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Characteristics of Korean Consonant and Vowel Processing in Children with
Reading Difficulties in Visual Processing Tasks"

sk
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ABSTRACT

[Purpose] In this study, we examined the visual processing of Hangeul by children with reading
difficulties from the orthographical perspective. We investigated the processing characteristics of
children with reading difficulties in relation to Korean consonants, and vowels, and suggested
implications for intervention strategy. [Method] This study population comprised a total of 26 children
who were sorted according to chronological age and gender into two groups: one of 13 typically
developing(TD) children and one of 13 children with reading difficulties in lower elementary school
(first to second grades). To examine the children’s visual processing abilities in relation to Korean
consonants and vowels, we implemented the transition form (straight line, diagonal line) of consonants
task, the stroke complexity task, and the rotation of consonants and vowels task. [Results] The findings
are as follows. First, in the consonants line variation task, the TD group showed a significantly high
positive response rate in both the mosaic type and the figure types. Second, in the consonants  stroke
complexity task, the TD group showed a significantly higher response rate, and both groups tended to
experience greater difficulty as the element of stroke order was added. Third, in the rotation status of
the consonants and vowels task, the TD group showed a significantly high positive response rate, and
both groups appeared to struggle with the mirror image. [Conclusion] This study’s findings suggest
that the intervention in question will be an efficient means of addressing reading difficulties where the
visual processing of Korean figures in concerned. In addition, therapists should be careful not to
provide mirror images of the letter when providing interventions to the subject.
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1. 970 Wey W =X

BE AFY Aol Yol GBS W5 BAAY asth AaEdE S4ow
JrEg AYsHe TFol'oh BAR g EHsH: o7l Uy, ok A7) ke
itaE FANA BAR EE RdHIEE S4S Bo A9 Jug s

+ H&9] l"“:} HHd stg7] obsRE = Stugg Y v
olE &l F5otH Aol et A4l
ol-5 "41‘:}5?—% AAad H7IF 275 F56HA Ak olA™ £o17
8% 92 o= @aﬂ AlZ100 719t
gt ¢l7] Aol(d=)otse2 A 2 Al AR 23 A4, A Q1A 5

A7t EAg st '—TI:EHQ} H st o 7] S50149 AdS ez, 87
, 2015; WA 9], 2012; 9 9, 2016; Nation & Snowling, 2000). 1&]al o]}
A7l 589 A2 =ojivto] ofyet theFet w4l Y] AAFH o= ol
EdorA E9EsY 9, 2023; AE&S, AAH], 2013).
SM-5(American Psychiatric Association, 2013)°] 25t WA 7]o] Yeth= &
552 9oE HIELY {FASH He BHoA FE HolAY, =g 9 HAEHo]
FZ5t0] k5ot BN FEOISHe T4 DT Ab-S54 AZT AHF L
2 32 #Hel FojA I719 AS dEAd d5o v %ol =&Eo| 2 H(Shaywitz,
Shaywitz, Fletcher, & Escobar, 1990), O]ﬂifﬂﬁ?f] AL AA-24 A T7} E Qo]
Holl Hsf JHH o g wol UFy d=o &= 7t AHAHCE HtH(Lindgren,
De Renzi, & Richman, 1985). $-&ua}e] A$ goj@ =7io] H|F| LA dEZ9]
Ed&0] A2 "Hog, oF 1%-5%9] Hler HiuHI Uk 9, 2015).

d=35 W ddE o7l fs B2 A4tEol AYPHJL, T AT S ol
(phonological theory), 2} A& o]Z(auditory processing theory), 1&8|al A]Z o

Mo mi 1ot M r

o rlo *

)

_

E(visual theory) T+ 7%EHA1]£T£ o]Z(magnocellural theory) (Habib, 2000; #%17%
9], 2009; Vellutino et al., 2004: 8% <], 2018) o|¥A =ZA 371A] o]&E0°] At
Hold. &2 olEeM= ‘&%% e F2AHer BT Yk x%c} o}5of |5
W= o2 @ojoA &2 AASHAY HE S22 & At 58 5 &% 24
90| "ojA= ZALE Ueth %3 Manis et al. (1997)°l ‘I]'Etﬂ =< 1YY
A%to & Qg WA Fupo AHA EAAY HZAHOE FolA = ©Ao 45t
Al ¥Eg5HA =i, o]A o] FAAHR] S Rt FHUE T 5 A= 7HsAdol
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AZ1= A, 2 A o|2oA= AT HIE A4sts 589 &) d=5=
do )= Yolojzgtar sfATcHTemple et al.,, 2000). &4 WHEHO XZt2 ¢hAfQl X
TE Wol9] HLol= 11 A&GAIZte] 2 A WHAHERE JFo] Atk 1¥Y d=
ols2 HFE SFeHA 34 QlA]o ojzRo] glom, o3t A|gto] S U4l W
SsHAEo] ¢17] AoiE EJAvty Eo(IWA 9], 2009; Temple et al., 2000). Az}t ]
EolA = oF59 A7 A &40 & QI o], A Ao WeiE Tl 1 Ay
HEZ0] o]2tal Er}. Lovegrove 5(1980a, b} W& ofso] A Wi olFof
S HeF v W EolA B3-S Eisty Qlok o]t AT A0 R QI4I5H
He tde 3H, 239 5& AZst=d Bolsts AAM E(magnocel) A7 A=
o] ¥ Y=} o] JYtHGalaburda et al., 1985). &, AUANE A|ZH 29 &4
oF Qs FAR o|FojZ AZ A=ES AASHL st Ho] oj#eE Helot
= Aolth. 9A AFT o€ IESY WS AR oFL YA 7=

46t 71T HAFol7]o e 8450 AR JFE Fo Aol WATH
= As= JtHProvazza et al.,, 2019; Seidenberg & McCelland, 1989).

b e WEo] A B U s {30 UEA 59 A1 EHRle Ade= <l
gt &ol AP IAHAA 9 oj#gE Holw, Yoyt BlERA =9 Aok of#Zo]
itk $tch(Bosse et al.,, 2007; Lobier et al., 2012; Stefanac et al., 2019; Valdois
et al., 2003; Zoubrinetzky et al., 2014, 2016). A8 Ao wr=H Q7|Zof otz
@& g2 W ol AYE FEcts T S5 F9o] ofd, A7 =Sl ¢

HATHRMIS 9], 2008). WetA H= ofs
o] 1 Yot & 4= Y=dl, olHT A%
g s, o]t ofE&
g o] ojAlo g eErd 4 AtH(Provazza
Aot #HE APAFoA= A4 3 (mental rotation)
=, gyt ofsd T Aojgof ofFsolA HA A Az
-, T Aol obsel Y=Lt ¥E AlZto] ¥t obE
of H]sf v«] °P7ﬂ 2oIthyl gFh(Johnston & Weismer, 1983). E3F, o o4z} 343t
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Bel Sl ARt 258 9o} A GRS e vk Azke] AXEA
ML AL BAT 4 Yotk EF HAL, AHS, FHEQVIOY G2, 4T 2
A2 18 AY] AR o] A7t H(YY] BAY o] AFLEAC FL
wulo] 289 Fpg A WEE 28T AHolA B2 JR XY Jue] o) Ht
S A" 4 Qe 2R 4RO P A/F FAsE A, 2O AL 93 Aok
Qo) 24 Fo| F/F A9 A% Eo| o] FFol Yotk AP A7
2718 FABRY, S| AZEo] Qojrrt For, 7 o] WelAE Folo] A
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] A S FTE F B} oA Fiiole] B o) At
Mg 349 B4l 2 dFS Eh XS FH019 A9 dojeks A Y 24
o Bhol FABEE, A% Bo| D7) A AFE TAT 5 Ach A
£, RAAC0I5R T2 disgol Bk 4 Ak 5 1 Bolae ol
3 97] olsl W42 AT 4 9k 29 F Sttt WIA WS ok59] A% A7
Helo] ofeigol glom BAo] 2 Azt 9| A7t 28 Sk At ofd A
oz Ofﬂ—é-oH—‘i i Ohj-

o9l T 45 Ao FAL & e WS OF $9 5 U A At 2
22t BAAR WeR AR Aolth, Set 4ot 2AE Adste] 47
£ shzu, folo] 27] WY HEw BEH A7)0 £sHs 14 So Hetd 7]
& R, ol o5Ee 4el9f S48 GAT & Yot Aol Fepol i L4

olal7t ZHAA gt FAE S E whdslel 2k 0RE HATERAS & 949,
200, T WY VS oFE S 24, T4 2ol I A wAH T BE 4
= 27} Aelgo] dop 6&9 BRI & H2d, 2018 olo] B AToAE
29 B4 WG 429 4l do] BAl% ¥ BHE WA, 193 42 Aueo 47
32 AZtAe] TACIA LR oRERt 9Y1RA oFEY £ S TISIA Bk,

rol
Ol

S

a8 obEol 7|2 97| 5EI 9] ols) T 8Rlo= FY 7o) Fag W
A0 2 AFEHI Ut} A 7192 Aojofg] 55, Aol olsf & ¢7] o T
S ©]xE Wololt(Swanson & Jerman, 2007). E3F AlZ7t F7|A2 @77t AlE
7 AEE AFstal oju|x|9] B H A QlojA F8% AdTS ot=H], o=
oje} WAt REotE AIZH FHE Aot IS st U719 sHolo
(Just & Carpenter, 1992). °]o] & AFoA= &F7|Y90o] H7|1HA otsg=9 =
AZHA A7 580 BEo] Y= [RIRIAE AHHE IR g,

2. A7 EAH|

2 AdFoA= 7IFA obE9 hE ARZ AAAE EA4S AnET g7 ' &
71 J"Jrzéoﬂ*i-/] ojEF< Yotk gttt R IR R AU AFES AY
719 58, & 2% 59 5 947 599 036(]:7% £ A2E ASE= HRIeEE F
o] Qh=A "I nEE, 2009; AR & HiAQG, 2012). o]of & AFoJAE
&7l z A BT 3

AR, =2 A5 A Hol FEHEA, AMDel e F HE@71FA oFs, &RE of
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SR AAAE BA9 SN fofst Hfol7h ehhzt
4, ¢2 429 ¥ Bze] BE &
2ol 7 Urehb e

AR, &2 A4S - 20 A olo] WE £ Y 7+ AZHE A Sy
% o7t Uehprp?

9A, Q715 obF A A2 AAHH A +FHS AUV, 28 2%
8, Rojn 181 2% A 9T 5% FRUAS HolLop

1. A+ EHOX}

Adt o}5(typically developing children, ©]3} TD)oll Wit 7]&S 23} Ztt 1) A
= % A7) A9 258w gt 52 Aghd ofsE e R, 2) F IS8R F2 F
AWARS] Hilof] oJsf 44 UEE HIiEE ofss Fol, 3) = H|[Ao] X5HAF A2
THKorean version of Comprehensive Test of Nonverbal Intelligence-Second Edition;
K-CTONI-2, 93] €, 20149 =8 A= A7} 85 o]io]il, 4) =0l ¢j7]HA HKorean
Language-based Reading Assessment; KOLRA, 8i49 2], 2015914 71R4 2615+
A71oTal+917] 34)7F 90 o1& & ARl &5, 4) + FEA L F '
Ao ZHE Azt 2, 5, FA 5ol Aozt glvhal HiE ofgo=® AAsHaltt

2) Y718% oL

21715 A(children with reading difficulties, ©]5} RD)°ll H3t 7]&2 DSM-59] ¢
A dao & EFEEHN 5 7] Ao ots& AR stden oSy gt
D A 9 A7 AY99 25w Mgt 59 Agd oteS o= 2) F FEA}

Sk

]
ze SaAE B 97 RS Worod 947 EAVL A&Hgltn B o5l
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o 3) Sk= H|Qdo] Z|5HAF A2¥(Korean version of Comprehensive Test of
Nonverbal Intelligence-Second Edition; K-CTONI-2, B}, 2014)9] =& Az 2
I} 85 oJAtolal 4) dt=ro] 7] HAL (Korean Language-based Reading Assessment;
KOLRA, ¥4 <], 2015904 SI71AE 2=+ 7]olall+217] 5234d)7F 90 olsto]
o, 5 F FEA 4 s FYo2HE ADHD 342 AQsta Az, HZ 35, 3
Al ol o7t vty HaiE ofs o= Ak & Aol Foftt A=Y J
o 7|2 FJHE (Table 1) o AASFAH.

(Table 1) Participants’ characteristics

TD (n=13) RD (n=13)
Gender Male (n=12), Female (n=1) Male (n=12), Female (n=1)
1 (n=7) 1 (0=7)
Grad
rade 2nd (1’1=6) 2nd (1'1=6)
K-CTONI-2 98 (10.5) 92 (7.3)
KORLA 98 (5.8 73 (13.7)

Values are presented as mean (SD). TD=typically developing children; RD=children with reading
difficulties.

2, A+ =+

A 249l ol Fel, A4S

ham - ‘@
3 23w 229 31d i 1S9 I oo wE AZAE HAE WP
Ad 7+ 32 A4 AZAY 58S S4ot7] Yol AP A-(Provazza et al.,. 2019)

A WY UL Ao ABE AR WA § DAolIE LT N2

g sk WA 43 L agstel A8tk BAClE A9 AAgos
0T 7 x 73 A7) WS ATBEA ASHY, ATLE Slofe Hat wo
2 AZE AFo] AN,

1) X129l 4 Ho| HEH(ZM, AR W2 AlZbA2] dbx|
e gao] 240 INT Woh FA4 UNT o &
oAl 7oA 24 3 oA F =2
) o] 24 B FHAA Mol Holrt dolg BS,
olF TYT AZFAE QAS=AE &S] {7t JJrXﬂ ojtt. A
b3 Al



Characteristics of Korean Consonants and Vowels Processing in Children with 63
Reading Difficulties by Visual Processing Tasks

o]z 9lo] 1Y PAOE glojA] WY WA F AHE o] AAE WY
A4 BA0|AY e AL WAoR EAY A9, FAHo

34 3, do= o]fojzl 8 FEo
FAAAHEA 2AET. Iy Exfola o] 1 Fem ¢le 4%, HAelAl
< FHIH B2 FAHLR o]RojX & FEo] AIAHA B 7T Y &0l
e Aol =& ouA] 17} I8 shdol] FHol He FE ojnjA|9 A9 o
FH, FHF FARN FEQ 2F 2719t 29 A ®Hol FH 1E Eods 4719

olm A7t Fate] &M WA AN H

AThe mosaic type AThe figure type

(Figure 1) The line variation of consonants tasks

2) X1229| & =SHE mE AlZbxE]| ot

g FAME e o BdEO] wEt § VA fEoR ERskt .=,
T AL E VIEeR & He 4 IS, L e e B Le TIEeR
g Ee A FIRBIGAL, mom e e w'E V|EoR B de 4 F7hskgla
‘moe W AL wE VR0 ¥ AES tE HAoR T gk 4] U6l
x2S AE VIEeR T e A FURIeT, (x,2 %9 A8 2
712eE 3 de 4 FUsI. 49 74 AE E A AaE 1R de( e,
oA )08 FA 7R Fe(h v e o A=) FAEE g weh VR e
o 1~29 F7Hd A&(5,5,8,8,%), 38 ol d(m,w, x,m »)o] 27t d 442 o

T E =
o BR3, F7} o] wet 7 3
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(Figure 2) The stroke complexity of consonants tasks

3) X=EZ2| 3 OfF0f M2 AlZbX2]| x|

A E’W% AZH 229 ?414 ool mE Al FAS Loty sy et
stk 4 AL L s2 EE 7 AL W8 Tkt Ze g A AAsHY
ot &Fole Adto] ZE ol 1—% AIASHAL, shtoll B3 ofwA] gjof 247t 907,
270° 3jHet ofmx], il vt ojm|X|(FFol wetA At &2 Hf HE 7
291 —éii At 22 2y b A B o B A9 LR Y
o8 Ay #AE A5t

(Figure 3) The rotation status tasks

4) = 71242 B

2 7199 JAF BA Y HS-, AFYAF(Provazza et al., 20192} AHR7HA R digit
span THAE ARESHATH Digit span A= = A& ]h}l/‘}(KWIS)Q T
AAL 5, HIE mE gebr|et ARE mE delr|E AES F 2709 sHSAER
AET A 71 A= BtR oEr Oty BS 18%Al, AFE wEr Est)
o] B% 18EFLE, F 3622 APHUH.
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H Ao nE 27 EAo= [IBM SPSS statistics version 25.0& AR&-3l3 O,
A+ EF L EAO wet He 7 Apo] B0l SHEE A, Jd W Aol
A 7F Ao] EAHoe= &3 o|AEAHEA(two-way mixed ANOVA), 181l AHd

PAEA o= Pearson?] AWIAEAL A5
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Im. g+ 2 & =2

1. k=2 X529 M HO| HEHOo| WE TE ZH AlZX{2]| Bpx|e] = Hlw

O
[e)
£E ANT BA BYLE e T

A1SA ol Qi ofE qio] 8ol Mol Aol e AHAe el HeE

2 shedth. WA, BAola 3

Nol g ol ool T AZA BA JOHEE Anina gl7|RA ool A2t

Wi 795601, U¥h oFFe] AZHE WA FIEE 9591%

5 A% 7t ol %ﬂlaai 91519 tHt2=-6.964. p(.001). THLO 2 1% FAJoA

B4l o}5o] Az I ABEE B 949500H, U

o olEe] A2 3 zg%l EL 10002 o] ES % AT 1 fOJ7 Fol7t et
Wty =-4.619, p<.001).

o
4
o
1%
o

e

2
v
H
g
519,

(Table 2) Task performance of the line variation of consonants task

Groups
RD(n=13) TD(n=13) i
mosaic type 79.56(6.82) 95.91(5.00) -6.964**
figure type 94.95(3.94) 100(.00) -4.619™*

Values are presented as mean (SD).
RD=children with reading difficulties; TD=typically developing children.
*p {.001.

2. gk2 X322 & S0 ME T 2F AlZXE aHe] sl HlW

g 3N Aoz UL, 71 A4S 6B, 1~28 F7K AL 58 Leln
38 ol #71% A4S SEYOE, F 2180 AP B, of5o A
179, ONFg-e 0doz Asdrh. okFol AT F BY 5 UAT A
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A0 g BEREo] wE AZAE IAA ot 7F A FEwo] §-oJgt zfol7t
NAEA] Lotr 7] fJote] o] PEFEAIE A (two-way mixed ANOVAYS AASHAH. A
& 7 ALY g EFLo mE AAAZ #AlC] F ades FAZFCE {93
(F(24=3.388, pC.0001). &, A2 & EZZo] wE A7 A2 A4 Ayt obE
o] °‘7]HX1 OPE-TL EE} FAoHA =2 FgES Bt B4 Fi &9 g
to & adt= BAFCE {95 thF(.4)=14.468,
p<.0001). —Z—, X}—«l go] F7HE4E Avtyo s o] Wolx= Ao UEyt
t}. o] Bonferroni AFFHSS AT A3, 7|£3} 39 ol 71 A £3E b
of {93t Zol7} YU, 1~28 F7} AL} 38 o4t —'Zr7} A 7ro] Fe)gt 2ol
7 Aok wtE Ao 7F 29 ] Exmo] w2 A|ZbAE 3HA| Zukg-g&o digh
o|UFT AL FAHCE [FOoA] AU (Fl4)=2.947, p.05). &, A7IFA oF5
oA A 7E zpol7h Ut W obs oA Q] TA| 7F XpolHTt [oJ5HA AA|=
o Aoz UeytTh

%

(Table 3) Task performance about the stroke complexity of consonants task of two groups

Groups
RD(n=13) TD(n=13)
basic strokes 96.31 (5.765) 98.15 (4.5006)
add 1~2 strokes 92.69 (7.631) 95.46 (7.601)
add 3 or more strokes 81.38 (12.573) 92.08 (13.444)

Values are presented as mean (SD).
RD=children with reading difficulties; TD=typically developing children.

(Table 4) The results of the 2x2 two-way mixed ANOVA about the stroke
complexity of consonants task performance of two groups

Type I Sum e Mean F

Source of Sqaures Square p
Between-Subjects
Group 507.705 1 507.705 3.388** .000
Error 3596.615 24 149.859
Within-Subjects
Stroke Complexity 1509.410 2 754.705 14.468** .000
Stroke Complexity 307.410 2 153.705 2.947 062
x Group
Brror 2503.846 48 52,163

(stroke complexity)
w5 (0001
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3. X232l 2H oF0 mE T 2F AlZXE A2 U H|W

2ol B4 oo W2 A7AHe AAEL AL L =R & sEdos 1
;

Yeisich. 320 28] o ool we AAR FAE B b Ak,
wor®, & 8EYOR AYHQTh BYER, obge] AWgHW 1Yo AYshy
oureste 0oR AYstdth obel AU F B 42 AN AR £F &
2 e 3, 1002 Fote] AgeS AL

WA 9754 obEw Ak ok kA& e 2,E') A ojie] B A7
A2 A B Hol7k G Yol Sistel SURL AHEL WA A

0
E,

7]
& A JACNA A71RA obEe] HeEe Bt 83.1, AN oE] HeE e
10002, BAHCRE RO Ztol7} ura}wu}(mz—s.om, p(.0001). 183 Bg
1 Fod el 3 Ao 7174 obge] Hetme Bt 75 4t of
&9 BgEe B 10022, SAHORE Fot AfolE B ATHne-2.663, p<.0001).

(Table 5) Task performance of the rotation of consonants and vowels task

Groups
RD(n=13) TD(n=13) ‘
rotation of consonants 83.1(19.74) 100(.00) -3.091**
rotation of vowels 75.0(33.85) 100(.00) -2.663**

Values are presented as mean (SD).
RD=children with reading difficulties; TD=typically developing children.

**p ( .0001.
o2 2SS 90° AT ojulz], 270° 3|HSH ojujx] |1 BEE(FRFo| wet
Al et &2 &9 HbH) oln|A] o]FA 7R |PLE EFG, A= A R}
AT - =2 ?:‘?r?l Z}

A FEME SAHCE FAR EP(F(l 20=2
pC0001). &, 4ut o5 o] 7|74 ofs ol HIsh X}—«l I F3l ‘I]r%
ZAAE AIA FoHA w2 BHFgES EAth AF A f30 wE Fa% &
T FAACE 75 ATHF(49)=15.295, p<.0001). A5 94751 7t 25 97
30 ofs o] gut ofs L3 BlastH FHkgEo] #FolsHA WolAle A= uE
Wk 2Eal A 37}X] o %2?-_ =Rt X}— ol mE AlAAE A

93 o]u]x], 270° ,ﬂ?ﬂﬂ— o]u]x] 11“4:11 HHAE ROl kA Aot 52
9 HHA) oju]x] 02 A"l olF Foho] Q| HA Mk B}y HHRg-E8o| {25t
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&2 AREY & A 7 239 A ofFo| wE AZA A9 FRERIE F
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(F(148)=21.827, p<.0001). &, 222 90° 3|H, 270°3)H, 281l HHA(FEFol mehA
Al &2 F9 urA)SE oju]x] £07 UHb ofF Fo] QU|RA otF FHT H

To=
w80l RolsH ¥ A HAT & Yot

= RD
40 40 0

C 90° C mirror C 270° vV 90° WV mirror WV 270°

Accuracy (%)

C=Consonants; V=Vowels.
RD=children with reading difficulties; TD=typically developing children.

(Figure 4) The accuracy of the rotation status tasks
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S2, 2on| 191 X8 UH S¥2 7 4B

H7IFA obs9] TZo AlA4H A A £HI A7, ¥ & 58, F
ou] 1348 A P 7o ojudt AHAIAAE UEtH=A] LotEr] 5] moj&s
AEA M HA A (Pearson’s correlation coefficient)S AAISIFTH &4 Axf, Q7|H
7l obs9 =9 AAHH AP A ¢FELS Fon] 13 A £ {ogt
FEIATE UEPRTH=.846, p<01). A 719, & 2% sEIde A% A
T2 UEA] ettt



Nonword CV

process

Phonological
.708**

754
.569*

o Nzt e A

Working memory

o2

Visual process
291
.547
.846™*
1

Visual process
Phonological process
Nonword CV

*p .05, *p < .01

Working memory

(Table 6) Correlation coefficient among tasks of developmental dyslexia children
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