W= o] AQY7|Y2 57 of
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59 24F 013, ¢7] At #eo] UtH(Kronenberger et
al., 2013a; Pisoni et al., 2011).

et T2 Y82 EYE o U2 Ag7sE Ad CI
0] AdolFE BHA B B8 FHRE AT & A
U, B H U2 dojsgS Ad CI oFso] A4l 35,
A, ARE oL §8% 02 2F3)] | QdolE AMEE
o} &3k CI obso] el 7% obsoll Hls) ddide s B
A Ueht= A37159] sh9l8 4= Hrt Alghalo] 1 41414
E2(: 24719 yepd 5= Qlo] AR JEE AuE e A
Rt ARE IS 5= Q7o 85tk 3HH, 27 A3 o
g 7]7to] dojd45 tofo] gk A FFZ AFstAY
(Castellanos et al., 2015), B 71 CI A& 7|7to] A7
Fogt #eo] AUE A A (Beer et al., 2014)°l =t CI
o}-5-9] AH7to|Z(Q183eh- 28 7|7k, AFL}S- o]4] ) EE
dolsg 9 AF7l5e] 7lofsh=s 8 Bgv E 5 JeE=E
oo e &l 1A} St (Geers, 2006; Niparko et
al., 2010).

whepa] 2 AT AFAQ1 At A
159HE- o14(CD) oF& % 2% (normal hearing, NH) oH52]
1o| (AR Qlof, 4528 7], o7, gv|, FH, & I}
| )2 Y3t Aozt Q=71 B4, Cl ot 2 NH ohs<] A
¥7152 stRael wh f2f3t o)zt =71 A, CI of
5 9 NH o}-59] ?lojs2 4 Ag7|59] Zolo CI oF&2] &
ZHo|E(Q1Ze- 28 77T, 139k o]4] o] fost 23
¥4 (moderaton) & YERE=71?

oFs

rlo &N >
&oJo Sk 30

I~

dr

=3 2o 3,

M

Of

MATERIALS AND METHODS

Zoo| M

E A4 Academic Search Complete, Psyclnfo,
PubMed 59} dlofefo] 204 20109 1 1958 20204
12¢ 31Y 717t B9ke] EAEAE AAskth &3 =3l
AFEE LA A9l HMol= ‘cochlear implant’, ‘executive
function’, ‘language ability'E AM&-8F%. 2™, Academic
Search Complete©|4] 257, PsycInfoollA 207, PubMed®]|
A 327, & 77719 A7 A= STk

=59 AA7|&E(ex. full text, peer reviewed journals,
language) ¥ AY71ES ol S 118 =E2 A5
ot Z|EL2 1) AE(full text)S Al&dt+= StEAER,
2) 20109 1¥€ 1945 20209 12€ 312 717F W & 104

&R
NH oH5-& thgo.2 3o, 5) Al 2 Qlofsae 233
2ol 5] Bt EEHA} A 2wt
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i 2) 2 109 W S8EA o2 =8 3) Ao ')
=i 4) AR CI oFs 3 NH oF5o] Z3H=A|
5) 4715 B AdotsEoll sl F 3 BEHUALE

4 1910] ofa) ANEgLon, B 13 AolAEAt 74
%2 AX3 9Iek AT WS 918 A slolele] dhat 2
AR AR EE 245 AT} 149 A 8L 84.6UHL.
o, 25 gAal] e Hole AsAE @ Aekel T SAst

o] ZA0 & 100%E el

4

rH

o)
Z 339 (publication bias)& F-2u[gt AIpr} LefUA] &
< 7 A= EHONA A= FofulsHA yeRd Axt 9
FE =wo] YRE o =N st R @A gith 2%
HY7} EAfot=A] RS wdol] gt e 2= 7 /i
Ao BHaNA7|E FAHCE Y FEHE olFAL UEA

oy
ol

=
=

Total 77 searched
Academic Search Complete (n=25)
PsycInfo (n=20)

PubMed (n=32)

Exclusion criteria

1. Full text unavailable (n=56)

2. Before 2010 (n=2)

3. Language: not English
(n=0)

4. Participants: adults (n=3)

5. Scores: no detail scores
(mean & SD) (n=5)

Inclusion criteria

1. Scholarly journals (full text)
(n=21)

2.2010-2020 (present) (n=19)

3. Language: English (n=19)

4. Participants: CI and NH
children (n=16)

5. Scores: mean & SD in each
group (n=11)

Studies included in this review
(n=11)

Figure 1. Flowchart of inclusion and exclusion criteria from database

searching. SD: standard deviation, Cl: cochlear implants, NH: normal
hearing.



1o
s
olN
filo
4o

funnel plot& &3l &<lol= ®o] Qick Euhd
3} funnel plot= Figure 22} 2t}

x&=2 ¥53} 4t A (standardized mean difference)Sl
HEE 93718 HeR 1L, y5-2 1] fg=EE 8 2
QAE Yl 7k =4 HAL A s 7|9 0.2616
< Yepf L 9lom, 9-& FA 02 HATH BAKRK)S ¥
H4E5N37E FAHCE a3 7o tigt 95% AFHFHE U
ERI Qlck Rosental(1978)0ll SJshd, E3t=7]-MA4 Al
(fail-safe N) gtol 245 a%37] 44 v AT &
UL St ofof whet B3t 7|-QPA AleE AFET A1,

T3 24592 2 ALY A Ao k)]l 11EES ERE
T2 EE 65 = (5k + 10)Er} Ik whatA 2 A= &0 9
Fol FolotA| A2 AL & vephdth

O
Q.

HIEH2 A

2 A9 HEhE A S 91et A TEIH2 R (ver. 4.0.3; R
Foundation for Statistical Computing, Vienna, Austria)
S Aol o ARE Ti7]R]+= ‘meta (ver. 4.15-1), ‘metafor
(ver. 2.4-0y%ck. CI ¥ NH o}5-3the] Qo 497152
Ztolo]l gt 77 719] Folid2 HS5] Hoto] FEATE
AL AABH o, CI 9 NH oFsAHo] 9ojsd, Alg)r|se
Aot el 2 25l Cl ool oIty 5
| 717k Q1Ee}FS- 014 dg)o] F-oJgt 2 ARG (moderator)=

e 2helep) siol oIS A Aeisich

;10

0.0 +
0.1 1
=
o Y
E 0.2 . ¥ /90 1o am o g
e ® / . o6 L
g - eqo ommpb g o
o K © G0 0op g
£ 034, oy .
wn '\‘
@
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@ s %
=] 5 e
05 T T T T
2 -1 0 1

Standardised mean difference

Figure 2. Funnel plot for verifying publication bias.

Table 1. Participants’ characteristics

Y Yang &D Yim ASR

RESULTS

=]
24

2 dFoME 59k o4 obs(CDI B A% otF
(NH)E L& sk =252 AAsH HeRzAs dAlst
13~1

=A™

Ak didAre] Ay W9l= 4~15M|(mean = 8.54)%1°H,
AZeHe ZE 712 1. 2.36%(mean = 6.36), A5}
OJ&)ee S 2 oI ~50.5871L(mean = 25.62)°1%}
t}. ofof gt *ﬂ Q1 W-8-2 Table 10 A|Alst9ict. A+ o
Aol & CI o o] & 2981, NH Aeto] & 33590]
At

BN ti=RolA AHE-H Ao 87T+ The Preschool
Language Scale-4 (Z1mmerman et al., 2002), Peabody
Picture Vocabulary Test (Dunn & Dunn, 2007), Clinical
Evaluation of Language Fundamentals (Semel et al.,
2004)90H, A7) 587 =1E The Behavior Rating
Inventory of Executive Function (BRIEF; Gioia et
al., 2000), The Learning, Executive, and Attention
Functioning Scale (LEAF; Kronenberger, 2006)°]| AM-&-5]
At £3], BRIEFQ} LEAFE= THSE SHARE M5 A-gola
o] B} & &S AgI50] ofeig g etk 2 AT
9] 9k Appendix 19 AAI5F3IT

21879
&
]

213212 0[A)(Cl) Ot & ZF(NH) 0F=2] 210i52i2| X[0|
CI ot& % NH o}59] lojdde] Zpolg gRlshy| flsf o
EFEAS Aottt A& sfiAsh] flal o]dAd A7 (test of
heterogeneity)< AAIgE A3}, Q-AIFS] ghol 24.03, 49
gHE0] 0.000.2 78 A5 7t o]@4do] A YEh7lol 1L
Aaatrgo| opd Y F W2 E(random effects model)S A
=51tk
W57 EPFe] 2t AvEy, wgd 23} B &
(Hedges' 2)7} -1.48 (-1.80, -1.16) (p < 0.0001)& UrEFgTh
Hedges gt #20| 25 3¢ a8471E o 73514 &
EE WA gholtk o] Cohen(1988)9] 7|&0.2 & o &}
3717} A (large) YeRt A0 & sjAgct. &, CI oF5} NH
o}-5-9] AT (HEHY Qlof, A atE 71, o3, 9], FH,

Variable

CI (n=298)

NH (n=335)

Chronological age (yr)
Duration of implant (yr)

Age at implantation (mo)

8.54 +3.29 (4.12-15.43)
6.36 +2.96 (1.13-12.36)
25.62 £ 6.15 (18.79-50.58)

8.50 + 3.41 (3.99-16.01)

Values are presented as meanz+standard deviation (range). CI: cochlear implants, NH: normal hearing
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T2, 3H8 5)9] Atol= RolokA 2 AoE YERgT ool of
3t A3}Z Table 2, Appendix 201 A5+

re
Okl
1o
40
o
1=
S
o
o
P
02

HHNH) 0ts52] Hatls 8t

5oy

CI oFs % NH ob59] Ag7|5 59 d9d qdo &
S A WA, ZFE71Y
(working memory) Z3+& si4sl7] Yol oA A (test of
heterogeneity)< AAIRH A7}, Q-SAF2] gtol 8.75, 1<
£0] 03622 0.05HEc 222 /fE AFE 7t Xol= 537
o2 g vAHaNRY(fixed effect model)S A&3FAt 14
aanygo] AatE AR, wA8E 1ES Bt AHHedges' g)
7} 0.60 (0.43, 0.77) (p < 0.000)& WP &, CI obgt
NH o}5-9] 271958 9] Zpol= F2gt A0 & Yesith
IA|(inhibition) 23}& siAl5k7] 9Ish o1& H(test of
heterogeneity)& AR A} Q-SAS] gkl 7.07, 191
E0] 0312 0.055c A0 7 ALE 7} xfo|x= S o]
B2 73832 Y(fixed effect model)S AE5IITE 14T
P9 AyE AnEE, wgH 1E5F P AH(Hedges' g)
7} 0.67 (0.47, 0.87) (p < 0.0001)E YEFth &, CI o} 53}
NH o529 A58 9] o= F2J3t A0 = eyttt
A% (shift) 235 sfAst7] s o]&4 AA(test of
heterogeneity)< AAIRH A3}, Q-BAIFY #ko] 4.67, 121<
£0] 0322 0.055c} 282 7E A7E 7t Aol FFZo]

Table 2. Effect size of language ability and scores: Cl vs. NH groups

22 138723 (fixed effect model)S AEistc 14 &
Irgol Axtg AEd, wgH EE3} B AHHedges g)
7F0.45 (0.24, 0.66) (p < 0.0001)Z YeRtth &, CI ob53t
NH o}&9] AAl5389] Apol= F25k A o 2 Uetsith

Agl/Z2 A5 7] (plan/organize) AI+E 45| fisf o] &
J A% (test of heterogeneity)S AAISH A3}, Q-BAFY %t
°] 791, F9j&-E°] 0.090.2 0.058c AE2 /fd AFE 7t
Zjol= ZAAo|n 2 1 HJ Y (fixed effect model) S Al
glotoitt. 1 ganeygel 2uE AuEH, wYH 59} 4
T AHHedges )7} 2.62 (-0.53, 5.79) (p = 0.10)2 Yl
%, Cl o5} NH o}-59] Alg/2Z517]9] Zpol= 79514 &
Pl

A7 ZH(emotion control) A2+ siAsl7] fisf oA
Z(test of heterogeneity)S AAISH A3}, Q-BAFY Fhol
2.25, %9gHE0] 0522 0.05E20H A2 2 7 AL 71 A}o]
L =A-™oln g 1A Y(fixed effect model)S A3}
ok 1PanRye] AE AWEdH, wYH EE9} P X
(Hedges' g)7t 4.70 (2.25, 7.16) (p = 0.0002)2.2 UERFTE
%, Clo}5} NH ota2] 77424 Afol= F-9Jst3ith

F9]2(attention) 2+ si&sE] Hal o]&4d A (test of
heterogeneity)= AAIRE 2}, Q-FAFS] #kol 26.47, 9
gE0] 0.0022 0.058c} 2o nz 7 AFE 7t Afol=
o o] IA YEr7lel 1Rt ygo] ofd HFF Y
(random effect model)S AEl5}i). AP a0l 23}

]

Variable Effect size and 95% confidence interval Test of heterogeneity

Hedges g Lower limit Upper limit p-value Q df(Q) p-value r
Language ability -1.48 -1.80 -1.16 <0.0001°* 24.03 8 0.00 66.7%
***p < 0.001. CI: cochlear implants, NH: normal hearing
Table 3. Effect size of executive functions scores: Cl vs. NH groups
S Effect size and 95% confidence interval Test of heterogeneity

Hedges g Lowerlimit Upperlimit  p-value Q df(Q) p-value r

Working memory 0.60 0.43 0.77 < 0.0001* 8.75 8 0.36 8.6%
Inhibition 0.67 0.47 0.87 < 0.0001°°* 7.07 6 0.31 15.1%
Shift 0.45 0.24 0.66 < 0.0001* 4.67 4 0.32 14.3%
Plan/organize 2.62 -0.53 5.79 0.10 791 4 0.09 49.4%
Emotion control 4.70 2.25 7.16 0.0002** 2.25 3 0.52 0.0%
Attention 6.49 -2.77 15.76 0.16 26.47 2 0.00 92.4%
Visual-spatial organization 1.64 -1.59 4.87 0.32 0.47 1 0.49 0.0%
Sustained sequential processing 9.50 5.26 13.75 < 0.0001* 0.00 1 0.97 0.0%

**p < 0.001. **p < 0.01. CI: cochlear implants, NH: normal hearing
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AmHE, WASHE E=3) Wt AHHedges' g)7} 6.49 (-2.77,
15.76) (p = 0.16)Z YERGTE Hedges' ggte o] Z-S 3L
2715 B 7oA ReE wAget gholth 1 Ax, CI ot
51} NH ob&9] 52918 2toli= RooA] gkt

A&7+ ZA(visual-spatial organization) ZI+S 4]
3F7] 93l o]&A AX(test of heterogeneity)S AAISH A1,
Q-3AF] X0l 0.47, F2JgHE0°] 0.49% 0.055ET ZE= 7f
H AFE 7 Aol TEHo|n 2 1 aIH F(fixed effect
model)S AEi5oith 1A R TR0 AvE Al EE wAyH
HFE3) HiF A (Hedges g)7} 1.64 (-1.59, 4.87) (p = 0.32)C.2
UEFTh £, Cl obs2t NH ob59] AlS7H4 £2]9] Alol=
O5}A] okt

A& A< AP (sustained sequential processing) 2}
£ odst] Yol o1& 4 A (test of heterogeneity)S AAIgH
23, Q-BARY] gkol 0.00, FoJg-E°] 0.97& 0.058 =
o0& 7 dA4tE 7t Aol A0 B R 1P a A HY(fixed
effect model)& AEistty. 1R F] 235 ATH
, g% BE3 W AHHedges' g)7F 9.50 (5.26, 13.75)
(p < 0.0001)2.2 YeRgth &, CI o5 NH o529 A%
A 22 9] Apol= [9l5}ql,. olof thet ZA3E Table 3,
Appendix 20] A|A|5FATk

21322 0]A/(Cl) OtF & ZH(NH) Or=2| ois™ U A37|
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3 T AN FY&ED7I, A, A Az E, A&E A
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5 2H8 717 Q1ESES- ol4] ddF)o] F Hete] dolsd 9 A
Y715 Atolo]| tiet Bwatar|E 24sks HEE f25 7]

£ ot HQIA] Yol 12 2 - g A4S AASHIT

71 Ay}, CI o9 5k 28 717, Ql5eks- o4 A
HQl(covariate) 0. & AL W], T ko] A
715 sHIR3 S7THRIE71Y, A, M A 2A, A
< AE))of49] Zolofl= 23t 7|4 & kA Foke A
B THp > 0.05). &, & A7olA+= CI oFs2] H7to]
o] Qdolsd E A7|s dd Zpolg 2™st= 23
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G719, A, Agh A2, X&H A Aol o2 {25t
2}olE gholstgl o, Cl @ NH oFs Feko] §-0J5t 4=8) 2}o]
o CI o}&9] ol QI 2H8 7171 IFeh$- o]4] ¢I)
o] §9J3t 2HH(moderator)E YEFA|= 33

8gck. ofo]] that ol gt 2k

1o
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o
o
ek
o

=0 dojsdY F5T2 Ao gHsHA Ut A
o2 Holry #A|F e 2= CI oFs=°| NH oFs9f sl 59
SHA RETE $2801%], $8ol5EE Hel Ao g Higd
(Conway et al., 2011; Holt et al., 2020). Cl o} 552 Q&
5 olAlg& o]F dolsEo] FAFE 4 on; o]4] o]%
Ao g Aote FZH A E= Folof eEE7| dizo] o]
Zo] /4 9 2lo] T BRI SHol| FF2 A & U
(Castellanos et al., 2015). AFL}F-E AHESE 27] AE2 A
o}5E9 AT WHE EXot= TS slE & CI obs i+
0] o]4] & 34 QAT o] 7|9 EARE UEZ Helo|=
E151aL(Svirsky et al., 2000), AHHE Aojs8 E= U A
o} 5EolA Eef ofo|EHT A& 02 RESH] Yephdth=
Ag AT Avkel YA|gHHGeers et al., 2003).
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e

[e]

—

4 4= 9= Aot} Figueras et al.(2008)2 8~124] CI o}&
o] a5 Aol s ol 5o} Ade Ao e
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3ol 6 Be CI okEE0] ol wrl7lel % 2P7leiolA 3
 olste] 44& Hol3, 13 AQPlols o] 4L 25 8-
ofsEE A&t A= HEW = st Harris et al,
2013; Kronenberger et al., 2013a; Pisoni et al., 2011). &
e CI oF59] 2r71919] B&-2 224049 £7], o2
4 QIAsl], T1do) 71&e B 5] T =2 QA Fot
(load)E 451 wf E2f NH obzof Blsf o< EAI7F 2 4= 3l
HBeer et al., 2011).

AlFRA o g2 A375 5t9] I T 271, A, A &
34, A4 94 Ao|A CI € NH o 7t 2po]7} #-9J5)
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= 7 A 7+ o7k FolstA] g2 YAE EAISHITE Beer
et al.2011)9] AFtollA CI oF59] FiEe= A7} 24719, <
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o, A FGoNA FoloHA F-Fot o, AlZH 7|92 (visual
memory), Z4-%3(organization-integration), A1&/%4
517(plan/organize)oll A= f-2l5HA F-E5HA] @kof & A9}
UH AX|5FALE. Beer et al.(2014)& CI oF5-©0] NH o}5-0] ]
8| Alg/zA517 |(plan/organize)E A2t FHLAT HAY7|s
Yol A A HL7F B WA vebgth B skl A9
el WEH, shgAr1e] AAlsgol o 73t obsol 1A
Z2t obzof Hlsf i, o] 57]'7 FH =l B s, A4
H 398, 24719, AgE AdojEsat Aol AME= AL
2 Holtk(Kronenberger & PISOHI, 2018; Kronenberger &
Pisoni, 2020; McClelland et al., 2007). °]& EHZ 247]
o e B A5 sHARBOIMY Y &2
QltH(Kronenberger et al., 2013b).

B 5 H2 & AolA Cl obs9] A&H A4 Aefs
o] NH o5l H|sl 24 o Ao = et 20 & Hof,
CI ob5°] 2ol thgt < Aotz Qlsl FH9et &4
A2l A 7H 4= g 2RI 5 itk A wiEe
AA, A&E 2A=9] 719, 2999 {AI9F 2ol &t A2
detof| uj-- F83t ﬁﬁi A A QMo CI oF52] Y44 ofy
€0 7 AFHHConway et al., 2009; Kronenberger et al.,
2014b). %4 = 214 A2]9] Ak AH4 A4 gigh
_,]Eﬂ ol Z]-<§7]04_L]- 71—0 z]_-_FGO]II_ ﬂ_‘?ﬂlc‘)_ ;qa]
£ Z Q8 & o= Z9rEQl ol YIS v)d 4= Utk

SHH, 2 dAFollxe 2ol CI obe 52 8 NH obsat H]
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o] YehA] giotth= A% A= 434 ST (Beer
et al., 2014; Kronenberger et al., 2013b; Kronenberger et
al., 2014b). &, CI ot&9] AY7|5 AAL F7]|0f AFEA]
ig ’&Jxﬂi AR THRIEl: AlF7E 2A)o A= E2f NH et
o} FARRE Hrdo] UEht 11 5go] ZhES| AY F2E &
Us= Holth AAE 9 Ar)s @ AghHS EH

NH obs3} v|wsto] QIFet-- o]4] o] Wdo] 7F&3}x|Qlrt
(Kronenberger & Pisoni, 2020). E+= 23759 ot-7-3el
w2t A7) WolA e 710 st Y& T1ET H of
& Holollx= At 7t Zol7h AA| vehg 7He A EAR
(Kronenberger & Pisoni, 2020).
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o}-59] 2ol % AY7|E 3:7] %P%Loﬂ 71043 —E 71E 894
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et al., 2003; Niparko et al., 2010), & 71 Q
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Appendix 2. Forest plot of meta-analysis

Language ability
Experimental Control Standardised mean

Sutdy Total Mean SD  Total Mean SD difference SMD 95% CI Weight
1 24 78 24 21 118 12 4'—:% -1.99  [-2.725-1.27] 9.3%
2 41 84 21 40 118 10 ———— -2.06  [-2.61;-1.52] 11.8%
3 41 81 24 40 119 12 — -1.98  [-2.52;-1.45] 11.9%
4 36 10 3 46 13 2 7:—’* -1.08  [-1.55;-0.61] 12.9%
5 57 91 20 74 111 15 T -1.16  [-1.53;-0.79] 14.4%
6 57 90 24 74 113 9 T -1.30  [-1.68;-0.92] 14.3%
7 10 63 24 10 118 82 34‘7 -0.86  [-1.79; 0.06] 7.2%
8 10 78 13 10 122 94 T -0.63  [-1.53; 0.28] 7.4%
9 33 78 19 29 111 13—+ 201 [-2.63;-1.39] 10.8%
Random effects model 309 344 - . -l48  [-180;-116] 100.0%

Heterogeneity: I = 67%, t = 0.1514, p < 0.01
geneity: p

Working memory
Experimental Control Standardised mean

Sutdy Total Mean SD  Total Mean SD difference SMD 95% CI Weight
1 24 61 13 21 53 10 4’7 0.65 [ 0.05;1.25] 8.2%
2 41 59 14 40 52 12 — e 0.56 [ 0.12;1.01] 14.3%
3 25 54 11 38 46 7 43‘7 0.84 [ 0.31;1.36] 10.5%
4 24 63 14 27 50 10 T 109 [ 0.50; 1.69] 8.5%
5 24 58 12 27 52 13 T 0.42 [-0.14; 0.98] 9.5%
6 48 62 21 50 50 10 0 0.74 [ 0.33;1.15] 16.5%
7 48 54 11 50 49 9 — 0.51 [ 0.11;0.91] 17.0%
8 10 55 9 10 48 11 T+ 070 [-0.21; 1.61] 3.7%
9 33 54 10 29 53 10 T 0.08 [-0.42; 0.58] 11.6%
Random effects model 277 292 ‘ : : “ : ‘ 0.60 [ 0.42;0.78]  100.0%

Heterogeneity: I* = 9%, £ = 0.0064, p = 0.36
215 -1 -05 0 05 1 15

Inhibition

Experimental Control Standardised mean
Sutdy Total Mean SD  Total Mean SD difference SMD 95% CI Weight
1 24 59 13 21 50 9 4‘#‘7 0.84 [ 0.23;1.45] 11.2%
2 41 58 15 40 50 9 — 0.68 [ 0.23;1.13] 18.9%
3 25 56 13 38 47 8 o 0.85 [ 0.32;1.37] 14.5%
4 24 56 13 27 50 9 4’37 0.55 [-0.01; 1.11] 13.1%
5 48 54 11 50 46 6 e 0.87 [ 0.45;1.28] 21.4%
6 10 59 15 10 46 7 ‘ 1.03 [ 0.08;1.97] 5.0%
7 33 55 10 29 53 11 4%3 0.12 [-0.38; 0.62] 15.9%
Random effects model 205 215 < 0.67 [ 0.450.89] 100.0%
Heterogeneity: I* = 15%, £ = 0.0131, p = 0.31

-1 0 1

Shift

Experimental Control Standardised mean
Sutdy Total Mean SD  Total Mean SD difference SMD 95% CI Weight
1 41 50 9 40 48 9 f—'—%* 0.20 [-0.24; 0.64] 23.2%
2 25 59 14 38 49 12 ——— 0.76 [ 0.24;1.29] 17.0%
3 24 51 8 27 47 9 D — 0.49 [-0.07; 1.04] 15.2%
4 48 53 11 50 46 10 — 0.64 [ 0.23;1.05] 26.1%
5 33 52 10 29 50 10 — T 0.17 [-0.33;0.67] 18.4%
Random effects model 171 187 e 0.45 [ 0.22;0.68] 100.0%

Heterogeneity: I* = 14%, £ = 0.0100, p = 0.32 rod o
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Appendix 2. Continued

Plan/organize
Experimental Control Standardised mean
Sutdy Total Mean SD  Total Mean SD difference SMD 95% CI Weight
1 24 53 12 21 49 10 —t 034  [-025093]  16.8%
2 25 53 11 38 46 8 — 077 [ 0.25;1.29] 19.3%
3 24 50 11 27 49 11 —_— 0.09 [-0.46; 0.64] 18.3%
4 48 52 11 50 49 9 T 0.33 [-0.07;0.72] 25.3%
5 33 52 8 29 54 9 — -0.20 [-0.70, 0.30] 20.3%
Random effects model 154 165 —_ 0.27 [-0.04;0.57]  100.0%
Heterogeneity: I = 46%, £ = 0.0560, p = 0.12 rod ‘
-1 -05 0 05
Emotion control
Experimental Control Standardised mean
Sutdy Total Mean SD  Total Mean SD difference SMD 95% CI Weight
1 25 56 14 38 48 11 4%—'7 0.60 [ 0.08;1.11] 27.3%
2 48 52 12 50 46 9 — . 0.54 [ 0.14;0.94] 43.6%
3 33 52 11 29 51 12 — e 0.13 [-0.37;0.63] 29.1%
Random effects model 106 117 — 044  [0.16;0.71]  100.0%
Heterogeneity: I’ = 5%, £* = 0.0029, p = 0.35 | | |
-1 -0.5 0 0.5
Sustained sequential processing
Experimental Control Standardised mean
Sutdy Total Mean SD  Total Mean SD difference SMD 95% CI Weight
1 24 60 16 27 50 10 4 071  [015128]  342%
2 48 59 15 50 50 10 —— 073 [0.32;1.14] 65.8%
Random effects model 72 77 — 0.72 [0.39; 1.05] 100.0%
Heterogeneity: I' = 0%, £ = 0, p = 0.97 | | | |
-1 -05 0 05
Attention
Experimental Control Standardised mean
Sutdy Total Mean SD  Total Mean SD difference SMD 95% CI Weight
1 24 57 10 27 50 10 —r—— 071 [0.14128]  31.8%
2 48 64 20 50 50 10 ——— 090 [ 0.48;1.31] 35.0%
3 33 3 3 29 4 3 — | -0.25 [-0.76; 0.25] 33.2%
Random effects model 105 106 —mm— (45 [-0.26;1.17]  100.0%
Heterogeneity: I = 84%, £* = 0.3364, p < 0.01 o ‘
-1 -05 0 05
Visual-spatial organization
Experimental Control Standardised mean
Sutdy Total Mean SD  Total Mean SD difference SMD 95% CI Weight
1 24 54 4 27 50 10 e 030 [025086]  33.9%
2 48 51 9 50 50 10 —TER 0.11 [-0.29; 0.50] 66.1%
Random effects model 72 77 e 0.17 [-0.15;0.50]  100.0%
Heterogeneity: I = 0%, £ = 0, p = 0.57
-0.5 0 0.5

SD: standard deviation, SMD: standardised mean difference, CI: confidence interval
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