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reading Hangeul.

Objectives: Despite a great deal of observation on subsequent alexia for Hangeul due to
Alzheimer’s disease (AD), there is a paucity of research on alexia in Korean AD patients. The
purpose of this study is to identify characteristics of alexia of AD according to word lexical-
ity and regularity. Methods: AD patients under GDS 3-6 on the Global Deterioration Scale
and NE (normal elderly) groups of 20, were to read aloud three word types (regular words,
irregular words, nonwords). Results: The findings revealed that the AD group had signifi-
cantly higher error frequency when reading regular and irregular words and nonwords
compared with the NE group. In addition, there were lexicality and regularity effects in the
AD group. From the error analyses of the AD group reading irregular words, visual error
was the most frequent, followed by regularization and misapplication of phonological rules.
Conclusion: Unsurprisingly, AD patients using Hangeul manifested diverse word classifica-
tion errors. This research is noteworthy in that it is the first study on the AD subject group
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Table 1. Demographic information of participants (unit, step)

AD (N=20) NE (N=20) p-value
Age (yr) 82.55+6.88(71-93) 79.75+5.12(71-92) 153
Education (yr)  6.66+3.47 (5-16) 7.25+3.04(2-16) 532
K-MMSE 15.75+5.99(8-24) 27.90+1.37 (26-30) <.007F***
GDS 435+1.04(3-6)

Values are presented as mean+ SD (range).

AD=Alzheimer’s disease; NE=normal elderly; K-MMSE=Korean-Mini Mental State
Examination; GDS = Global Deterioration Scale.

****p<.001.
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Table 2. Inter-group error type and frequency of reading regular words and
nonwords

Word classification Error type AD NE p-value

Regular words Substitution .00(2.50) .00(.00) 032*
Elision .00(.00) .00(.00) 076
Addition .00(.00) .00(.00) 152
Time delay .00(.00) .00(.00) 317
Total .00(2.50) .00(.00) 032*

Regularnonwords ~ Substitution ~ 5.50 (7.75) 50(275)  <.007%***
Elision 1.50(2.50) .00(.00) 046*
Addition .00(.00) .00(.00) 275
Time delay .00(.00) .00(.00) <.007%***
Total 7.00(8.00) 50(3.75)  <.001%***

Values are presented as median (interquartile range).
AD=Alzheimer's disease; NE=normal elderly.
*p<.05, ****p<.001.

Table 3. Error types and frequency of reading words by group according to lexi-

cality

ek gk SRt HTho] $17] @5 W7} thojof| uls) f-ofat
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7] @35 WIm7hgrolof ula| E=qkouy, thA] B 7o) Fgtof At
0|31 AI7}3-2l51 %I CH(Tables 2, 3).

FRApo] ol §l7]o A ApE Bl @F 58S th](66.67%),
AYEF(17.11%), AR A(10.81%), F7H5.45%) <=0]SLaL, H]Tto] ¢
7)ol ApE HRl @5 8- tiA|(71.59%), A=2F(13.22%), AIZHA]
&(10.5%), H7H4.66%) 220131t} AAFE-S tho] 9J7]of| A 2] &
FHE R vk} ¢f7]ofA] AR Bl @5 592 T X](88.23%),
KYEH(8.82%) <=0] 1Tk

THEIEO T2 Hof 27| 27 R Y HIx

THATo] B EaFAlTho] 87| A O] 7B B Aol
Q1719] 0= 2294~ 14.503](TH 2] 10.503], AJ2F 1.003], 47} 0.00
3]), Aol ¢1719] 257 5915 0.003](HH =] 0.002], A§=F 0.003],
71 4.002) 5, BT ATl 1719 &F F-914 5.003]
(AHA] 2.503], A=k 0.003], A|7IA] A 2.5 0.003]), F2Ho] 917] @
51 0315 Bk 2bwto] A/t Hlsh thA](p <.001), A8
2H(p=.002), A7Hp=.002), AIZHA|A ©.F(p=.019), ZTHp<.001)
oA F2SHAl A VrEh, F2AITe] Bl B lEke] ¢f7] 5o
AEE BTk o SR B o] ¢17] 0.7 WIET) thof
of vlsl f-2J5HA| F=A ek, A (p <.001), AH=H(p=.028), 7}
L5 (p <.001), T (p <.001)0llA 2148 A3p7Ffrofsioiet A4
& =R Ee] §7] o Wl TE ehojo vis oot et 3
A .55 A @] R ThA] (p <.001), 77 Hp =.001), F&H(p < .001)

Table 4. Inter-group error types and frequency of reading words

Word classifi-

Group Error type Lexicality (words—nonwords) p-value cation Sl A e il

AD Substitution 5.50(5.25) <.007%*** Regular words ~ Substitution .00(2.50) .00(.00) 032*
Elision 1.50 (2.50) 041* Elision 1.00(2.00) .00(.00) 076
Addition .00(.00) 109 Addition .00(.00) .00(.00) 152
Time delay .00(.00) .008** Time delay .00(.00) .00(.00) 317
Total 7(5.50) < 007%*** Total .00(2.50) .00(.00) 032%

NE Substitution 50(3.75) 005** Irregular words ~ Substitution  10.50 (9.50) 2.50(2.75) <.001%***
Elision .00(.00) 180 Elision 4.00(5.50) .00(.00) .002%**
Addition .00(.00) 317 Addition 2.00(2.75) .00(.75) 002%%*
Time delay .00(.00) 1.000 Time delay .00(.00) .00(.00) 019*
Total 50(3.75) 005** Total 16.50(13.00)  3.00(4.00) < .001%***

Values are presented as median (interquartile range).
AD=Alzheimer's disease; NE=normal elderly.
*p<.05, **p< .01, ****p<.001.
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Values are presented as median (interquartile range).
AD=Alzheimer's disease; NE=normal elderly.
*p<.05, ***p<.005, ****p<.001.
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Table 5. Error types and frequency of reading words by group according to re-

ez sfolnl g Aule] o] of#14 B 7240 e H5F + grS o

Table 6. Error frequency of reading irregular words in application of phonologi-

gularity cal rules

Group Errortype  Regularity (regular—irregular words) p-value Error type AD NE p-value

AD Substitution 10.50(9.55) <.0077%*** Regularization errors 2.00(2.75) 1.50(1.75) 025%
Elision 1.00(2.00) .028% Errors in phonological rules 3.00(2.75) 1.50(3.00) 032*
Addition 2.00(2.25) <.007**** Visual error 250(6.75) 1.00(1.00) <.007****
Time delay 00(25) 128 Values are presented as median (interquartile range).
Total 16.50(11.50) <.0017*** AD=Alzheimer's disease; NE=normal elderly.

NE Substitution 2.50(2.75) <. 001***x *p<.05, 7 p<.001.
Elision .00(.00) 157
Addition 00(.75) 0071%** TOAA A5 TS E 2 5 (3648%), HE-55H18.91%),
Time delay 00(.00) 1.000 73-23H16.21%), T7H-28F =714 38H(13.51%), H]-28H(1.35%) =]
Total 3.00(4.00) <.007%***

Values are presented as median (interquartile range).
AD=Alzheimer's disease; NE=normal elderly.
*p<.05, ***p<.005, ****p<.001.

AR 218 B 7525 ATH Tables 4, 5).
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2H(8.25%), A|71A]91(8.25%) <=0]Qlt). AAFS] J12Itto] ¢]7]¢]
A= tiA] 27 (100%)T S @A =t AT} 7ol A==
33k 9.2 5812 T %)(60.67%), H7H37.07%), AVZF2.24%) <012}

H]

—

gt
g

H'|

SAIE0i0 27| 27 8
o
j=4

i

Bl ¢)7] Aol A SRt Akl el S8
& 0 RIE S9097H 34 IHE Y 257 (p=.025) &
= A-8(p=032), A1 257(p <0004 Fr2J81A] E= A THTa-
ble6). Aol AF E= 5 Y/ Al L57(48.76%),
A IR Y 27 27.27%), T AR 2823.96%) =0
AT Aol A Edet e o FFE SeWE A AE
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N
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H45-55H15.929), 7-3BH15.04%), ¥I-23H8.84%) <=1 94T, A
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iar words) = Q1A= 4= Qlth(Reilly et al, 2012). =, &Ju]4] x]A]o]
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CFafeele] 3, 271 957 st o,
ularity effects)+= $17] =88] 53+ 2910 2 A-8-5}=1|(Gloss-
er, Friedman, Kohn, Sands, & Grugan, 1998), &12ttHo] 1717}
TFIEkofof] Hls] A FoRF e IR A7t o gl
SAEER Q7] A B g2 ol Helth
T, & Aol A AJuk2: A dwto] Blste] Ef ATl 7]
o] AstE|Girk. o]= AR ATLESolA on] Bre]zl vpz A,
ol gt Autoley. ofu] 7] A= Thol 4 845 Ak o
o2 st E EqfAdo] ¢7] Al vif- F235ttH(Meyer, Snider,
Campbell, & Friedman, 2015; Patterson et al., 1994; Plaut, McClel-
land, Seidenberg, & Patterson, 1996). A}4x-S-4 HZ0] F]Z] ok =
ATl = U o1 e thobA] @fofof Sh=H], &fv]
7]‘?4 A7 &4 dzstord A= 1 mag e 4 {7
ol 58 BEE Sl EFAHlE oA HER EfA T
8171 520 AghS ERItH(McKay et al., 2007; Patterson & Hodg-
es, 1992; Patterson et al., 1994).

A, 2B A 8RBTl 9] 2.5 ol

o der

A Aol Hste] B4 IR G Q5 HAE, S0
B A, A2 07 WS §2J5H 9tk 58, el A

22 0, 4 IR G OF, SLUE R
Fo] 9kt ol ekzslolly Ak BiATolE 9 u,
A IR 9= LR GHSh7E FE2 AT (McKay et al., 2007;
Noble et al., 2000; Patterson & Hodges, 1992)2} UA|514] &= 4
ek & TR AIZAIR] SHOA Fadold] S5 A ‘:}
2 gz AT AZste] oA A WrleHe o5l S
L, Zol>wo))7F EkE-2 SfulRitt. o2t Apol= A Adoi(
=0] vs. Foi)ato] whied 4= =dl, T Fofkrt A4
rAgto] mf-9- 5 2] 2] (Park, 1993)0|2pA] ojn] B & o] JFad
THCho & Jin, 1991). wfebA] Rh=2t Gofho] ¢f7] Al 213 73
L0 HRol o ALy} tE g &AM AR 03 &
o] e}7]e] 25 Aol chE 4 9l

YA, Ao} AR 7o) S8 8 9] e Aol
I TS RS £ 2U(I3h v 7185

1y EI{o

18

o

(owa ff B o

=1
iy
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|
1o 0R 88 Sl HoI Bl oL 52 o2 3 8
A5HKim & Kang, 20105} e, ol a4 -
59 Ao 55 A Eokbgel /= AD9| oA
FAfo] Fueko 2 FAFSE | wjiEo]th(Reisberg et al, 1999).
o] W& vige &2 gk uf, 2 ¢Itof| Frofet d=stolw g %

o] HOl AlE20 A g2 Ae 5(pur

g o T

urface dyslexia)ol

L2 B Ao
o =40k 3
X]U]'(Patterson et al., 1994; Woollams, Ralph, Plaut, & Patterson,
2007), & A-ollAl = 7218} @/t AP @F2 QIR A,
A A7) 057k FERAL, B, 40 #5 ASEE AR
o} u|eho] o)7] 52l @ Matolof 5} t|(McKay et al,, 2007; Pat-
terson & Hodges, 1992), ¥ 172 Z|ufjit2- o 2l cho] o} o Aufck
o} 1) o] kel

ole

5 gzstolwg A|ule] ol7] IAIE sl ]of| AHsle=
ARG} w5 AR -5 8ok, o) 3l 5he
Qlofl ofet ool FAIE B w2 A3 Fa = e Zlolth
ERE 2 St A[ufe] S whet 1A B qlojZ] SAdo] vl
Foldtoll e &1L GDS 3-69] d5 o= BE& S stel &
Atk AlRtdo] At 7 FT=ER SR WIAE =
R A7} o Fo T, ok ARSAF A2stolmAd A uj2kAte]
FEE0HE VIS 7S AL s 2 Aot
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Appendix 1. Word list

Total (90)

Word type

Words

R

Regular words

40
10

-

10

LHo

=]
~O

St
=0

Tensification: &7t SA{ 24 gH|

Irregular words

]
or

2l

==

Palatalization: 20| Z0| &

Lateralization: H2

2l
=)

W

A
4

k

Che
c

Nasalization:

{ 20| 20|

S

'H" elision: %

t
7HE R|EY AR DE

=
=

Aspiration:

]
ME

i

Al
=

Nonwords

.

gl
I

H_._
3
)

N
4r
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Qzsfolui 4 Aole] Hol ol314 B 240 mE U5Z + e o

]

¢x5t0|HY X|ofe| Chof ofF Y X Aol 2 4=S

RS U N - SReP

'ANCHEtm Cskel ClofsalsEEnbY, *HMctm olntlst xfgtolstmAl 9l xfgtofstoinA SSHEtm HojAztshe

HiZd L 2&: at=slo]mA] 2|ulj(Alzheimer’s Disease, AD)Z Q13} 3h= 917| & of|7} &5] aEof| = L5}l T10] tjgt d+Li=u]

ujat AlAo|ch 2 Aol A o] A2 E AT} Theishe] ekxstolulA] %] H ] o] o4 W FAe] mhE AES 54 Yl

2} 31T} B AulA] ESHA T GDS 3-60]] 9ahs X|ujat 2083} AR 2092 iAo 2 A 714] Tho] 8(F2lThe], Bt

of, H]ho]) S 4] Ulo] olw sholr). Zmk: Zull -2 HALTof H]5to] ‘Ff Itho], B 72]tho], H|gko] Q17| BEo|A Q& HET} &

S5 =L A2 o34 &} (lexicality effect), 7214 F I} (regularity effect) S X ATk TS EF2]ho] 9] 2-9-H 5 48314
2 A2 @5 (visual error), 712 $H(regularization), 2-2-H-5 25 4-8-(misapplication of phono-

oA 7] 9.5 84 A3k
logical rules) 40 2 9.5 Y17} $59keh. =0 B Z2: 3H2-& AHgSHE Shxsfolohy A} B Hho] o] e 0.5 ool of
PSP LB R, 2 G TS ) 2 Ghtol B 2 77} ek Az

=N
o] Q1= 2016 eI BF] 718k h8l2016. 11, 12)0] 4 WHESHA S,

7491£-(2006). K-MMSE (Korean-Mini Mental State Examination)2] =01 71-5= ¢1L 3t=+-A12] 8}13) %]: Uul, 25, 1-12.
oS 2252010, 2FL 97 1Akol Sz ik S ofelx] B4 B| @7 wrolelx] 42 2 2.7 el vl o RzrgolaT 15,
632-647.
S99, 82 ol AJ21e] Wolah A 2, BRSNS 4B L A, 5,40-55
g, &84, HrH(2012). AA79ES 7| 7L A1 SHAJAL
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ID =0403&CONT_SEQ=286138
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