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Effects of phonological and orthographic similarities of

Chinese characters on Chinese reading

CHAN Kin Yan, Candy

ABSTRACT

This study investigated the effects of phonological similarity and orthographic

similarity of Chinese characters on reading. The subjects were 105 local grade 3, 4, and 5

students in Hong Kong. Proof-reading task of reading sentences was used in the study to

approximate real life reading. Contradicting with previous studies, the results of the present

study illustrated that orthography is essential in the process of reading as the visual access for

semantic activation, and it could be hypothesized that orthographic activation occurred before

phonology is activated. Another finding was that phonology did not play a strong role for

access to semantics for young readers, but slight development trend was shown. Readers

tended to learn the phonological rules after grade 3, relying less on the sound of the characters

on reading.
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Introduction
Background of study

Reading aloud a character from print is a process which involves orthography, phonology,
and semantics. This orthography, phonology, and semantics “triangle” is traditionally used to
describe the lexical process of Chinese character (Perfetti & Tan, 1998; Seidenberg &
McClelland, 1989; Zhou et al., 1999) (refer to Fig.1). In order to illustrate the reading process
in the brain upon encountering a character, researchers tried to study the activation of

orthography, phonology, and semantics in reading.

Direct visual
access

Phonological
mediation

>

orthography phonology

Figure 1. Framework of “triangular” lexical representation of orthographic, phonological, and

semantic activations during reading

Many researchers tried to find out the role of phonology in reading (Perfetti & Zhang,
1995, Seidenberg & McClelland, 1989; Taft & van Graan, 1998; Zhou et al., 1999, Zhou &

Marslen-Wilson, 1999). The phonology mediated hypothesis suggests that orthography first
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activates phonology and then indirectly activates semantics. A contrastive hypothesis of direct
visual access suggested that phonology is bypassed, semantics is directly activated by
orthography. With the two pathways linking to semantics, interaction of orthography and
phonology was also suggested in dual-route theories, indicating that under specific conditions,
one of the two has stronger role in semantic activation. Although many studies have been
carrying out, consistent results for the activation of orthography, phonology, and semantics in
reading could not be found.

In studies on visual word recognition using semantic categorization task, homophones
were prone more to be mis-categorized than the unrelated control, which led to the hypothesis
than semantic activation is phonologically mediated (Van Orden, 1987). Taft and Van Graan
(1998) demonstrated that regular and irregular words (e.g., PLANK and PINT, respectively)
showed a difference in a naming task indicating a regularity effect. However not such effect
was found in the semantic categorization task. Hence, Taft and VVan Graan (1998) hypothesized
that semantic activation is not necessarily phonologically mediated.

Daneman, Reingold, and Davidson (1995) studied homophones with eye-monitoring
technique by measuring gaze duration on the words. It suggested that in passage reading of
skilled readers, encountering a homophonic word which was contextually inappropriate was
more disruptive than reading a non-homophonic control word which was also contextually

inappropriate. Rayner, Pollatsek, and Binder (1998), however, found that reading a
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homophonic word which was orthographically similar to the contextually appropriate word
was less disruptive than the control.

Conflicting results might reflect different activation processes partly due to the limitation
of alphabetic languages like English, or French. Orthography and phonology of alphabetic
languages usually co-vary. When the orthography of the character is changed, the phonology of
it is changed too. For example, the word “star” has a different phonology with “scar”. The
inability to separate orthography and phonology clearly created limitations in studies using
alphabetic languages, conclusive statement could not be drawn in the studies on effects of
phonological and orthographic similarities on reading.

In contrast to the limitation of alphabetic languages, Chinese is a better language for
studying the effects of phonological similarity and orthographical similarity. Chinese
characters have large number of homophones which are clearly orthographically different,
while phonologically the same; for examples, ##i/hei55/[rare, sparse]-f5/hei55/[sacrifice], %%
/[fen21/[burn]-t&/fen21/[grave, bulge]. There is also large number of Chinese characters with
similar orthography but with totally different meanings, for examples, I/ts"ou33/[noisy]-j
Its"ou33/[irritable], Wa/kwei22/[kneel]-f/kweild5/[cheat, sly], 4f/mind/[wool, soft, downy]-55
/kem35/[brocade, tapestry; embroidered]. Hence, Chinese provides a more ideal testing ground
to study the effect of phonological and orthographic similarities on reading.

Zhou & Marslen-Wilson (1999) demonstrated that phonological activation was automatic,
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but it could not be concluded that this was related to semantic activation. Studying the time

course of activation using priming tasks, Perfetti & Tan (1998) supported the claim that

phonology was automatically activated, and was earlier than semantic activation. Chen et al.

(1995) and Leck et al. (1995) demonstrated the lack of a significant independent phonological

effect. Leek et al. (1995) used semantic categorization task, and showed strong orthography

effect but very weak phonology effect. Wydell et al. (1993) used another logographic language,

Japanese, to study homophones. It was shown that the interaction effect was more significant

for orthographically similar homophones than for orthographically similar non-homophones. It

was then concluded that with appropriate orthographic information, phonology can influence

semantic activation.

Song, Zhang, & Shu (1995) studied the role of graphic code and sound code of the

character in reading of simplified Chinese characters. Proof-reading task was used to

approximate real life reading. Grade 3, grade 5, and adult group were included as subjects. The

comparison was between two types of stimuli: orthographic similar words (which are

phonologically different) and homophones (which are orthographic dissimilar) only. Results

showed that younger readers performed poorer with homophones than with orthographic

similar words; and the adult group performed poorer with orthographic similar words than with

homophones. Therefore, Song, Zhang, & Shu (1995) concluded that beginners rely more on

phonological code than orthographic code, while more advanced readers rely more on
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orthographic code than phonological code.

However, the above study of Song, Zhang, & Shu (1995) had several problems which

might have confounded the results. Firstly, the authors did not specify the characteristics of the

homophones used in the study. Homophones could have been orthographic similar or dissimilar.

Secondly, the two types of stimuli used were not comparable, since they varied both

phonologically and orthographically. The study did not include all possible factors in varying

the phonological and orthographic similarities, for examples, 2 groups of homophones which

are orthographic similar and dissimilar, orthographic similar but different phonology group,

and different orthography and phonology group. Thirdly, the authors considered similar

orthography, but same phonology when comparing the 2 groups of stimuli, which would have

bias in the results. For comparable analysis, both factors should have similar and dissimilar

groups instead. Fourthly, possible interaction effects of orthographic and phonological

similarities across grades were not included in the analysis of the previous study. The problems

mentioned above might have confounded the results, thus the conclusion above may be wrong.

The present study will be modified from the study of Song, Zhang, & Shu (1995). Same

methodology of proof-reading task will be given to observe any orthographic and/or

phonological effects. The study will include the homophone groups (orthographic similar and

dissimilar) to confirm the results of the previous study. Except these two groups, 4 more groups

will be included: orthographically similar phonologically similar (OsPsi), orthographically
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similar phonologically different (OsPd), orthographically dissimilar phonologically similar

(OdPsi), and orthographically dissimilar phonologically different (OdPd). Also, instead of

studying skilled readers, the current research will study primary school readers from grade 3,

grade 4, and grade 5, who are developing their skills of reading, so that detailed development

shift of the effects on reading can be studied.

Research questions

This study aims to investigate how similar phonology and similar orthography affect

Chinese reading. It also aims to investigate whether there is developmental trend and shifting

of the effects on reading in Hong Kong local students. Sentence level will be used to simulate

real life reading. We would like to ask: Are there phonological and orthographic similarity

effects in Chinese reading in Hong Kong local students using traditional Chinese characters? Is

there interaction effect between phonological and orthographic similarities? Is there a

developmental trend and shifting of the effects of phonological and orthographic similarities in

Hong Kong local students across grade?

Hypothesis

If the conclusions made by previous study of Song, Zhang, & Shu (1995) are correct, the

below predictions could be made.

For lower grade, since it was hypothesized that they rely on phonology, OsPsi would

perform poorer than OsPd, and OdPsi would perform poorer than OdPd. Also, OsPsi and

Year 4 Dissertation CHAN Kin Yan Candy (No. 2002270233)



OdPsi, as well as OsPd and OdPd, would perform with similar results.

For higher grade, since it was hypothesized that they rely on orthography, OsPsi would

perform poorer than OdPsi, and OsPd would perform poorer than OdPd. Also, OsPsi and OsPd,

as well as OdPsi and OdPd, would perform with similar results.

Method

Participants

Three groups of subjects were recruited for the study in a local Chinese-medium primary

school. They include grade 3, grade 4, and grade 5 students, so that detailed development trend

could be analyzed. Subjects included are studying in Hong Kong since grade one, and are using

Cantonese as their first language.

All subjects were screened by Raven’s Standard Progressive matrices (Raven, 1986) in

which the non-verbal intelligence and logical reasoning ability will be compared with the norm

of their according ages. Subjects out of the range of SD +1.33 (i.e. 1Q score out of the range of

80 to 120 were excluded. Hong Kong Graded Chinese character naming test (HKGCNT) was

also performed for each subject. Subjects’ performances were compared to the norms of their

according grades. Subjects out of the range of SD +1.33 were excluded from the study.

After the two standardized screening tests were performed, a total of 105 subjects were

included in the study. 35 subjects were included in each of the three grades. Gender and age of

subjects included in the study of the three grades were summarized in table 1.
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Table 1. Gender, age, intelligence, and reading abilities of the three groups of subjects.

Grade Gender Age Raven’s standard score HKGCNT z-score
Range (Mean) Mean (SD) Average (SD)

3 22 M; 13 F 8;2-9;11 (8.70) 100.1 (8.31) 0.226 (0.75)

4 19M; 16 F  9;3-10;10 (9.78) 92.5 (8.06) 0.541 (0.64)

5 13M;22F  10;3-11;9 (10.71) 98.2 (11.37) 0.615 (0.60)

Design and Stimuli

Since frequencies of occurrence of characters for different grades are different, different

sets of sentences were used for different grades in order to control the frequency of characters.

Low frequency characters were selected from the Hong Kong Corpus of Primary School

Chinese (Leung & Lee, 2002) and only those low frequency characters were used. Low

frequency characters were defined to be the lower one third of the occurrences of the total

number of different words. There are two rationales to support this. First, ceiling effect with the

use of high frequency characters would be avoided. Second, high frequency characters do not

require analysis at sub-character level, which would not review the effects of the orthographic

and phonological similarities.

Two other issues were taken into concerns. Characters with more than one pronunciation

shown in the primary corpus and characters that are commonly mis-pronounced in Hong Kong

population were excluded. The reasons for these are that the phonology of the targets could not

be controlled to examine the effects of neighbors.

The stimuli were manipulated according to two factors: orthography and phonology.
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Orthography was sub-divided into two levels: similar and dissimilar. Orthographical similar

characters were defined to have at least 4 strokes, with same orthographic configuration, and

differ in at most one radical. Orthographic dissimilar characters were two characters that differ

in more than one radical, and do not share the same phonetic radical. The similarities and

differences with the character pairs were rated by 20 advanced Chinese language user

(university undergraduates in the present experiment). Anchors were given as references, and

raters were asked to rate the similarity of two characters with a 7-point-scale (from -3 to +3).

Negative values indicate differences between the pairs, while positive values indicate

similarities. Pairs were treated as orthographically similar with rating of +3; while

orthographically dissimilar with rating of -3.

Phonology was sub-divided into three levels: same, similar, and dissimilar. Phonologically

same characters are homophones, i.e. they have same onset, rime, and tone (ORT).

Phonologically similar characters are pairs having identical onset and rime (OR), or identical

rime and tone (OT). This group of stimuli should be included to avoid bias due to the lack of

orthographically identical pairs. Phonologically dissimilar characters have different onset, rime,

and tone (NORT), or only same in either one of the onset, rime, or tone (O/ R/ T).

Six groups of stimuli were created according to the two above factors. Each group

included 10 pairs of stimuli, which created totally 60 pairs of characters. The features and

examples of the stimuli were summarized in table 2.
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Table 2. The features and examples in the six groups of stimuli (numbers of stimuli are shown

underlined in brackets).

Orthographic ~ Similar Dissimilar
Phonological
Same OsPsa OdPsa
Homophones, similar orthography (10) Homophones, dissimilar orthography
Examples: -, HH-3H, HE-E (10)
Examples: -7, -4, -5
Similar OsPsi OdPsi
OR(5) / OT(5), similar orthography OR(5) / OT(5), dissimilar orthography
Examples: Examples:
15-%77, Be-3E OR 8-%, #i-i& OR
Hl-9at, BRIk OT P, S-3 OT
Dissimilar OsPd OdPd
NORT(4) /0(2) IR(2) IT(2), similar NORT(4) /0(2) IR(2) /T(2), dissimilar
orthography orthography
Examples: Examples:
&n-#% NORT  #5-15 O - NORT &-% O
a-UF R AT #E-1H R B T

Sentences were made up by each of the 60 target characters. The target characters were

being substituted by their corresponding pairs in presenting the stimuli to the subjects. For

example, for the target f/tou35/[look at, observe], the sentence with substituted phonological

and orthographic substitute fi%/tou35/[gamble] will be " iZ{irzg A H @%@’%ﬁzﬂ%@@ °

Each of these 60 sentences with a substituted character requires correction. Control group for

each grade consisted of 10 sentences without error. Ten high frequency fillers were also

included to reduce subjects’ frustration when working with the low frequency characters.

A total of 80 sentences with the first 5 trial sentences were presented in two booklets (A &

B). Sentences length was controlled, ranging from 11 to 14 characters. Means and standard
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deviations of the length of sentences are shown in table 3.

Table 3. Means and standard deviations (in brackets) of the length of sentences.

Grade OsPsa OsPsi OsPd OdPsa OdPsi OdPd

3 11.9(054) 12.3(0.78) 11.9(0.94) 12.2(0.98) 12.0(0.77) 12.0(1.14)

4 122(098) 12.4(0.92) 12.3(1.00) 12.2(1.19) 12.3(1.10) 12.4(0.92)

5  123(0.90) 12.2(1.08) 12.3(1.00) 12.0(1.00) 12.3(1.10) 12.1(0.94)

The order of the stimuli was randomized. Each stimulus was printed in black using the

“biau kai” font (Zf&48) (which is the same as text printed on common Chinese language

textbooks), sized 24 at the centre of a plain white paper in half of an A4 size, with the back of

page printed dark for avoiding seeing through. Each sentence was illustrated by a gray-scale

clipart to facilitate comprehension. The pages were bind to form booklets.

Procedures

The 105 selected subjects were invited to perform a sentence proof-reading task in a

classroom setting. The tasks were administered separately according to grades. Five trials were

given for each subject in order to familiarize with the timed task. Each of the subjects was

presented with 2 booklets, one after the other. Practice effects were balanced across subjects

with ABBA counterbalancing for the two booklets A and B. Subjects were allowed 15 seconds

to complete each target sentence. They were asked to put a tick, or to circle any erroneous

characters within the fixed time. After the time limit, a “ding” sound was presented, and the

subjects were instructed to flip the page to the next sentence. This was repeated until the last

question in the booklet was completed.

Data Analysis
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The subjects’ performances was marked either right or wrong for quantitative analysis,
according to whether they were able to circle the substituted wrong character for each sentence.
The number of correct identification of errors in each of the six groups of stimuli of each
subject was calculated. The numbers (out of 10) were then entered into a 2 x 3 two-way
analysis of variance (ANOVA) with repeated measures design.

Since the stimuli for the three grades were different, performances in the three grades
were analyzed separately. The pattern of the interactions between two factors was chosen to
compare across the three grades for qualitative analysis to note any development shift in
reading Chinese.

Tukey HSD test was used for post-hoc analysis for all pair-wise comparisons, in order to

investigate which specific factors contribute to the significant effects.
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Results

In order to investigate the effects of phonological and orthographic similarities on Chinese

reading, ANOVA was performed separately for the three grades, on the subjects’ number of

correct identification of the wrong characters in the 60 stimuli. The results of the three grades

are summarized in Table 4. Tukey HSD test was used as post-hoc test.

Table 4. Main effects of similar orthography (ORTHO) and similar phonology (PHONO), and

their interaction effects (ORTHO*PHONO) for the 3 grades. (Effects that are

statistically significant are marked with asterisks(*))

Grade Effects SS d.f. MS F p
Grade3  ORTHO 129.6 1 129.6 1125  .00000*
PHONO 1.2 2 0.6 0.4 0.70473
ORTHO*PHONO 59.8 2 29.9 20.5  .00000*

Grade4  ORTHO 139.2 1 139.2 111.2  .00000*
PHONO 127.1 2 63.6 39.8  .00000*
ORTHO*PHONO 56.6 2 28.3 24.3  .00000*

Grade5 ORTHO 14.4 1 14.4 9.65  .00400*
PHONO 68.6 2 34.3 29.88  .00000*
ORTHO*PHONO 4.47 2 2.23 2.34 0.10400

For grade 3 subjects, the main effect of orthographic similarity was significant,

F(1,34)=112.47, p<.00001; while the main effect of phonological similarity was statistically

insignificant (p>0.05). However, the interaction between these two factors was significant,

F(2,68)=20.549, p<.00001.

Although there was no significant main effect of phonological similarity, with the
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post-hoc test, it was shown that when orthography was dissimilar, the values of phonologically

similar and dissimilar groups were significantly different (p < .05), while same and dissimilar

groups were statistically insignificant (p > .05) (dotted line in Figure 2). These were the same

when orthography was similar (solid line in Figure 2), although the better and poorer

performances were reversed.

8.0

7ot

7o

Bor

B0

S |3

L0

45 ¢

4.0 ¢

Number of correct identification of errors

35t

30

I ORTHO similar

same similar dissimilar =k ORTHO dissimilar
FHORO

Figure 2. Interaction effects of orthographic similarity and phonological similarity for grade 3

(the vertical bars in the graph indicate the mean and the range of SD 1.0)

For grade 4 subjects, the main effects of orthographic similarity and phonological

similarity were both significant, resulting in F(1,34)=111.16, p<.00001, and F(2,68)=39.814,

p<.00001 respectively. The interaction between these two factors was also significant,
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F(2,68)=24.339, p=.00000.

Except that when phonologically similar, the two orthography groups were statistically

insignificant (p > .05), the post-hoc test proved all the other comparable pairs significantly

different (p <.005)

100

95 ¢

90 ¢

8ot

80

Tohr

7O

6o

60Ot

bot

50

Number of correct identification of errors

45+

4.0 - L o
. o JE ORTHO similar
same similar dissimilar & ORTHO dissimilar

PHOMNGO

Figure 3. Interaction effects of orthographic similarity and phonological similarity for grade 4

(the vertical bars in the graph indicate the mean and the range of SD 1.0)

For grade 5 subjects, the main effects of orthographic similarity and phonological

similarity were both significant, F(1,34)=9.6482, p<.005, and F(2,68)=29.877, p<.00001

respectively. However, no significant interaction effect between these two factors was found

(p>0.05).

Year 4 Dissertation CHAN Kin Yan Candy (No. 2002270233)



18

Although significant differences were shown for orthographically similar and dissimilar

groups, same as the grade 3 and 4 groups, the post-hoc results showed that when characters

were phonologically similar, the 2 orthography groups were statistically insignificant (p > .05).

Although significant main effect of phonological similarity was shown, with the post-hoc

test, it was shown that when orthography was either similar or dissimilar, the values of

phonologically similar vs. dissimilar groups were not significantly different (p > .05). The

post-hoc results confirmed that, with similar or dissimilar orthography, the values of

phonologically same and dissimilar groups were statistically significant (p < .05).

94

90

8ot

80

o

70}

B5

Number of correct identification of errors
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b

I ORTHO similar

m similar dissimilar e
same & ORTHO dissimilar
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Figure 3. Interaction effects of orthographic similarity and phonological similarity for grade 5

(the vertical bars in the graph indicate the mean and the range of SD 1.0)
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Discussion

Main Effects of the Orthography

Across grade 3, 4 and 5, readers tended to perform poorer in identifying orthographically

similar characters in the proof-reading task than the dissimilar orthography group. It could be

explained by that similar orthography created more confusion with the target characters. The

readers might have depended on the orthography of the words to read the sentences and missed

out the wrong substituted words which “looked” similar. It can be concluded that all of the

three grades rely on the characters’ orthography in reading the Chinese characters.

This supports the hypothesis about high grades that Od is better than Os groups, but

contradict the hypothesis about low grades that they are similar.

Main Effects of the Phonology

Comparing groups with same and dissimilar phonology, grade 3 readers performed

similarly, while grade 4 and 5 readers tended to perform poorer in identifying phonologically

similar characters in the task than the dissimilar phonology group. These contradict with the

hypothesis for both high and low grades.

However, if similar phonology and dissimilar phonology are taken for comparison, as for

orthography to prevent bias of results of using same phonology group, the performances of the

three grades were similar. In other words, readers tended to perform similarly in identifying

phonologically similar and dissimilar characters in the task across grades.
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The insignificant phonological effect can be explained by that phonology generally does

not play a strong role of in reading the stimuli sentences. More detailed analysis shows that the

subjects of grade 4 and 5 identified more errors in stimuli of dissimilar phonology than same

phonology group (table 5). This result suggested that after grade 3, readers tended to make use

of phonological rules. The heavier reliance on the characters’ phonology rendered them less

able to identify phonologically identical characters which were contextually inappropriate.

Table 5. Main Effects of Phonology of the three grades of subjects

Performances across grades

not significantly different

Phonologically dissimilar

not significantly different

Phonologically dissimilar

not significantly different

Phonologically dissimilar

poorer than

Phonologically dissimilar

Grades

3 Phonologically similar
Phonologically same

4 Phonologically similar
Phonologically same

5 Phonologically similar

not significantly different

Phonologically dissimilar

Phonologically same

poorer than

Phonologically dissimilar

Interaction effects

When orthography was dissimilar, effects of phonological similarity were different in the

three grades. As shown in table 6, moving up the grades, readers tended to make use of

phonology more, performing better than low grades in phonologically similar group.

When orthography was similar, comparing same and dissimilar phonology group, as we

move up the grades, readers tended to make use of the differences in phonology to help them

identify the errors in the stimuli sentences, hence performance was better for dissimilar group

relatively for higher grades.

The interaction effects support the hypothesis of similar phonological performances for
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high grades. For grade 3 and grade 4 orthographically similar group, a reverse pattern of

performances was noted, phonological similar group was performed better than the dissimilar

group. This pattern could be explained by that the client strongly rely on orthography, with

favorable phonological factor (dissimilar), the performances were much better for Od than for

Os.

Table 6. Interaction Effects of the Phonology and Orthography of the three grades of subjects

[Keys: “=" indicates not significantly different; “> indicates better than; “<” indicates poorer than]
Grades Performances across grades (P: phonology)
3 Orthographically similar P-same = P-dissimilar
P-similar > P-dissimilar
Orthographically dissimilar P-same = P-dissimilar
P-similar < P-dissimilar
4 Orthographically similar P-same < P-dissimilar
P-similar > P-dissimilar
Orthographically dissimilar P-same < P-dissimilar
P-similar < P-dissimilar
5 Orthographically similar P-same < P-dissimilar
P-similar = P-dissimilar
Orthographically dissimilar P-same < P-dissimilar
P-similar = P-dissimilar
Conclusions

Chinese is a suitable testing ground to examine the effects of orthography and phonology

during the reading of Chinese text due to its nature of independency between the orthographic

and phonological forms. Unlike alphabetic languages, conclusive statement could not be drawn

in the studies on effects of phonological and orthographic similarities on reading, due to the

inability to separate orthography and phonology clearly created limitations in studies using
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alphabetic languages. The orthography of the alphabetic languages was special, words are

formed by letters. Any conclusion might only reflect the special feature of their orthography

rather than a universal theory of reading, at least those conclusion made could not be applied to

Chinese language which is logographic.

Contradicting with previous studies, the present study using Chinese as the experiment

gave us a new insight in the issue of the role played by orthography and phonology in reading.

In conclusion, orthography is essential in the process of reading for the three subject

groups. From the results of the study, it can be hypothesized that primary school readers used

visual access for semantic activation, readers make use of the Chinese characters’ orthography

to link to their meaning in reading, and thus orthographic activation occurred before phonology

is activated.

The other finding was that phonology did not play a strong role for access to semantics for

young readers of grade 3. There was slight development trend shown, comparing

same-dissimilar phonology, readers tended to learn the phonological rules after grade 3, and

rely less on the sound of the characters on reading.
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code target ipa char2 ipa sentence

OsPsal %% wun4 % wun4 —fIEEE AR EHI DT -
OsPsa2 cau4 48 cau4 A (E A IR -
OsPsa3 f{# gan2 fi gan2 /INBEFRAE R BE Y /N E -
OsPsa4 & tok3 & tok3 R R AR ZE B L S Y C YRR -
OsPsa5  fifl laap6 é laap6 RPN HFIFREAEISE -
OsPsa6  fi#l laan4 i | laan4 — AR AR T AEIRY ER
OsPsa7 [ tou4 | tou4 /NSRRI BEAMR B S S
OsPsa8  fill cit3 A cit3 M—RNEBRER LT -
OsPsa9 I cou3 B cou3 AR R BE e |
OsPsal0 % geil % geil EEfr o ReE NEESE -
OdPsal lau6 firs lau6 KIS/ NERETEAK
OdPsa2 & jaul 2] jaul SIS PERA A9 T USRSk -
OdPsa3 il zoul G| zoul /NERE T — A B AR
OdPsa4 @ faan6 7z faan6 LEN IO Z AT E R T A -
OdPsa5 & bei3 A bei3 R R R AR AT RN E R -
OdPsa6 i cou3 i cou3 M £6 FY Rz P R T - o R -
OdPsa7 % gukl A gukl SR EYgSHE R -
OdPsa8 & gun3 # gun3 T SRS A T R URE -
OdPsa9 f& jaud gl jaud HNAIRIRE AEZ I A0 -
OdPsal0 & cyund %= cyund Hi e/ NI 25K BRI |
OsPsil fong4 9] fong2 T FZ Y56 B 4t Bl ahi i o
OsPsi2 % gyun2 % gyun3 HARR - THEESEANITEEK
OsPsi3 & mol i mo4 EEERAEE S R R -
OsPsi4 4 saau2 1 saaul IRt — R (2R E T |
OsPsi5 Mt zungl &t zung3 B H T MR ©
OsPsi6 1% kwok3 13 kwong3 LKA FEHIHERL T+ 2@/ NEF -
OsPsi7 i jyuté # jeci6 T E S B -
OsPsi8  f# mui4 B mau4 FHIR BB R ER -
OsPsi9 & mou6 £ S mok6 FMEEE S EEN R -
OsPsil0 #F gonl &F gaanl /NIRBR B AR E AT -
OdPsi1 W\ baal % baa3 SRR AT BRI AR R 45 -
OdPsi2 %2 jyun3 % jyun4 REHEG KRS HRITHOS T -
OdPsi3  Z hat1 i hat6 /INBHHE SR A4 4E T R -
Odpsi4 I cyunl ~F cyun3 EIR - #H BT AT RAR -
OdPsi5 & jind = jiné VIS B2 E=FE RS -
OdPsi6 % caai2 i cau2 EIAK - BFEFIEERB S MR EE R
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OdPsi7  #3 gwaai2 Hf, gwai2 FENH BB RS
OdPsig8 & jim2 7 jin2 FIEE A O S8 -
OdPsi9 & haai6 % hai6 e ERE TR AR AR RA -
OdPsil0 & caamé4 = cau4 FaarT AR - R BRI
OsPd1 & mind i gam2 EE L ERMMEEE -
OsPd2 ne ming4 g wul BYMAA — &/ NSRS -
OsPd3  #; zit6 # coi4 IO HmA T -
OsPd4 E gun3 T kyun4 K EFE T ARAVFRZKREREZ FE 5. -
OsPd5 B cin5 23 caan4 RS H AT R -
OsPd6 & lok3 Hi loek6 B 2R AT ORI |
OsPd7 e joeng6 % soengl BRT - /NERE SRR -
OsPd8 E zung6 T jung2 A AEBHIREL B S EE -
OsPd9 % zuké 7w jyué ol — LR AT RFE AN -
OsPd10 #T zit3 I caak3 BRI A ERE S |
OdPd1 % fung4 i can3 JHAEAE PR T — (B -
OdPd2 5 caak6 B gaam1l REEERH T —ERE -
OdPd3 ] zaap6 il paang4 FRUETEEA TSN 154
OdPd4 i keid i juk6 AR N|EE e ER T
OdPd5 i zaul 7S zi3 EATET— 2R —K -
OdPd6 %2 jan6 5 jingl IEIEEBRE A% - BT T 505 -
OdPd7 iz zyun3 iz gyunl PAPSEE i A+ E -
OodPd8 &% lau6 e gau3 RENEEAEEAEE K -
OdPd9  #& lo6 33Kk juke TaletnE B ERPa% -
OodPd10 % fungl fef] gongl Bz aLe Lt FREryiR -
Corrl F hon5 X BRI Rz R MAU T -
Corr2 ) cai3 X X BT E T E L -

Corr3 % caam?2 X X E AR RS E IR EE

Corrd i paak3 X X FEZHSPAEA BT -

Corr5 = zaau3 X X IR RS - FTLAERE LR -
Corré B zing6 X X NGRS TR T EYBERS -
Corr7 K tyun4 X X —{REBIVEK IEAEFEDUEK |
Corr8 = waat3 X X PR A EiE N —(E Rk -
Corr9 e sau2 X X —FEINAL AR AT A -
Corrl0 K sing4 X X BRI RGBS -
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Appendix B Stimuli of grade 4

code target ipa char2 ipa sentence

OsPsal [ hat6 i hat6 &R RRMY - BHEEEER -
OsPsa2 mou6 = mou6 BT AR IAEEET -
OsPsa3 4 bok3 ik bok3 BRI LA S -
OsPsa4 [ dou2 f dou2 iEfirss N H RS 34 HyEs -
OsPsa5 ff cau4 48 cau4 A E(E A IR AT -
OsPsa6 il cit3 i cit3 A —RETE BRI R T -
OsPsa7 I S02 i S02 AR E A BB G T -
OsPsa8  fi# laap6 HE laap6 B ANHFIFREAEISE -
OsPsa9 4 capl =S capl LIRS — IR -
OsPsal0 zoeng3 M zoeng3 EEARREFRCUWE T -
OdPsal # jaul 2] jaul WIS EEAE T VR -
OdPsa2 % wai2 % wai2 BB TR ARE -
OdPsa3 cungl cungl [EI 2P B B TR A A
OdPsa4 B bei3 A bei3 R R R AR AT RN E R -
OdPsa5 heil W heil A AAE R —TEmARIEY) -
OdPsa6 4 mong5 = mong5 T R e A B ER R E R E 2R -
OdPsa7 %] baak6 B baak6 S AL ZEE A 138 -
OdPsag8 [z bin2 & bin2 R RN AN EEET -
OdPsa9 i cou3 s cou3 fidk 6 Y B B R T T o0 LS -
OdPsal0 #& fan4 ] fan4 EILLKAEE T3 218k -
OsPsil  1H saau2 1 saaul IR R I — R E sl Ets T |
OsPsi2 i gwai6 i gwai2 HARAVATE S HATEE T -
OsPsi3 i fung3 R fungl H KA/ NBH R N B R A T o
OsPsi4  # laus i lau4 KiGEAER SN EEE -
OsPsi5  § caaul b caau2 A 7NEA [F HERSEE -
OsPsi6  # jyué i juké /IMERTEISERE - RIBRER -
OsPsi7 4 sau3 Izc1 siu3 SIS B4 RS -
OsPsi8 % caai2 iR coi2 BEHIR - EAIEIRBI MR B -
OsPsi9  fil lei5 i leoi5 BHAHVBAOIRSS - HISHE -
OsPsi10  fii long6 b7 loek6 PEAE LA AR 7 e -
OdPsi1 & waat3 1" waat6 PR oA EiE N —(E Rk -
OdPsi2 i deonl i deon6 i SRl T ) -
OdPsi3 il buil 1 bui3 &1 SR ENEE RS -
OdPsi4 ik hinl i hin2 SRR — 7 5 e ERAVEGE -
OdPsi5 & zin3 Bt zinl ERHERE T Az [FEE s s
OdPsi6 % bail AR bangl TSI 55 R P B B 2 R R S
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OdPsi7 & hip3 & hin3 B R ARG RER B NS -
OdPsi8 1 gwaai2 i gwai2 FERATIH R B R -
OdPsi9 & to4 b tou4 Fe[a|RKIFIE N EFEARM ©
OdPsil0 % ci2 fik ce2 it EH AR - EE BT -
OsPd1 (= hiul % naau4 S&fRy/ N EF LR E E
OsPd2 Eld kwok3 JET long4 B EZL AR > o3 o
OsPd3 o3 jim4 i zaan6 RSN - B FEAREE -
OsPd4 & maan4 sk lyun2 PP I TE R IAE T Rk AYBLE.
OsPd5 i) siul M5 saau3 EAEZRES  HEMRS -
OsPd6 i zi6 i zeoil = RIS S HE BT -
OsPd7 e joeng6 % soengl BRT - /NERE IR -
OsPd8 3 bong6 15 pong4 IRARAEIE THERER & 1% -
OsPd9 R haap3 1 gip3 R E I S AR IR A /N o
OsPd10 18 kit3 g hot3 4 RARERE S RIEA % -
OodPd1 koi3 B lei4 AR Z SRR ERSFB AT ER -
odPd2 %t bin6 s fui3 JE AR FIRES [EE A R ATk -
OdPd3 E giul 2 cing4 BETRGES LAVEYEK -
OodPd4 B8 aul > tai3 —REEESE E=HRY) -
OdPd5 & hing1 % hai6 WHEFEHTHE TESHEK -
OdrPde 1 geoi6 7t gaai3 EEH SIS - s S A A E -
OdPd7 i caam4 i zaam2 B ER SR - ik BT -
odpdg 5 fei2 B beil BEEEIHRGHIHEH -
OdPd9 #E lo6 Sk juk6 B ArihE LA > ERPEE -
OdPd10 22 jan6 i nok6 IR HE A% - T T 55 -
Corrl 14 beil X B miL e HRPILY AR -
Corr2 & giu2 X X SIS ENEREBC EEE -

Corr3 )] cai3 X X Foh T SRS -

Corr4 ES seotl X X o B R T B T F RS AR -
Corr5 gt lou4 X X o EEAUE T R AR A B A 2
Corré L4 coud X X VDB E A RE R
Corr7 I tai3 X X FIUEIEA A 15 -

Corr8 7 fu2 X X AR ATRIA -
Corr9 I doek3 X X ARSI g T ERreEL -
Corrl0 = zaau3 X X KA RS - FTLIERE L -
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Appendix C  Stimuli of grade 5

code target ipa char2 ipa sentence

OsPsal 4 bok3 ik bok3 BRI A I A S
OsPsa2 1# cail # cail N ERAEER R A ERIFES -
OsPsa3 4 capl =S capl B EmE—AEE IR -
OsPsa4 ceoil b2 ceoil B TR ARIZRE -
OsPsa5 I S02 il S02 AR A4 BB S T -
OsPsa6 [ dou2 f dou2 iEfirss N H RS 3 A Ry -
OsPsa7 i fui3 fui3 =L O E ARG -
OsPsa8 % gaa3 % gaa3 W — P IR RGEEE -
OsPsa9  fi# laap6 HE laap6 RPN EHE R ARG L -
OsPsald0 % loeng4 A loeng4 ZUaRPEESR BT -
OdPsal ci3 18 ci3 EWEY TR EBAM -
OdPsa2 % fan4 # fan4 EIGULKBEE T 3218 -
OdPsa3  fi bei3 P bei3 WENE T /NFZERSTILE
OdPsa4 [ ham3 ] ham3 i FEE A 2% A R ORI 3,
OdPsa5 # hip3 iF3 hip3 B RAEREIR B NS -
OdPsa6 & jes =3 je5 HEEA L R Bh M A
OdPsa7 I keoil (= keoil BT T —AIREAR R
OdPsa8 % jukl ! jukl B HACIR - ARSI -
OdPsa9 {2 bin2 & bin2 RRCEZARR A KIe=mEH T -
OdPsal0 14 mong5 = mong5 R S A B ER R E R E 2R -
OsPsil i fung3 R fungl SN OUN RN RN T
OsPsi2 1% gaau? Ly gaaul BIAFHVIIEIRER T/ NALHE -
OsPsi3 1 saau2 ¥ saaul IR R g I — R g E sl Eais T |
OsPsi4 i gwaié it gwai2 A AHYATE S BRI TG ©
OsPsi5  ## seoi6 7 seoi5 ARI TR FEHEAA R -
OsPsi6 5% jin4 % jyund W EENVIMNESZGE T -
OsPsi7 M wai4 HE waaid INER BRI LT -
OsPsi8  fii long6 b7 loek6 HEAE LA B 1 e -
OsPsi9 % mou6 = mak6 EAE N AEEEL -
OsPsil0 % dok6 7 dou6 SVATETCEEIS IS HIFED -
OdPsil & geoi3 pisl geoi2 BE/INOHE SRR EETE -
OdPsi2 ham6 H ham1 EHEZAS BN B
OdPsi3  Z hat1 I hat6 /NI ZORIGAEE L H TR -
OdPsi4  #& fukl N fuké TR e RS -
OdPsi5 i deonl i deon6 i SR TS -
OdPsi6 % bail AR bangl TSI 5 R P B B 2 R R S
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OdPsi7 it ci4 4 cind HEHIE SRR — LA -
OdPsis  f{# ful ok fuil R EE OB Y (g A B R 2
OdPsi9 kK taai3 I7:d taan3 S EEEHEIR T -
OdPsil0 % maan6 i} maai6 12 R I T ATV PO iR -
OsPd1 L daam1 v zam?2 IREREH 3N - DIRBLERITER -
OsPd2 & sin6 il taan4 EZIES SIS S IRl SE
OsPd3 Eld kwok3 JET long4 B EZLIZAERER S > o3 o
OsPd4 & hiul # naau4 S&fR/ NG EF I EEEEE
OsPd5  fk hip3 i3 hap6 AMEREE ZRHHFENE -
OsPd6 i3 zi6 i zeoil ZRAVR RIS S HE DT -
OsPd7 1% kaai2 & haail EENEABRMIHEERTGE -
OsPd8 g dung6/zong1 & cungl BE—EEENETRE -
OsPd9 =1 hang4 i} wun4 R = B0 B R
OsPd10 & maan4 % lyun4 PP I TE R IAE T RRAYBLE.
OodPd1 koi3 B lei4 AR Z SRR RSB AT ER -
OdPd2 i fanl BB long4 Wb R B EHAVIEY) o sk T
OdPd3 oy sau3 2l paaud /NEREETENZ PR PE 1% 8 ] -
OdPd4 & baak6 (] ci4 ELZAR LB ) R AL
OdPd5 ¥ geoi6 I gaai3 EEH SIS - s S A T E -
OdPd6 i mun4 # min5 /N IR E IS R A B S
OdPd7 Bl fei2 (e geil KEEEIFECHHESGH -
OdPd8  # laus i cau2 RIBEA AR EAIEEE S -
OdPd9 W jeng4 i mang4 BRI NSRE > T HEEE -
OdPd10 & buil 5 cikl &L EFEEE TR
Corrl =1 goul X FMEH RO RS -

Corr2 % hon2 X X A AAER—TEEARIEY) -

Corr3 7 fu2 X X fth AR ARAA AT RIA -
Corrd = loud X X TRE A SO E B2 |

Corr5 L4 coud X X IEUDH BRI E A RE R
Corré i beil X X EERHRPS AT A -
Corr7 E leoi5 X X HFERT - AIBEHCE S BN
Corr8 % gau3 X X iid- iy VARRE L DEanrS - =TI
Corr9 e baal X X /NS T HYTETR E RIBRE T AR A
Corr10 & giu2 X X IR EFEH B -
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