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Objectives: Developmental dyslexia is a disorder in which children with normal sensory
and cognitive abilities fail to acquire reading and writing skills despite conventional educa-
tion. Related literature has reported that phonological processing deficits underlie reading
and writing difficulties, suggesting that basic auditory processing problems from birth
could be the underlying factors of phonological impairment with an emphasis on genetic
effects. The current study aimed to investigate whether the event-related potential (ERP)
during auditory processing in infants less than 24 months of age with familial risk for dys-
lexia is significantly different from that of their controls through a meta-analysis, and ex-
plore how the ERP correlates to later language abilities. Methods: Database searching
identified twelve studies which met the criteria. Effect size (Hedges’ g) was calculated using
the Comprehensive Meta-Analysis (CMA). Significant correlation coefficients were reported
based on 5 studies analyzing correlation between the ERP and several measurements of
later language abilities. Results: The results demonstrated medium to large effect size of
the differences in the mean amplitude of ERP, indicating that the ERP is a sensitive measure
to distinguish the at-risk group from the control group. The analysis of correlation between
the ERP and later language abilities revealed that reading fluency, reading speed, and pho-
nological awareness have relatively strong correlations with the ERP. Conclusion: The cur-
rent study showed significant differences in the ERP during auditory processing between
infants with and without familial risk for dyslexia, suggesting that ERP could be an early
electrophysiological marker for developmental dyslexia.

Keywords: Developmental dyslexia, Event-related-potential (ERP), Infant auditory process-
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PubMed

Web of Scie
Academic Search
CINAHL P

ERIC (

Database search (Total N=65)

PsycINFO (N = 20)

RISS, DBpia, Kyobo Scholar (N=0)

(N=16)

nce (N=15)
Complete (N=6)
lus (N=6)

N=2)

y

A

Records filtered based on full text,
peer reviewed journal, English (N =64)

y

/

Inclusion criteria
1. Participants: infants with familial risk for
dyslexia (newborn to 24 months old)

After duplication

Exclusion criteria

removed (N =21) 1. Participants: individuals without familial

2. Measurement: event-related potentials

risk for dyslexia and older than 2 years
»| 2. Measurement: other techniques

3. Design: group comparison studies \ 4 3. Design: other designs (case reports,
4. Outcome measures: mean amplitudes of reviews, etc.)
ERP components < Studies included from database searching (N=12) 4. Outcome measures: other measures
Figure 1. Flowchart showing literature search.
Table 1. Inclusion and exclusion criteria for studies
Inclusion Exclusion
Participants Infants with familial risk for dyslexia (newborn to 24 months old) Individuals without familial risk for dyslexia and older than 2 years
Measurement Event-related potentials Other techniques
Design Group comparison design Other designs (case reports, reviews, etc.)
Outcome measures Mean amplitudes of ERP components Other measures

ERP=event-related potential.
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Figure 2. Funnel plot of standard error by Hedges' g.
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Figure 3. Imputed funnel plot of standard error by Hedges' g.

Table 3. Overall effect size of outcome measures between at-risk and control
groups

Effect size 95% confidence interval
, Standard error
(Hedges" g) Lower Upper

15 082 556 875 .000

p-value

T

7] $f8ll &2/ A5 SARER] Cochran’s Q5 AH=TH A, A+
7k aa 7)ol ot Ako|7t gl Ao = UERdthQ=7.282,
df=11,p>.05). T3 A+ 71 o] A= 5 el = Higgins' P&
AT AT F= 0000 2 97 7ol 4L o9 sk Ao 2 ek
W thH(Higgins, Thompson, Deeks, & Altman, 2003).

i
O

ERP2} 0|2 Q105 7t AR

GBS 71520 9l ol g 2071wl Aol
249 ERPS} 0 79| Aol 5enle] 4TS ThE AT 1289
=5 % 3¥(Leppinen et al.,, 2010; Van Zuijen et al., 2012; Van Zui-
jen, Plakas, Maassen, Maurits, & Van der Leij, 2013)0|3]t}. ESH
¥ 4J0] E5HE1 2 25| ERP 2512 o} ] Qlof5elae] AtkS
W g BASE =50 23 (Guttorm et al., 2005; Lohvansuu et al.,
2018)0]3itt. o] 53HE| =l A AARE 27] ERPE} Aof whE
oje] 519} Qlof5e] 7HAp A ks 03t 2k

A% 179 4okE e 2 ERPE S4510] 3,54, 54, 94l
we] chept i) 9 27l elmle) Aks
(2010) Aol A= FAE E4(principal component analysis,
PCAYS 5] AIULE 2495 ERP 23t 4R 5ol 354 uje]
220121, 54 wje] FLof ©7]7]¢(verbal short term memory),
Elol3], B4414), 94

| 9] 5-2-%|4:A)7F21 4] (phoneme duration perception), 31714,

S

=

A3} Leppinen 5

E20]E7](rapid automatized naming),
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Study name Statistics for each study

Hedges's Standard Lower Upper

g error Variance limit limit
Guttorm et al. (2001) 0.6 0297 0088 0363 1528
Leppanen et &. (1999) 1.249 0.442 01% 0382 2116
Leppanen et al. (2002) 0.591 0232 0.0%4 0136 1046
Leppanen et a. (2010) 0.678 0279 0078 0131 1225
RAhkod al. (1999) 0.809 0.288 0.083 0244 1375
Torkildsen et al. (2007) 1113 0399 0189 0332 1804
van Herten &t al. (2008) 0.715 0252 0063 022 1208
van Leeumen e al. (2006)  0.790 0312 0.097 0179  1.401
van Leeuwen et al. (2007)  0.633 0297 0.088 0080 1246
van Leeunen e al. (2008) 0423 0173 0030 0083 0763
van Zuijen et al. (2012) 0916 0416 0173 0101 1.731
van Zuijen et al. (2013) 1.007 0.361 0130 0300 1714
075 0.082 0.007 056 0875

Hedges's g and 95% CI

ZNalue p-Value

3179 0001 —
2823 0005 =
2545 0011 —B—

2431 0015 —u—
2806 0005 ——
279 0005 —_—
2842 0004 ——

258 001 —
228 006 ——
240 0015 = =

2203 0.028

278 0005 j
8770 0.000 ¢

-2.00 -1.00 0.00 1.00 2.00

Figure 4. Forest plot of effect sizes of group differences in the mean amplitude of event-related potentials (ERPs).

s
& ollAl 73 A A (r= 403, p< .0)& Eolt Ao
o, 54| uf o] 301 $)(r=.382, p<.01), F-o] ©7]7]%(r=.337,
p<.05), W20 ST 7](r=311, p<.05), HAA|2|(r=.304, p<.05)

SO AA S Hol= A0 & UERTh oA 9] $1714%
L(r=.458, p<.01) Y S22 &A7H1A(r= 410, p<.01)Tp= B
= 2ol 733 AR AFRS Hol= Ao & veltor, o714
31 (r =335, p<.05) W A7 HBE (r=.353, p<.05)2H= FE O]
A S Hol= Ao 2 UEhy T

g

Van Zuijen 5-(2012)¢] ¢I-tollxli= 53711€ wf¢] °d°1°lﬁﬁ, ]
Al(expressive syntax), &3], 7Lo] T7]7]¢], 74] AHle] S-&-
A, W2 52to] 2017|(RAN digit), HAF]| 4], 74] 36ke] thof @

frAbret 71 g st ARt el AgEksiA ¢l ehol)t
o] 4J7h BAaigic 24 A3, ERP HAZ-2 53709 wlo] ¢
ololal(r=.422, p< 05)9} £-2J3k L0l 4] 73t 7‘5} o] 9191

7/\1] ‘63}_4 0lo. 141;]—01 017] O 21X (r = 416, _L]. Z]——O———rL
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EFFo] Q7] (r= 461, p<.05)TH= FEo|A] 75t A A
Fol, th-Arko] &7 934 (r=.502, p<.05) D S-Alko] 874
d(r=.523, p<.05) = 7 HA Aol e Al vyl
c}. ¥ Van Zuijen 5-(2013)2] G701 4= 271 2] ERPL}44]
] dojolselat 74 whef Tho] B frArgte] o7 date] A
S BRI, of| S He oIt Aol UEh A ¢F

£3)527] BAJo] HE =B5o| ERP AT 0] $9] ol
= 2 5}}2] Lohvansuu 5-(2018)
2Re R ] UE S SR o
WA 554 who] S04, wEo|Eej], Tof
r171e}, Aol i, 4 ] lotol 2 o7 4K, g1

=, 10412} 144] )] 97| Bhe o) i ofe] AFphe: B Asilc
w4 A3}, ERPO| H4] ZZ-2 554 1] 52214 (r=-.66, p<
001) 9 W20 F7](r=.64, p<.001)2} 14A4] T2} Q7 |& = (r=
-66, p<.001)2} 733 Ako] Q1= 710 2 LR L] TS Guttorm
5(2005)2] ¢17Lof| A= Guttorm, Leppinen, Richardsona}- Lyytin-
en (2001)2] Aol A AAIZH A 1-64 o|Hjof] S ERP At
& 2.54], 3.54], 54 W] Aojz o] At EAEITE & =
oAt 2, Sl SYE FFAE 212to] thal A 24

mlo r
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79, ol A=) o LER Rz MMR A o] Uehi 9k §
A ekt ohE olE Wej Uehdthe 2318 R 159l
(Leppénen et al., 2002; Van Herten et al,, 2008; Van Leeuwen et al.,
2006, 2007, 2008; Van Zuijen et al., 2012).

H53 e FrotelAl MMR 420 /g4 o 2 Leht
Al e Bl tisliAts o1 szt AAE AL Qi L B IpA]
oA Hole A=l thaf HEE WS- Hol7] flsiM = EEA
=oll thet 7]2}&2|(memory trace)o] 2| s g4I ook 3jaL,
olof| Z713te] Holak=of| ik 217} o] Fo1 Aok Fheh(Winkler
& Czigler, 1998). 12U} W2 913 o} -2 A 7}A] Al Fof| T3t
A BAsH=t] T Aol Aol Qlof, HaA T Ui %

Ayo] sekial ] FAElo] olA o] tiek e ykgo) ek}
| ¢F=th= Zlo|tH(Leppinen et al., 2002). 214 Z}=ro] tjjst 7|
Ho zaawﬂ HHEIA] RS 7 B S SR Aol
AA YeRd N4 1229 EAo)| A= YERFITH Van Herten et al.,
2008). N a:a—g Aol w0 2 AN of e ARo.
2, 9 2o oiat 249 Aeje] Ane W2o] sl
Aol a’m ] RS BT GpololANE olele 21
o] Afst7} LpefLiA] Rk, EA] Aol ule) B0} 2717}
21 b 0] ek ol Al st vletel ek

N
&
lr

12,
_|_, rloi’
,J;
rL _IN r

lﬂ

—L

-
of ek A9 4 ol 15 oF 5 £ 54 ) 8
xaovwﬁ%o B B 32 Yee sl i

pinen et al., 2002) 212 A= gt 7]
H S F B EPASHA A, WA 2759 Aet
(Steffens, Eilers, Gross-Glenn, & Jallad, 1992; Werker & Tees,
1987)0]L} £-8 . 2]2]9] oe o] ob1E 4= SlcHLeppnen et
al., 2002; McBride-Chang, 1995). W] 3tAo| E-As1A &4
= FARS k5 A ol o} & (Kraus et al., 1996) W e 4J91(Ku-
jala et al.,, 2000)2] ERP A ¢]-S Faf A= B 119 v} Qlck =
b e 3] Aok = 3| S--Al e o] &4k
Wk &tof] o}-5-9] 8i-5-41% Avl(Bae, Ha, Koo, Hwang, & Pyun,
2016)L; =]<=ARER}F 91(Cho & Pyun, 2015; Cho, Jung, & Nam,
2002)5 FolA = A=

W5 % $lel S gololAA wlolxi ol et el vl L}
EhPA S I T2 o} 2 QHFE 4 Qi AL el Wstol W
o}A}29] 2o Q1AI5A] 34 7540l Van Herten 5(2008)
of Ao G2 slazel A9 B2 Aeto] g pL, P22)

fa)
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ZIZo0] F-ol51A i S-S B 118}19) 11, Van Leeuwen 5-(2007)
= 1%94 01 45t B TSIt ofeiat 1 E
o] B AR o Mol Aele] 2 Mol

£2 95 oF5 2 Holt el Aol
J5HA] Fo5b7] wiszofl Holab= 2=
o] e €42 2 Stk Zolck 4%
et 29,785 28 Ao W Wt Y= 4
2 A= QLT 4 Yolof A Sxizto) Alehz o Fojaict
(Fucci & Lass, 1999). o] 43 w2 4] H3lsl= THE Ho|5 24
Sl Aol Sape, A7) ke ol 4 ok

29T ALBT o2l AT 2ol ALB ek of
e vllold A3 2] Alo]E S5 LiekstehLeppanen
etal., 2010; Van Zuijen et al,, 2012). 0]+&= HE50] 1910 2 oA
At 24 R Aele] Zgo] WAl slojaiel 1] 315
W=ths A AL, b 5 28] 7Hd& A Ashe A

o711 sheh. e} 2 ek o] ZHH 17 % wleloldel £
AT AT L T T B R IR YR o}
O] H|2lo}a] 2p= Aefof| thek Al si4S sh= vl 797t
Zasief

Zokel) 2o, 2 AT AT UE S SJalE dgote] we 27]
of LR %714 4 2je]0] 23k dieby dis o] 7|2 40l
#2227 7o) Aol HlEEeks 7H(Farmer & Klein,

1995; Tallal & Gaab, 2006)2 A|A|o}= L7} & 4= Itk T3St o]
T S o} Fol A ekt & 2Rzl Hatol
o8 TARS] Ao I 4 S-S AAFa

}eo] gl 9i010] ERP S-S Fo whalal i o}
L] 22 AR TRk AR Sl cieh Wi-g-ofth ]
Aelolls Bz A5 ARk 20] Ao 2 ol 5ol
Z| 21 9)=1|(Carr & Posner, 1995; Neville, Kutas, & Schmidt, 1982),
CHEZ SIRIT 390le] 42, WolAk o] diet whgo] Lk
A LR B3, ol -2 thet 2hle] Whg o] 24
U o] Z|dE= T4 BTk (Brunswick & Rippon, 1994;
Guttorm et al., 2001; Leppédnen, Pihko, Eklund, & Lyytinen, 1999;
Molfese, 2000; Van Herten et al., 2008; Van Leeuwen et al., 2007).
ol2fgt At W of5o) W] AP Al A U AdojA] HH
HelE HEote Ao Fool t2A AUE 7 B 2 $4
of ddof Azjeh= thE R 54515 HojF= Aot 3=
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S7he ol A 3 Alofl Urehub= B A2l 4ot 1At
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Z317] 93t BA} 71212 S=% QJr}(Coltheart, 2000). FHHE ¢lo]
Ae]e] Eobdehe 2 o) L22] Wdo] Ak Hargh o
OJaf| A = HIEEY FEck Démonet, Taylor, & Chaix (2004) A= &F

A d=50] e AFEEOAA Uehds 249 22 WY
(malformation)of| THal] B 18} HA A temFo] X =] 2
Sh ool A7 @toletal =4 w skt 5, A B A

9] Aol K= 21of7] 5ol thalial= 2R LA o] F-5tal <
=, W5 of5-2 2 0] Ad<ro] A AE|o], i 7]5-0] FA A
AFe| 2 Hol QA Floh= Zo]ch(Satz, Rardin, & Ross, 1971).
& Aol =5 7S o] Sl o] ERPE4J0] o] %
9] Aofs} o= A= o] Q=R Yol 7] $Is ERP Bt
Z1Z3} 0]$-9] Qlofse ko) kS FAISIITE AT =0 4
7FAIREE 0] AL, 2lofs e WMo] 19 W 7 A7), ¥ ERP
Bt E0] AT} 917] T3 thefsho] ARl A&
o] 2215 7| ofoF sANE 1 73RS Al H o2t
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5149 2 UL 20 Y e
etal,, 2010; Van Zuijen et al., 2012, 2013)2] Av}e}= Ax|gtct &
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ZH) E)e AL opetis Yotk W o} 0] Yiinto] H71A ]

H L
2] 5ol Agto] et A ARBATE SollA Hard uf gle
(Ramus et al., 2003), =550 W& F414] 23], 7§31] Q1A
8 9 0|39 dofA Ael e e 89l BEO| IS

Ad) =35 9

vkl & 4= Qlch oA =
oA FARE obE2 WA 0. & Aol it 23 ERP ¢
T obs- e = 3 B tofl Al HarE HE QItk(Van
Bergen, De Jong, Plakas, Maassen, & Van der Leij, 2012). T8}
£33 71EE0] e ofe ¥E 27] ERP7} 0] 59 Q759 A
T2 o &3} 4= 9IRS dol JLER o]#3k AFAL: SEk
ST, d=5 SR Firote] B ol o] e A
glo], I 27]9] ERP 7l 0] A 1tho]| B8 2 H(Leppanen
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