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Purpose: Previous studies reviewing the phonological memory performance of children
who stutter have presented inconsistent results depending on the task type and age of
participants, making it difficult to comprehensively understand the characteristics of this
area in children who stutter. Therefore, this study aimed to examine the differences in
phonological memory ability between children who stutter and those who do not stutter
through meta-analysis.

Methods: A total of 12 studies were selected based on the inclusion and exclusion
criteria. Subsequently, meta-analysis was conducted on the selected studies to analyze
whether there was a difference in overall phonological memory ability between children
who stutter and children who do not stutter. The results were converted to Hedges'g to
analyze the mean effect size. Also, the difference between the two groups was reviewed
through the moderator variables (task type and age).

Results: The overall effect size on the phonological memory ability of children who
stutter was significantly lower compared to children who do not stutter, with a moderate
level of negative effect (g=-.67). The analysis of moderator effect revealed significant
differences in both task and age. Specifically, in task type, a large level of negative effect
was observed in non-word repetition, while in age, a large level of negative effect was
observed in preschool.

Conclusions : This meta-analysis confirmed the overall difficulty in phonological memory
ability in children who stutter, and demonstrated differences depending on the
characteristic of the task type and age. These research findings suggest that by measuring
phonological memory ability through non-word repetition tasks aimed at preschool
children, it is possible to predict the persistence and recovery of stuttering.

Keywords : Stuttering, phonological memory, child, meta-analysis, non-word repetition
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Weber-Fox et al., 2008)= &AstH IAo] met A2 oE
S Hugt A Pelczarski & Yaruss, 2016)% ATt o

£ 59, Anderson’} Wagovich(2010)9] dFoA= stEA7]
doE obsel dojehd AHe&wet QAF AHE B 7o) ¢
TAE ERls] ol dofshy Agjge &4 IA= I9 O]

i

S0, AAE A7 WY 24 e dido] Het weplz
Eﬂ-ﬂ: o]—E_L]. OIE]- o]__‘_:-'._/] _I__ueﬂo ,q.lqiol_q_ 1 7:]-]4_ H]

d

ool wet WeprlolAnt AA Y 9 Ao ©E IF 1
o7t Fogt Aoz et Ha A IUEE oksY o %
7190l ojEZo]l UE HIUSIGH oleke HFRFHoE,
Weber-Fox 5(2008)9] ¢olde 837 YHE ofs= W
4os Hgo] wet Topr] BAE B =2 AR 3
< RARE Z3, dEE ol vt ofsdtel £9Y Xolg:
WHASER] ottt TS, Pelczarski®t Yaruss(2016)= sHda
7] 9EE ofs= WHeE 2719 ﬂxﬂo] Hjgo] wt et
7], A4 HiE wgt sP71E ARESt] Es 9}013}0131' a
23, Hgo] mEt "ol YYo= -ﬁ— gt ZJol7h lSle
B T = e v A R - d e N N =
A ot 1A §Fof wet v AAE Hilshr|: Si8ich
ole} Zo] UEE ofs9 2719 gy} " MY
TE9 ZAI7F Aolgt o= Aol Fofdt thAR 4
27192 F4cke A /3 S0l FFE HH AeE A
gH. Aotk a7t Ade "WHE oY +9 B4
Ao g ootz H E¥hE opr|stal yolrh AEAlA
TEs o9 W7 2 A Al Eoh oHA EAE melst
< b o#Zes LT 4 vk IYEE UHE oksY &
271959 Eot FFHoE HIsp] s A Av==
01315‘} HEREA 9 &
2719 E4o] gt

N

A
3,

thgoR wiekeae st o}u}

£ Ao FAZS A7 BAL et 2o,

W, TS ol W 2elelsY 7o) AukH B4

A, TEE ofs Hddt gt ofs A2 271959
AA B ash 3719 folet i]-0]7} Q=717
A LEE ofs Ao Slrjd=dge zF t,ﬂ?_(jl]—x-ﬂ-,c.’r

0

3, el et felgt Aok Yok

. g+ 4E

2

—

Ao

4HE ofsy +71958S Ay g8 20239 09€0
9] toJefHo]AQl Academic Search Complete, PubMed,
PsycINFO, ScienceDirectE tiAtoZ HMS AA[SHqch. HM
o]2& “(stutter or stuttering or stammer or stammering or
speech disfluency) and (phonology or phonological or

2331] Bastgon]

memory or phonological memory) &
Z209%E 20008 o]&® AA5I9ch

2. 2o 1g7|

Ho
]

AX A3}, Academic Search Complete©]A 60¥, PubMed
oA 1538, PsycINFOO|A 174%, ScienceDirectol4 1,167



Hog F 1,554Wo] HAEILE 20004 °|FE 7|EoE A
o€ 7Fs ¥, peer reviewed journal =&, FolZ ZA

=

_E"_

¢

e 7IEeE 389HE AFsglen o ¥ F5E
Aot 11289 =25 AAsiae. F2d 11289
oA (Al ol =Zg=A] k2 A+ 2 24 I+ ()
O A 9 olFdo] ABAE tdes dAE A7 B
gl @ - oAbl AAdEFIE obd A, (SR
AIAE A @2 A7, OFY 2 Z23gEe Hast
A @2 e A st
33 IS S8 A=

|
A 0|3 7|(manua)2 4

ol

Mo i o

)

SME, = Al AR 2o 3 Al9] 71E2 Appendix 1°]
AAIBH AT

3. Zele| & Fot

Ho

2 Ay A%E =79 dd e Al Gersten
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AgoZ AXNE B 4
< Hedges g(Hedges & Olkin, 1985)2 H3lsto] AME351¥N
olg B9 Hi JI I7E EASIGH EIL ARE dFE
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Hol= a3t 3719 o]@XA(heterogeneity)> Cochran's Q#
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A 54, 982 U+ HEHmeta) ANOVAE AAJsto
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H "ol goly] Hdold B EiR S4AE A, A
AU S g4 52 v SAE Aot oA o=
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< F4s] 98 FAEE 9tk B =t ARRE
o] Bjdo] wet Welr|9]l A9, the Children’s Test of
Nonword Repetition(the CNRep; Gathercole et al., 1994)=
AR8SE A7H(Anderson & Wagovich, 2010; Anderson et al.,
2006; Hakim & Ratner, 2004), the Nonword Repetition
Test(NRT; Dollaghan & Campbell, 1998)5 ARR3SH A
(Sasisekaran & Weathers, 2019; Smith et al., 2012
Weber-Fox et al., 2008), A% <dolA /d IAE ARE
3t H9(Sasisekaran & Byrd, 2013; Vahab et al.,, 2014), &
A7AARl  The Comprehensive Test of Phonological
Processing(CTOPP; Wagner et al., 1999)9 3FJAA}
(subtest)® AR&3F AFPelczarski & Yaruss, 2016), AFAt
7b st FAE ARSRE  A(Bakhtiar et al, 2007
Sugathan & Maruthy, 2020)7F UQith. $=#} 82wk} 317
9] 7L the Weschler's Intelligence Test(Wechsler, 1997)
9 ISIYPAAE ARSIt AK(Sasisekaran & Byrd, 2013;
Sasisekaran & Weathers, 2019; Sugathan & Maruth, 2020),
Battery of assessment of working memory?d SIJAARE Ak
L35t A94Oyoun et al., 2010), FAAAKR] CTOPPY 3+9)A
AS ARESE A (Pelczarski & Yaruss, 2016), g AE7} 7]
PR o AF(Bakhtiar et al., 2007)7F AUt £AF ARz
w2t 37)= % the Weschler's Intelligence Test(Wechsler,
1997)9] SIIAS AREstHoH(Sasisekaran & Byrd, 2013;
Sasisekaran & Weathers, 2019; Sugathan & Maruthy, 2020)
4 A AL, A3 AFolA AdE IAE ARSISIH
(Sasisekaran & Byrd, 2013).
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2. S27|9s30 st Hx 21 37|

o=z uyghgth E3L WA &3 I719) 9t 524 A
I}, Q=35.41, df=20, p(05& YER} Q-df)0°ez 7k %
o] Y FI 7t AR oE AoRZ RIS o]
A4 &3 3719 ojdAAE T B4 thgh AA] 249 H]
(128 B3 AWE A3 12=44%(p<052 FZt H=9 o]
AZE 7= AeZ YePgtiKang, 2015). °old dist A
a7 37 A3 9 forest plot2 Table 1, Figure 1°] AAI3}
At

Table 1. Result of overall effect size

Hedees 95% CI Qb
ges g (Upper ; Lower) (df) P
35.41
Overall -.67 -89 ; 44 .0001
(20)
sk
(001
Standardised Mean
Study Difference SMD 95%-Cl
Hakim & Ratner (2004) -1.12 [-2.19; -0.04]
Anderson et al. (2006) 3 -0.86 [-1.74; 0.02]
Bakhtiar et al. (2007) a — -0.65 [-1.51; 0.21]
Bakhtiar et al. (2007) b 0.17 [-0.67; 1.01]
Weber-Fox et al. (2008) -0.47 [-1.36; 0.42]
Anderson & Wagovich (2010) — = -1.93 [-2.96; -0.89]
Oyoun et al. (2010) —— -1.40 [-1.97;-0.83]
Smith et al. (2012) — -1.22 [-1.92;-0.51]
Sasisekaran & Byrd (2013) a -0.19 [-0.94; 0.55]
Sasisekaran & Byrd (2013) b — T -0.51 [-1.26; 0.25]
Sasisekaran & Byrd (2013) ¢ —.— -0.22 [-0.97; 0.52]
Sasisekaran & Byrd (2013) d — T -0.50 [-1.25; 0.26]
Vahab et al. (2014) —— -0.99 [-1.75; -0.23]
Pelczarski & Yaruss (2016) a —8— -1.63 [-2.48;-0.77]
Pelczarski & Yaruss (2016) b —aT -0.58 [-1.33; 0.17]
Sasisekaran & Weathers (2019) a — -0.54 [-1.33; 0.24]
Sasisekaran & Weathers (2019) b — -0.04 [-0.81; 0.72]
Sasisekaran & Weathers (2019) ¢ — . -0.46 [-1.24; 0.32]
Sugathan & Maruth (2020) a — | -0.77 [-1.47;-0.07]
Sugathan & Maruth (2020) b —t -0.57 [-1.26; 0.11]
Sugathan & Maruth (2020) ¢ — - 0.04 [-0.63; 0.71]

Random effects model -0.67 [-0.89; -0.44]

Figure 1. A forest plot on the overall effect size
of phonological memory ability
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Table 2. Results of moderator analysis

9 b
Variable Category  Hedges' g (Uppiié fcl)wer) (gf') J2)
NWR -.90 -1.18 ; -.62
DF 55 -100:-07 g3 .
Task t . <.05
HEIPE g -.19 -61; 23 0O
PE -.50 -1.25; .26
A Preschool ~ -1.13 -1.45:-82 1074 o1
ge .
School age  -.47 =715 -22 M

Note. NWR=nonword repetition; DF=digits forward: DB=digits
backward; PE=phoneme elision.
"p(.05, "p(.01

A FEE 53 F7|= Hdo] wet Do) (g=-.90), <& Ht
2 w2t 5P7)(g=-.53), o4 AFHg=.50), A AFE et 51
(g=.19) <0 & Hdo] we} Wolr|oA] 7Y & 4 83} 7]
£ Holon 34 49 7+ 53 A7) Aol7t BAHCE K531
tHQ=8.03, dF3, pC05). ot A 7 Zibo] FUsithk=
71 ol & wQlo] wXE JdFER] FE AXRE Axh A
Al A7 BARE A 570l sl 25.06%7F A=

A g 24 F3b 37]0f| 3t forest plot2 Figure 2°]
AAlstgitt. olget &It A7] Zjol7h ol- A {3 7+ AJo]=
Qs Ueht=A] gRlst] fls) ARERE AAlslc 1 A,
Hicho] wet Wopr|9f A AR wet 719 83 27 A
o7t BAZHCcE fogt Aoz UeRtom(£=7.58, dFl,
pCO1) WA A 7+ &3 7] Alol= foJsHA] otk

dgE "I Ve R¥AV(e=1.13), EH7I(g=.47)
«OF Ueiton dg 2t 83} 7] o7t FAHCE {9
SHATHQ=10.74, dFF1, p<01). 28 ®Qlo] mX= JFe
Al RE AR Axy AA A7 7+ B Ao g
50.10%7F A=t AxE 24 JIk I7]o] ek forest
plot2 Figure 3°| A|A5F3.

Standardised Mean
Subgroup Difference SMD 95%-Cl
tasktype = NWR :
Random effects model B
Heterogeneity: I = 24%, 2= 0,0483, p = 0.21 :

-0.90 [-1.18; -0.62]

tasktype = DF :
Random effects model £
Heterogeneity: I* = 61%, 1= 0.1958, p = 0.02 {

-0.53 [1.00; -0.07]

tasktype = DB :
Random effects model ey
Heterogeneity: P=0% 7= 0,p =064 :

019 [-0.61; 0.23]

tasktype = PE i
Random effects model —t
Heterogeneity: not applicable :

-0.50 [-1.25; 0.26]

Random effects model <> -0.67 [0.89; -0.44]

Heterogeneity: I* = 44%, 2= 0.1143, p = 0.02
Test for subgroup differences: y_g =803,df=3(p=005 -2 -1 0 1 2

Figure 2. Moderator effect size
of task type with phonological memory ability



Standardised Mean
Subgroup Difference SMD 95%Cl

age = preschool ;

Random effects model B 413 [1.45; 082
Heterogeneiy: /= 2%, =< .000¢, p = 041 i

age = school :

Random effects model H 047 [0.71,0.22)
Hetsroenelty: = 27%, = 00690, p =0.47 1

Random effects model <> 067 [-0.89; -0.44)
Hetsrogenely: = 4%, = 01143, p = 0.2

Testforsubgroupdiﬁerences:yj=10‘74.df=1UJ<0‘01) 24012

Figure 3. Moderator effect size
of age with phonological memory ability
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5 7K ZWoR HNT 4 Yt $4 Baddeleyd] e
o Bd(Baddeley, 1986 FATL U= 39 AA 22
SuO 1 UAS S 5 Uk WO ARz aTHE
7} oluigolel A9, AzE Waelel A7)l Aaw
%
o

o L
o 2

:

i

HE H|wslo] Q&S d%e "dths dshy 4%
2 Wob 525 #Y3Krepresentation)sh= P9 AL
g AT 4 QItHYim & Han, 2019). ©]9= tizzoz
Hto]9] AL, ofF(lexicon)o]l EAHA] = MEL 2
Hosl Aol gygoz dsky AFVIE B onl EAst
= oo Hoohs w9 ke H|do] met welr)e 4

l

g =& £ & A . & Hdol9 S2HEE 7Y
skl Agslke 8ol £AEIR] otob dfg TAZE LA
23 4 = Aotk Pelczarski®t Yaruss(2016)°] wEwH,
9HE ol &9 ¥ AVY9ES 5o g shte

BAMZHcompensatory  strategy) 22 Y3HA  AE7lo] IE
SHA 9&Este] olEfdt T ofHRe HAsH SR
2= AE #AG71Y {FoE 8} 2T FATIE Y
oA AAQl FHo| JFE F ol AF
dog oJojx W2 H[do] 3o FkZ AT St
(Alsulaiman et al., 2022; Bajaj, 2007).

JEv, 91 AQ7Y &9 ofEeRke YjleE WHE
ofz9 Hdo] wEt o9 AsikE e A
AL Sl ACo=® HRIth 1 olfe= 4 Zo|, 25 EFA
Y A7 &l dFE £ ¢ e HUol AMYEHUZA
T o] |93t Ao7t gleg Eigh A% d-HChon &
Ambrose, 2007)9] Z37} olE WEFIHL T S Q7] GE
oltt. FHH, 22 HATSIL AAsto] Aldsks I AAl=
SAEA oy e fd 8EE e I & O
a8 AEZ Rt &5 ZEIHY 58 2 olE Adske o
AolMe HlEE&Ado]l A= H[Ho] 3o wid ZAFET
el & 4 Stk Smith 5(2012)2 H|do] wat wotr|of
A9 AukgE, 2o °oF S 22 $¥E2 O ols &
o7t glov Hgo] wet WoplE AAIE W] 25719 25
8H4 ZH(kinematic measure)Z 59 Hlwst A3, LHE of
ol it ofsol wHs] g, U =AY HBXA
(variability)o] oAl =4 Uehtta Easioict. o9t
AFSHA,  Sasisekaran(2013)9] AFolME e HEE AU
tgos Hgo] et "or] JAE AAGlE de
T} gk Aot YA ggtout Higo] 7] TAIE Al
FF= W L 25TH EAdAME T2 Hee AUAA
A &2F719 ®EAdo] dut Ao s © IA YETh o]
23t 9+ Z2IEE EYE SPNEAE, Hdo] wE Yol
s &2 AY71delds S Qs &5 AY ¢ 4
P BAE 221 A o] JFFE vE & d=Z AA
SFHByrd et al., 2012; Gathercole, 2006; Sasisekaran et
al., 2010).
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Aoz gt} ESL ofsoAE &dt Ak A AIE Y HE
&g A= oler HE AA ke Q5]H FRFIolA
AldE g o g2 7135 Agcte] e 5= 922 T
TH{Wagner et al, 1999). o] "z &2} & IA= A=z
=20 et F7HE)l Ag 9 25 AY 58S 875 ¢
=th HE 224 AfE gt Pt 24 HiE gt s|Eo
4719 FHol © 8EE= A7l shKSung, 2011)
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£ otE Hdol B4 Hi S4AE Al o
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1 JOKByrd et al.,, 2012; Sasisekaran & Byrd, 2013) H|&
of w} Folrlet HwgE o o 22 B4 f5It 3715 Hyth
2 Aol 4 A Alo] gt 4 =79 471 Hof &
I F71o] gt side] FE 8oHATE A3 A7H(Chiat,
2006; Snowling & Hulme, 1994)°] WE=H 27|
2k 9 10471 A&Edy Basty Qo IAE e o
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Jacques, 2009; Gathercole & Baddeley, 1993)9] Z¥E 11&
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Appendix 1. Flowchart of the selection process for analyzed studies

Database: screened studies (N=1,554)

Academic Search Complete (N=60)
PubMed (N=153)
Psycinfo (N=174)
ScienceDirect (V=1,167)

Records filtered based on full-text, peer reviewed
journal, english (N=389)

After duplication removed
(N=112)

l —

Exclusion criteria

+ No control group, review study

Adult & bilingual

CWS with other disorders

CWS with speech and language difficulties

Not examine phonological memory tasks

Not study reports statistics that are suitable to estimate
the study effect size

Inclusion criteria

Both CWS and CWNS, manolingual

Implement formal and/or informal evaluation of fluency
CWS without other disorders

CWS with no speech and language difficulties

Examine phonological memory tasks and report quantitative
results

Studies included from database searching
(N=10)

— |
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Studies included in meta analysis
(N=12)

Additional records identified through manual
search (V=2)
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Appendix 2. Evaluation of the quality of selected studies
Participant Task Outcome Data analysis
sty Information on Task Task Outcome Statistics Consistent
participant description fidelity description appropriateness  measurement
Hakim & Ratner (2004) 3 3 3 3 3 3
Anderson et al. (2006) 3 3 3 3 2 3
Bakhtiar et al. (2007) 3 2 3 2 2 3
Weber-Fox et al. (2008) 3 3 3 3 2 3
Anderson & Wagovich (2010) 3 3 3 3 3 3
Oyoun et al. (2010) 3 2 3 3 3 3
Smith et al. (2012) 3 3 3 2 3 3
Sasisekaran & Byrd (2013) 3 3 3 2 3 3
Vahab et al. (2014) 3 2 3 3 3 3
Pelczarski & Yaruss (2016) 3 3 3 3 3 3
Sasisekaran & Weathers (2019) 3 3 3 2 3 3
Sugathan & Maruth (2020) 3 3 3 3 3 3
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Appendix 3. Summary of selected studies

CWS age CWNS age
Study CJVV)S C(\’[(G;IS M (SD) M (SD) Age group "tfasl; Assessment measures
(in months) (in months) P
Hakim & Ratner (2004) 8 8 70.6 69.4 Preschool NWR The CNRep
Anderson et al. (2006) 11 11 47.9 (7.6) 48.3 (6.6) Preschool NWR The CNRep
NWR Developed by researchers
Bakhtiar et al. (2007) 12 12 75.6 (8.5) 76.8 (7.5) School
DF N/A
Weber-Fox et al. (2008) 10 10 138 (1.1) 139 (1.2) School NWR NRT
é%i%r)son & Wagovich 9 14 51.3 (5.7) 529 (62)  Preschool ~NWR  The CNRep
Oyoun et al. (2010) 30 30 90.1 952 school DF Battery  of assessment  of
working memory
Smith et al. (2012) 16 22 55 59 Preschool NWR NRT
NWR Byrd et al. (2012)
DF The Weschler's Intelligence Test
Sasisekaran & Byrd (2013) 14 14 140.4 (2.1) 141.6 (2.0 School
DB The Weschler's Intelligence Test
PE Byrd et al. (2012)
Vahab et al. (2014) 15 15 64.2 66.4 Preschool NWR Barikroo et al. (2011)
NWR CTOPP
Pelczarski & Yaruss (2016) 16 13 65 (5.8) 69 (7.3) Preschool
DF CTOPP
NWR NRT
(S;gilze)kara“ & Weathers 13 13 147.9 2.4 1482 (2.2)  School DF The Weschler's Intelligence Test
DB The Weschler's Intelligence Test
NWR Developed by researchers
Sugathan & Maruth (2020) 17 17 132.7 (.77) 135.4 ( .63) School DF The Weschler's Intelligence Test
DB The Weschler's Intelligence Test
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