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Cross-Cultural Similarities in the Predictors of Reading Acquisition 
Catherine McBride-Chang and Robert V. Kail 

Measures of Chinese character /English word recognition, phonological awareness, speeded naming, visual- 
spatial skill, and processing speed were administered to 190 kindergarten students in Hong Kong and 128 kin- 
dergarten and grade 1 students in the United States. Across groups, the strongest predictor of reading itself 
was phonological awareness; visual processing did not predict reading. For both groups, speed of processing 
strongly predicted speeded naming, visual processing, and phonological awareness. Despite diversities of cul- 
ture, language, and orthography to be learned, models of early reading development were remarkably similar 
-across cultures and first and second language orthographies. 

INTRODUCTION 

Like many developmental processes, learning to read 
involves some characteristics that are shared across 
cultures and some that are specific to individual cul- 
tures. The present study tested the extent to which 

predictors of early reading were similar for Hong 
Kong Chinese children who were learning to read 
Chinese and American children who were learning to 
read English. Also compared were models of Hong 
Kong Chinese children who were learning to read En- 

glish as a second language and American children 
who were learning to read English as their first lan- 

guage. An explicit comparison of reading develop- 
ment between children who are Hong Kong Chinese 
and English-speaking Americans is of particular in- 
terest because of differences in cultural expectations, 
language background, and orthography to be learned. 

Cultural Context 

The cultural context in which children learn to read 
is very different in Hong Kong and in the United 
States. Cultural differences are evident in academic 

expectations and experiences, children's language back- 

grounds, and the orthography to be mastered. 
Academic setting. At least three aspects of the aca- 

demic setting are strikingly different in Hong Kong 
and in the United States. First, Chinese parents tend 
to be much more concerned about their children's ac- 
ademic development than are American parents (e.g., 
Chen, Rubin, & Li, 1997). Chinese children, in turn, 
tend to attain much higher scores in reading than do 
American children (Stevenson, Chen, & Lee, 1992; 
Stevenson et al., 1990), even in early primary school. 
Second, and related to this point, formal reading in- 
struction typically begins in Hong Kong in the first 

year of kindergarten, at ages 3 to 4 years (McBride- 
Chang & Ho, 2000), when simple character recogni- 
tion is taught. American schoolchildren typically re- 

ceive some formal instruction in letter name and let- 
ter sound knowledge at age 5, but do not begin to 
learn to read at school until age 6. Thus, Hong Kong 
children have received 2 years of academic schooling 
in reading before their American counterparts have 
even begun formal learning of the alphabet. Third, 
Hong Kong students are generally taught to read 
using the "look and say" method (Hanley, Tzeng, & 

Huang, 1999; Holm & Dodd, 1996, Huang & Hanley, 
1995), whereas American children are usually taught 
some phonics to aid in word recognition (e.g., Adams, 
1990). These differences in teaching styles affect pho- 
nological awareness, a construct that is consistently 
associated with early reading skills (Goswami, 1999), 
in both children (e.g., Huang & Hanley, 1995) and 
adults (Holm & Dodd, 1996). Phonics-based reading 
instruction improves phonological skills. 

Language background. Language differences may 
also bear on learning to read in Hong Kong and in the 
United States. The first language of Hong Kong Chi- 
nese children is Cantonese, which is analytic, tonal, 
and noninflected. In stark contrast, English is synthetic, 
atonal, and inflected. Native language background 
may affect phonological processing skills (Caravolas 
& Bruck, 1993; Cheung, Chen, Lai, & Wong, 2001; 
Cossu, Shankweiler, Liberman, Katz, & Tola, 1988), 
which have been linked to reading across different 
cultures (Goswami, 1999). For example, Chinese lan- 

guages contain very few consonant clusters, whereas 

English contains relatively many consonant clusters. 
This difference may affect children's awareness of the 

phoneme, or single speech sound, in the native lan- 

guage: Chinese children are unlikely to be aware of 
individual phonemes in Chinese, whereas English- 
speaking children are much more likely to be sensi- 
tized to phonemes in English (Cheung et al., 2001). 

In addition to native language spoken, Hong Kong 
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and the United States differ in exposure to second- 

language instruction. In Hong Kong, beginning in the 
first year of kindergarten (ages 3-4), children rou- 

tinely receive written and oral instruction in both 
Mandarin and English, as well as their native Can- 
tonese. Because of the strong emphasis on both inter- 
national and Chinese relations in Hong Kong, English 
and Mandarin are introduced in early kindergarten to 
the 95% of children who attend local kindergartens 
(McBride-Chang & Ho, 2000). In the United States, 
second-language instruction typically does not start 
until secondary school. 

Interest in the extent to which learning to read in a 
second language parallels learning to read in the na- 
tive language has focused primarily on the role of 

phonological processing across orthographies (e.g., 
Bruck & Genesee, 1995; Comeau, Cormier, Grandmai- 
son, & Lacroix, 1999; Durgunoglu, Nagy, & Hancin- 
Bhatt, 1993; Geva, Wade-Woolley, & Shany, 1997). No 
known previous studies have examined the contribu- 
tion of cognitive skills other than phonological pro- 
cessing in learning to read in a second language. The 

present study examined the role of four cognitive pro- 
cesses in the ability of Hong Kong Chinese children to 
learn to read English. 

Orthography to be learned. Perhaps the most obvi- 
ous difference between Hong Kong and America with 

respect to first language reading development is the 

orthography to be learned in each. The basic unit of 

reading Chinese is the Chinese character, which si- 

multaneously represents a morpheme and a sylla- 
ble. In contrast, the basic unit of reading English is the 
letter, which represents only a single phoneme, or 

speech sound. As proposed above for language pro- 
cessing, the differences across orthographies in unit 
of analysis-syllable versus phoneme-may be im- 

portant for the development of reading. For Chinese 
children, learning to read requires mapping of spoken 
syllables onto written characters. For English-reading 
children, learning to read requires cracking the alpha- 
betic code and learning to synthesize printed letters 

together to recognize spoken words in printed form. 
These differences in mapping of oral vocabulary to 

printed symbols appear to call on phonological, vi- 
sual, and speeded processes, in varying degrees, to fa- 
cilitate reading acquisition across orthographies (Hu 
& Catts, 1998; Kail, Hall, & Caskey, 1999; Kail & Park, 
1992; McBride-Chang, 1996; Tzeng & Wang, 1983). 

Cognitive Skills That Influence Learning to Read 

The present study examined the extent to which 
four cognitive constructs predicted young children's 
reading skill. 

Phonological awareness. The role of phonological 
skills in learning to read English has been researched 

thoroughly in the last few decades (Adams, 1990; 
Goswami, 1999). Wagner and Torgesen (1987) dis- 

tinguished three separate phonological processing 
skills: phonological awareness, verbal memory, and 

speeded naming. However, subsequent research has 
revealed that in Chinese (e.g., McBride-Chang & Ho, 
2000) as well as English (McBride-Chang, 1996; Wag- 
ner, Torgesen, & Rashotte, 1994; Wagner et al., 1997), 
when all three of these skills are included in a given 
study, verbal memory does not uniquely predict read- 

ing. In contrast, phonological awareness and speeded 
naming tend to predict unique variance in initial 

reading acquisition. Therefore, only measures of pho- 
nological awareness and speeded naming were in- 
cluded in the present models of Chinese character/ 
English word recognition. 

Phonological awareness, defined as awareness of 
and access to the sound structure of a language, is the 
best researched area of the three phonological pro- 
cessing skills in the reading acquisition literature. 
Awareness of the same levels of phonological infor- 
mation (e.g., onsets and rimes, syllables, or phonemes) 
across languages does not necessarily predict reading 
development similarly (Goswami, 1999). Rather, the 

importance of phonological awareness for predicting 
reading skill depends on the orthography to be 
learned and the phonology of the spoken language 
corresponding to that orthography (Goswami, 1999). 

Phonological awareness is one of the strongest pre- 
dictors of learning to read in English (Adams, 1990) 
and has been shown to predict reading acquisition 
across cultures (Goswami, 1999), including Chinese 

(e.g., Ho & Bryant, 1997; McBride-Chang & Ho, 2000). 
However, the relative importance of phonological 
awareness for Chinese character recognition as com- 
pared with English word recognition remains un- 
clear, because phonological awareness can be mea- 
sured at different levels (Adams, 1990), ranging from 
phonological sensitivity (Stanovich, 1991) to phone- 
mic awareness. The few studies that have examined 
the role of phonological awareness in Chinese charac- 
ter acquisition have not systematically controlled for 
level of phonological awareness relative to develop- 
mental level. Because Hong Kong Chinese children 
must learn to map syllables to Chinese characters and 
American children must learn to map letters to pho- 
nemes (a smaller unit of analysis), it was assumed 
that a comprehensive measurement of phonological 
awareness for reading could not be precisely equiva- 
lent across Chinese and English languages (Cheung 
et al., 2001). Yet the basic importance of phonological 
awareness, which lies in isolating speech segments 
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and mapping them to a graphical representation, is 
universal for learning to read. Thus, the present study 
sought to test phonological awareness in a way that 
would be sensitive to reading needs in each culture. 

To strive toward approximate equivalence across 

languages, the primary task used to measure phono- 
logical awareness was syllable manipulation. This 
task was strongly correlated with initial character rec- 

ognition in a previous study of beginning Chinese 
readers (McBride-Chang & Ho, 2000) because the syl- 
lable is the basic unit of both oral and written Chi- 
nese. Bilinguals' phonological awareness transfers 
across languages (e.g., Bruck & Genesee, 1995; Cisero 
& Royer, 1995; Comeau et al., 1999; Durgunoglu et al., 
1993; Huang & Hanley, 1995); thus, the Hong Kong 
students were administered tasks of syllable deletion 
in both Cantonese and English. That is, phonological 
awareness in one's native language tends to predict 
reading performance approximately equally for either 
the first or second orthography (Chiappe & Siegel, 
1999; Comeau et al., 1999; Huang & Hanley, 1995). In 
contrast, few studies have examined the extent to 
which syllable manipulation uniquely predicts begin- 
ning reading of English (Goswami, 1999), because 
most studies of reading in English have focused on 
onset-rime distinctions and not on syllables. Conse- 

quently, American students were administered a syl- 
lable deletion task as well as a letter sound knowledge 
task, which has been conceptualized as a phonemic 
awareness task (McBride-Chang, 1999). 

Speeded naming. The second phonological processing 
construct tested consisted of speeded naming tasks, 
as measured in Rapid Automatized Naming (RAN) 
tasks (Denckla & Rudel, 1976). In these tasks, partici- 
pants are asked to name as quickly as possible visu- 

ally presented stimuli, which may be either grapho- 
logical (e.g., letters, numbers, Chinese radicals-any 
formal written symbols) or nongraphological, such as 
blocks of color or easily identifiable pictures (e.g., 
dog, hat). Speeded naming tasks distinguish good 
from poor readers both in English (Wagner, Torgesen, 
& Rashotte, 1994) and Chinese (Ho & Lai, 1999). In 
addition, speeded naming tasks sometimes account 
for unique variance in children's early word recogni- 
tion (Wagner et al., 1997) and Chinese character rec- 
ognition (Hu & Catts, 1998; McBride-Chang & Ho, 
2000). Indeed, in some orthographies such as Ger- 
man, speeded naming distinguishes good and poor 
readers, whereas phonological awareness does not 
(Wimmer, 1995). Such speeded naming tasks have 
been said to reflect phonological recoding in lexical 
access (Wagner & Torgesen, 1987). The present study 
tested the extent to which speeded naming would 
uniquely predict early reading in a model of word/ 

character recognition that also included global speed 
of processing. 

Visual processing. Visual processing is the percep- 
tion and interpretation of visual forms (Gardner, 1996). 
Word and character recognition both involve pairing 
a visual symbol or group of symbols with a spoken 
referent. Thus, learning to read surely requires some 
visual capacities. This may be particularly true for 
Chinese because sentences that are written using Chi- 
nese characters tend to contain more visual informa- 
tion than do those written in English (Chen, 1996). Al- 

though a variety of visual skills have been shown to 
correlate with reading among Chinese children in 
some studies (Ho & Bryant, 1999; Huang & Hanley, 
1995), other studies have not found associations be- 
tween visual skills and Chinese character recognition 
(Ho, 1997; Hu & Catts, 1998). Thus, research on the as- 
sociation of primary visual skills to early Chinese 
character recognition has yielded mixed results. 

The link between early visual skills and initial En- 

glish word recognition is also unclear. Although vi- 
sual processing is recognized as important for word 

recognition at higher levels of processing (Jorm & 
Share, 1983), its role in initial alphabetic reading has 
been downplayed considerably in recent years. A no- 
table exception is the research on developmental dys- 
lexia that argues for a visual subtype of dyslexia (Ma- 
nis, Seidenberg, Doi, McBride-Chang, & Petersen, 
1996). However, overall, almost no attention has been 

paid to whether or how visual skills predict English 
word recognition with development. 

The present study looked at visual skills in relation 
to character and word recognition across Chinese and 
American beginning readers, and examined whether 
visual skills would contribute unique variance to 

reading in either Chinese or English in a model that 
also included phonological processing and speed of 

processing constructs. 

Speed of processing. Processing speed was the fourth 

cognitive construct investigated. Processing speed re- 
fers to the rate with which individuals can execute ba- 
sic cognitive processes, such as search, retrieve, and 

compare. Processing speed increases substantially 
during childhood: On a range of perceptual and cog- 
nitive tasks, children respond more rapidly as they 
develop (Kail, 1995). Furthermore, increased process- 
ing speed has been associated with age-related 
change in cognitive skills, including reading. For ex- 
ample, Kail et al. (1999) found that although process- 
ing speed did not predict word decoding skill di- 
rectly, it did predict performance on naming tasks, 
which, in turn, predicted decoding skill. 

The particular interest in the present study was in 
processing speed as a mediator of age-related change 
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in the predictors of word/ character recognition. That 
is, based on the findings of Kail et al. (1999), process- 
ing speed was not anticipated to predict reading di- 

rectly. Instead, we hypothesized that processing speed 
would mediate age-related change in phonological 
awareness, speeded naming, and visual-spatial skills, 
because each of these cognitive constructs may be di- 

rectly affected by speed of processing (Kail et al., 1999). 

Focus of the Present Study 

The general framework that links the present 
study's primary constructs of interest is shown in Fig- 
ure 1. In this model, which is similar to one proposed 
by Cutting, Carlisle, and Denckla (1998, cited in Denckla 
& Cutting, 1999), age is linked to speed, which, in 
turn, is linked to phonological awareness, naming, 
and visual skill; each of these latter constructs is 
linked directly to reading. A primary focus of the 

present work was to examine the extent to which pho- 
nological awareness, naming skill, and visual skill 
would have independent, direct influences on read- 

ing, and whether these influences would be similar 
for children in Hong Kong and the United States and 
for English word recognition in first and second lan- 

guage learners. 

METHOD 

Participants 

Participants were 190 Hong Kong kindergarten 
students and 128 American kindergarten and first- 

grade students. In Hong Kong, kindergarten lasts 3 

years (K1-K3), and this sample consisted of 60 K1 

(ages 3-4 years), 70 K2 (ages 4-5), and 60 K3 (ages 5-6) 
Hong Kong children from six schools. The mean ages 
of the kindergarten children were 4.42 (SD = .30), 4.91 
(SD = .28), and 5.91 (SD = .35) years for K1, K2, and 
K3, respectively. There were 32 boys and 28 girls in 
the K1 group and equal numbers of boys and girls in the 
other two groups. The American students came from 
two schools in the midwestern United States. The kin- 

dergarten students (32 boys, 31 girls) had a mean age of 
6.10 years (SD = .43), and the first graders (36 boys, 29 

girls) had a mean age of 7.10 years (SD = .55). 

Tasks 

A battery of tasks was devised to assess children's 

reading skill, processing speed, phonological aware- 
ness, naming, and visual-spatial skill. In addition, be- 
cause general cognitive ability may be an important 
factor in reading acquisition (Stringer & Stanovich, 
2000), children's basic vocabulary knowledge was 
measured as a proxy for general ability. A description of 
each task follows, organized by the skills measured. 

Reading. To measure ability to read Chinese, Hong 
Kong children were administered a character reading 
task (Ho & Bryant, 1997) that consisted of 61 Chinese 
words to identify. First, 27 one-character words were 
tested. If a child failed to name 20 words or more of 
these one-character items, the test was terminated. 
Those who named more than 19 one-character words 
were asked to name 34 additional two-character words. 
The internal consistency reliability of this test was .98. 

Pilot testing of several standardized English word 

recognition tasks revealed that none was adequate to 
reflect Hong Kong kindergartners' knowledge of 

Phonological 
Awareness 

Age -* Speed Naming Reading 

Visual- 
Spatial Skill 

Figure 1 A theoretical model that links the constructs of interest. 



1396 Child Development 

English reading because their kindergarten curriculae 
tend to focus on different vocabulary items than do 
standard tests from America or England. Therefore, 
we created our own task of word reading, a Hong 
Kong English reading test, which was based on re- 
views of English reading series used in four different 

kindergartens. The 30 items that comprised this test 
are listed in the Appendix. The internal consistency 
reliability of this measure was .94. This test, which 
correlated .88 with the standardized Woodcock Word 
Identification subtest (Woodcock, 1987) among the 
American students, was administered to students in 

Hong Kong and in the United States. In addition, stu- 
dents in the United States were administered the 
Woodcock Word Identification subtest of the Wood- 
cock Reading Mastery Tests (Woodcock, 1987). 

Phonological awareness. Because previous researchers 
have noted that syllable awareness typically emerges 
as a precursor to the development of reading in English 
(Goswami & Bryant, 1990; Morais, 1991) and because 
the syllable is the basic language and reading process- 
ing unit of Chinese, phonological awareness was 
measured in both groups with a syllable deletion task 
that consisted of 25 compound words or phrases from 
which children were asked to delete a word or sylla- 
ble. In both measures, the first 10 items consisted of 

two-syllable compound words (e.g., tee-shirt). From 
these items, children were asked to delete either the 
first word or the second word as requested. The re- 

maining 15 items consisted of three-syllable phrases 
(e.g., big teacup). Children were asked to delete the 
first, middle, or last syllable from each of these. The 
U.S. students completed the task with 25 English words 
or phrases; Hong Kong students completed the task 
with 25 English words as well as an analogous task con- 

sisting of 25 Chinese words or phrases. The internal 

consistency for deletion was .96 in English (applying 
to the American children's scores) and .97 in Chinese. 

A second measure of phonological awareness for 
U.S. children consisted of a task of letter sound 

knowledge. Children were first asked to name all 26 
letters of the alphabet from a sheet on which the cap- 
ital letters were arranged in a fixed order that did not 
conform to the actual ordering of the alphabet. This 
measure of letter name knowledge was computed for 
comparison purposes across each group of children. 
After children had labeled each letter, they were 
asked to state what sound the letter made. Any sound 
made by the letter was considered acceptable; thus, 
the total score for this task was 26, and its internal 
consistency reliability was .90. 

Speeded naming. Four measures of RAN (Denckla 
& Rudel, 1976) were administered: number naming in 
Chinese and English, letter naming, and picture nam- 

ing. The stimuli were five single-syllable numbers (5, 
4, 3, 1, and 8) for number naming and five single- 
syllable letters (I, O, M, J, and B) for letter naming. 
The stimuli for picture naming were five pictures 
(apple, scissors, lemon, pencil, and rainbow), each of 
which is a two-syllable word in both English and 
Cantonese. In all tasks, each stimulus appeared once 
in each of five columns, for a total of 25 stimuli to be 
named. Naming of pictures was done in the child's 
native language. 

Children were first asked to identify each of the five 
stimuli individually. If they failed to identify any item, 
they were not given the timed test. Children were 
asked to name the stimuli from top to bottom and left 
to right as quickly as they could. Hong Kong children 

completed all four tasks; American children did not 
name numbers in Chinese but completed the other three 
tasks. Each task was administered twice and the aver- 

age of the two times was used as the total score. Test- 
retest reliabilities were as follows: for naming num- 
bers in Chinese and English, .92 and .97, respectively; 
for naming letters, .85; and for naming pictures, .87. 

Visual-spatial skill. Two subtests from the Test of 

Visual-Perceptual Skills Revised (Gardner, 1996) were 
used to assess visual-spatial skill. The visual-spatial 
relationships subtest contains one practice item and 
16 test items, each consisting of black-and-white line 

drawings. On each item, children are asked to select 
from a group of five figures the one for which the 
whole figure, or some parts of it, are in a different di- 
rection from the others. For example, in Trial 1, the 
first item displays four vertical lines and one horizon- 
tal line; the horizontal line is the target. This task tests 
children's spatial orientation skills. The test is termi- 
nated if the child fails to choose the correct answer in 
four out of five consecutive trials. 

The visual figure ground subtest contains one 

practice item and 16 test items. For each item, chil- 
dren are asked to locate a given figure from among 
five line drawings. Each figure is embedded within a 

larger, more complicated line drawing. For example, 
in Trial 1, a crescent moon shape must be identified 
from within one of four patterned circle shapes. 
When the child fails three out of four consecutive 
items, the test is terminated. 

Processing speed. Two subtests from the Woodcock- 
Johnson Tests of Cognitive Ability (Woodcock & 
Johnson, 1989) were used to assess processing speed. 
In the visual matching subtest, children first were 
given a practice exercise in which they were asked to 
locate and circle two identical numbers in a row of six 
numbers. Then children were given a 3-minute time 
limit to complete as many rows as possible. The task 
advanced in difficulty from single-digit numbers to 
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triple-digit numbers. In the cross-out subtest, chil- 
dren were asked to mark 5 drawings in a row of 20 
that were identical to the target drawing for the row. 
They were given a practice exercise and a 3-min test 
session in which they were to complete as many rows 
as possible. 

General ability. A Hong Kong adaptation and transla- 
tion of the Stanford-Binet Intelligence Scale (fourth 
edition) vocabulary subtest (Thorndike, Hagen, & Satt- 
ler, 1986) was administered to assess general ability. 
In the first part, children were asked to name or ex- 

plain each of 14 pictures; in the second, children were 
asked to define each of 26 words presented orally. The 
task was terminated when children failed five consec- 
utive items. The internal consistency reliability of this 
measure was .86. The Americans were administered 
the original Stanford-Binet Intelligence Scale (fourth 
edition) vocabulary subtest (Thorndike et al., 1986). 

Procedure 

Children were tested individually by trained un- 

dergraduate and graduate students in psychology. 
For all Hong Kong students, testing took place in a 

quiet room at school during school hours. The Amer- 
ican students were brought to a child development 
laboratory at the university by their parents and 
tested in a quiet room in the laboratory. In addition to 
the vocabulary measure, all students were adminis- 
tered tasks to represent the constructs of phonological 
awareness, visual-spatial processing, speed of pro- 
cessing, and reading. The Hong Kong students were 

given tasks of reading and phonological processing in 
both Chinese and English, whereas the American stu- 

dents were tested in reading and phonological pro- 
cessing of English only. The order of task presentation 
was counterbalanced. The Hong Kong children par- 
ticipated in four sessions that lasted between 20 and 
30 min. After each session, the Chinese children were 

given stickers as rewards for participation. All four 
sessions were completed within 6 weeks during June 
and July 1999. The American children participated in 
two 30- to 40-min sessions. After each session, Amer- 
ican families received U.S. $5.00 for participation. 

RESULTS 

Descriptive Statistics 

Tables 1 and 2 show the means, standard devia- 
tions, and Ns for all tasks completed, separately for 
each grade in Hong Kong and the United States. 

Missing data for these groups are attributable to stu- 
dents being unable to complete given tasks. This in- 

ability to complete the tasks was particularly evident 
for speeded naming tasks, for which some children 
did not know the names of letters or numbers to be- 

gin with (especially English names of numbers 

among the Chinese children). For example, 16 of the 

Hong Kong K1 children and 19 of the U.S. kindergart- 
ners could not complete the letter naming task. 

Analyses of variance revealed that within each cul- 
ture, performance improved with grade. In Hong Kong, 
the means for the three kindergarten groups differed 

significantly for 12 of the 13 measures, all Fs > 37.0. In 
the United States, the means for the kindergarten and 

first-grade children differed significantly for all 12 
measures listed in Table 1, all ts > 2.2, p < .03. For 

naming numbers in English, the means for K2 and K3 

Table 1 Means and Standard Deviations for All Measures Included in the Study for Hong Kong (K1-K3) 

K1 K2 K3 

Variable M (SD) N M (SD) N M (SD) N 

Chinese word reading 17.22 (10.68) 60 37.29 (37.29) 70 50.32 (9.63) 60 

Hong Kong English word reading 1.68 (3.90) 60 6.51 (6.02) 69 11.62 (7.20) 60 

Vocabulary 7.42 (2.53) 55 10.16 (3.44) 70 12.30 (3.17) 60 
Chinese syllable deletion 5.17 (6.56) 59 16.33 (6.690) 69 21.03 (3.46) 60 

English syllable deletion 3.03 (4.50) 60 11.89 (6.63) 70 17.25 (5.48) 60 
Visual spatial relationships 2.55 (2.94) 60 9.25 (3.88) 69 11.57 (3.55) 60 
Visual figure ground 2.07 (2.17) 60 5.04 (3.34) 69 7.47 (3.96) 60 
Visual matching 5.87 (5.05) 60 15.73 (5.38) 70 22.72 (4.64) 60 
Cross out 3.03 (2.22) 55 8.22 (2.80) 69 11.25 (2.25) 60 
Chinese number naming 40.01 (16.41) 8 21.55 (6.58) 70 17.82 (4.73) 60 

English number naming 44.62 (10.90) 43 50.11 (38.85) 43 45.11 (25.64) 52 
Letter naming 45.67 (19.49) 57 26.54 (10.90) 69 21.35 (7.89) 60 
Picture naming 52.92 (16.64) 58 36.47 (11.62) 69 30.54 (7.84) 60 

Note: K1, N = 60; K2, N = 70; K3, N = 60. 



1398 Child Development 

Table 2 Means and Standard Deviations for All Measures In- 
cluded in the Study for American (Kindergarten, First-Grade) 
Students 

Kindergarten First Grade 

Variables M (SD) N M (SD) N 

Hong Kong English 
word reading 7.68 (10.22) 63 18.06 (10.69) 65 

Woodcock word 
identification 10.87 (19.04) 63 25.20 (22.74) 65 

Letter sound knowledge 13.84 (9.85) 63 23.74 (3.04) 65 

Vocabulary 18.24 (3.41) 63 19.60 (3.43) 65 

English syllable deletion 14.95 (7.56) 63 19.09 (5.04) 65 
Visual spatial relationships 9.70 (4.68) 63 11.74 (4.18) 65 
Visual figure ground 9.05 (3.84) 63 11.00 (3.24) 65 
Visual matching 17.57 (5.93) 63 22.35 (5.93) 65 
Cross out 8.43 (3.15) 63 11.20 (3.65) 65 

English number naming 25.30 (9.11) 61 19.80 (7.24) 65 
Letter naming 24.58 (10.87) 44 19.37 (7.95) 65 
Picture naming 34.07 (8.88) 63 30.21 (10.17) 65 

Note: Kindergarten, N = 63; first grade, N = 65. 

differed significantly, but they were not compared 
with the mean for K1 because only 8 of 60 grade-K1 
children completed this task. 

Table 3 shows correlations among all variables sep- 
arately for children in Hong Kong and in the United 
States. Several features of these correlations are note- 

worthy. First, correlations between measures thought 
to reflect the same construct (e.g., speeded naming) 
tended to be greater than correlations between mea- 
sures tapping different constructs. Second, in both Hong 
Kong and the United States, the correlations with 

reading were greatest for phonological tasks (syllable 
deletion, naming, and letter sound knowledge) and 
smallest for the visual-spatial tasks. Third, for Hong 
Kong children, the pattern of correlates of reading 
skill was similar for reading in English and Chinese 
(an outcome that is not surprising considering that read- 

ing of Chinese and English was highly correlated). 

Model Testing 

Only those participants who had complete data (N 
164 for Chinese; N = 109 for Americans) were in- 
cluded in the subsequent model testing to examine 

predictors of character/word recognition across or- 

thographies. The data were analyzed using structural 

equation modeling, the general aim of which is to de- 
termine if the observed pattern of correlations is con- 
sistent with a specified set of structural relations 

among a set of variables. Least squares and maximum 
likelihood techniques are used to find path coeffi- 
cients that minimize the difference between the pre- 

dicted pattern of correlations and those that are actu- 

ally observed. Of course, consistency between model 
and data do not prove the model (other untested 
models might also be consistent), but inconsistency 
can be used to reject a model. 

All structural modeling was performed with the 
EzPATH module (Steiger, 1989) in which least-squares 
estimates of path coefficients were produced and 
used as starting values in maximum likelihood esti- 
mation. Several measures were used to evaluate the 
fit of the models. X2 can determine if differences be- 
tween the data and the model are significant statisti- 

cally and can evaluate the relative fit of models of dif- 

fering complexity. However, X2 is limited as an overall 
measure of the fit of the data to the model because 
when samples are large, conceptually minor devia- 
tions from the model can cause the model to be re- 

jected (Loehlin, 1992). Consequently, several other 
measures were also calculated. The Adjusted Popula- 
tion Gamma Index (APGI) and the Comparative Fit 
Index (CFI) both range from 0 to 1, with the latter in- 

dicating perfect correspondence between model and 
data; values greater than .90 indicate a good fit (Jac- 
card & Wan, 1996; Steiger, 1989). The Root Mean 

Square Error of Approximation (RMSEA) is a measure 
of the size of the residuals, adjusted for the complex- 
ity of the model; values less than .08 indicate a good 
fit of the data to the model (Browne & Cudeck, 1993). 

The findings for the U.S. children are reported first. 
The initial, "full" model was a more elaborate version 
of the model shown in Figure 1. Specifically, in addi- 
tion to the paths shown in Figure 1, paths to reading 
from processing speed and age were included. As 
noted previously, based on the results of Kail et al. 
(1999), processing speed was expected to influence 

reading indirectly and the path from processing 
speed to reading was not expected to be significant. 
The path from age to reading was included as a mea- 
sure of the adequacy of the entire model. If the four 
theoretical constructs of interest provide a sufficient 
account of age-related change in early reading, the path 
from age to reading skill should not be significant. 

The theoretical constructs were measured in the fol- 

lowing manner: processing speed was estimated from 
performance on the cross-out and visual matching sub- 
tests; visual-spatial skill was estimated from perfor- 
mance on the visual figure ground and visual-spatial 
relationships subtests; phonological skill was esti- 
mated from performance on syllable deletion and letter 
sound knowledge; naming was estimated from nam- 
ing numbers, letters, and pictures; and reading skill 
was estimated from performance on the Woodcock- 
Johnson Word Identification task and the Hong Kong 
English reading test. 



Table 3 Correlations among All Variables 

Maximum 
Score 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1. Woodcock word identification 106 .88** n.a. .35** .40** .50** n.a. .35** .35** .57** .45** 
-.49** 

n.a. -45** -35** 
2. English word reading 30 n.a. n.a. .52** .45** .57** n.a. .41** .41** .58** .47** -.59* n.a. -.58** -.45** 
3. Chinese word reading 61 n.a. .59** n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

n.a. n.a. n.a. 
4. Letter sound knowledge 26 n.a. n.a. n.a. .32** .42** n.a. .21* .47** .35** .31** -.36** n.a. -.53** -.28** 
5. Vocabulary 40 n.a. .17* .25** n.a. .41** n.a. .31** .21* .29** .22* -.26* n.a. -.29** -.27** 
6. English syllable deletion 25 n.a. .41** .49** n.a. .34** n.a. .36** .36** .37** .32** -.44** n.a. -.48** -.30** 
7. Chinese syllable deletion 25 n.a. .42** .63** n.a. .25** .67** n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
8. Visual spatial relationships 17 n.a. .23** .32** n.a. .20* .24** .38** .46** .49** .53** -.32** n.a. -.34** -.29** 
9. Visual figure ground 17 n.a. .28** .25** n.a. .18* .22** .23** .34** .47** .49** -.37** n.a. -.35** -.36** 

10. Visual matching 60 n.a. .34** .43** n.a. .31** .40** .39** .37** .18* .62** -.62** n.a. -.56** -.57** 
11. Cross out 30 n.a. .24** .37** n.a. .29** .29** .45** .44** .19* .45** 

-.44** 
n.a. 

-.44** -.51* 12. English number naming n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. .85** .78** 
13. Chinese number naming n.a. -.31** -.46** n.a. -.16* -.33** -.42** -.34** -.18* -.43** -.31"* n.a. n.a. n.a. 
14. Letter naming n.a. -.36** -.46** n.a. -.22** -.40** -.47** -.21** -.15 -.39** -.28** n.a. .78** .70** 
15. Picture naming n.a. -.26** -.35** n.a. -.21** -.26** -.36** -.30** -.13 -.35** -.35** n.a. .73** .62** 

Note: Values above the diagonal are for American students (N = 109); values below the diagonal are for Hong Kong students (N = 165). n.a. = tasks that were not administered (e.g., 
Chinese word reading and phonological processing for American students; letter sound knowledge and Woodcock word identification for Hong Kong students) or could not be com- 
pleted by a large number of students (e.g., English number naming for the Hong Kong students). 
*p < .05; **p < .01. 
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All analyses were performed on the matrix of mea- 
sured variables from which intelligence, as esti- 
mated by performance on the Stanford-Binet Vocabu- 

lary (Thorndike et al., 1986), was partialed from the 
correlation matrix. This was done so that the influ- 
ence of IQ would be removed from relations between 
the constructs of interest. Modeling partial correla- 
tions is uncommon, but, in fact, is simply modeling 
the simple correlations between the residuals that re- 
sult from partialing IQ (in this case, estimated by vo- 

cabulary scores). An alternative would be to include 

vocabulary as a latent variable estimated by all ob- 
served variables, but the present two-step approach 
produces simpler models. In any case, the models 
were also computed based on the simple correlations 
and the results were virtually unchanged. In particular, 
the paths from age to speed to phonological aware- 
ness to reading emerged in every analysis. 

Table 4 shows the results of the test of the full 
model, denoted Model 1. Although the data were in- 
consistent with the model, the remaining descriptive 
indices indicated an adequate fit of the data to the 
model-that is, APGI was nearly .9, CFI was greater 
than .9, and the RMSEA index was nearly .08. How- 
ever, paths to reading from processing speed and 

visual-spatial skill were not significant; consequently 
they were eliminated from the model to produce a 

simpler version, Model 2. Table 4 shows that despite 

Table 4 Measures of the Fit of the Theoretical Models to the Data 

Model 

Measure 1 2 3 

U.S. children 

x2(df) 97.30**(46) 97.85**(48) 
APGI .89 .90 
CFI .94 .94 
RMSEA .09 .09 

Hong Kong children 

reading Chinese 

x2(df) 57.27*(37) 58.81*(39) 
APGI .96 .96 
CFI .98 .98 
RMSEA .06 .05 

Hong Kong children 

reading English 
x2(df) 59.79*(37) 64.07*(41) 
APGI .95 .96 
CFI .98 .98 
RMSEA .06 .06 

Note: APGI = Adjusted Population Gamma Index; CFI = Compara- 
tive Fit Index; RMSEA = Root Mean Square Error of Approximation. 
*p < .05, **p < .01. 

having two fewer paths, Model 2 fit the data almost as 
well as did Model 1, X2(2, N = 109) < 1, p > .10, which 
indicates that eliminating the two paths did not re- 
duce the fit of Model 2 to the data. Efforts to simplify 
Model 2 by reducing additional paths were not suc- 
cessful (i.e., they resulted in a significantly poorer fit 
to the data). For example, a model that did not in- 
clude the path from naming to reading fit the data 

marginally more poorly than did Model 2, X2(1, N 
109) = 2.72, p < .1. 

Model 2 is shown in Figure 2A, along with the co- 
efficient for each path. According to this model, many 
of the age-related changes in reading skill were medi- 
ated by processing speed and phonological skill. With 

increasing age, children processed information more 

rapidly, and more rapid processing was, in turn, asso- 
ciated with greater phonological skill, more rapid 
naming, and more accurate word decoding. The di- 
rect link from age to reading indicates that some age- 
related change in reading skills was not explained by 
the mediating influences of processing speed and pho- 
nological skill. Finally, in this model, visual-spatial 
skill did not contribute to reading skill when process- 
ing speed, phonological awareness, and naming speed 
were accounted for. 

Next, similar analyses were conducted on the data 
for Hong Kong children. In the first step, the fit of the 
full model to the data was evaluated. Conceptually 
the full model was identical to the Model 1 that was 
used with the data from U.S. children. That is, in both 
models the primary constructs were age, processing 
speed, visual-spatial skill, phonological skill, naming, 
and reading. However, the models used with the data 
from Hong Kong children differed in two ways in terms 
of the measures used to estimate constructs of inter- 
est: First, phonological skill was estimated from sylla- 
ble deletion in English and syllable deletion in Chi- 
nese. Second, reading in Chinese and English were 
examined separately, and reading skill in each lan- 

guage was estimated from performance on a single task. 
With regard to the results for Hong Kong children 

who were learning to read Chinese, Table 4 shows 
that as was the case for U.S. children, the full model 
was inconsistent with the data but provided a rea- 
sonable characterization of the data according to the 
descriptive indices: Values for APGI and CFI were 
greater than .9 and values for the RMSEA index 
were less than .08. As was the case with the data for 
U.S. children, paths to reading from processing 
speed and from visual-spatial skills were not signif- 
icant; Model 2 fit the data reasonably well based on 
the descriptive indices and did not differ signifi- 
cantly from Model 1 in its fit, X2(2, N = 169) = 1.54, 
p > .10. Efforts to further simplify Model 2 (e.g., by 
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deleting paths from age or naming to reading) pro- 
duced models that fit the data significantly more 

poorly than did Model 2. 

Figure 2B shows the fit of Model 2 to the data for 

Hong Kong children. Coefficients for paths in Model 2 
were remarkably like those in Model 2 for the U.S. chil- 
dren. That is, in both cases most of the age-related 
change in reading skill was mediated by processing 
speed and phonological skill. In contrast, the path from 

naming to reading accounted for little change in read- 

ing skill relative to the processing speed-phonological 
paths. 

The final set of analyses concerned Hong Kong 
children who were learning to read English. Table 4 
shows that Model I provided a reasonably good fit to 
the data in terms of the descriptive indices. However, 
eliminating four nonsignificant paths (all paths to 

reading except the one from phonological skill) pro- 
duced a simpler model, Model 3. This model fit the 
data as well as did Model 1, X2(4, N = 169) = 4.29, p > 
.10, despite having four fewer paths. Efforts to sim- 

plify Model 3 by eliminating other paths resulted in 
models that fit the data significantly more poorly than 
did Model 3. 

Model 3, shown in Figure 2C, is a simplified ver- 
sion of Model 2. That is, like Model 2, Model 3 as- 
sumed that processing speed and phonological skill 
accounted for much of the age-related change in 

Hong Kong children's ability to read English. How- 
ever, unlike the case for learning to read Chinese, age 
and naming were not linked directly to learning to 
read English. 

Comparisons across Cultures 

As discussed in the introduction, reading instruc- 
tion begins at a much earlier age in Hong Kong than 
in the United States (age 3 versus ages 5 or 6). This 

provided an opportunity, in the present study, to ex- 
amine the impact of schooling on cognitive processes. 
That is, children in the oldest group in the Hong Kong 
sample were nearly 6 years old and were in their third 
year of formal schooling, whereas children in the 
youngest group in the U.S. sample were slightly more 
than 6 years old. Of course, these two groups of 6- 
year-olds differed not only in amount of schooling, 
but also in a number of other ways that might influ- 
ence cognitive development (e.g., being monolingual 
versus bilingual). Nevertheless, comparisons across 
groups in levels of performance are informative to as- 
sess the extent to which these cultural differences, col- 
lectively, influence cognitive processes. 

Children's performance was compared on eight 
tasks: two measures of processing speed (visual match- 

ing, cross out), two measures of visual-spatial skill 

(visual-spatial relationships, visual figure ground), 
three naming tasks (naming letters, naming numbers 
in English, naming pictures) and English syllable de- 
letion. Although the Hong Kong K3 students (M - 

5.91, SD - .35) were nearly 2 months younger than 
the American kindergartners (M 6.10, SD - .43), 
t(1, 121) = 2.66, p < .01, the Hong Kong K3 children 
had higher scores than did American kindergartners 
on six of the eight tasks: visual matching, cross out, 
visual-spatial relationships, naming letters, naming 
pictures, and English syllable deletion, Fs(1, 101) > 
4.52, p < .05. The American kindergartners were 
faster on the English number-naming task, F(1, 110) = 
23.84, p < .001. The groups did not differ in the visual 

figure ground test, F(1, 120) = 1.95, p > .05. 

DISCUSSION 

The present study has revealed remarkable similari- 
ties in the early phases of reading Chinese and En- 

glish. The two models that predicted reading in a 
child's native language revealed identical results. 

Phonological awareness was strongly associated with 
character/word recognition, speeded naming was 

weakly associated with reading, and visual processing 
was unrelated to reading ability. Age-related change 
in processing speed was strongly related to speeded 
naming, phonological awareness, and visual process- 
ing abilities. Finally, age accounted for a small amount 
of variance in reading acquisition, suggesting that 
some of children's early reading skill is linked to age- 
related constructs that were not assessed in the 

present study. The model that predicted English word 

recognition for Chinese children was similar to the 
ones that predicted native reading acquisition, except 
that word recognition was not linked directly to 
either age or processing speed. 

Predicting Reading Skill 

Phonological awareness was strongly related to 

reading acquisition across English and Chinese. Sim- 
ilar results have been obtained in previous studies 
of Chinese (Ho & Bryant, 1997; Hu & Catts, 1998; 
McBride-Chang & Ho, 2000) as well as English (e.g., 
Adams, 1990). Such results have been linked to learn- 
ing to read English as a second language as well (Dur- 
gunoglu et al., 1993). Despite the fact that phonologi- 
cal awareness was measured using syllable deletion 
tasks in both Chinese and English for the Hong Kong 
students and English letter sound (phonemic) and 
syllable deletion tasks for the American students, results 
of all models that predicted reading were remarkably 
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similar, both qualitatively and in the size of the path 
coefficients. The importance of phonological aware- 
ness for reading acquisition across orthographies is 
that it involves mapping an oral referent to a written 

symbol, whether the symbol represents a morpheme/ 
syllable, as in Chinese, or a phoneme, as in English 
(Hu & Catts, 1998). Thus, at least in the very earliest 

stages of reading acquisition, some level of phonolog- 
ical awareness, depending on orthography /language 
(Goswami, 1999), is probably a universal aspect of 

learning to read. 
Visual processing was not directly associated with 

learning to read in either orthography. Individual cor- 
relations between the visual tasks and character / 
word recognition were generally moderate, however. 
Thus, it appears that in the present study, perfor- 
mances on visual tasks were correlated with scores on 
other measures, but that there was not a unique asso- 
ciation of visual processing with reading. Recall also 
that in some previous studies a variety of visual skills 
have been shown to correlate with reading among 
Chinese children (Ho & Bryant, 1999; Huang & Han- 

ley, 1995), but others have failed to find associations 
between visual skills and Chinese character recogni- 
tion (Ho, 1997; Hu & Catts, 1998). 

One tenable interpretation of the association be- 
tween Chinese character recognition and visual skills 

may be that learning to read Chinese facilitates subse- 

quent visual processing (Hoosain, 1986). Alterna- 

tively, visual skills and reading may be bidirectionally 
associated. For example, bilingual Singaporean chil- 
dren tend to use different visual search strategies 
when reading English and Chinese (Liow, 1999), per- 
haps indicating that visual skills develop with read- 

ing experience. Thus, learning to identify character 
strokes efficiently over time may facilitate subsequent 
performance on abstract visual tasks. Despite the ini- 
tial enthusiasm (Tzeng & Wang, 1983) over the impor- 
tance of visual skills for learning to read Chinese, 
there have been few studies that have demonstrated 
this connection so far. The causal link between visual 
skills and Chinese character acquisition remains un- 
clear. Furthermore, there have been few attempts to 

analyze precisely which types of visual tasks should 
be expected to relate most strongly to reading acqui- 
sition. Future studies might test the associations of a 
larger, more comprehensive battery of visual tasks 
than was used in the present study on reading across 
orthographies. 

The least clear result of the present study was the 
effect of naming speed on reading. For children who 
were learning to read in their native language, speeded 
naming had a significant but weak association with 
character/ word recognition. In contrast, for Hong Kong 

children who were learning to read English, speed of 

naming had no effect on English word recognition. 
These results are similar to those of other studies in 
which links between speeded naming and word rec- 

ognition are inconsistent, depending on children's 

developmental level (Wagner et al., 1997) and how 

speeded naming is measured (McBride-Chang & Ho, 
2000) in a larger battery of phonological processing 
skills. 

Finally, each of three primary constructs-phono- 
logical awareness, visual processing, and naming 
speed-was linked to processing speed, but reading 
was not. Thus, as Kail et al. (1999) reported for older 
readers, age-related increases in processing speed af- 
fect reading indirectly, by improving other processes 
that impact reading directly. Notably, the coefficients 
from processing speed to phonological awareness 
were significant and substantial for both U.S. and 

Hong Kong children. 

Differences across Cultures 

Although advanced kindergartners in Hong Kong 
were about the same age as beginning kindergart- 
ners in the United States, the former had higher 
scores on most of the cognitive tasks. As noted previ- 
ously, these differences might reflect the early train- 

ing of Hong Kong children or may reflect other cul- 
tural differences between Hong Kong and the United 
States. 

One unanticipated, provocative outcome was that 
Chinese children were more accurate than were 
American children on the English syllable deletion 
task. We had assumed that a native language advan- 

tage would make this task naturally easier for Amer- 
icans as compared with the Chinese. Nevertheless, 
these results fit with some previous research in which 

kindergarten and first-grade bilingual children, rela- 
tive to their monolingual peers, were superior in early 
phonological awareness (Bruck & Genesee, 1995; 
Campbell & Sais, 1995; Rubin & Turner, 1989; Yelland, 
Pollard, & Mercuri, 1993). Bilingualism had appar- 
ently facilitated children's early metalinguistic ability 
to manipulate speech sounds, independent from their 

meanings, across languages. 
The results of the present study are unique because 

they focus on phonological awareness at the syllable 
level among Chinese and English speakers. Past studies 
of bilingualism and phonological awareness all in- 
volved knowledge of two alphabetic orthographies 
(either English-Italian or English-French). Monolin- 
gual Chinese children and adults tend to be relatively 
poor in phonological awareness compared with En- 
glish speakers, when this awareness is measured at 
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the phonemic level (Holm & Dodd, 1996; Huang & 

Hanley, 1995). Because the linguistic structure of 
Chinese language is syllabic, syllable-level phonolog- 
ical awareness should be well developed in Chinese 
children. The demonstrated superiority on the English 
syllable deletion task of the bilingual Hong Kong chil- 
dren over the monolingual American children may 
indicate that bilingualism provides a metalinguistic 
advantage to children that extends to syllable-level 
phonological awareness in native Chinese speakers. 
Perhaps bilingualism enables children to understand 
the flexible relation between language form and func- 
tion, facilitating easy manipulation of speech sounds 
in a second language. Future studies should test this 

hypothesis with well-controlled experiments on chil- 
dren with various language backgrounds. 

Limiting Conditions 

There were some limitations of the present study. 
One limitation centers on the analyses of the direc- 

tionality of constructs measured. The models pre- 
sented assumed a unidirectionality among measures 
that is undoubtedly overly simplistic. For example, 
several studies have demonstrated that the associa- 
tion of phonological awareness and reading is bidi- 
rectional, both in English (e.g., Perfetti, Beck, Bell, & 

Hughes, 1987; Wagner et al., 1994) and Chinese (Huang 
& Hanley, 1997; Read, Zhang, Nie, & Ding, 1986). It is 

likely that there is a reciprocal association among 
other variables, such as phonological awareness and 

speeded naming or visual skills and reading, as well. 
In fact, one interpretation of the present study results 
for the Hong Kong sample is that knowledge of En- 

glish mediated the association of phonological aware- 
ness to Chinese character recognition. Although this 
relation is doubtful given the strong association be- 
tween phonological awareness and Chinese character 

recognition in previous studies of Chinese monolin- 

guals who were learning to read (Ho & Bryant, 1997), 
this possibility cannot be ruled out given the present 
data. Future studies should examine associations 

among the specified constructs using longitudinal 
data, which will facilitate specifications of direction- 
ality among them. 

A second limitation of this study centers on the 
measures of phonological awareness that were used. 
For example, the syllable deletion tasks that were ad- 
ministered required deletion of units that were not 
only phonological, but, in many (although not all) 
cases, morphemes. Therefore, critics could argue that 
this task might have tapped children's lexical-semantic, 
rather than phonological, skills. The issue of strategy 

use in performing phonological awareness tasks is, of 
course, not a new one (Stuart, 1990). 

Despite the importance of this critique, we argue 
that, given the many constraints related to measure- 
ment of phonological awareness in preschool Chinese 
children, the syllable deletion task used in the present 
study was the best possible available for four reasons. 
First, deletion at the syllable, rather than the phone- 
mic, level was essential to be faithful to the structure 
of the Chinese language. Second, the task avoided 
effects of guessing that were impossible to circum- 
vent in previous studies of very young Chinese chil- 
dren (Ho & Bryant, 1997). Third, a lexical-semantic 

approach to the items administered would not have 
been successful in many cases in which the meaning 
was radically changed by a syllable deletion (e.g., 
from hot dog to dog, small cupcake to small cup, black- 
board to black). This is particularly clear in Chinese 

(e.g., child [three syllables] to friend [two syllables], 
cute [two syllables] to love [one syllable]). Fourth, 
previous researchers who have compared English- 
speaking preschool children's performances on de- 
letion of syllables in real words, in which a lexical- 
semantic strategy might sometimes be possible, and 
nonwords, in which a lexical-semantic strategy is 

impossible, have found a relatively strong associa- 
tion, r = .55, between them (Wagner et al., 1987), 
suggesting that they tap the same underlying pho- 
nological construct. This correlation is similar to the 
one obtained in the present study, r = .67, for Hong 
Kong kindergartners, for whom it is likely that 
some of the English phrases administered were 
unfamiliar. 

A related question in the measurement of the pho- 
nological awareness construct might be the extent to 
which letter sound knowledge was a fair represen- 
tation of phonemic awareness in English. Given the 

history of phonological awareness measurement and 
its relation to the alphabetic principle (Adams, 1990), 
letter sound knowledge is, in some ways, an optimal 
measure of phoneme knowledge. Mann and col- 

leagues (Mann, Tobin, & Wilson, 1987), for example, 
have characterized invented spelling tasks as one 
way to measure phonological awareness. The factor 
loadings of letter sound and syllable deletion knowl- 
edge on the phonological awareness construct for 
the American children were also fairly high, dem- 
onstrating consistency across tasks. Because this was 
a cross-cultural study of early reading, we were par- 
ticularly interested in capturing the alphabetic princi- 
ple, which is key to English reading, in a way that 
would have some parallel to the Chinese unit of read- 
ing, the syllable. The letter sound knowledge task 
made it possible to accomplish this. Admittedly, 
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however, in future studies that examine reading de- 

velopment across time, care should be taken to distin- 

guish general phonological sensitivity, which seems 
to be clearly associated with reading development 
across orthographies, from phonemic awareness, which 

may be specifically important for English, but not 
Chinese. 

In this spirit, a third limitation of these data is that 
some aspects of reading development, which poten- 
tially may be of importance, were excluded from the 
model. The present study focused on constructs that 
were hypothesized to be cross-culturally relevant for 

learning to read. However, there are clearly other 
abilities that predict early reading development, such 
as general linguistic ability, that, for practical rea- 
sons, were omitted. In addition, certain orthography- 
specific skills, such as letter name knowledge in En- 

glish or phonetic and semantic radical awareness in 
Chinese, were also, of necessity, left out of the models. 
Thus, the scope of these models of reading is modest 
in what they can explain about the reading process 
for Chinese or English. 

The models are also clearly time limited. For exam- 

ple, in older students, character / word recognition 
might depend more on other abilities, such as ortho- 

graphic processing. Furthermore, although phono- 
logical awareness is important for reading develop- 
ment in primary school children who are learning to 
read English, it is not clear that phonological aware- 
ness would be strongly associated with learning to 
read Chinese much past early elementary school. 
Phonemic awareness is unnecessary for learning to 

recognize Chinese characters, and children's profi- 
ciency in syllable awareness may reach ceiling early 
in development. A time-limited early emphasis on 

phonological awareness for reading has been found 
in other alphabetic orthographies, such as Turkish 

(Oney & Durgunoglu, 1997) and German (Wimmer, 
1993), as well. 

A final caution about the present data is that the 
constructs only explain character/word recognition. 
Clearly, the ultimate goal of learning to read is knowl- 

edge acquisition through reading. The model pre- 
sented in this study offers no cross-language explana- 
tion of how reading comprehension itself takes place. 

Conclusions 

Despite these limitations, the present study reveals 
some extraordinary similarities in the very early 
phases of reading acquisition across cultures that 
vary tremendously in cultural expectations, language 
backgrounds, and orthographies to be learned. The 
importance of processing speed for basic cognitive 

development and of phonological awareness for 
character/word recognition emerge as universals in 
the models. Furthermore, phonological awareness is 

important for reading development in both a first and 
a second language. 

However, the complexity of reading acquisition 
with development also demands that future work 
establish the extent to which certain cognitive pro- 
cesses may be more strongly linked to reading in one 

orthography as compared with another. For exam- 

ple, phonemic awareness in English, morphological 
awareness in Chinese (Shu & Andersen, 1997), and 

speeded naming in German (Wimmer, 1995) all may 
be especially critical for reading development in these 

specific orthographies, respectively, particularly in 
the intermediate and later stages of learning to read. 
Thus, both universal and specific characteristics of 

learning to read any given orthography should be 
considered in a comprehensive model of reading 
development. 

The importance of the present findings lies pri- 
marily in the framing of the process of learning to 
read in a cross-cultural developmental context. The 
demonstration of a consistent model of reading ac- 

quisition across Hong Kong Chinese students and 
American native English-speaking students in this 

study underscores the applicability of specific cogni- 
tive skills to reading development in diverse cultures 
and orthographies. Despite enormous differences in 
educational practices across groups, patterns of read- 

ing development were virtually identical. Future re- 
search should test these findings in young readers of 
other orthographies. 
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APPENDIX 

Words used in the Hong Kong English word-reading task: 

1. Go 11. Cat 21. Apple 
2. Boy 12. Fish 22. King 
3. Eye 13. Zoo 23. Orange 
4. Nose 14. Pig 24. Van 
5. Yes 15. Bus 25. Ink 
6. Sun 16. Nine 26. Monkey 
7. Egg 17. Yellow 27. Kite 
8. School 18. Doctor 28. Quilt 
9. Pencil 19. Up 29. Tree 

10. Ball 20. Boat 30. Mouse 
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