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Abstract—Differences in mathematical
competence between U.S. and Chinese
children first emerge during the pre-
school years, favor Chinese children,
and are limited to specific aspects of
mathematical competence. The base-10
structure of number names is less obvi-
ous in English than in Chinese; differ-
ences between these languages are re-
flected in children's difficulties learning
to count. Language differences do not
affect other aspects of early mathemat-
ics, including counting small sets and
solving simple numerical problems. Be-
cause later mathematics increasingly in-
volves manipulation of symbols, this
early deficit in apprehending the base-10
structure of number names may provide
a basis for previously reported differ-
ences in mathematical competence fa-
voring Chinese schoolchildren.

Because mathematics is fundametital
to scientific discourse, cross-national
differetices in mathematical develop-
ment constitute at) issue of considerable
importance. Dramatic differences in
mathematical achievement between
U,S, and Asian schoolchildren have
been documented (Husen, 1967; Steven-
son, Lee, & Stigler, 1986; Travers et al,,
1987), These differences in achievement
have been attributed to differences in ba-
sic abilities (Lynn & Dziobon, 1980), in
cultural values and emphases (Stevenson
et al,, 1986), and in the content and con-
texts of instruction (Stevenson & Stigler,
1992; Stigler, Lee, Lucker, & Steven-
son, 1982), Looking more closely at
when such differences emerge in devel-
opment and which mathematical abilities
they involve may lead to a more reftned
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understanding of the sources of the
mathematical shortcomings American
students exhibit. Cross-language data
will also contribute to understanding
how cultural and general developmental
factors interact in developing mathemat-
ical competence. The research reported
here demonstrates that (a) differences in
mathematical competence appear well
before school entry, by age 4 years, and
(b) these early differences reflect varia-
tions in number-naming systems that
make accessing some mathematical rela-
tions more difficult in English than in
Chinese,

Early counting is an ideal domain for
studying effects of language on cognitive
development, because it is at the same
time a universal cognitive accomplish-
ment and one that utilizes specific cul-
tural systems (i,e,, for representing num-
ber). Although the base-10 Arabic nu-
merals are used throughout the world,
names for numbers in different languages
reflect older, often more complex sys-
tems (Hurford, 1975, 1987; Menninger,
1969), The specific pattem of similarities
and differences between Chinese and
English suggests specific points in acqui-
sition at which differences in structure
might be reflected in different patterns of
acquisition. Four portions of the num-
ber-naming sequence are particularly rel-
evant. First, counting to 10 in either Chi-
nese or English requires mastering an
unordered set of names (i,e,, one cannot
predict that nine follows eight or that jiu
follows ba). Second, after 10, the lan-
guages diverge, English names for 11 and
12 bear only a historical relation to one
and two, and names for numbers in the
teens are formed by a different rule than
are higher number names, with the unit
value named before the decade value,
Chinese number names above 10 follow
a consistent base-10 rule (e,g,, a literal
translation of the Chinese name for 11 is
"ten one"). Third, in the range from 20

to 99, both systems converge on roughly
isomorphic rules: A decade unit (e,g,,
six) is followed by -ty or ten and then a
unit value, if any, in the range from 1 to
9, The only morphological difference be-
tween Chinese and English names for
numbers from 20 to 99 is that Chinese
uses unit values for decade names (in-
stead of modifying them as in English
twen- or thir-) and uses the unmodified
name for 10 to designate decades (in-
stead ofthe English -ty). Finally, above
100, both Chinese and English form hun-
dred names by using unit values from 1
to 9 plus a term for the unit (hundred/
bdi). With one exception, names for the
last two digits of numbers above 100
(e,g,, the 12 of 112) are not affected by
being incorporated into a larger number.
The single exception is that Chinese
number names from 100 to 109 (and 200
to 209, etc) interpose a term (ling) to
represent the absent 10s value. In gen-
eral, however, both languages converge
after 20 on a regular base-10 system for
forming number names,

A previous comparison of early math-
ematical development in the United
States and China reported some differ-
ences favoring Chinese children exist in
the year prior to school entry (Miller &
Stigler, 1987), suggesting that American
children enter school with a mathemati-
cal disadvantage. If the source of this
disadvantage is the complexity of En-
glish number names, stronger predic-
tions can be made: First, differences in
counting ability between U,S, and Chi-
nese children should emerge only after
children begin to leam the teens, where
differences in the number-naming se-
quence first appear. Second, differences
in counting ability should focus on areas
in which the languages differ; specifi-
cally, American children should have
greater trouble leaming teens names and
the base-10 structure of number names
than do Chinese children. Third, cross-
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language differences in counting compe-
tence should generally be limited to the
symbolic system of number names, and
not involve other aspects of counting,
such as understanding the mathematical
basis of counting or using counting in
problem solving (Gelman, 1991; Gelman
& Gallistel, 1978), To test these predic-
tions, data on a series of counting tasks
were collected from preschoolers in the
United States and China,

METHOD

Subjects

Subjects were recruited from pre-
schools and through advertising in uni-
versity communities in Champaign-
Urbana, Illinois, and Beijing, China,
Chinese subjects (total = 99) were
twenty-nine 3-year-olds (3,2 to 3,95
years; mean age = 3,6 years), thirty-five
4-year-olds (4,0 to 4,9 years; mean age =
4,5 years), and thirty-five 5-year-olds
(5,0 to 5,97 years; mean age = 5,5
years), U,S, subjects (total = 98) were
thirty 3-year-olds (3,0 to 3,9 years; mean
age = 3,5 years), thirty-two 4-year-olds
(4,0 to 4.8 years; mean age = 4,5 years),
and thirty-six 5-year-olds (5,0 to 5,98
years; mean age = 5,5 years).

Procedure

Children took part in a series of
counting-related tasks.

In the abstract counting task, children
were asked to count as high as possible
and, if necessary, were prompted ("like
1, 2, 3, , , ,?"), Whenever they stopped,
they were encouraged to continue with
two prompts. First, they were asked,
"What comes after iV?" (where N was
the last number counted). If this did not
elicit continued counting, the experi-
menter repeated the last three numbers
counted, ending on a rising, expectant
tone (e.g., "27, 28, 29,, , ,?"), This task
was presented at the beginning and end
of the session. For analyses reported
here, data from the best performance
were used.

In the object-counting task, children
counted objects (small stones used in
Chinese chess) arranged in random con-
figurations. Three set sizes were used:

small (3-6 items), middle (7-10 items),
and large (14-17 items).

In the problem-solving (Panda) task,
children were asked to help a Panda bear
mother make sure her child had just the
right number of candies to eat. They
were asked to produce sets of 2, 4, 7, and
12 items (Chinese chess stones) taken
from a pot containing about 100 stones.
When children appeared to be done, they
were routinely queried in a neutral tone
("Is that N candies?"), and the task
stopped when they responded affirma-
tively.

Children's performance was video-
taped, and these data were coded in a
two-step process. Native speakers ofthe
child's language performed a first-level
coding in which the counting sequences
children produced were written down
and any counting errors were identified.
Then secondary coding of error types
was performed on these transcripts with-
out regard to child's language. To assess
reliability of secondary coding, indepen-
dent coders recoded one boy and one girl
for each language at each age, with 97%
agreement between codings.

RESULTS

Abstract Counting

Median levels of abstract counting are
presented in Figure i. An Age (3: 3, 4,
and 5 years) x Language (2: English vs,
Chinese) analysis of variance of counting
level revealed significant effects of age
(F[2, 191] = 68,28, p < ,01) and language
(F[l, 191] = 14,94, p < .01), and an Age
X Language interaction (F[2, 191] =
3.35, p < ,05), Bonferroni-adjusted lan-
guage contrasts within age group showed
significant differences favoring Chinese
children at ages 4 and 5, These data show
that significant differences in counting
do not emerge until fairly late in the pre-
school period. The median levels of per-
formance in Figure 1 suggest indirectly
that these differences occur because En-
glish-speaking children require substan-
tially longer than Chinese-speaking chil-
dren to master names for numbers in the
teens.

Analysis of both stopping points and
errors indicates that U,S, children's dif-
ficulty with teens accounts for language
differences in abstract counting. Figure 2

-5 60

Age in Years

Fig, 1. Median level of abstract counting
(highest number reached) by age and lan-
guage. Significant differences favoring
Chinese-speaking subjects were found at
ages 4 and 5 years, but not at age 3,

presents the percentage of children by
language (pooled over age) who reached
each number. In order to assess whether
specific portions of the number-naming
sequence present special stumbling
blocks for children learning the Chinese
and English number-naming systems,
these profiles of counting "mortality"
were analyzed using survival analysis
techniques (McCullagh & Nelder, 1991),
Survival analyses revealed no significant
language differences in percentage of
counts terminating before 10, Significant
language differences were found for the
teens decade (shaded region of Fig, 2);
94% of American children and 92% of
Chinese children could count to 10; 74%
of Chinese children but only 48% of
Americans could count to 20, From 20 to
99, there were no significant language
differences in counting survival; both
U,S. and Chinese samples showed a
scalloped proftle featuring mistakes at
decade boundaries. Finally, after 100,
Chinese subjects showed a large drop
that was significantly greater than the
drop for U.S, children. This larger drop
corresponds to the greater complexity of
Chinese compared with English number
names from 100 to 109 (described ear-
lier). The counting mortality profiles pre-
sented in Figure 2 map closely onto the
linguistic analysis of the two number-
naming systems.

Error data confirm that U.S. children
have particular trouble leaming teens
names and inducing the base-10 struc-
ture of number names. When first count-
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Fig, 2. Percentage of children reaching each number in the abstract counting task.
The difficulty U,S, children have in mastering the teens structure is shown by their
rapid drop-off in performance during this range (shaded region).

ing above 20, American preschoolers
often produce idiosyncratic number
names, indicating that they fail to under-
stand the base-10 structure underlying
larger number names. For example, they
may count, "Twenty-eight, twenty-nine,
twenty-ten, twenty-eleven, twenty-
twelve," Overall, this type of mistake

was produced by 14 children, 2 Chinese
subjects (both 3-year-olds) and 12 Amer-
icans (three 3-year-olds, seven 4-year-
olds, and two 5-year-olds), Reflecting
the simpler nature of decade names in
Chinese, Chinese children were some-
what more likely than U,S. children to
mistakenly count by 10s, Most com-

monly, this took the form of counting,
", , , shi-ba, sht'-jiil, tr-shi, san-shi, si-
shl" (literaUy, "10-8, 10-9, 2-10, 3-10,
4-10"). This mistake was made by 12 Chi-
nese subjects but by only 5 U.S. children.

The most common error in both coun-
tries was to skip a number name, with
61% of U,S, children and 39% of Chinese
children skipping at least one number
name, English-speaking children were
much more likely than Chinese speakers
to omit one or more teen number names
(41% of U.S, subjects vs, 10% of Chi-
nese subjects), providing yet another in-
dication that learning teens names is
more difficult in the English than in the
Chinese system.

Object Counting and
Problem Solving

Despite large language effects on ab-
stract counting, no language differences
were found in children's ability to solve
simple mathematical problems or to
count arrays of 10 or fewer objects. Both
tasks are difficult for young children, but
neither revealed language differences.

Data on children's object-counting er-
rors are presented in Table 1, These er-
rors were categorized into three types:

• Principle errors (violating the rule that
exactly one number name should be
said each time an object is counted).

Table 1. Object-counting errors by country and age

3-year-olds 4-year-olds 5-year-olds

Counting
pattem

Small
set

Middle
set

Large
set

Small
set

Middle
set

Large
set

Small
set

Middle
set

Large
set

Correct
Principle error
Attention error
Sequence error

73.3
6.7

20.0
0.0

33.3
23.3
56.7
10.0

0.0
36,7
90,0
53,3

U,S, children
96,9
0,0
3,1
0,0

68,8
15,6
25,0

3,1

18,8
21,9
65,6
43,8

100
0,0
0,0
0,0

83,3
0,0

16,7
0,0

33,3
8,3

38,9
38,9

Chinese children
Correct 82,8 37,9 3,4 97,1 71,4 25,7 94,3 85,7 60,0
Principle ^rror 3,4 20,7 37,9 0,0 5,7 8,6 0.0 0.0 2.9
Attention error 6.9 44,8 %,6 2,9 22,9 74.3 5.7 14.3 40.0
Sequence error 6,9 17,2 37,9 0,0 0,0 8,6 0,0 0.0 0.0

Note. The numbers in the table show the percentage of children showing each counting pattern. Principle errors involve a violation of
the principle that there should be one and only one number name spoken each time an object is counted, AUention errors involve
skippitig or recounting objects. Sequence errors are any violations of the conventional number-naming sequence. For U,S, children, /i
= thirty 3-year-olds, thirty-two 4-year-olds, and thirty-six 5-year-olds. For Chinese children, n = twenty-nine 3-year-olds, thirty-five
4-year-olds, and thirty-five 5-year-olds, Small sets contained 3 to 6 items, middle sets contained 7 to 10 items, and large sets contained
14 to 17 items.
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• Attention errors (skipping or recount-
ing objects), and

• Sequence errors (deviations from con-
ventional number naming).

Because both successful performance
and errors are categorical variables, lo-
gistic regression analyses were con-
ducted for each error category and for
success on the object-counting and
Panda tasks. Significant language differ-
ences were found, favoring Chinese chil-
dren, only with the large sets (14—17
items): for success, G^(l, N = 197) =
5,39, p < ,05, and for sequence errors,
G^(], N = 197) = 21,29, p < .01. This
was the only set size for which the
greater difficulty English-speakers have
in learning teens names might affect ob-
ject counting, and it did so, U,S, and
Chinese children showed similar devel-
opmental patterns in preserving one-to-
one correspondence between objects
and names in counting and in their ability
to keep track of counted items. Logistic
regression analyses of problem-solving
(Panda task) data found significant age
effects, but no language differences for
any set size (2, 4, 7, and 12 items).

Object-counting and problem-solving
results extend the pattem shown on the
abstract counting task. U,S, children do
not demonstrate any disadvantage in the
attentional and conceptual aspects of
counting involved in successfully count-
ing or producing small sets of objects.
Compared with their Chinese peers,
however, they have a substantially
greater difficulty mastering the system of
number names that their native language
employs.

DISCUSSION

Although language differences were
confined to tasks involving number-
naming systems, later mathematical de-
velopment largely involves learning rela-
tions and operations represented sym-
bolically. The English number-naming
system appears to present obstacles to
children's understanding of the base-10
principle of number representation, and
to acquiring arithmetical carrying and
borrowing strategies (Fuson & Kwon,
1992; Miura, 1987; Miura, Kim, Chang,
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& Okamoto, 1988), Furthermore, re-
search on the development of addition
points to the importance of counting
in children's early addition strategies
(Hitch, Cundick, Haughey, Pugh, &
Wright, 1987; Siegler, 1987), and the ac-
curacy of children's counting strategies
for particular problems shows up as a
strong predictor of adult performance on
those problems. Even with single-digit
numbers, the sophistication of addition
strategies of U,S, and Chinese children
have been shown to differ significantly at
the time of school entry (Geary, Fan, &
Bow-Thomas, 1992),

Arabic numerals provide a consistent
base-10 representation for numbers; use
of these numerals may partly compen-
sate for the complexity of English num-
ber names, American adults show a
greater decrement in performing numer-
ical manipulations with words instead of
numerals than do Chinese subjects with
characters versus numerals (Miller,
1990; Miller & Zhu, 1991), Familiarizing
American children with Arabic numerals
at an earher age than at present might
help compensate for the complexity of
English number names. That very com-
plexity, however, constitutes a stum-
bling block to using Arabic numerals.
Fuson, Fraivillig, and Burghardt (1992)
found that explicit instruction using mul-
tiunit blocks was a necessary prerequi-
site to teaching American children the
lOs-stnictured addition methods taught
in East Asian countries.

Finding large cross-national differ-
ences in mathematical competence be-
fore school entry implies that the U.S.
educational system does not bear all the
responsibility for differences in older
children. Nonetheless, shortcomings in
U.S. education have been well docu-
mented (Stevenson & Stigler, 1992).
Such shortcomings would exacerbate
disadvantages English-speaking children
show at school entry. The finding that
U.S.-Chinese differences center on ver-
bal systems for representing number
does call into question claims that such
differences reflect variations in general
intelligence or innate mathematical com-
petence. These results suggest further
that efforts at improving early mathemat-
ical development in the United States
should include efforts aimed at making
the base-10 structure of number names
more accessible to young children.
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