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Objectives: This study examined cognitive flexibility in implicit learning through manipu-
lating item frequency and predictive probability in children with and without specific lan-
guage impairment (SLI). The purpose of this study was to determine whether a significant
difference in non-linguistic implicit learning ability would be found between children with
SLI and their typically developing (TD) peers and identify a significant factor for distinguish-
ing between SLI and TD groups. Methods: Sixteen 4- to 6-year-old children with SLI and 15
age-matched children with TD participated in this study. Accuracy and RTs were obtained
via the Grammatical Judgment Task (GJT) and non-linguistic implicit learning task, where
item frequencies and probability were considered simultaneously. The accuracy (%) and
response time (ms) in the implicit learning task were recorded using E-Prime Software. A
repeated measure of ANOVA, Pearson’s product moment correlation coefficient, and dis-

criminant analysis were used for data analysis. Results: The results showed that the SLI group
had significantly lower accuracy and longer response time on the implicit learning task
than the TD group; a significant difference between low frequency/low probability and the
other conditions between the SLI and the TD groups was found only for accuracy; and RT
in HL (conflict high frequency/low relational probability) condition was a significant factor
for identifying SLI. Conclusion: When compared to peer TD children, children with SLI are
less sensitive to certain rules if both frequency and probability are at lower levels. These dif-
ficulties are closely associated with their grammatical judgment performance.

Keywords: Implicit learning, Children with language impairment, Grammatical judgment,
Joint probability, Cognitive flexibility
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Table 1. Participants’ characteristics

SLI(N=16) TD(N=15) 3
Age (mo) 69.31(6.18) 68.87(11.84) .02
Nonverbal 10° 101.81(11.21) 108.27 (12.13) 237
REVT-R® 54.06 (8.55) 77.73(12.16) 27.69***
REVT-E° 46.13(7.89) 72.27(18.14) 39.74%x*

Values are presented as mean (SD).

SLI=children with specific language impairment; TD = children with typically devel-
oping.

*Korean Kaufman Assessment Battery for Children (Moon & Byun, 2003), °Recep-
tive & Expressive Vocabulary Test (Kim, Hong, Kim, Jang, & Lee, 2010).
***p<.001.
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AtH(Kail, 1994).

E o] nE BA A 42 SPSS ver. 19 (SPSS Inc., Chicago,
IL, USAVE AF-8190ck 2k e Wi 9 Ztehol e 4
S 0 A 3] ol ok 1 450 <
AW 2006y SHHUL R 5= THESA o] AT Al (re-
peated two-way ANOVA)S AA|a}¥ct 31 2 Z‘EJ-QJ oA
St B ek 3 7 ARAS Fot7) 919 Pear
son®] 2544 (Pearson’s product-moment correlation coef-
ficient) & AtEoF3lom, e 9l 2518HE-2 HSA[7] 54 5t

Tp] 7t 27 % Telobol TS 9 /1Y ZeE 2l

v{:'_\_
2 Lo1QIR] ol 112} sHH LA (discriminant analysis)S AA|
Bl

¢

ofsiA 2 4 ;E%E Ch(Fuas = 4459, p <.05). 2700 whZ ¢
BAA O 2§25t A THFo s = 7467, p<.01).

olof| u}2}, Bonferroni A4S AA|oE Avf HIE 4 231815
o] & o} e 27 (Low/Low)S & T} =& iﬁ(ngh/ngh) e

252 71(Low/High) 1} H| 1512w} SA| 2 0 & {-ol61A| W2 4=
A& BATHp <.05). [t 9l 200) 54 b= UehdA] o
SITH(Fa,50 =626, p>.05). o] tgt A3}H-E Figure 10]] A |8}

eddof ol obs ekt el YRt obs ko] wlw 9l &3t

100 [ ‘ * |

80 I I
g gl
7 I
|

20

0
High/High Low/High Low/Low
™ 74.07 73.00 58,67
= Sl 55.75 59.25 4838

Figure 1. Accuracy of implicit learning for each group and condition. High/
High=high relational probability/high frequency; Low/High=conflict low rela-
tional probability/high frequency; Low/Low=low relational probability/low
frequency; SLI=children with specific language impairment; TD=children with
typically developing. *p<.05.
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Figure 2. Response time (RT) of implicit learning for each group and condition.
High/High =high relational probability/high frequency; Low/High=conflict low
relational probability/high frequency; Low/Low = low relational probability/low
frequency; SLI=children with specific language impairment; TD=children with
typically developing. **p<.01.
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Table 2. The correlations coefficient for tasks in children with specific lan-
guage impairment

G U

U 161

HH_Acc 032 A2

LH_ Acc  -092 422 920"

LL Acc 382 631** 435 475

HH_RT  -070 -099  -585* -B38** -385

LH_RT 032 -076  -852** -826"* -250  .794**

LL_RT 071 -548*. -433  -503* -688** .631** 437

HH_Acc LH_Acc LL Acc HH_RT LH_RT

G=grammatical judgment; U=ungrammatical judgment; HH=high relational prob-
ability/high frequency; LH=conflict low relational probability/high frequency; LL=low
relational probability/low frequency; Acc=accuracy; RT =response time.

*p<.05, **p<.01.

Table 4. Classification table from stepwise discriminate analysis

Table 3. The correlations coefficient for tasks in typically developing children

G U
U =172
HH_Acc 374  -649**
LH_Acc 020 -b99*  779**
LL_Acc 609*  -016 488 409
HH RT  -335 323 S127%% -494 -424
LH_RT -161 166 -527*  -3% -455 877
LL_RT =173 048 -.381 -.248 -436  854**  968**

HH_Acc LH Acc LL Acc HH_RT LH_RT

G=grammatical judgment; U=ungrammatical judgment; HH=high relational prob-
ability/high frequency; LH=conflict low relational probability/high frequency; LL=
low relational probability/low frequency; Acc=accuracy; RT =response time.
*p<.05, **p< .01.

2

Independent variable X Wilks's lambda (p-value) n? Specificity (%)  Sensitivity (%) Total (%) p-value

Model 1 LH_RT 8.710 737 (<.01) 263 60.0 75.0 67.7 <.01
LH=conflict low relational probability/high frequency; RT =response time.
A7 WA 4 e SAE FORIA AE A GAAEM] 991 FIIX) eropnglr
o] T X (stepwise estimation-discriminate analysis)= A3} A, G54 ks A A Thedlofitof ot FThk2 e ¢
Gk 5, A ol EE) W EAS /M R AT S A wholE nke] St BAR 0.2 fofshl Whe ASHES By
42 B2, SRR AN Tl wS soks] Sl T om, 12l we A= S Rgith thedlofael oo £ 7Y
A% SRR HeBlch SE SPusE e W A 0] BE 20N AT 49 Hol] 1 e BHATE A
Shgo| B & ZAMHH)Y Juobuhe 42, ZUSFBL Y Aol et Ugke 55, Jel3 o} AAE R A0 R Sat g
AR IEE £0 25 ZALHY FREISEE ML 2 Aol BEAT 29| dane} Ee) O ok 5o ulsh 118
BSHgo] B Whe AW AR NG EER S IS ghkE 2ol ZIQ1ehh 9, 2ol 2 40 2l vl W 2
Q151 ofo] chh Al-A12) AvHs Table 42} 80| 5 th e 2ALDE 5 o L 2AHH) ¥ 252

023, SEE BEPRYY YR o SYES Fol (LI a0 AN OR Gelsk HekEt Rl ols}
A} LH (conflict low relational probability/high frequency) 2719] 2L theolofAfofl o} Fo] A Sh5e] A o] 52 A4
MRS SERTIH RS 7V BB o ET 5 Gk BANOE  /le] Ao =R slelaitka 2 4 glon], olat Age] 15
Fofet 219l Ao 7 FA Qi) of Tkl ot Hd 1o g ¢lofr]sS AR RItH(Ullman, 2004). E3E A Aol A T
A Lk ols-& YitobE0 2 TSk 50| (specificity) = 60.0%,  Qloldoff of-go] H2A] FHE AHER AEA ShgolA Aghe
ool obs& Teddoldof obs o' wlshE WifE HQI ARk o], & Ao A ARERE AdE 2 A HEE A
(sensitivity)i= 75.0% %2 ¥ A Alo|2 5 F 677%7F SR=A & &% PFA SFollHE WS Ao Y e S s HY
T 4= Q= A0 2 YERGTHY =8.710, p < .01). Q2L 31015t 4~ It} (Evans et al., 2009; Lum et al., 2014). & &1

Trofl A ARG Tl = Al A1l 2 =, EEEt ¢lof A2 &
=o|d A= TSHA= 7] el Eeff it ofsof| vl Teloidofl obF
59 FE3t dof =0 o] HAIE 3sh= Tlofl A AQ] FRF

2 AT =R D 2SR UE A ARA G A = & TR G2 AS AASIATE & 2iE Tedlefdoff ofsE52
3o Aol & opi i, Zh Fcko] A Shsaeat i e B0l HadleolE Etetal Al A= AR P
A ZHREBAE Sl om, Nl B 29ekEo] g o ool oF 550 A Sk dA -39 ofgfgo] Uehd A
A ohg TS ZF 270 F AedoPdol ThES R 7P ARt S ed] o 50 ARl A1 9 S E Ao A 9] ofgfzo]
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ohd A7 9 Az LS B of 9.2 B AAH 5%
o] Agko & AHE 4= 912 Zlo|th(Ullman & Pierpont, 2005). &
o], 2ghE It ope} k7 e 240X 53] el
o OLE-50] A S FA vish Flop 5
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Appendix 1. Experimental task conditions

464

eolopgel 8l Autolse] G5 o Y 2

=

No. Condition

Cue

Relational probability

Target frequency

1 High relational probability/high
frequency item (Cue1/Tar-
get1)

2 Conflict low relational proba-
bility/high frequency item
(Cue2/Target1)

3 Low relational probability/
low frequency item
(Cue1/Target2)

Turtle (50%)

=

Crab (50%)

2k

Turtle (50%)

e

Yellow dolphin (75%, 39 trials)

Yellow dolphin (25%, 13 trials)

Blue dolphin (25%, 13 trials)

Yellow dolphin
(50%, 52 trials)

Yellow dolphin
(50%, 52 trials)

Blue dolphin
(12.5%, 13 trials)

https://doi.org/10.12963/csd.17362

http://www.e-csd.org 45



YoonheeYang, etal. * The Relationship of Grammatical Judgment and Implicit Learning

HZ 3 S 2 e oo of 5] 921 4Rt ol st kol s
B B3 Z05P) 12 4 Gl A0101K), W 3l £t Bo] B - ZA0 A U A B Sao] 13
B0 B A9 71 5ot il S, gl 5.8 71 WS 4+ Sl 9912 $AIR
e 16%, e Ant

T 4-64|9] Th=doi ol o
=9 2geHES R AR o5
ERT WZL"EMEEx%iﬁﬂ

A e e vl W Z3eHRo| B Whe 2717} §0J5 Alato]
2

ok o}n

-

o W

(low probability/high frequency) = L]-E]-‘;b:]— =o| al

2o o} 2BHE B W 7P 1 Alof didt TR U A, o237t ofeteo] o] Ee EHA T e Ut

38 UEh Ao 2 A

SHAO]: BN By, EHCIOINO) OFS, 24 T KBIEIE, QIXIX KA1

& Qe oletoi Aokl wujel-a] 2] <]

ﬂ
—Ll
o

COMMUNICATION SCIENCES & DISORDERS

o
ot
=

s
|
5
_|>i
A
10,
B

foh

obE 159 % 31 ThARO.2 i T b, BEA] I 9 BB
45 IS sk Zik QA Bk Aol A2] S 18 7 olet Apo] 2 mglom],
A 1547 ke 2709] |3} £-0J5HA) 5 402 Mgiek clofol of 52

]

2mes
AL, 5782, 73], A4, 0]<1(2009). 428 - B YHAIREVT). A& A&7l QIEH-5A)
Tl 332 (2003). K-ABC 25 - Al 2] & A =L (Korean-Kaufman assessment battery for children). A2 SH2|AL

ol ], Z15Eh(2015). Q1% 5% 815 (AGL) TS 53k 8171l ok 5] BAIA 81 2lnh 4 812l ol AT, 20, 518-535

H =
54, F88], 2RAF, oA, AgAIRI2015). 3HFA7 ] Do ol |/ drtohgo] 2HAd vetlolel st a7l

A 24, 345-359.
]3]
o=

46  http://www.e-csd.org

Sl Bl A, dojX 2

2, AEH016). 235 2 ROFE] S-2I45 2} o 2] 3152 119] ), Aol Rl 21, 37-46.

https://doi.org/10.12963/csd.17362



