STANDARDIZATION OF WORD/NONWORD READING TEST
AND LETTER-SYMBOL DISCRIMINATION TASK FOR THE
DIAGNOSIS OF DEVELOPMENTAL READING DISABILITY
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Table 1. Comparisons of reading performance scores between the patients with developmental reading disorders

and normal children

Normal RDa f significance
Reading IP 48.00+ 3.09f 34.48+ 9.60 7.22 p<0.05
Reading llc 4479+ 3.30 41.58+ 5.56 3.01 p<0.05
Wordd 96.98+ 3.80 78.32+ 25.08 473 p<0.05
Nonword 9529+ 4.69 7223+ 24.16 6.25 p<0.05
E1Ce 23.60+ 6.46 1981+ 4.42 3.36 p<0.05
ElW 210+ 207 0.28+ 0.58 578 p<0.05
E1T 2127+ 6.20 19.53+ 4.30 1.38 NS¢
E2C 18.15+ 6.48 1497+ 5.26 2.39 p<0.05
E2W 3.00+ 3.06 238+ 204 1.00 NS
E2T 1549+ 4.67 12.59+ 6.07 225 p<0.05
E3C 12.10+ 4.28 8.00+ 3.14 478 p<0.05
E3W 2.53+ 222 475+ 3.50 -3.08 p<0.05
E3T 9.68+ 4.50 3.56x 4.93 5.38 p<0.05
E4C 12.85+ 3.60 10.41+ 3.75 3.08 p<0.05
E4W 133+ 1.72 1.16+ 1.42 0.47 NS
E4T 11.52+ 3.81 925+ 422 2.43 p<0.05
ESC 1426+ 6.11 7.59+ 343 6.77 p<0.05
ESW 3.35+ 2.50 6.44+ 3.08 —4.60 p<0.05
EST 10.05+ 5.88 116+ 4.14 7.34 p<0.05
E6C 8.56x 5.64 613+ 1.62 3.13 p<0.05
E6W 231+ 1.78 3.53+ 1.92 -2.78 p<0.05
E6T 741+ 622 2.59+ 2.30 4.48 p<0.05
E7C 25.54+ 9.53 16.47+ 5.51 5.75 p<0.05
E7TW 1.57+ 1.44 191+ 1.82 -0.91 NS
E7T 24.93+ 10.11 1447+ 5.61 5.75 p<0.05

aRD0O reading disorder, PReading |, cReading ll0 Reading I, Reading Il of basic leaming skills test, 9Word, Nonword
Word reading and nonword reading of word/nonword reading test, eE1C~E6C, E1W~E6W, E1T~E4TO correct,
wrong, and total scores of letter-symbol discrimination task, Mean+ standard deviation, 9N.S.0O Statistically not

significant based upon Student’s t-test.

00 O000(@=3.01, df=64.81, p<0.05). OO OO
00 00 00 00 00 0000 00 goo 87.7%
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oog 0oooo0O 00 000 915%0 000 0 00
uo,00 00 0000 ooooo oooo oo oo
0O 71.0%0 OO0 0 OoOd.
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1) NEE HA

O OO0 OO 000 OO00 Cronbach’s a =
0.96, 00000 (split—half reliability)d OO OO0
0O000=0.92, Spearman—Brown [1=0.96, Gutt-

man—split half=0.9500 00O O00O0O0O O0OO.

2) Bk dA

000000000 00000 (concurrent validity)
0 09400 OO0 OO OOO0OOO0. 000 Ooboo
00 000 00 96.98+ 38000 OO0, 00O OO
000 000 00 00 7832+ 25.0800 OO O
0 000 00 00 000 000 (@t=4.73, df=41.16,
p<0.05). OO0 O(onword)d O0O0O0O OO OO0 O
0 9529+ 46000 OO, 00 OO0 OO OO0 0O
7223+ 241600 OO0, 0 O OO0 OOOCO O
0 00 000 0O00((t=6.25, df=45.20, p<0.05).



3) Wy 24 i

Eigenvalue=0.57, percent of variance=100%, can-
onical correlation=0.60, Wilk’ s lambda=0.64, X =
46.31, df=2, p<0.05 00O, 0000 83.0%0 OO0
0 00000,0000 OO0 OO0 000 OO0 0o
ooag.

3. SN LEHA

1) NEE HA
(1)) 0 OO0 OO0 0000 Cronbach's o =0.86,
split—half internal consistency=0.87000.

2) B3k 4N

(1) 000000000 Dooooo o8e0On O
o0 oo ooooo.

(2 00 00000000 00 e0O 0OO OO

Table 3. Factor structure of letter-symbol discrimination fask

0000, 000 00 (Table 2, 3).

0 00 1000 OO0 000 O0(saccadic mirror
image processing)0 0, OOO0OOOOO" qd' ) pb',
‘ badp’, bpdg OO OO0 0000 OO0 0OOO
O.00 OO0 OO0(symbol array)d OO0 OO0 OO
0000. 00 30 00(.80), 00O 70 0O (0.79),

Table 2. Rotated factor matrix for lefter-symbol disc-
rimination task in all cases

Reliability
cronbach’s
alpha
23.68 0.86
4425 0.81
55.43 0.98
65.73 -0.96
75.62 0.57
85.22 0.59

% of  cumulative

Factor Eigenvalue .
variance %

5.68 23.68
4.94 20.57
2.68 11.18
2.47 10.30
2.38 9.90
2.30 9.60

o~ b WIN —

tem factor 1 factor 2

factor 3

factor 4 factor 5 factor 6

E3C! 0.80

E7C 0.79

E7T 0.79

ESC 0.79

E3T 0.72

Rscore? 0.72

Tscore 0.71 0.63
EST 0.64

E2C 0.84
E1C 0.82
E2T 0.82
E4C 0.72
E4T 0.67
E1T 0.86
ESW

E4W

E6W

E6T

E6C

E2W

ETW

Wscore

E7W

E3W

-0.72

0.82
0.70

0.91
0.87
0.85
0.67
0.53
0.87
0.70

Extraction methodO principal component analysis, Rotation method varimax with Kaiser normalization, 'TE1C~E6C,
ETW~E6W, E1T~ESTO correct, wrong, and total scores of letter-symbol discrimination task, 2Rscore, Wscore, Tscoreld
Right, wrong and total score of letter-symbol discrimination task



00 70 00O(.79), 00O 30 OO(0.72), 00 OO
(0.72) 0O 0OO(.71), 00 50 OO@64) OO O
ooo.

0 OO 20000 OO0 (global accuracy) OO0
00,000 00 000 Oo0 o000 0o ooo o
0 00 0000 0000 000 oooo. oo oo
(063), 00 10 0O(0.86), OO 20 OO(0.84), O
0 10 00(0.82), OO 20 0O(.82), OO 40 O
0(.72), 00 40 00O(@.67) OO ODOOO.

0O 00 30000 OO0 OO0 (mirror image proces-
sing deficit) 00000, 00 100 00000 OO
0 000 000 0o0o.0 oo0o o ooo oo
00 000 -0.720 0O0OOO OO 0OO.00 50 O
0(.82), OO 40 0O0O(.70), OO 50 0O(-0.72)
00 oooo.

0O 00 40000 0O0O(static image processing)
00000, 0o00ob0 00 00 000 Oobo oo
00 0000 0000 000 oooo. oo ed O
0(¢0.85), 00 60 00O(0.87) OO OOOO.

O OO 50000 DOOO 0OO0(global vigilance
deficity 00000, 000 00 00O OO0 OO0
OO0 0000 OO0 Oo0ooo. 0o 20 0o.ss),
00 10 oo(.67) OO OOooO.

0O 00O e000O0O-000d (inattention impulsivity)
00000, 00000 O0oO 000 ooo oo o
00 OO0 000000 0ooo0o 0boo ooo
0O0oo. 00 70 oO(o.87), OO 30 00O(0.70)
OO0 oooo.

(3) 00 00000000 E3W(t=-2.70, df= 73,
p<0.05), EAW(t=-2.74, df=73, p<0.05), E5W(t=
—4.50, df=73, p<0.05), EST(t=3.38, df=73, p<0.05),
E6C(t=2.79, df=73, p<0.05), EBW(t=—4.41, df=72,
p<0.05), E6T (t=5.07, df=72, p<0.05), E9W(t=
—2.88, df=54.81, p<0.05), E9T(t=2.09, df=22.62,
p<0.05), E10C(t=2.17, df=66, p<0.05), E10T(t=
291, df=66, p<0.05), 00 O0O(t=-4.93, df=73,
p<0.05), 00 (t=2.5, df=73, p<0.05) OO0 OO O
0 0oooodgbodb.bo ob ob oboo=
123, 00 0O00=100, O0O00O0OOO=0.74, Wilk's
Lambda= 0.45, x *=55.32, df=16, p<0.050 00, O
000 000 000 87.30%0 0000 OO0O0O0O0.

O 000 0000 11.29%, 0000 8.06%000,
0000 91.94%, 0000 88.71%000.
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0 000 OO0 00/0o00 00 000 ooooo
0000 0000 0000 ooooo. o oo oo
00 0000 000,00 00 000 0o ooo o
00 000 0000 ooooo.

000 OO0 000 0000 oooo oooo o
0 000 00 000 O 000 00.000 000
00 00 000 OO0 0000,0 0000 ooo
000 000 000 000 00 000 ooo oo
0 000 000 O00O00.03800 0000 oo
0O 000 0000 OO0 (articulation)D O 0OO. OO
0 00000 000 000 0 00 oo.ooo o
00 000 000 oo, 000 oooo ooo o
00 OO0 000 0000, 000 oo ooo oo
000 0000 000 0000 oooo o ooo
O O (grapheme—phoneme  corresponding rule)O
000 ooO0, 00 ooobo Oob ooo ooo
(automatization)l 0 OO0, OO0 OO0 OO (vis-
ual feature)d OO0 OOO0O OO O0O. 00 60
0000 000 000 OO0 000 O0(symbol)
00 O000O0 0000, 000 00 o0 ooo o
O@rawing)D 0O0O0O 600 OO OO OOO O
000 00 0000 OO0 000 Do oo o o
0O 00,000 0O OO0(writing)D OO0O. O OO
0 000 0000 000 00 ooo oooo. oo
0 00 000 00 000-00 000 ooooo
00 OO0O0 OO0 oooob ooo o, 00 oo
(lexical system)d OO OOO0O OO0O. 000 O
00000 00000000000 ooo oo
00 00 00-00 00 00 (visual-semantic rea-
ding route)d 00 O0O. 000 0000 OO OOO
000, 000 o000 000 00 ooo-0o0 o
00 0000 0O 000 000 000 ooo oo
(recognition)00 O0O. 00 OO0 OOO OO (pho-
nological route)d 00 00%Y®. 0000 0O OO
00000000000 0oo0oo oood(Dual

route theory)®.



0 oooo, 1.20 00 0bo ooo oo ooo
240 00 000 00O OO O0O,000D00000
O 00 OO 00O OO 00 O0(phonemic aware-
ness)J 0000 OOOO, 00 OOO OO OO O
0 000 0ooboubo 0ob 00 0ob 0Oobo goboo
0.0 000 0oOdbO 0O 00 oboob oo oo o
00 000 000 00?0 0000 00000, 0
0/000 00 000 Dooooooodg oo od
b 00 0ob bob bobo obobo gog, o
0 0ot 0000 0o bo 0o gog bgod.
0, 1.20 00 OO0 00O Oob ooo ooooo
Jo-00 00 bob 0bo bob Oob ooo o
000 OO-00 OO0 OO0 (visual-semantic route)
0 oodbo b0 bob 00 0 oob bob b bog.
000 OO0 (magnetoencephalogram, 00 MEG) O
0od ooo 0o Oooo ooo ooooo ogo
0 000 00 250msec 0000 OOO0%, 0O
00 OO0 000 Broca OOOO 720msectd OO
00 b0l 00 00 0b0o 10 bo 0 bob oo
0 000*. 0 0000 000 00 00000 00
0 12000 00OoOodg, 0 ooo oo o bogd
00 00 000 00 0O 0ooo oooboo 1.2d
000 000 oooo oo bobo Oob ooo go
god ooo.

gooo ooo oo 0oo ooo 240 OO OO
Jod 00 0obo0o obobobooo bo ob o
0 0o0o-00 00 00 oo gooo bobooo, oo
0 00 Ooobo oo oo oo ooo ooog go
00 000, OO0 Od(time pressure)d] OO0O0O0O
000 ooo oodg. 0o ooo oo oooo oo
O 00 00O OO0 Ooooo ooo, oo oo (dtime
allocation)d 0O OO0 OO0 OO0 0oo0oOO0%.
OO OO O0(sublexical mechanism)d OOO0O0O
OO0 OO0 00000 (left superior temporal cor-
tex), 00O OO0 (posterior parietal cortex) 00 O
00 00 00 oooodo oo ogo oo o 100
msec 00 00 0000 OO0 00000 00O
0o 0ob bobbo 00 0o Oob obo oo o
oo o oo,

000 0d 00 oooo oo oooo ooo o
OO0 000 O0(mirror image reversal)d OO0O0O

00000 00 000 0 0000,0 00 00 O
0 OO0 00 000 OO0 00 00000 000
00 00 000,000 00 00 000.0 000
D000 OO0 000000000 00 0 00 00
000 91.9%0 0000 OO0 0O 000.0 OO0
0 000 000 0000 0000 000 00 00
000 00 000 0000 000 0O 000. 00
0 b0 o0 OO0 00000 000 00 O 00
0 p0 q: MO W:D'0C 0 000000
000 OO0 OO0 000 0000 00 00 000
00 000 000 00000 00 OO0 00 000
00000.0 000 00 00 0000 000 00
0 0000. 00000 000 000 0000 00
000 00 000 00 000 0000 000 00
00 000 000 oooo®. oo ooo 0o o
0 0000 OO0 00000 00 0000 000 O
000 00 000, 00000 00 0 000 000
0 000 0000 0,00 00 00 000 000
00 000 0O 00 oooo®.

00 000 OO0 OO0 000 000 00 000,
000 00 0 000 0000 000 0000 00
0 000 000000000 00 00 0000 O
00 OO0 00 000 00 0000 00 00 00
00 000 000O00.00 000 00 00 000
00 000 0000 00000 0000 000 O
000 000 0000 000 000 0 00 000,
00 0000 000 00 00 000 000 00 O
00 OO0 OO0 00 000 00 00 000 00
0 0000 000 000 000 00 00,0
00 00 0 000000 0 00 00 000 71.0%
00 000 0O 0O00.0 00 00 0000 00
D000 OO0 000 0000 00000 000 O
000,00 000 0 000 0000 00000 O
0 000 000 000 00 000 000 0000
000 0O 0 00.000000000 00 0 000
000 000 000 0000 00000,0 00 O
00 000 0000,00 00 O 00 00 000
00 000 00 0000,00 000 00 000 O
O (inference and guessing) 0O0O0 OOO O0OO
0D 000 ooo oo®.00 00000 00 00
0000 000 000 00 00 00000 00



OO0 000 0000 0000 O 000 000 00
0000.0 00000 00 00 000 0000 O
0000 000 DO0O0. 00 0000 00 00 OO0
000 000 000,000 0000 0000 0O O
00 00 000*®* 000 0000 0 00 000
0O 000 0000 000 D00 0DOoo.

0 0000 000 00 00 000 00 000 O
0O 00 000 00 000D 000 000.0 00
0 0000000000000 od.

OO0 000000 OO0 (phonemic awareness de-
ficit hypothesis)d O O 00*?. 000 O 000 O
0 000 000000000 00 00 00 000
0000 00 00 0000 00 0000 00,0
0/000 00 00000 000 000 0000 O
0O 0D0O0O0O0 000 000 00000 00 000
O 0 00.000 0000000000 D0O00O0
000 00 000 000, 000000 000 00
0 000 000 0000 00000 00 00 00
0 000 000 00 0 0000 000 O oo*.
0 0000, 0000 00 00/000 00 0000
0 00 00 000 83.00%0 0000 00000,
0000000000 000 87.70%0 OO0 O O
0O0.0 00 00 0O 00 00 000 0000 00
0 00 000 00 000 0000 000 00 O
000 00000000000 000oDoaDn
00 0 000.00 00 000 0000 0 000
0 00-00 000 000 0ooDod.

0 00 000 00000 00 O00(magnocellular
system malfunction) OOCOO. O OO0 O0O0O0OO
(lateral geniculate nucleus)d 0000 0O (magno-
cellular layer)l OO0 OO OO0 OO0 OO O
0 00000 O 00 00 000 0o0*00 oo
000 00 000 00 000 0000 000 00
0 0000 0000 0000.0 000 0000 O
0000 OO0 00 00000 00 0000 000
00, 00 000000 OO0 00 OO0 (dorsal visual
stream)d OO0 OO0 OO0 OO 00O, 00000
000 000 000 0000 000, 000 OO0
OO0 OO OO0 (vestibular sense), 000 (somato-
sense) 0000 00O 0000 0OOO0OO%*. O
00 Taleott 0(2000)°”0 OO0 00O OO 00 O

OO (binocular fixation) OO0O0 OOOO O0OO
000 OO0 00 00 0000 ooo ooooo. o
00000 000 OO0 00 o000 ooooo o
000 000 000 0000 OO0 ooo oo o
0O 00O0Q000.00 0000000000 OO0
00 00 000 000 000 00O 000 oooo
00 000 00 00 00 00ooo ooo ooo
00000,00 0 0 000 00 0000 oo o
oooo.

0 000 000 0000 0o Oob ooo oo o
00 0000 00-00 00 000 oooo oo
0-00 00 00 00 OO oooOo 0ooo ooo
0,00 0000 000 00 0 0o0 ooo ooo
0 000 000 00 ooooo.

0 00000 0O 0O0oo 4,5000 Ooooo
000.0 0O 00 000 000 oooo oodg
000 000 00 000 000 0 00 ooo.o
0 00O 0000 OO0 OO0 oooboo oo ooo o
00 00, 00,00 o000 ooooo.ooo o
00 000 00 0 000 0000 oooo ooo
000 0 000.00 00000 o000 o oo oo
00 000 00000 0 ooo.
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— ABSTRACT Korean J Child & Adol Psychiatr 14 : 81~94, 2003 ——

STANDARDIZATION OF WORD/NONWORD READING TEST
AND LETTER-SYMBOL DISCRIMINATION TASK FOR THE
DIAGNOSIS OF DEVELOPMENTAL READING DISABILITY

Sung Woong Shin, M.D., Soo Churl Cho, M.D.,
Jung Bum Lee, M.D., Dong Seon Chungh, M.D.

Division of Child and Adolescent Psychiatry, Department of Psychiatry,
Seoul National University Hospital, Seoul

Objectives : Developmental reading disorder is a condition which manifests significant development-
tal delay in reading ability or persistent errors. About 3—7% of school-age children have this condition.
The purpose of the present study was to validate the diagnostic values of Word/Nonword Reading Test
and Letter-Symbol Discrimination Task for the purpose of overcoming the caveats of Basic Learning
Skills Test.

Methods : Sixty-three reading-disordered patients (mean age 10.48 years old) and sex, age-matched
77 normal children (mean age 10.33 years old) were selected by clinical evaluation and DSM-IV criteria.
Reading I and II of Basic Learning Skills Test, Word/Nonword Reading Test, and Letter-Symbol
Discrimination Task were carried out to them. Word/Nonword Reading Test : One hundred usual high-
frequency words and one hundred meaningless nonwords were presented to the subjects within 1.2 and
2.4 seconds, respectively. Through these results, automatized phonological processing ability and cons-
cious letter-sound matching ability were estimated. Letter-Symbol Discrimination Task : mirror image
letters which reading-disordered patients are apt to confuse were used. Reliability, concurrent validity,
construct validity, and discriminant validity tests were conducted.

Results : Word/Nonword Reading Test : the reliability (alpha) was 0.96, and concurrent validity with
Basic Learning Skills test was 0.94. The patients with developmental reading disorders differed signi-
ficantly from normal children in Word/Nonword Reading Test performances. Through discriminant
analysis, 83.0% of original cases were correctly classified by this test. Letter-Symbol Discrimination
Task : the reliability (alpha) was 0.86, and concurrent validity with Basic Learning Skills test was 0.86.
There were significant differences in scores between the patients and normal children. Factor analysis
revealed that this test were composed of saccadic mirror image processing, global accuracy, mirror image
processing deficit, static image processing, global vigilance deficit, and inattention-impulsivity factors.
By discriminant analysis, 87.3% of the patients and normal children were correctly classified.

Conclusion : The patients with developmental reading disorders had deficits in automatized visual-
lexical route, morpheme-phoneme conversion mechanism, and visual information processing. These deficits
were reliably and validly evaluated by Word/Nonword Reading Test and Letter-Symbol Discrimination
Task.

KEY WORDS : Developmental reading disorder - Word/Nonword reading test - Letter-Symbol discri-
mination task.
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og og ogg ogg gooog
od og gdg ggdgd oooog
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