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Objectives: Studies have carried out the base of the processing mechanism regarding lan-
guage problems of children with language impairments, focusing on working memory.
The purpose of this study was to examine the effects of intervention aimed at activating
working memory in children with delay in vocabulary development (VD) and the subse-
quent effect on working memory and language ability. Methods: A total of 12 children (6
children with VD and 6 typically developing children [TD] matched by chronological age)
age 5-7 were assessed through working memory tasks. Pre-post design was used to com-
pare differences among working memory tasks (nonword repetition, Competing Language
Processing Task [CLPT], and matrix) and language tasks (Receptive & Expressive Vocabulary
Test [REVT], Korean-Token Test for Children [K-TTFC], sentence repetition, and grammatical-
ity judgment) in the VD group. Children with VD were provided with intensive intervention
sessions 3 times a week for 5 weeks. Results: The research found that the VD group showed
lower performance than the TD group in working memory tasks. After intervention for ac-
tivating working memory, the children with VD showed improvement in one of the work-
ing memory tasks (CLPT-word recall) and several language tasks (REVT, K-TTFC, sentence
repetition, reaction time for grammaticality judgment). Conclusion: Working memory in-
tervention resulted in increased working memory capacity, improved vocabulary (REVT),
auditory comprehension of language and attention (K-TTFC), and syntactic ability (sen-
tence repetition, and grammaticality judgment). Therefore, intervention for working mem-
ory has a positive effect on not only working memory capacity but language ability as well.

Keywords: Working memory, Working memory intervention, Delay in vocabulary develop-
ment, Language impairment, Language ability
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Spasp) Sl 2-agat v Ahale] 20 2] 9K oo 2]
A0 oleg v o] £4L A ESPAL BURHLS Has
<t olghes Hol= 497 Brh(Kim & Chung, 2011). ERH
ool ob o] et sl | s o] dutolgof vl
51| WO (An & Kim, 2000; Menyuk & Looney, 1972), FA4ut
Shurel] TS 4 ) 20T EUEAG £ 9742 Helsh

2 ol & 51461 Y] Aol 34t sk ol Slo
o2& HS vl Algielt AulEo| 9Jrh(Briscoe, Bishop, &
Norbury, 2001; Eadie, Fey, Douglas, & Parsons, 2002).

ool obs-& drtohgof His) ¢1o]2] XukAQl oo
A A ol 53] S 78] lgto] Sl ek 7o)
o oL Eof| A B %Itk (Bishop, 1994; Cleave & Rice, 1997;
Leonard, 1998; Rice & Oetting, 1993). th4=210] 4 of] o} 552 A8
gtejo] w|2xat Aol 5N ofufet glojelzo] w2 Lhol7h
T o3l ool Hlstoi A mleet & Helrpal B A1 E|3]om
(Rice, Wexler, & Hershberger, 1998; Rice, Wexler, & Redmond,
1999), =7 o] AePAFoll A I Thlof ol obg2] ZH e 4
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AbZo] RS YAAR drtobga} vlasto] 24| = US-2
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A B0 2 057} Qs BAHS Tt SHe S AT Hgram-
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o 43S HY Om(Edwards & Kirkpatrick, 1999; Wulfeck,
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o] ZALQ o] tfet o] ek 71 ko 710 &2 LR THJeong
& Hwang, 2007; Jung & Pae, 2010).
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Hlogoff of5-of {HAIAl W R R El A 2] o3l B Ab=ofl A
AshS 1795} Sl=(Ingram & Morehead, 2002; Leonard,
1989; Rice & Oetting, 1993) fLo] =& o Fc}. 1efu} on], &
& T FHl, 2H8 T TR 2lof FellA e Tedle]
ol ob5-2] ¢1of4] 7:]??::—‘0:"6]' P17t ZHRJAAFE How(Kim, 2004;
Stark & Tallal, 1981), T3} Th=ofgof ofg-o] oj] apAt
ob} theFRt ¢loi4] V—i ] Ao A Azgt e S HY
of| whek(Bishop, 1992; Weismer, 1996), Tr<=21oj & off o550l A|
A ThFsAl EE = 1014 A op7lsh= 714 9] Aol o
gHeHIe.2 o17e] ojefo) ehgheleirh

Bol Qo) 7AZA 2ellelo] 55k A750)
Wolx|al Q] om(Gathercole, 1994; Just & Carpenter, 1992; Leon-
ard et al., 2007; Weismer, 1996), ¢10{A}o]] o}5-2] Qloj 52 o] AsH
= 271902 sk A7 8] Qloiftth(Bishop, 1992;
Gathercole & Baddeley, 1990a; Just & Carpenter, 1992; Kail, 1994;
Leonard, 1998; Montgomery, 1995; Swanson, & Sachse-Lee, 2001;
Weismer, 1996). A2l 2J5HH 21¢J7]92- ©1%] 5 5(Gath-
ercole, Willis, Emslie, & Baddeley, 1992), T |4 55 (Weis-
mer, 1996), Z12] 31 3 o]3fj(Montgomery, 2000) 53 3-2| 3+ 4
A AFRATY S 0.2 et T ehaolopo o-E(Mont
gomery, 1995; Weismer, Evans, & Hesketh, 1999), A}H#|o}-5(Gath-
ercole, Alloway, Willis, & Adams, 2006; Williams, Goldstein, &
Minshew, 2006) -5 ool ofg-5o0] UHhA o 2 Untols
of w3l 247)e] o] A e, W ABeTEolA
olefet W 241719} 4ael} pheaeiofgo] o} 50 dlojazi
9] IS 212} 51 cH(Gathercole & Baddeley, 1990a; Mont-
gomery, 1995; Swanson & Sachse-Lee, 2001; Waters & Caplan, 1996).
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pad), Y314 %7](episodic buffer), 12|31 59} ]887](central
executive)®] Y| 7}2] 8 A& LESIQICE S FI= %-‘%Z%‘ 1—}%1
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glo] dutolgof vl Fof8lA W2 BrE S (Gathercole &
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obE 69857751, 1 3, ' 3)2 2 = S3ick

QT Age] 47 718 Thot ek ofF ] ofE-L (1)
5138 o3 HAKReceptive & Expressive Vocabulary Test,
REVT; Kim, Hong, Kim, Jang, & Lee, 2009) A3} & 0]3]H T=

-§-019]2]0] -1.25 SD 1|kl o}F-0. = A (2) 7H-§-224t obF-&- 4]
?ﬁﬁ}(Korean Kaufman Assessment Battery for Children, K-
ABC; Moon & Byun, 2003)2] H|10]4] A '5A]4=7} 855(-1 SD) ©|
Agole, () 3 T AR el A2k §7 A4 L 7Ie} A 2
A7} Qe T o502 AL Ea Aol (1) 5
£.339 o)3] HAKREVT; Kim et al,, 2010) 21} 3x o3|}k
4+ golFElo] B4 WHC1 SD o]4el oFEL A () 7190k
o}g& A5 7*HK-ABC; Moon & Byun, 2003)2] H|10]4] 2%
A7} 8571 SD) o Afolel, () 3 T AR oJ3) 4|2 A2k
A7) 9 71eR A BA ek B o} 50 2 AEc
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Table 1. Participants’ characteristics

Characteristic VD group(N=6)  TD group (N=6) V4
Age (mo) 76.00 (6.63) 76.83(7.57) 320
REVT-R 52.17 (8.89) 84.50(12.23) 2.882*
REVT-E 63.50 (6.09) 85.33(9.77) 2.727*
K-ABC 114.83(16.62) 119.33(5.35) 1.774

Values are presented as mean (SD).

VD=children with delay in vocabulary development; TD=typically developing chil-
dren; REVT =Receptive & Expressive Vocabulary Test (Kim, Hong, Kim, Jang, & Lee,
2009); K-ABC=Korean-Kaufman Assessment Battery for Children (Moon & Byun,
2003).

*p<.01.
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a1, 8-013]8(Z2=2.882, p<.01)T} EHOIF|H(Z=2.727,

.01)01]*1 F o8t 2folE Btk 2 A1) T4 & o
JOW O} 74 = Table 2¢]] A|A|5}3IT,.

§2_tinié,1j1>

§9- n:

o A} ORI EAIA oF5) K71} §%
L o ot A ALLAE HAPIAS
F, AT st

A7 SAE AR A Ol obsEe] ARzl B
ols S B7Fsl7| flste] AAIsHAT HAbs 285 ol A A
Aoty oFBo Mape] izt skol Ao
P
A= SPFEEZ(SHV-EI60K) ©.2 555l 0w, AP 7 o] AE-
o T k27 e
2+¢l719 F7F

o oHE 5] 9lels BrAe] Slstol vlgtolebay]
), BAE 7)) T4, =2l T2 AL
H oo A ARR-E H|thojul2}E 517 | (nonword repetition) 7}
A= AT AT (Lee, Kim, & Yim, 2013; Oh & Yim, 2013; Yang, Yim,
Kim, & Han, 2013)0f|4] A& IA| = A, 2-65-78 2] HTko] 2074

—

g

T J/gEo] Qlrk ARl =51 HldholEo] HSFEE F5to] Al
Table 2. Intervention group characteristics

ID (gender) Age(mo)  Education level REVT-R REVT-E K-ABC
A(F) 88 1st grader 66 61 12
B(F) 77 Preschooler 53 61 103
C(F) 76 Preschooler 58 66 12

D (M) 75 Preschooler 4 56 148
E(M) 71 Preschooler 48 74 108
F(M) 69 Preschooler 47 63 106

F=female; M=male; REVT=Receptive & Expressive Vocabulary Test (Kim, Hong,
Kim, Jang, & Lee, 2009); K-ABC = Korean-Kaufman Assessment Battery for Children
(Moon & Byun, 2003).
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Table 3. Structure of session
Procedure (time) Goal Reinforcement

1. Opening (5 min)
2. Free recall (5 min)

Rapport forming

3. Rehearsal (5 min) Present 1-7 vocabulary words

4. Auditory language recall (10 min)
- Recall by sequence
- Recall in random order
5. Categorization (10 min)
- Visual organization
- Auditory organization
6. Closing (5 min)

Present 2-7 vocabulary words

Present 3-7 vocabulary words

Wrap up and social reinforcement

Recall more than 10 target vocabulary words related
to the topic vocabulary word (1 min time limit)

Color the squares of graph paper corresponding with the number of vocab-
ulary words recalled

Stamp on graph paper corresponding with the number of vocabulary words
demonstrated

Stamp on graph paper corresponding with the number of vocabulary words
recalled by sequence

Sticker on graph paper corresponding with the number of vocabulary
words successfully organized aurally
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Table 4. Descriptive statistics and Mann-Whitney (Atest results (%) of work-
ing memory tasks by groups

Table 5. Descriptive statistics and Wilcoxon signed-rank test results (%) of
working memory tasks at pre/post-intervention in VD group (N=6)

Task VD (N=6) TD(N=6) Z Pre-intervention  Post-intervention V4
CLPT accuracy 84.13(9.84) 93.65(2.88) 2.012% CLPT accuracy 84.13(9.84) 88.89(7.48) 943
CLPT recall 22.62(11.64) 40.87(8.70) 2.406* CLPT recall 22.62(11.64) 34.13(11.13) 2.207*
NWR 63.33(8.16) 81.17(13.20) 2513* NWR 63.33(8.16) 60.83(16.25) 405
Matrix 4167 (5.83) 11(13.61) 2.115* Matrix 4167 (5.83) 61.11(23.57) 1.472

Values are presented as mean (SD).

VD=children with delay in vocabulary development; TD=typically developing chil-
dren; CLPT=Competing Language Processing Task; NWR=nonwaord repetition.
*p<.05.
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Figure 1. The performance of working memory tasks (%) between VD and TD.
VD =children with delay in vocabulary development; TD =typically developing
children; CLPT = Competing Language Processing Task; NVWWR =nonword repeti-
tion.
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Values are presented as mean (SD).
VD=children with delay in vocabulary development; CLPT=Competing Language
Processing Task; NWR=nonwaord repetition.

*p<.05.
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Figure 2. The performance of working memory tasks (%) at pre/post-interven-
tion in children with delay in vocabulary development.
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Table 6. Descriptive statistics Wilcoxon signed-rank test results of language
tasks at pre/post-intervention in VD group (N=6)

Pre-intervention  Post-intervention 4
SR (%) 74.76 (20.64) 81.90(16.92) 1.992*
GJT accuracy (%) 79.44(9.76) 90.56 (8.80) 1.682
GJT reaction time (ms) ~ 4,676.90(814.14)  4,015.69(961.01) 2.201*
K-TTFC 89.67(10.84) 97.67(7.12) 2.032*
REVT-R 52.17(8.89) 86.17(14.32) 2.207*
REVT-E 63.50(6.09) 70.33(4.97) 1.992*

Values are presented as mean (SD).

VD =children with delay in vocabulary development; SR=sentence repetition; GJT=
grammaticality judgment task; K-TTFC = Korean-Token Test for Children (Shin, Kim,
Chung, & Kim, 2011); REVT=Receptive & Expressive Vocabulary Test (Kim, Hong,
Kim, Jang, & Lee, 2009).

*p<.05.
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Figure 3. SR and GJT performance (%) at pre/post-intervention in children with
delay in vocabulary development. SR=sentence repetition; GJT=grammati-
cality judgment task.
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Figure 4. GJT performance at pre/post-intervention in children with delay in
vocabulary development. GJT=grammaticality judgment task.
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Figure 5. K-TTCF and REVT performance (%) at pre/post-intervention in chil-
dren with delay in vocabulary development. SR=sentence repetition; GJT=
grammaticality judgment task; K-TTFC=Korean-Token Test for Children (Shin,
Kim, Chung, & Kim, 2011); REVT=Receptive & Expressive Vocabulary Test
(Kim, Hong, Kim, Jang, & Lee, 2009).
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