
I
n

t
r
o
d

u
c
t
i
o

n
 
t
o

 
A

R
A

D
u
s
t
i
n
 
L

a
u

D
e
p

a
r
t
m

e
n

t
 
o
f
 
C

h
i
n

e
s
e

 
a
n

d
 
B

i
l
i
n

g
u
a

l
 
S

t
u

d
i
e

s

T
h
e

 
H

o
n

g
 
K

o
n

g
 
P

o
l
y
t
e

c
h

n
i
c
 
U

n
i
v
e
r
s
i
t
y

W
r
i
t
t
e
n

 
L

a
n
g

u
a
g

e
 

D
i
s
o

r
d

e
r
s

W
r
i
t
t
e
n
 
l
a
n
g

u
a
g

e
 
d
i
s
o
r
d
e
r
s

•
AS

H
A w

ebpage…

R
eading difficulties as a “language” problem



I
m

p
l
i
c
a
t
i
o

n
s

•
S

p
e

e
c
h

 
t
h

e
r
a

p
i
s
t
s
 
p

l
a

y
 
s
i
g

n
i
f
i
c
a

n
t
 
r
o

l
e

 
i
n

 
t
h

e
 
m

a
n

a
g

e
m

e
n

t
 
o
f
 

c
h

i
l
d

r
e

n
 
w

i
t
h

 
w

r
i
t
t
e

n
 
l
a

n
g

u
a

g
e

 
d

i
s
o

r
d
e

r
s

•
S

i
m

i
l
a
r
 
t
r
a

i
n

i
n

g
 
g

o
a
l
s
 
a

s
 
t
y
p

i
c
a

l
 
o

r
a

l
 
l
a

n
g

u
a
g

e
 
i
n

t
e

r
v
e

n
t
i
o

n

•
L

e
a

r
n

i
n

g
 
t
h
e

 
i
t
e

m
s

•
A

c
q

u
i
r
i
n

g
 
t
h

e
 
r
u
l
e
s
 
b

e
h

i
n

d

T
h

e
o
r
i
e

s

“Triangle” m
odel (

S
e

i
d

e
n
b

e
r
g

 
&

 
M

c
C

l
e
l
l
a
n
d

,
 
1
9

8
9
)

D
u
a

l
-
r
o
u
t
e
 
(
c
a
s
c
a
d
e

d
)
 
m

o
d

e
l
 
(
C

o
l
h
e

a
r
t
e
t
 
a
l
.
,
 
2
0
0

1
)

•
R

e
g

u
l
a

r
 
w

o
r
d

s

•
E

.
g

.
 
h

a
t

•
I
r
r
e

g
u

l
a

r
 
(
e

x
c
e

p
t
i
o

n
)
 
w

o
r
d

s

•
E

.
g

.
 
p

i
n

t

•
P

s
e

u
d

o
w

o
r
d

s

•
E

.
g

.
 sm

at



D
u
a

l
-
r
o
u
t
e
 
m

o
d
e

l
 
o
f
 
r
e

a
d
i
n
g

/
w

r
i
t
i
n
g
 
C

h
i
n
e

s
e
 
(
W

e
e
k
e

s
 
e

t
 
a
l
.
,
 
2
0

0
6
)

K
n

o
w

i
n
g

 
t
h
e

 
r
u

l
e
s

M
e
t
a
l
i
n
g
u

i
s
t
i
c
 
a
w

a
r
e
n

e
s
s

K
u

o
&

 
A

n
d
e

r
s
o

n
 
(
2

0
0

6
)

M
e
t
a
l
i
n
g
u

i
s
t
i
c
 
a
w

a
r
e
n

e
s
s

•
P

h
o

n
o

l
o

g
i
c
a

l
 
a
w

a
r
e

n
e

s
s

•
“…

 ability to reflect on and m
anipulate basic phonological 

units of a language…
” 

(
K

u
o

&
 
A

n
d
e
r
s
o
n
,
 
2
0
0
6
)

•
E.g. say the w

ord “clear” w
ithout the /k/

Phonology



O
r
t
h

o
g
r
a
p
h

i
c
 
a

w
a
r
e
n
e

s
s

•
B

a
s
i
c
 
o

r
t
h
o

g
r
a

p
h

i
c
 
u

n
i
t
s
 
o

f
 
a

 
l
a

n
g

u
a

g
e

•
R

ules: E.g. W
hat’s “legal”, w

hat’s “illegal”…O
rthography

G
r
a
p
h

e
m

e
-
p
h

o
n
e

m
e
 
c
o
r
r
e

s
p
o

n
d
e

n
c
e

 
(
O

r
t
h
o

 –
 
P

h
o
n
o

)

•
E

.
g

.
 
h

a
t

Phonology

O
rthography

h
æ

 
t

/
/

C
on’t

•
N

ot that sim
ple actually…

•
O

rthographic “patterns”
•

E.g. “
-
a

k
e” in “bake”, “cake”, “take”, “w

ake”

E
h
r
i
 
(
2
0

0
5
)

M
o
r
p
h
o

l
o

g
i
c
a
l
 
a
w

a
r
e
n

e
s
s
 
(
P

h
o

n
o
 –

 
S

e
m

a
n
t
i
c
s
)

•
B

a
s
i
c
 
m

e
a

n
i
n
g

f
u

l
 
u

n
i
t
s
 
o

f
 
a

 
l
a

n
g

u
a

g
e

 
(
o

r
a
l
)

•
d

o
g

s
 
=

 
d

o
g
 
(
p

l
u

r
a

l
)

•
t
e

a
c
h
e

r
 
=

 
t
e

a
c
h

 
+

 
-
e

r

•
K

n
o

w
l
e

d
g

e
 
a
b

o
u

t
 
w

o
r
d

 
c
o

m
b

i
n

a
t
i
o

n
s

•
c
a

t
 
v
s
 
c
a

t
s

•
t
o

p
 
v
s
 
s
t
o

p

Phonology

Sem
antics



A
p

p
l
i
c
a
t
i
o

n
s
 
i
n
 
C

h
i
n
e

s
e

P
h

o
n
o

l
o

g
i
c
a
l
 
a
w

a
r
e
n
e

s
s
 
(
H

o
 
e

t
 
a
l
.
,
 
2
0
0

7
;
 
M

c
B

r
i
d
e
 
e
t
 
a
l
.
,
 
2

0
0
3

)
 

•
S

y
l
l
a

b
l
e
 
d

e
l
e

t
i
o

n

•
「
電
單
車
」
唔
講
個
「
車
」
字
係
咩

?

•
O

n
s
e

t
-
R

h
y
m

e
 
a

w
a

r
e

n
e
s
s

•
/
s
i
/
 
-
 
/
s
a

/
 
-
 
/
c
e

/
 邊
個
唔
一
樣
呀
？

•
/
b

a
a
/
 
-
 
/
s
a

a
/
 
-
 
/
d

i
/
 邊
個
唔
一
樣
呀
？

Phonology

E
m

p
i
r
i
c
a
l
 
d

a
t
a

•
M

c
B

r
i
d

e
 
e

t
 
a

l
.
 
(
2

0
0

3
)
 
J
E

P

E
m

p
i
r
i
c
a
l
 
d

a
t
a

•
L

a
u

 
e

t
 
a

l
.
 
(
2

0
1

5
)
 
C

L
P



•
B

a
s
i
c
 
o

r
t
h
o

g
r
a

p
h

i
c
 
u

n
i
t
s
 
o

f
 
C

h
i
n

e
s
e

•
W

ord 詞
語

•
Characters 單

字
•

Radicals 聲
旁

 / 形
旁

•
Logographem

es 部
件

•
Strokes 筆

劃

O
r
t
h

o
g
r
a
p
h

i
c
 
a

w
a
r
e
n
e

s
s

O
rthography

荷
花

荷
花

E
m

p
i
r
i
c
a
l
 
d

a
t
a

•
Y

e
u

n
g

 
e
t
 
a

l
.
 
(
2

0
1
1
)
 SS

R

E
m

p
i
r
i
c
a
l
 
d

a
t
a

•
L

a
u

 
e

t
 
a

l
.
 
(
2

0
1

5
)
 
C

L
P

G
r
a
p
h

e
m

e
-
p
h

o
n
e

m
e
 
c
o
r
r
e

s
p
o

n
d
e

n
c
e

 
(
O

r
t
h
o

 –
 
P

h
o
n
o

)

•
P

h
o

n
e

t
i
c
 
c
o
m

p
o

u
n
d

 
c
h

a
r
a

c
t
e

r
s
 形
聲
字

•
R

e
g

u
l
a

r
i
t
y

•
R

e
g

u
l
a

r清
、
桐

•
I
r
r
e

g
u

l
a

r
 倩
、
洞

Phonology

O
rthography

銅

(金
屬
)

/
t

hʊŋ
2

1

/

Sem
antic radical (形

旁
)

Phonetic radical (聲
旁

)



E
m

p
i
r
i
c
a
l
 
d

a
t
a

M
o
r
p
h
o

l
o

g
i
c
a
l
 
a
w

a
r
e
n

e
s
s
 
(
P

h
o

n
o
 –

 
S

e
m

a
n
t
i
c
s
)

Phonology

Sem
antics

M
o
r
p
h
e

m
e
s

S
m

a
l
l
e

s
t
 
m

e
a

n
i
n

g
f
u
l
 
u

n
i
t
s
 
o

f
 
t
h

e
 
l
a

n
g
u

a
g

e

•
E.g. “U

nchangeable”

•
E.g. “月

餅
” /jyut6 beng2/ [m

ooncake]

W
ords can be classified as…

M
o

n
o

m
o

r
p

h
e

m
i
c
 
w

o
r
d

s

•
e

.
g

.
 手
、
狗

M
u

l
t
i
-
m

o
r
p

h
e

m
i
c
 
w

o
r
d

s

•
e

.
g

.
 手
錶
、
耳
環
、
狗
公
園



M
o
r
p
h
o

l
o

g
y
 
o
f
 
C

h
i
n
e
s
e

•
I
n

f
l
e

c
t
i
o
n

a
l

•
黃
色
、
藍
色
、
紅
色

…
•
我
們
、
你
們
、
他
們

…
•

A
s
p

e
c
t
 
m

a
r
k
e

r
s

•
D

e
r
i
v
a

t
i
o

n

•
電
腦
化
、
羅
馬
化

…
•

C
o

m
p

o
u

n
d

i
n

g

•
手
錶
、
凍
飲

…

M
o
r
p
h
o

l
o

g
i
c
a
l
 
a
w

a
r
e
n

e
s
s
 
(
P

h
o

n
o
 –

 
S

e
m

a
n
t
i
c
s
)

M
a

n
i
p
u

l
a

t
i
o

n
s
 
o

f
 
m

o
r
p

h
e

m
e
s

•
e

.
g

.
 龜
、
速
、
九
十

S
t
r
u

c
t
u
r
e

 
o

f
 
w

o
r
d

s

•
龜
速

•
九
十
後

Phonology

Sem
antics

M
o
r
p
h
o

s
y
n

t
a

x

•
Com

pare the follow
ing:

•
「
龜
速
」

v
s「
速
龜
」

•
「
潮
童
」

v
s「
童
潮
」

M
o
r
p
h
o

s
y
n

t
a

c
t
i
c
 
s
t
r
u
c
t
u

r
e
s

•
B

a
s
i
c
a

l
l
y
 
i
n
c
l
u
d

e
s

•
偏
正

(
e

.
g

.
 飛
機
、
電
腦

)
 

•
聯
合

(
e

.
g

.
 閱
讀
、
朋
友

)

•
述
賓

(
e

.
g

.
 出
版
、
彈
琴

)

•
述
補

(
e

.
g

.
 推
廣
、
打
開

)

•
主
謂

(
e

.
g

.
 民
主
、
人
為

)



E
m

p
i
r
i
c
a
l
 
d

a
t
a

•
Y

e
u

n
g

 
e
t
 
a

l
.
 
(
2

0
1
1
)
 
S

S
R

C
on’t

•
L

a
u

 
e

t
 
a

l
.
 
(
2

0
1

5
)
 
C

L
P

C
on’t

•
T
o

n
g
 
e

t
 
a

l
.
 
(
2

0
1
1

)
 
J
R

R

R
e
c
i
p

r
o

c
a
l
 
r
e
l
a
t
i
o
n
s
h
i
p

Deacon et al. (2013) Dev Psy

Hogan et al. (2005) Lang Sp Hearing Ser Sch



I
m

p
l
i
c
a
t
i
o

n
s

•
S

h
a

l
l
 
w

e
 
p

r
o
m

o
t
e

 
t
h

e
 
m

e
t
a

l
i
n

g
u

i
s
t
i
c
 
a

w
a

r
e

n
e

s
s
 
s
o
 
t
h

a
t
 
t
h

e
 

r
e

a
d

i
n

g
 
p

e
r
f
o

r
m

a
n

c
e

 
w

i
l
l
 
b

e
 
p
r
o

m
o
t
e

d
?

•
S

h
a

l
l
 
w

e
 
d

i
r
e

c
t
l
y
 
w

o
r
k
 
o

n
 
r
e

a
d

i
n

g
 
i
n

s
t
e

a
d

?

•
M

ore like “chicken and egg”…

“R
ule

-based” treatm
ent in 

C
h
i
n

e
s
e

A
c
c
e
l
e
r
a
t
i
n

g
 
R

e
a
d

i
n

g
 
A

b
i
l
i
t
i
e
s
 
(
A

R
A

)

•
O

r
t
h

o
g

r
a
p

h
y
 –

 
P

h
o

n
o

l
o

g
y
 Phonology

O
rthography

R
e
g

u
l
a
r
i
t
y

組
/tsou

35 /
組

/tsou
35 /

琪
/k

hei21 /
琪

/k
hei21 /

其
/k

hei21 /
其

/k
hei21 /

R
egularity

C
haracter

Phonetic radical

Regular
且

/ts hɛ35 /
Irregular

且
/ts hɛ35 /



C
o
n

s
i
s
t
e
n
c
y

C
onsistency

Phonetic
C

haracters

鵑
娟

涓
捐

根
眼

很
限

/kyn
55 /

/kyn
55 /

/kyn
55 /

/kyn
55 /

/kan
55 /

/ŋan
23 /

/hɐn
35 /

/han
22 /

肙艮

Consistent

Inconsistent

R
e
g

u
l
a
r
i
t
y
 
x
 
C

o
n

s
i
s
t
e
n
c
y

Regularity
Consistency

蝗
Regular

Consistent

蝗
惶
煌
凰

粗
Irregular

Inconsistent
粗
祖
咀
姐

皇且

C
on’t

Regularity
Consistency

返
Regular

Inconsistent

返
販
板

鈉
Irregular

Consistent
鈉
吶
納

反內

A
R

A

•
H

y
p

o
t
h

e
s
i
s

•
C

h
i
l
d

r
e

n
 
f
a

i
l
e

d
 
i
n

 
r
e

a
d

i
n

g
 
a
c
q

u
i
s
i
t
i
o

n
 
b

e
c
a
u

s
e

 
t
h

e
y
 
a

r
e

 

n
o

t
 
a

b
l
e

 
t
o

 
e

s
t
a

b
l
i
s
h

 
t
h
e

 
m

e
t
a

l
i
n
g

u
i
s
t
i
c
 
a

w
a

r
e
n

e
s
s
 
o

f
 

r
e

a
d

i
n

g

•
G

o
a

l
 
o
f
 
t
r
e
a

t
m

e
n
t

•
T
o

 
a
s
s
i
s
t
 
t
h

e
 
c
l
i
e

n
t
 
t
o

 
e

s
t
a

b
l
i
s
h

 
t
h

e
 
m

e
t
a

l
i
n

g
u
i
s
t
i
c
 

a
w

a
r
e
n

e
s
s
 
o

f
 
r
e

a
d

i
n

g



T
a

r
g
e

t
e

d
 
m

e
t
a
l
i
n

g
u
i
s
t
i
c
 
a
w

a
r
e
n
e

s
s

•
T

h
e

 
a

w
a

r
e
n

e
s
s
 
o

f
 
r
e

g
u

l
a

r
i
t
y

•
T

h
e

 
a

w
a

r
e
n

e
s
s
 
o

f
 
c
o

n
s
i
s
t
e

n
c
y

•
T

h
e

 
c
h

a
r
a

c
t
e

r
 
a

w
a

r
e

n
e
s
s
 
(
m

o
r
p

h
o

l
o

g
i
c
a
l
 
a

w
a

r
e

n
e
s
s
)

T
h

r
e
e

 
t
r
e
a
t
m

e
n
t
 
s
t
a
g
e

s

•
S

t
a

g
e

 
1

•
T
o

 
e
s
t
a

b
l
i
s
h

 
t
h

e
 
a

w
a

r
e

n
e

s
s
 
o

f
 
r
e

g
u

l
a

r
i
t
y

•
S

t
i
m

u
l
i

•
R

e
g

u
l
a

r
 
a

n
d

 
c
o
n

s
i
s
t
e

n
t
 
(
R

C
)
 
c
h

a
r
a

c
t
e

r
s

C
on’t

•
S

t
a

g
e

 
2

•
T
o

 
a
w

a
r
e

 
o

f
 
t
h

e
 
e
x
i
s
t
e

n
c
e

 
o

f
 
i
r
r
e

g
u

l
a

r
i
t
y

•
T
o

 
e
s
t
a

b
l
i
s
h

 
t
h

e
 
a

w
a

r
e

n
e

s
s
 
o

f
 
c
o
n

s
i
s
t
e

n
c
y

•
S

t
i
m

u
l
i

•
I
r
r
e

g
u

l
a

r
 
b

u
t
 
c
o
n

s
i
s
t
e

n
t
 
(
I
R

C
)
 
c
h

a
r
a

c
t
e

r
s

C
on’t

•
S

t
a

g
e

 
3

•
T
o

 
a
w

a
r
e

 
o

f
 
t
h

e
 
e
x
i
s
t
e

n
c
e

 
o

f
 
i
n

c
o

n
s
i
s
t
e

n
c
y

•
T
o

 
f
l
e
x
i
b
l
y
 
u

s
e

 
t
h

e
 
r
e

g
u
l
a
r
i
t
y
 
r
u
l
e
 
a

n
d

 
t
h

e
 
c
o

n
s
i
s
t
e
n

c
y
 
r
u

l
e

•
S

t
i
m

u
l
i

•
I
r
r
e

g
u

l
a

r
 
b

u
t
 
c
o
n

s
i
s
t
e

n
t
 
(
I
R

C
)
 
c
h

a
r
a

c
t
e

r
s
,
 
r
e

g
u

l
a

r
 
b

u
t
 

i
n

c
o

n
s
i
s
t
e

n
t
 
(
R

I
C

)
 
c
h

a
r
a

c
t
e

r
s
 
a

n
d

 
i
r
r
e
g

u
l
a

r
 
a
n

d
 

i
n

c
o

n
s
i
s
t
e

n
t
 
(
I
R

I
C

)
 
c
h

a
r
a
c
t
e

r
s



A
p

p
l
y
i
n
g
 
t
h
e
 
p
r
i
n

c
i
p
l
e
s
 
o
f
 
s
t
a
t
i
s
t
i
c
a

l
 
l
e
a
r
n
i
n
g

 
P

l
a
n

t
e

 
a

n
d

 
G

ó
m

e
z
 
(
2

0
1

8
)

•
I
m

p
l
i
c
i
t
 
i
n

s
t
r
u

c
t
i
o

n
s

•
“R

egularity” principle
•

H
i
g

h
 
f
r
e

q
u

e
n

c
y
 
o

f
 
o

c
c
u

r
r
e

n
c
e
 
o

f
 
t
h
e

 
t
r
e
a

t
m

e
n
t
 
t
a

r
g

e
t
s
 

w
i
t
h

 
h

i
g

h
 
c
o

n
s
i
s
t
e

n
c
y
 
i
n

 
t
h

e
 
l
a

n
g
u

a
g

e
 
i
n

p
u

t

→
O

n
e

 
t
y
p

e
 
o

f
 
c
h

a
r
a
c
t
e

r
s
 
i
n

 
e

a
c
h

 
s
t
a
g

e

•
“Variability” principle

•
T

h
e

 
u

s
e

 
o
f
 
v
a

r
i
e

d
 
e

l
e

m
e

n
t
s
 
i
n

 
a

s
s
o

c
i
a

t
i
o
n

 
w

i
t
h

 
t
h

e
 

t
r
e
a

t
m

e
n
t
 
t
a

r
g

e
t
 
i
n

 
t
h

e
 
p

r
e

s
e

n
t
a

t
i
o
n

 
o

f
 
l
a

n
g

u
a

g
e

 
i
n
p

u
t
 

→
 
T

w
e

l
v
e

 
p
a

i
r
s
 
o

f
 
t
a

r
g

e
t
s
 
i
n

 
e

a
c
h
 
s
e

s
s
i
o

n

P
r
o
b
e

 
t
e
s
t

•
T
a

i
l
o

r
-
m

a
d
e

 
t
o

 
t
r
a

c
k
 
t
h
e

 
r
e

a
d

i
n

g
 
s
t
r
a

t
e

g
i
e

s
 
u
s
e

d
 
b

y
 
e
a

c
h

 

c
l
i
e

n
t

•
A

d
m

i
n

i
s
t
e

r
e

d
 
a

t
:

•
T

h
e

 
a

s
s
e

s
s
m

e
n

t
 
s
e

s
s
i
o

n

•
T

h
e

 
e

n
d

 
o

f
 
e

a
c
h
 
t
r
e

a
t
m

e
n

t
 
s
e

s
s
i
o

n

•
T

h
e

 
p

o
s
t
-
T

x
 
a

s
s
e

s
s
m

e
n
t
 
s
e

s
s
i
o

n

C
on’t

•
C

o
n

t
a

i
n

s
:

•
6

 
l
o

w
 
f
r
e
q

 
R

C
 
c
h

a
r
a
c
t
e

r
s

•
6

 
l
o

w
 
f
r
e
q

 
R

I
C

 
c
h

a
r
a

c
t
e

r
s

•
6

 
l
o

w
 
f
r
e
q

 
I
R

C
 
c
h

a
r
a

c
t
e

r
s

•
6

 
l
o

w
 
f
r
e
q

 
I
R

I
C

 
c
h

a
r
a

c
t
e

r
s

•
6

 
p

h
o

n
e

t
i
c
 
r
a

d
i
c
a

l
s

•
6

 
t
r
e

a
t
m

e
n

t
 
t
a
r
g

e
t
s

•
T

h
e

 
f
i
r
s
t
 
4

 
t
y
p

e
s
 
o

f
 
c
h

a
r
a

c
t
e

r
s
 
a

r
e

 
 
m

a
t
c
h
e

d
 
f
o

r
 
a

v
e

r
a

g
e

 

f
r
e
q

u
e

n
c
i
e

s

C
a
s
e
 
i
l
l
u
s
t
r
a
t
i
o

n

•
C

a
s
e

 
1

:
 
C

K
L

Stage 1
Stage 2



C
a
s
e
 
2
:
 
W

C
K

Stage 2
Stage 3

E
m

p
i
r
i
c
a
l
 
d

a
t
a

•
R

e
s
u

l
t
s
 
o

f
 
p

a
i
r
e

d
 
t
-
t
e

s
t
:
 
t
(
1

9
)
 
=

 
7

.
6

4
,
 p

 
<

 
.
0

0
1

Pre-                     Post-   

CNT (raw)

Leung et al. (in preparation)

S
u

m
m

a
r
y

T
h

e
 
t
r
i
a

n
g
l
e
 
m

o
d

e
l
 
a

s
 
a
 
f
r
a
m

e
w

o
r
k
 
t
o
 
g
u
i
d
e

 
A

x
 
a
n
d

 
T

x
 

Phonology

O
rthography

Sem
antics



W
r
i
t
t
e
n
 
l
a
n
g

u
a
g

e
 
d
i
s
o
r
d
e
r
s

•
It’s all about language

•
A

n
y
 
c
o

n
c
e

p
t
s
 
a

p
p

l
i
e

d
 
i
n
 
o

r
a

l
 
l
a

n
g

u
a

g
e

 
a

s
s
e

s
s
m

e
n
t
 
a

n
d

 

t
r
e
a

t
m

e
n
t
 
a

r
e
 
a

p
p

l
i
c
a

b
l
e

 
i
n

 
w

r
i
t
t
e

n
 
l
a

n
g

u
a

g
e

 
d

i
s
o

r
d

e
r
s
 
a

s
 

w
e

l
l
!

R
e
f
e
r
e
n

c
e
s

•
C

o
l
t
h
e
a
r
t
,
 
M

.
,
 
R

a
s
t
l
e

,
 
K

.
,
 
P

e
r
r
y
,
 
C

.
,
 
L
a
n
g
d
o
n
,
 
R

.
,
 
&

 
Z

i
e
g
l
e
r
,
 
J
.
 
(
2
0
0
1
)
.
 
D

R
C

:
 
a
 
d
u
a
l
 
r
o
u
t
e
 
c
a
s
c
a
d
e
d
 
m

o
d
e
l
 
o
f
 
v
i
s
u
a
l
 
w

o
r
d
 
r
e
c
o
g
n
i
t
i
o
n
 
a
n
d
 
r
e
a
d
i
n
g
 
a

l
o
u

d
.
 
P

s
y
c
h
o
l
o
g
i
c
a
l
 
r
e
v
i
e
w

,
 
1
0
8
(
1
)
,
 

2
0
4
.

•
E

h
r
i
,
 
L
.
 
C

.
 
(
2
0
0
5
)
.
 
L
e
a
r
n
i
n
g
 
t
o
 
r
e
a
d
 
w

o
r
d
s
:
 
T
h
e
o
r
y
,
 
f
i
n
d
i
n
g
s
,
 
a
n
d
 
i
s
s
u
e
s
.
 
S

c
i
e
n
t
i
f
i
c
 
S

t
u
d
i
e
s
 
o
f
 
r
e
a
d
i
n
g
,
 
9
(
2
)
,
 
1
6
7

-
1
8
8
.

•
H

o
,
 
C

.
S

.
H

.
 
&

 
B

r
y
a
n
,
 
P

.
 
(
1
9
9
7
)
.
 
L
e
a
r
n
i
n
g
 
t
o
 
r
e
a
d
 
C

h
i
n
e
s
e
 
b
e
y
o
n
d
 
t
h
e
 
l
o
g
o
g
r
a
p
h
i
c
 
p
h
a
s
e
.
 
R

e
a
d
i
n
g
 
r
e
s
e
a
r
c
h
 
q
u
a
r
t
e
r
l
y
,
 
3
2
(
3
)
,
 
2
7
6

-
2
8
9
.

•
K

u
o

,
 
L
.
 
J
.
,
 
&

 
A

n
d
e
r
s
o
n
,
 
R

.
 
C

.
 
(
2
0
0
6
)
.
 
M

o
r
p
h
o
l
o
g
i
c
a
l
 
a
w

a
r
e
n
e
s
s
 
a
n
d
 
l
e
a
r
n
i
n
g
 
t
o
 
r
e
a
d
:
 
A

 
c
r
o
s
s
-
l
a
n
g
u
a
g
e
 
p
e
r
s
p
e
c
t
i
v
e
.
 
E

d
u
c
a
t
i
o
n
a
l
 
p
s
y
c
h

o
l
o
g
i
s
t
,
 
4
1
(
3
)
,
 
1
6
1
-
1
8
0
.

•
L
a
u
,
 
D

.
 
K

.
-
Y

.
,
 
L
e
u
n
g
,
 
M

.
 
T

.
,
 
L
i
a
n
g
,
 
Y

.
,
 
&

 
L
o
,
 
C

.
 
M

.
 
J
.
 
(
2
0
1
5
)
.
 
P

r
e
d
i
c
t
i
n
g
 
t
h
e
 
n
a
m

i
n
g
 
o
f
 
r
e
g
u
l
a
r
-
,
 
i
r
r
e
g
u
l
a
r
-
 
a
n
d
 
n
o
n
-
p
h
o
n
e
t
i
c
 
c
o
m

p
o
u
n
d
s
 
i
n
 
C

h
i
n
e
s
e
.
 
C

l
i
n
i
c
a
l
 
L
i
n
g
u
i
s
t
i
c
s
 
&

 
P

h
o
n
e
t
i
c
s
,
 

2
9
(
8–

1
0
)
,
 
7
7
6–

7
9
2
.
 
d
o
i
:
1
0
.
3
1
0
9
/
0
2
6
9
9
2
0
6
.
2
0
1
5
.
1
0
3
4
3
7
9

•
L
a
u
,
 
D

.
K

.
Y

.
,
 
&

 
L
e
u
n
g
,
 
M

.
-
T

.
 
(
2
0
1
4
)
.
 
R

e
l
a
t
i
o
n
s
h
i
p
 
b
e
t
w

e
e
n
 
m

o
r
p
h
o
l
o
g
i
c
a
l
 
a
w

a
r
e
n
e
s
s
 
a
n
d
 
C

h
i
n
e
s
e
 
r
e
a
d
i
n
g
 
d
e
v
e
l
o
p
m

e
n
t
.
 
I
n
 
K

.
K

.
H

.
 
C

h
u
n

g
,
 
K

.
C

.
P

.
 
Y

u
e
n
,
 
&

 
D

.
M

.
 
M

c
I
n
e
r
n
e
y
 
(
E

d
s
)
.
 

U
n
d
e
r
s
t
a
n
d
i
n
g
 
D

e
v
e
l
o
p
m

e
n
t
a
l
 
D

i
s
o
r
d
e
r
s
 
o
f
 
A

u
d
i
t
o
r
y
 
P

r
o
c
e
s
s
i
n
g
,
 
L
a
n
g
u
a
g
e
 
a
n
d
 
L
i
t
e
r
a
c
y
 
A

c
r
o
s
s
 
L
a
n
g
u
a
g
e
s
:
 
I
n
t
e
r
n
a
t
i
o
n
a
l
 
P

e
r
s
p
e
c
t
i
v
e
s
.
 
I
n
f
o
r
m

a
t
i
o
n
 
A

g
e
 
P

u
b
l
i
s
h
i
n
g
.

•
L
u
i
,
 
H

.
-
M

.
,
 
L
e
u
n
g
,
 
M

.
-
T

.
,
 
L
a
w

,
 
S

.
-
P

.
,
 
&

 
F

u
n
g
,
 
R

.
 
S

.
-
Y

.
 
(
2
0
1
0
)
.
 
A

 
d
a
t
a
b
a
s
e
 
f
o
r
 
i
n
v
e
s
t
i
g
a
t
i
n
g
 
t
h
e
 
l
o
g
o
g
r
a
p
h
e
m

e
 
a
s
 
a
 
b
a
s
i
c
 
u
n
i
t
 
o
f
 
w

r
i
t
i
n
g
 
C

h
i
n
e
s
e
.
 
I
n
t
e
r
n
a
t
i
o
n
a
l
 
J
o
u
r
n
a
l
 
o
f
 
S

p
e
e
c
h
-

L
a
n
g
u
a
g
e
 
P

a
t
h
o
l
o
g
y
,
 
1
2
(
1
)
,
 
8–

1
8
.
 
d
o
i
:
1
0
.
3
1
0
9
/
1
7
5
4
9
5
0
0
9
0
3
2
0
3
0
8
2

•
M

c
B

r
i
d
e

-
C

h
a
n
g
,
 
C

.
,
 
S

h
u
,
 
H

.
,
 
Z

h
o
u
,
 
A

.
,
 
W

a
t
,
 
C

.
 
P

.
,
 
&

 
W

a
g
n
e
r
,
 
R

.
 
K

.
 
(
2
0
0
3
)
.
 
M

o
r
p
h
o
l
o
g
i
c
a
l
 
a
w

a
r
e
n
e
s
s
 
u
n
i
q
u
e
l
y
 
p
r
e
d
i
c
t
s
 
y
o
u
n
g
 
c
h
i
l
d
r
e
n
'
s
 
C

h
i
n
e
s
e
 
c
h
a
r
a
c
t
e
r
 
r
e
c
o
g
n
i
t
i
o
n
.
 
J
o
u
r
n
a
l
 
o
f
 

e
d
u
c
a
t
i
o
n
a
l
 
p
s
y
c
h
o
l
o
g
y
,
 
9
5
(
4
)
,
 
7
4
3
.

•
P

l
a
n
t
e
,
 
E

.
 
&

 
G

ó
m

e
z
,
 
R

.
L
.
 
(
2
0
1
8
)
.
 
L
e
a
r
n
i
n
g
 
W

i
t
h
o
u
t
 
T

r
y
i
n
g
:
 
T
h
e
 
C

l
i
n
i
c
a
l
 
R

e
l
e
v
a
n
c
e
 
o
f
 
S

t
a
t
i
s
t
i
c
a
l
 
L
e
a
r
n
i
n
g
.
 
L
a
n
g
u
a
g
e
,
 
S

p
e
e
c
h
 
a
n

d
 
H

e
a
r
i
n
g
 
S

e
r
v
i
c
e
s
 
i
n
 
S

c
h
o
o
l
s
,
 
4
9
,
 
7
1
0

-
7
2
2
.

•
S

e
i
d
e
n
b
e
r
g
,
 
M

.
 
S

.
,
 
&

 
M

c
C

l
e
l
l
a
n
d
,
 
J
.
 
L
.
 
(
1
9
8
9
)
.
 
A

 
d
i
s
t
r
i
b
u
t
e
d
,
 
d
e
v
e
l
o
p
m

e
n
t
a
l
 
m

o
d
e
l
 
o
f
 
w

o
r
d
 
r
e
c
o
g
n
i
t
i
o
n
 
a
n
d
 
n
a
m

i
n
g
.
 
P

s
y
c
h
o
l
o
g
i
c
a
l
 
r
e
v
i
e
w

,
 
9
6
(
4
)
,
 
5
2
3
.

•
S

n
o
w

l
i
n
g
,
 
M

.
J
.
 
&

 
H

u
l
m

e
,
 
C

.
 
(
2
0
1
2
)
.
 
A

n
n
u
a
l
 
R

e
s
e
a
r
c
h
 
R

e
v
i
e
w

:
 
T

h
e
 
n
a
t
u
r
e
 
a
n
d
 
c
l
a
s
s
i
f
i
c
a
t
i
o
n
 
o
f
 
r
e
a
d
i
n
g
 
d
i
s
o
r
d
e
r
s
 –

 
a
 
c
o
m

m
e
n
t
a
r
y
 
o
n
 
p
r
o
p
o
s
a
l
s
 
f
o
r
 
D

S
M

-
5
.
 
J
o
u
r
n
a
l
 
o
f
 
C

h
i
l
d
 

P
s
y
c
h
o
l
o
g
y
 
a
n
d
 
P

s
y
c
h
i
a
t
r
y
,
 
5
3
(
5
)
,
 
5
9
3

-
6
0
7
.

•
T

a
i
n
t
u
r
i
e
r
,
 
M

.
 
J
.
 
(
2
0
1
9
)
.
 
A

 
t
h
e
o
r
y
 
o
f
 
b
i
l
i
n
g
u
a
l
 
s
p
e
l
l
i
n
g
 
i
n
 
a
l
p
h
a
b
e
t
i
c
 
s
y
s
t
e
m

s
.
 
I
n
 
C

.
 
P

e
r
r
e
t
,
 
&

 
T

.
 
O

l
i
v
e
 
(
E

d
s
)
.
 
S

p
e
l
l
i
n
g
 
a
n
d
 
W

r
i
t
i
n
g
 
W

o
r
d
s
:
 
T

h
e
o
r
e
t
i
c
a
l
 
a
n
d
 
m

e
t
h
o
d
o
l
o
g
i
c
a
l
 
a
d
v
a
n
c
e
s
 

(
p
p
.
6
7
-
9
2
)
.
 
B

r
i
l
l
.

•
T

o
n
g
,
 
X

.
,
 
M

c
B

r
i
d
e
-
C

h
a
n
g
,
 
C

.
,
 
W

o
n
g
,
 
A

.
 
M

.
 
Y

.
,
 
S

h
u
,
 
H

.
,
 
R

e
i
t
s
m

a
,
 
P

.
,
 
R

i
s
p
e
n
s
,
 
J
.
 
(
2
0
1
1
)
.
 
L
o
n
g
i
t
u
d
i
n
a
l
 
p
r
e
d
i
c
t
o
r
s
 
o
f
 
v
e
r
y
 
e
a
r
l
y
 
C

h
i
n
e
s
e
 
l
i
t
e
r
a
c
y
 
a
c
q
u
i
s
i
t
i
o
n
.
 
J
o
u
r
n
a
l
 
o
f
 
R

e
s
e
a
r
c
h
 
i
n
 

R
e
a
d
i
n
g
,
 
3
4
(
3
)
,
 
3
1
5–

3
3
2
.

•
W

e
e
k
e
s
,
 
B

.
 
S

.
,
 
Y

i
n
,
 
W

.
,
 
S

u
,
 
I
.
 
F

.
,
 
&

 
C

h
e
n
,
 
M

.
 
J
.
 
(
2
0
0
6
)
.
 
T
h
e
 
c
o
g
n
i
t
i
v
e
 
n
e
u
r
o
p
s
y
c
h
o
l
o
g
y
 
o
f
 
r
e
a
d
i
n
g
 
a
n
d
 
w

r
i
t
i
n
g
 
i
n
 
C

h
i
n
e
s
e
.
 
L
a
n
g
u
a
g
e
 
a
n
d
 
L
i
n
g
u
i
s
t
i
c
s
,
 
7
(
3

)
,
 
5
9
5–

6
1
7
.

•
W

i
l
e
y
,
 
R

.
W
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