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GEARY, DavID C.; Bow-THOMAS, C. CHRISTINE; Liu, FAN; and SIEGLER, ROBERT S. Development
of Arithmetical Competencies in Chinese and American Children: Influence of Age, Language,
and Schooling. CHILD DEVELOPMENT, 1996, 67, 2022—2044. The arithmetical competencies of more
than 200 Chinese or American kindergarten, first-, second-, or third-grade children were assessed
toward the beginning and toward the end of the U.S. school year. All children were administered
a paper-and-pencil test of addition skills, a digit span measure, and an addition strategy assess-
ment. The addition strategy assessment provided information on the types of strategies the
children used to solve simple addition problems as well as information on the speed and accuracy
of their strategy use. Information on the number of math instruction periods across times of
measurement was also obtained for each of the first-, second-, and third-grade children. The
pattern of arithmetical development across the academic year and across the Chinese and Ameri-
can children suggests that a mix of cultural and maturational factors influence the emergence of
early arithmetical competencies and that the Chinese advantage in early mathematical develop-
ment is related to a combination of language- and school-related factors.

Children’s mathematical development
is influenced by a complex mix of cultural
and biological factors (Geary, 1995; Gelman,
1990; Siegler & Crowley, 1994). More im-
portant, it appears that different cultural and
maturational influences affect different as-
pects of children’s developing mathematical
competencies. Bisanz, Morrison, and Dunn
(1995), for instance, recently demonstrated
that different aspects of children’s early nu-
merical competencies were differentially re-
lated to chronological age and schooling. In
particular, performance on number conser-
vation tasks was strongly related to age but
not schooling, whereas performance on a
mental addition task (i.e., solving problems
without the use of paper and pencil) was re-

lated to quantity of schooling and age. For
the mental addition task, schooling was re-
lated to the accuracy of problem solving,
whereas age was related to the types of strat-
egies used in problem solving.

The apparent specificity of the relations
among age, schooling, and early numerical
competencies suggests that a complete un-
derstanding of the development of these
competencies will require a fine-grained as-
sessment of the relation between component
mathematical skills and potential matura-
tional and cultural influences on their devel-
opment. In this study, the influence of age
and two cultural factors, language-related
differences in number words and schooling,
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on the development of addition skills were
examined for groups of kindergarten, first-,
second-, and third-grade children from
mainland China and the United States. All
children were assessed toward the begin-
ning and toward the end of the U.S. aca-
demic year and were administered psycho-
metric (e.g., paper-and-pencil tests) and
information processing (e.g., speed of prob-
lem solving) tasks. The administration of dif-
ferent tasks enabled a fine-grained assess-
ment of the arithmetical competencies of
Chinese and American children as well as
an assessment of how language and school-
ing might differentially affect the compo-
nent skills underlying the development of
these competencies. The design of the study
also allowed for an assessment of the rela-
tion between chronological age and chil-
dren’s emerging arithmetical competencies.
In the two sections that follow, the potential
effects of language and schooling on mathe-
matical development are summarized. A
brief overview of the development of addi-
tion skills follows the latter section.

Language and Mathematical Development

There appear to be at least two ways in
which language might influence mathemati-
cal development. The first involves the in-
fluence of the structure of number words on
emerging numerical competencies (Fuson &
Kwon, 1991; Geary, 1994; Miller, Smith,
Zhu, & Zhang, 1995; Miura, Okamoto, Kim,
Steere, & Fayol, 1993). In East Asian lan-
guages, the structure of the base 10 number
system is transparently represented in the
structure of the number words themselves.
For instance, the Chinese number words for
11, 12, and 13, are translated as ten one, ten
two, and ten three, respectively. The fact
that 11, for instance, is composed of a single
tens value and a single units value is obvious
in the associated Chinese number word but
not in the English number word eleven. The
difference in the structure of number words
appears to create differences in the ease
with which East Asian and American chil-
dren can learn to count past 10, their under-
standing of the base 10 system itself, and the
types of strategies that might be used to
solve simple arithmetic problems (Fuson &
Kwon, 1992a; Miller et al., 1995; Miura et
al., 1993).

Fuson and Kwon (1992b) found that the
structure of Asian language number words
supported Korean children’s use of decom-
position as a strategy for solving simple addi-
tion and simple subtraction problems. For
Korean children, decomposition is centered
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on 10, which follows from the base 10 struc-
ture of the number words themselves. For
instance, to solve the problem 6 + 7, the
child might decompose the 7 into a 3 and 4,
then add 6 + 4, and finally 10 + 3. At the
same time, the structure of number words
does not appear to be related to other aspects
of children’s early numerical competencies,
such as understanding the one-to-one rela-
tion between number words and counted
items (i.e., during counting each object is
tagged with a different number word; Miller
et al., 1995).

The second way in which language
might influence mathematical development
is through the speed with which basic num-
ber names (e.g., one, two, three) can be pro-
nounced. Speed of number pronunciation
influences the number of digits that can be
retained in working memory (i.e., digit
span), which, in turn, may influence the
types of strategies that children can use to
solve simple arithmetic problems (Geary,
Bow-Thomas, Fan, & Siegler, 1993; Stigler,
Lee, & Stevenson, 1986). In particular, when
an answer cannot be retrieved, American
children tend to count to solve simple arith-
metic problems. Counting can occur with
the aid of fingers or without them. The use
of fingers during counting appears to be a
working memory aid that allows the child to
keep track of the addends physically, rather
than mentally, during the process of count-
ing (Geary, 1990).

The apparent relation between digit
span and finger counting might result in an
early difference in the mix of strategies used
by Chinese and American children to solve
simple arithmetic problems. In particular,
the short digit spans of American children
may lead them to rely on finger counting
more often than Chinese children. This is
because Chinese number words can be spo-
ken more quickly than English number
words, which affords Chinese individuals
about a two-digit span advantage over
Americans (Stigler et al.,, 1986). Indeed,
when answers to simple addition problems
cannot be retrieved from memory, then
American kindergartners tend to count on
their fingers, whereas Chinese kindergart-
ners tend to count verbally (Geary et al.,
1993). This difference in the type of count-
ing did not exist for Chinese and American
children who were matched on digit span.
Further, for the American sample, frequency
of finger counting increased as digit span de-
creased.
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Thus, differences in the structure of
Chinese and English number words may in-
fluence the relative frequency with which
Chinese and American children use decom-
position and finger counting as problem-
solving strategies. However, different fea-
tures of these number words appear to
influence strategy usage in different ways.
In particular, digit span might be selectively
related to finger counting but not the use of
decomposition or any other strategy. If the
structure of Chinese number words does fa-
cilitate the use of decomposition, as it ap-
pears to in Korean children, then not only
should Chinese children use decomposition
more frequently than their American peers,
decomposition should be primarily centered
on 10, as illustrated above.

Schooling and Mathematical Development

In the present study, the same-grade
Chinese and American children were of the
same age and were assessed during the same
calendar-year time frames. Based on these
controls, inferences could be made about the
effects of schooling, broadly defined, and
age on the development of early arithmetical
competencies. Any influence of age on addi-
tion skill development should be reflected
in parallel changes in the component skills
of Chinese and American children across
times of measurement. With an analysis of
variance (ANOVA), any such effect should
result in a significant main effect for time
and a nonsignificant nation X time interac-
tion, with one caution. Across times of mea-
surement, change in age and change in time
in school are necessarily the same. As a re-
sult, the design is sensitive to those compo-
nent skills that change with age and are min-
imally affected by differences in the
schooling of Chinese and American
children.

A significant nation X time interaction,
in turn, might reflect differences in the
schooling of Chinese and American children
or interactions between age and schooling.
It cannot be stated with any certainty, how-
ever, which features of schooling might con-
tribute to any such interaction, nor can addi-
tional influences, such as parental support
for mathematics learning be ruled out. Thus,
a significant time X nation interaction could
reflect differences in the in-school instruc-
tion of Chinese and American children, dif-
ferences in quantity of homework, parental
and peer influences, or some interaction be-
tween instruction and language-related in-
fluences (Geary, 1994; Perry, VanderStoep,
& Yu, 1993). Nevertheless, to bolster the ar-

gument that in-school differences in instruc-
tion contribute to Chinese and American dif-
ferences in the acquisition of early
arithmetical competencies, data were col-
lected on the number of math instruction pe-
riods between times of measurement, and
the relation between quantity of instruction
and the academic-year change in the chil-
dren’s arithmetical competencies was as-
sessed.

Development of Addition Skills

In this section, a brief overview of the
development of addition skills is presented,;
detailed descriptions are provided else-
where (Ashcraft, 1992; Geary, 1994; Siegler,
1986, 1987). Mastery of basic addition skills,
that is, for solving single-digit problems (e.g,
5 + 6), is achieved when all basic facts (e.g.,
the addition table) can be retrieved accu-
rately and quickly from long-term memory
(Geary, 1994). Prior to this, when children,
and adults, cannot retrieve an answer from
memory, they tend to resort to one of three
types of backup strategy. The first involves
some form of counting, either with fingers
or without them (i.e., verbal counting). The
most sophisticated counting procedure in-
volves starting the count with the value of
the larger addend and then counting the
number of times indicated by the value of
the smaller addend, as in solving 5 + 3 by
counting “5, 6, 7, 8.” This procedure is
termed min counting or counting on (Fuson,
1982; Groen & Parkman, 1972). Alternatives
to min counting involve counting both ad-
dends (sum counting) or counting on from
the smaller-valued addend (max counting;
Groen & Parkman, 1972).

The second category of backup strategy
involves decomposition, which, as de-
scribed earlier, tends to be centered on 10
oron tie (e.g.,6 + 7 = 6 + 6 + 1) problems
(Geary, 1994). Third, children sometimes
use the fingers strategy to solve simple arith-
metic problems (Siegler & Shrager, 1984).
The fingers strategy involves looking at up-
lifted fingers, which represent the addends,
but not counting them to get the answer. Un-
der these circumstances, the use of fingers
appears to prompt direct retrieval.

Overview

In all, the study provides a documenta-
tion of academic-year changes in the arith-
metical competencies of Chinese and Amer-
ican kindergarten through third-grade
children. The study also allows inferences
to be drawn about the potential influence of
language structure, schooling, broadly de-



fined, and age on the development of arith-
metical competencies and explores the po-
tential relation between these factors and
differences in the arithmetical development
of Chinese and American children.

Method

Participants
The participants included 105 (50
males, 55 females) elementary school chil-
dren from Columbia, Missouri, and 104 (54
males, 50 females) elementary school chil-
dren from Hangzhou, China. As shown in
Table 1, the mean age of the same-grade
Chinese and American subjects was compa-
rable at all grade levels. The difference in
the number of boys and girls in the Ameri-
can sample was not significant across grade
levels, x*(3) = 5.4, p > .10, nor was the dif-
ference in the numbers of boys and girls
across the Chinese and American samples,
x%(1) = 0.4, p > .50. All children were se-
lected from the same elementary schools
used in our original study of the arithmetical
abilities of Chinese and American children
-(Geary, Fan, & Bow-Thomas, 1992). In this
original study, the relative performance of
our Chinese and American children on a test
of addition skills was comparable to the per-
formance of larger and more representative
samples of Chinese and American children
for a similar test (Stevenson, Lee, Chen,
Lummis, et al., 1990). Thus, the schools used
in our original study and in the current study
would appear to be well matched, in terms
of providing a relatively unbiased assess-
ment of the arithmetic skills of urban Ameri-
can and Chinese children.
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Experimental Tasks

All children were administered a paper-
and-pencil test of addition skills, a digit span
measure, and an addition strategy assess-
ment. The task stimuli were identical for the
English and Chinese versions of the tasks.
The procedures used for the translation and
back-translation of task instructions were

identical to those described in Geary et al.
(1992).

Paper-and-pencil addition test.—Two
versions of the addition test were con-
structed, a simple one for the kindergarten
children and a more advanced one for the
first- through third-graders. Each version in-
cluded two forms. Both forms of the kinder-
garten version consisted of 63 items, which
ranged from 1 + 1to 5 + 5, inclusive; each
problem was presented two or three times.
Both versions of the more advanced test con-
sisted of 81 items, those defined by the pair-
wise combinations of 1 to 9, inclusive. For
each form, the subject was allowed 1 min
to solve as many problems as possible. The
score was the number of items solved cor-
rectly across both forms of the test.

Digit span measure.—The same mem-
ory span measure was administered to the
kindergarten and older children. The stimuli
consisted of 14 strings of digits, including
two strings for each length of 3-9 digits.
Digit strings excluded consecutive numbers
and the consecutive presentation of num-
bers with similar sounding word tags in Chi-
nese. The experimenter read the numbers at
a rate of one per second, beginning with the
three-digit string and proceeding to progres-
sively larger strings. The subject was re-

TABLE 1

SUBJECT CHARACTERISTICS

AGE GENDER
GRADE M SD Male Female

China:

Kindergarten .......... 71 3.1 13 13

First 83 2.4 13 13

Second .... 94 2.8 14 12

Third 105 3.9 14 12
United States:

Kindergarten .......... 71 3.7 16 9

First ..ococevevvveneecnennens 83 4.6 15 14

Second ....coceeeiinenne 94 4.2 8 11

Third ...ooveveveeceenene 104 4.7 11 21

NOTE.—Age is in months.
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quired to repeat the exact sequence. Testing
was stopped when the subject missed both
sequences of the same length. The digit
span score was the number of digits in the
longest digit string correctly recalled.

Addition strategy assessment.—Three
sets of stimuli were constructed for the addi-
tion strategy assessment task, two for the
kindergarten children and one for the older
children. For the kindergarten children, the
stimuli in the first set consisted of 25 single-
digit addition problems, those defined by
the pairwise combination of the integers 1
to 5, inclusive. At the second time of mea-
surement, the kindergarten children were
also administered a second set of nine
larger-valued addition problems, which con-
sisted of problems with sums greater than 10
(e.g.,5 + 6,7 + 8,7 + 6). The inclusion of
these larger-valued problems allowed us to
assess the problem-solving competencies of
Chinese and American kindergarten chil-
dren for problems where decomposition
might be used as a backup strategy. For the
older children, the stimuli consisted of 40
single-digit addition problems, which
ranged from 2 + 3to 9 + 8 (no tie problems,
such as 3 + 3,4 + 4, were included).

The problems were presented, one at a
time, at the center of a cathode-ray tube
(CRT) controlled by a microcomputer. For
each problem, a prompt appeared at the cen-
ter of the CRT for 1,000 ms, followed by a
blank screen for 1,000 ms. Then, the prob-
lem appeared on the screen and remained
until the child responded by speaking the
answer into a voice operated relay con-
nected to the microcomputer. A hardware
clock ensured the collection of reaction time
(RT) with an accuracy of about +1 ms. Equal
emphasis was placed on speed and accuracy
of responding; specifically, “try to get the
answer as fast as you can, but try not to make
many mistakes” in the English version and
“of course, you have to get the answer
quickly and correctly” in the Chinese
version.

Mathematics Instruction

To obtain a rough estimate of the chil-
dren’s exposure to mathematics in school,
we calculated both the number and the aver-
age duration of math instruction periods be-
tween the first and second measurement for
each first-, second-, and third-grade child.

We were unable to estimate the quantity of
math instruction for the American kindergar-
ten children, because there were no formal
math instruction periods for these children.
Rather, any exposure to mathematics was
“embedded” in other activities (e.g., count-
ing out snacks).

In China, mathematics is taught based
on a national curriculum that determines the
content and length of math classes. Based
on this curriculum and teacher reports, the
average duration of a math instruction pe-
riod for the Chinese students was estimated
to be 40 min. All of the same-grade Chinese
children received their math instruction
from the same teacher and at the same time.
In the United States, there is no national cur-
riculum. As a result, the duration of math
instruction periods can vary considerably
from one teacher to the next (Stevenson,
Lee, & Stigler, 1986). Thus, the teachers of
our American participants were asked to pro-
vide information on the length and general
content of each math lesson between the two
times of measurement. To facilitate this pro-
cess, folders with lines for each instruction
day and places to note the length and con-
tent of each math lesson were developed for
each teacher. The teacher simply had to fill
in the appropriate lines each day. For each
teacher, two independent scorers calculated
the mean number of minutes in a math les-
son (i.e., total minutes of math instruction/
number of math instruction periods).

Procedure

School begins in the first week of Sep-
tember in China and the United States. For
the first measurement (time 1), all data were
collected in both countries between Novem-
ber 4 and December 5. For the second mea-
surement (time 2), all data were collected in
both countries between April 20 and May
15. All of the Chinese subjects were tested
at both times of measurement, and 103 of the
105 American subjects were tested at both
times of measurement (two American first
graders moved between the first and second
assessment).! The Chinese children were in-
dividually tested in a quiet room in the En-
gineering Psychology laboratory at Hang-
zhou University, whereas the American
children were individually tested in a quiet
room in their own school. For the first as-
sessment, all participants were first adminis-
tered the digit span measure, then the paper-

I The strategy choice data were also lost for one American second grader (for time 1). All
analyses were based on all available data for the respective time of measurement.



and-pencil addition test, and finally the
addition strategy assessment in a single ses-
sion that lasted less than 30 min. For the
second assessment, all participants were ad-
ministered the paper-and-pencil addition
test followed by the addition strategy assess-
ment. For the addition strategy assessment,
the nine larger-valued addition problems
were administered to the kindergarten chil-
dren following presentation of the 25
smaller-valued (i.e., sums <11) addition
problems.

For the strategy assessment task, the an-
swer and strategy used to solve the problem
were recorded on a trial-by-trial basis by the
experimenter and classified as one of the fol-
lowing strategies; counting fingers, fingers,
verbal counting, retrieval, or decomposition.
Strategy classifications were, for the most
part, based on the child’s behavior during
problem solving (Siegler & Shrager, 1984).
If the child was observed moving his or her
fingers in sequence during problem solving,
then the strategy was classified as counting
fingers. If the child counted aloud or softly
during problem solving, or if indications of
subauditory vocalizations were present (e.g.,
lip movements), then the strategy was classi-
fied as verbal counting. The counting trials
were further classified based on where
counting began; that is, the trials were clas-
sified as min, sum, or max. If the child
looked at her or his fingers but did not count
them to get an answer, then the trial was
classified as fingers.

If the child spoke the answer without
counting on fingers, counting verbally, or
looking at their fingers, then the strategy was
initially classified as retrieval. After each
trial, subjects were asked to describe how
they arrived at the answer. For trials initially
classified as retrieval, if the child described
a stepwise process (e.g., 7 + 6 = 6 + 6 =
12, 12 + 1 = 13) then the strategy was re-
classified as decomposition. Although the
distinction between retrieval and decompo-
sition was based solely on the child’s de-
scription, the finding that mean RTs for de-
composition trials were generally twice the
mean RTs for retrieval trials (see Tables 3,
4, 5, and 6) suggests that the descriptions
were generally accurate. The decomposition
trials were further classified based on the
form of decomposition used in problem solv-
ing, that is, 10 based, tie based, or other (e.g.,
for9 + 4,9 + 3 = 12,12 + 1 = 13). Tie-
based decomposition is theoretically impor-
tant, because, unlike 10-based decomposi-
tion, its use is not dependent on an
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understanding of the base 10 structure of the
number system. Comparisons of the child’s
description and the experimenter’s initial
classification indicated agreement between
the child and the experimenter on more than
90% of the trials for each of the samples. For
those trials on which the child and experi-
menter disagreed, the strategy was classified
based on the child’s description, except in
cases where overt finger counting or verbal
counting (e.g., counting aloud) was observed
by the experimenter and the child claimed
to have used some other strategy. For these
trials, the trial was classified based on the
experimenter’s observation.

Results

For ease of discussion, the results are
presented in six sections. In the first two,
results for performance on the paper-and-
pencil addition test and the digit span mea-
sure are presented, respectively. Results for
performance on the strategy assessment task
are presented in the third section. The
fourth section presents an analysis of the re-
lation between paper-and-pencil addition
test performance and the children’s strategy
choices, while the fifth section presents an
analysis of the relation between digit span
and strategy choices. The final section pre-
sents results for the math instruction data.
Across sections, an alpha level of .05 was
adopted to indicate statistical significance,
unless otherwise noted.

Paper-and-Pencil Addition Test

In this section, performance on the pa-
per-and-pencil addition test is described
separately for the kindergarten and older
children, because the addition test differed
for these groups.

Kindergarten children.—Figure 1 shows
the kindergarten children’s mean perfor-
mance on the paper-and-pencil addition
test. A repeated-measures ANOVA, with na-
tion as a between-subjects factor and time as
a within-subjects factor, revealed significant
main effects for nation, F(1, 49) = 113.26,
and time, F(1, 49) = 117.23, and a significant
nation X time interaction, F(1, 49) = 34.13.
Although dependent t tests revealed sig-
nificant improvements in addition test per-
formance from time 1 to time 2 for both the
Chinese and American children, the signifi-
cant nation X time interaction confirmed
greater academic-year gains by the Chinese
children relative to their American peers. A
separate analysis revealed a nonsignificant
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FIG. 1.—Mean addition test scores for the Chinese and American kindergarten children

main effect for gender and a nonsignificant
gender X nation interaction.

First- through third-grade children.—
The addition test performance of the older
children was assessed by means of a 2 (na-
tion) X 3 (grade) X 2 (time) mixed-design
ANOVA, with nation and grade as between-
subjects factors and time as a within-subjects
factor. The ANOVA revealed that all main
effects and interactions were significant; na-
tion, F(1, 150) = 772.63, grade, F(2, 150) =
192.47, time, F(1, 150) = 508.56, nation X
grade, F(2, 150) = 36.69, nation X time, F(1,
150) = 222.21, grade X time, F(2, 150) =
16.16, and nation X grade X time, F(2, 150)
= 24.82. A separate analysis indicated that
the main effect for gender was not significant
nor were any of the interactions involving
gender.

The significant three-way interaction is
shown in Figure 2 and reflects differences
in the relative gains, from time 1 to time 2,
across the Chinese and American samples
and across grade levels. Post hoc orthogonal
contrasts for the interaction revealed sig-
nificant linear trends across grade for the
U.S. sample, F(1, 76) = 4.07. Specifically,
linear increases in addition test performance
were found across grade level, but the
within-grade gains across time 1 and time 2
decreased linearly across grade level. For
the Chinese sample, a linear increase in ad-
dition test performance was found across
grade level, F(1, 75) = 10.47, but the rela-
tive gains from time 1 to time 2 within each

B United States
China

grade level differed and was best fitted by a
quadratic contrast, F(1, 75) = 54.93. More
important, the overall pattern indicates
much greater gains at each grade level across
the academic year for the Chinese children
relative to their American peers.

Digit Span

The digit span scores were analyzed
across all four grade levels, because the
same test was administered to the kinder-
gartners and the older children. Mean digit
span scores across nation and grade are
shown in Figure 3; recall, the test was only
administered at time 1. A 2 (nation) X 4
(grade) ANOVA revealed significant main ef-
fects for nation, F(1, 201) = 437.45, and
grade, F(3, 201) = 10.83, but a nonsignifi-
cant nation X grade interaction. Post hoc
comparisons (honestly significant difference
test) revealed that the mean scores of the
kindergarten and first-grade children did not
differ significantly, nor did the mean scores
of the second- and third-grade children. All
other comparisons were significant.

Addition Strategy Assessment

Strategy choice and RT data are consid-
ered separately for the kindergarten and
older children, because the experimental
stimuli differed for these groups. For the
strategy choice data, the percentage of trials
on which each subject used each strategy
was calculated; the reported group means
represent the mean of the individual per-
centages (the analyses of the strategy data,
however, were based on raw frequencies).
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F1G. 2.—Mean addition test scores for the older Chinese and American children. For each set, the
leftmost bar represents the mean score for time 1 and the adjacent bar represents the mean score for

time 2.

The degrees of freedom differ across some
of the analyses, because not all subjects used
all strategies. Nevertheless, this procedure
seems preferable to averaging data across
strategies (Siegler, 1987). To make the re-
sults easier to follow, significant between-
group effects, which were analyzed by
means of ANOVAs, are noted in the tables
by an asterisk. Within-group changes in
strategy characteristics from time 1 to time 2
were analyzed by means of dependent ¢t
tests, and significant differences are under-
scored for time 2. Due to the length and
complexity of these analyses, a summary of
the primary findings is presented at the end
of this section.

Mean Digit Span

Grade

F1G. 3.—Mean digit span scores for the Chinese and American children

Kindergarten children.—Table 2 shows
the distribution of strategy choices, error
percentages, use of min counting, and RTs
for the smaller-valued problems (i.e., prob-
lems with sums <11). Here, it can be seen
that the Chinese and American kindergarten
children used the same types of strategies
to solve the addition problems but differed
significantly in the distribution of their strat-
egy choices. For time 1, the American chil-
dren relied more heavily on finger counting,
F(1, 49) = 6.01, and retrieval, F(1, 49) =
11.85, than their Chinese peers, who, in
turn, used the fingers, F(1, 49) = 5.91, and
verbal counting, F(1, 49) = 36.98, strategies
more frequently than the American children.

@ United States |
China
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The percentage of errors did not differ
significantly across groups for either finger
counting or verbal counting, but the Chinese
children committed significantly fewer re-
trieval errors than their American peers, F(1,
48) = 18.10. Thus, the national difference in
the frequency of retrieval was likely due to
a lot of guessing on the part of the American
children. In fact, a comparison of the num-
ber of addition facts that were correctly
retrieved revealed no significant differ-
ence between the Chinese and American
children.

For verbal counting trials, the Chinese
children used the min procedure signifi-
cantly more often than the American chil-
dren, F(1, 34) = 6.22, and had significantly
faster mean RTs, F(1, 32) = 5.12. The Chi-
nese advantage in mean retrieval RTs was
also significant, F(1, 41) = 32.86, but the ad-
vantage of the American children for finger
counting RTs was not.

For time 2, the Chinese children relied
primarily on retrieval to solve the presented
problems, whereas the American children
primarily used a combination of retrieval
and finger counting. The difference in the
frequency with which the Chinese and
American children used the various strate-
gies was significant for counting fingers, F(1,
49) = 30.60, and retrieval, F(1, 49) = 25.96,
but not for fingers or verbal counting. As was
found for time 1, the American children
committed significantly more retrieval errors
at time 2 than their Chinese peers, F(1, 48)
= 12.69, but the difference in the percent-
age of verbal counting errors was not sig-
nificant. As was found for time 1, the Ameri-
can children used the min procedure less
frequently than the Chinese children when
they used verbal counting, F(1, 34) = 12.92.
The advantage of the Chinese children for
retrieval RTs was again significant, F(1, 47)
= 75.91, and was marginally significant for
verbal counting RTs, F(1, 32) = 3.92, p =
.056.

Across times of measurement, there was
a clear shift from the use of counting to the
use of retrieval for the Chinese kindergarten
children. In contrast, there was little change
in the strategy mix across times of measure-
ment for the American kindergarten chil-
dren. Indeed, for the Chinese children, the
change in strategy usage across times of
measurement was significant for all four
strategies. In contrast, the change was not
significant for any of the strategies for the
American children. Across groups, the only

Geary etal. 2031
significant change in error percentage was
the decrease in retrieval errors for the Amer-
ican children, ¢(22) = —3.01. Across time 1
and time 2, mean verbal counting RTs in-
creased significantly for both the Chinese,
t(18) = 2.16, and American, t(14) = 4.07,
children. The mean finger counting RTs
were also significantly higher at time 2 rela-
tive to time 1 for the American children,
t(19) = 3.97. Finally, the decrease in mean
retrieval RTs was marginally significant for
the Chinese children, t(25) = —1.87, p =
.073, but was not significant for the Ameri-
can children.

Table 3 shows that the Chinese and
American kindergarten children used the
same types of strategies to solve the larger-
valued addition problems, those with sums
greater than 10, but differed greatly in their
strategy distributions. To solve these prob-
lems, the American children used finger
counting much more frequently than the
Chinese children, F(1, 48) = 92.85, who, in
turn, used verbal counting, F(1, 48) = 6.83,
and decomposition, F(1, 48) = 29.45, much
more frequently than the American children.
The Chinese and American children did not
differ in the use of retrieval, but the Ameri-
can children committed many more retrieval
errors than their Chinese peers, F(1, 23) =
7.61. The group difference, which favored
the Chinese children, in the percentage of
verbal counting errors, F(1, 12) = 3.57, p =
.083, and decomposition errors, F(1, 22) =
3.52, p = .074, was marginally significant
but was not significant for finger counting
errors. Finally, the only significant differ-
ence in mean RTs was for retrieval. Here,
the Chinese children were significantly
faster than the American children, F(1, 16)
= 23.42.

Another important comparison involves
the difference in the mix of strategies used
for solving smaller- (for time 2) and larger-
valued problems. Recall, smaller-valued
problems were those with sums <11,
whereas larger-valued problems were those
with sums >10. For the Chinese kindergar-
ten children, decomposition was used more
frequently to solve larger-valued problems,
t(25) = 6.12, whereas retrieval was used
more frequently to solve smaller-valued
problems, ¢(25) = —11.97; differences in the
relative use of counting fingers, fingers, and
verbal counting were not significant. The
most striking difference for the American
kindergarten children was the increased use
of counting fingers for solving larger-valued
problems, #(23) = 5.61. Relative to smaller-
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valued problems, the decrease in the use of
retrieval for solving larger-valued problems
was also significant, ¢#(23) = —5.81, as was
the slight increase in the use of decomposi-
tion, t(23) = 2.10. Differences in the relative
use of fingers and verbal counting were not
significant for the American children.

Across samples, only two significant
changes in the proportion of errors were
found. For the American children, the pro-
portion of counting fingers and retrieval er-
rors increased significantly, comparing
smaller to larger problems.

First- through third-grade children.—
Table 4 shows that the Chinese and Ameri-
can first graders used the same types of strat-
egies to solve the addition problems but,
again, differed significantly in their strategy
mix. At time 1, the Chinese children used
retrieval, F(1, 53) = 14.00, and decomposi-
tion, F(1, 53) = 191.41, much more fre-
quently than the American children, who, in
turn, relied on finger counting, F(1, 53) =
21.54, and verbal counting, F(1, 53) = 7.62,
much more frequently than the Chinese
children. The American children also com-
mitted many more verbal counting, F(1, 47)
= 10.50, and retrieval, F(1, 41) = 9.64, er-
rors than their Chinese peers. For verbal
counting trials, there was no practical differ-
ence in the Chinese and American chil-
dren’s use of the min procedure (97% and
100%, respectively). Finally, mean RTs
were significantly faster for the Chinese
children, relative to the American children,
for verbal counting, F(1, 47) = 10.80, and
retrieval, F(1, 39) = 143.09.

For time 2, the distribution of strategy
choices across the Chinese and American
first graders was highly similar to that found
in our previous study of first graders (Geary
et al., 1992; testing in the two studies was
done at roughly the same point in the school
year) and again showed large cross-national
differences in the strategy distributions. The
Chinese children used retrieval significantly
more often than the American children, F(1,
51) = 148.74, who, in turn, relied on finger
counting, F(1, 51) = 22.40, and verbal count-
ing, F(1, 51) = 52.28, much more frequently
than the Chinese children. The American
children were more error prone than the
Chinese children, for both retrieval, F(1, 46)
= 6.53, and decomposition, F(1, 27) = 8.03,
and had significantly higher mean RTs for
verbal counting, F(1, 34) = 15.54, retrieval,
F(1, 45) = 76.15, and decomposition, F(1,
26) = 184.73.

Geary etal. 2033

For the Chinese children, the change in
strategy usage across times of measurement
was significant for verbal counting, #(25) =
—4.70, retrieval, ¢(25) = 13.04, and decom-
position, #25) = —10.74. For the American
children, the only significant changes across
times of measurement were increases in the
use of decomposition, #(26) = 3.08, and min
counting for finger counting trials, #(14) =
3.53. Across groups, the only significant
change in error percentage was for decom-
position. Here, the Chinese children com-
mitted fewer errors at time 2 than at time
1, ¢(18) = —3.13. Finally, for the American
children, mean RTs were significantly
higher at time 2 than at time 1 for counting
fingers, ¢(19) = 2.15, but significantly lower
for retrieval, £(12) = —4.03. For the Chinese
children, mean RTs were significantly lower
at time 2 relative to time 1 for both retrieval,
t(25) = —6.76, and decomposition, #(18) =
—-5.70.

Tables 5 and 6 show that the Chinese
second and third graders relied almost ex-
clusively on retrieval to solve the basic addi-
tion problems, whereas the American chil-
dren continued to use a combination of
retrieval and counting (verbal and finger).
Given the almost exclusive reliance on re-
trieval in the Chinese children, the analyses
of the strategy characteristics of the second
and third graders focused on retrieval trials,
that is, on the frequency of retrieval, the fre-
quency of retrieval errors, and on mean re-
trieval RTs.

A 2 (nation) X 2 (grade) x 2 (time)
mixed ANOVA confirmed that the Chinese
children used retrieval more than the Ameri-
can children, F(1, 98) = 210.45, the third
graders retrieved more answers than the sec-
ond graders, F(1, 98) = 6.46, and that re-
trieval increased from time 1 to time 2, F(1,
98) = 18.31. The nation X time effect was
the only significant interaction, F(1, 98) =
7.84, but was due to a ceiling effect; that is,
100% retrieval at both times of measurement
for the Chinese third graders.

The analyses of retrieval errors revealed
significant nation, F(1, 98) = 42.33, and na-
tion X time effects, F(1, 98) = 8.25, but all
other main effects and interactions were
nonsignificant. These significant results
were largely due to floor effects; that is, the
low frequency of retrieval errors for both the
American and Chinese second and third
graders.

The analyses of retrieval RTs revealed
that all main effects and interactions were
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significant, except the nation x grade inter-
action, F(1,91) = 268.00, 17.25, 49.02, 29.13,
15.10, 7.09 for the nation, grade, time, nation
X time, grade X time, and nation X grade
x time effects, respectively. The three-way
interaction is shown in Figure 4 and reflects
a larger change in mean RTs across times
of measurement for the American children
relative to the Chinese children, F(1, 93) =
16.41, and larger changes in mean RTs for
the second graders relative to the third grad-
ers, F(1, 93) = 5.43.

Decomposition.—In order to determine
the form of decomposition used by the Chi-
nese and American children, decomposition
trials were individually examined for those
samples where decomposition was most fre-
quently used; that is, for Chinese kindergart-
ners when solving the larger-valued prob-
lems, Chinese first graders (both times of
measurement), American first graders at the
first measurement, and American third grad-
ers (both times of measurement). As noted
earlier, for each decomposition trial, the pro-
cedure was scored as being centered on 10,
based on the use of tie problems, or other.

Across grade levels, 78% of the Chinese
children’s decomposition trials were cen-
tered on 10, relative to 45% of the American
children’s decomposition trials, z = 8.3. In
comparison, 42% of the American children’s
decomposition trials were based on tie prob-
lems, relative to 20% of the Chinese chil-

2037

dren’s decomposition trials, z = -5.5.
There were also within-nation shifts in the
relative use of tie-based or 10-based forms
of decomposition across grade level. For the
Chinese kindergarten children, 40% and
53% of the decomposition trials were tie
based or 10 based, respectively, as compared
to 16% and 83%, respectively, for the Chi-
nese first graders (almost identical percent-
ages were found for both times of measure-
ment), x%(1) = 37.4. For the American first
graders (time 2), 56% and 24% of the decom-
position trials were tie based or 10 based,
respectively, as compared to 37% and 53%,
respectively, for the American third graders
(across times of measurement), x%(1) = 8.1.

Geary et al.

Summary.—Across grade levels, the
Chinese and American children used the
same types of strategies to solve simple addi-
tion problems but differed considerably in
the distribution of strategy choices and in
the academic-year changes in the strategy
mix. When they counted, the Chinese chil-
dren were much more likely to rely on ver-
bal counting, as contrasted with the Ameri-
can children’s reliance on finger counting,
and, at least in kindergarten, were more
likely than the American children to use the
min procedure. Differences in the use of de-
composition were also striking. The Chinese
children used decomposition much more
frequently than the American children. In
fact, decomposition was the primary backup
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F1G. 4.—Mean retrieval RTs for the Chinese and American second and third grade children
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strategy for the Chinese children, whereas
counting fingers was the primary backup
strategy for the American children. Equally
important, 10-based decomposition was
used much more frequently by the Chinese
children than the American children, and
the general reliance on 10-based, as opposed
to tie-based, decomposition occurred much
earlier in the Chinese children than in the
American children.

From time 1 to time 2, changes in the
Chinese children’s strategy mix were rather
dramatic, with, up until the point of 100%
retrieval, important increases in the fre-
quency of direct retrieval across times of
measurement. Within-grade changes in the
American children’s strategy mix across
times of measurement were much less dra-
matic and often not statistically significant,
or practically significant for that matter.

Strategy Choices and Addition
Test Performance

In this section, the relation between
strategy choices and addition test perfor-
mance is presented separately for kindergar-
ten and older children.

Kindergarten children.—Geary and
Burlingham-Dubree (1989) found that for
preschool and kindergarten children, a com-
bination of the frequency of correct retrieval,
speed of fact retrieval, and efficient use of
backup strategies provided a good represen-
tation of individual differences in psycho-
metric test performance in arithmetic. For
the current study, these factors were repre-
sented, respectively, by the frequency of
correct retrieval, mean retrieval trial RTs,
and a backup strategy variable. The backup
strategy variable represented the sophistica-
tion and accuracy of the strategies used for
problem solving when the correct answer
could not be retrieved. Specifically, if the
frequency of backup strategies (i.e., fingers,
and verbal and finger counting) was greater
than the frequency of retrieval errors, then
backup was coded F + min + .5(sum +
max), where F refers to the frequency of use
of the fingers strategy and min and (sum +
max) refer to the frequency with which these
procedures were used across the verbal
and finger-counting strategies. Otherwise,
backup was coded 0 — (frequency of re-
trieval errors) (see Geary, 1990; Geary &
Burlingham-Dubree, 1989). A low score on
the backup strategy variable represented ei-
ther frequent guessing (i.e., retrieval errors)
or frequent counting errors, whereas a high
score represented the frequent use of the

min counting procedure, with either finger
or verbal counting.

Across groups, this set of three variables
was highly correlated with kindergartners’
performance on the addition test at time 1,
F(3, 43) = 36.87, R? = .72, and each of the
individual variables was uniquely pre-
dictive of addition test performance. Basi-
cally, the more efficient the use of backup
strategies and the more facts that were cor-
rectly retrieved the higher the addition test
score. Lower mean retrieval RTs (i.e., faster
fact retrieval) were also associated with
higher addition test scores. These three vari-
ables also predicted individual differences
in addition test performance within the Chi-
nese, F(3, 22) = 5.01, R = .41, and Ameri-
can, F(3, 17) = 10.00, R? = .64, samples.
Finally, partialing these three variables re-
duced the advantage of the Chinese children
over their American peers on the addition
test to nonsignificance. This set of three vari-
ables was also highly predictive of addition
test performance at time 2, F(3, 45) = 46.15,
R2 = .75, but nation still explained a sig-
nificant amount of incremental variance,
AR? = .05, F(1, 44) = 11.24.

First- through third-grade children.—
For the older children the relation between
strategy choices and addition test perfor-
mance was straightforward: Across groups
and grade level, the frequency of correct re-
trieval and mean retrieval trial RTs were the
primary source of individual differences in
addition test performance. At time 1 and
across grade level, these two variables ex-
plained 77% (i.e., R2) of the variance in addi-
tion test performance; these variables ex-
plained 74% and 72% of the variance in
addition test performance within the Chi-
nese and American samples, respectively.
Finally, partialing these two variables re-
duced the Chinese advantage on the addi-
tion test, across grade levels, to nonsignifi-
cance. Again, the same pattern was found for
time 2—these variables explained 68% of
the variance in addition test performance
across groups and grade level—except that
they did not completely explain the Chinese
advantage on the addition test, AR = .02,
F(1, 141) = 9.79. Nation explained an addi-
tional 2% of the performance variance on the
addition test above and beyond the 68% ex-
plained by the retrieval variables.

Digit Span and Strategy Choices

As noted earlier, for the time 1 perfor-
mance of our samples of Chinese and Ameri-
can kindergarten children, we showed a re-



lation between digit span performance and
the use of the counting fingers strategy
(Geary et al., 1993). Basically, shorter digit
spans were associated with the frequent use
of finger counting. In this section, we extend
this analysis to time 2 for the Chinese and
American kindergarten children and to first
through third grade for the American chil-
dren; an assessment of the relation between
finger counting and digit span was not possi-
ble for the older Chinese children, because
they did not use the counting fingers strat-
egy (see Tables 4 to 6).

For the kindergarten children, the rela-
tion between strategy choices and digit span
was examined by means of partial correla-
tions. After partialing the effect of nation,
digit span was correlated with the frequency
with which the counting fingers, verbal
counting, decomposition (for the larger-
valued problems), and fingers strategies
were used, as well as with the number of
facts correctly retrieved. For the counting
strategies, digit span was also correlated
with the use of the min and sum procedures.
For time 1, the use of the counting fingers
strategy and the use of the sum procedure
for finger counting was significantly and in-
versely related to digit span; pr(49) = —.31
and —.31 for overall frequency of finger
counting and frequency with which the sum
procedure was used with finger counting, re-
spectively. At time 2, digit span was corre-
lated with the use of the sum procedure dur-
ing finger counting for the larger-valued
problems, pr(48) = —.28, p = .055, but was
not correlated with finger counting for the
smaller-valued problems. Finally, digit span
was not significantly related to the use of
fingers, verbal counting, correct retrieval, or
decomposition at either time of mea-
surement.

For the first-, second-, and third-grade
American children, digit span showed a sig-
nificant or marginally significant correlation
with the frequency of finger counting for five
of the six comparisons; no other strategy
variable was consistently related to the digit
span measure (i.e., no more than a total of
two significant or marginally significant cor-
relations). For first graders, counting fingers
and digit span were not correlated at time 1,
r(27) = —.01, but were correlated at time 2,
r(25) = —.37,p = .061. For second and third
graders, digit span was inversely related to
finger counting at both times of measure-
ment, rs = —.30 to —.45, ps < .10. Across
grade level, digit span and the frequency of
finger counting were significantly related at
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time 1, r(77) = —.23, and time 2, t(76) =
—.38, and remained marginally significant at
time 1 and significant at time 2 after partial-
ing grade and age, pr(75) = —.21,p = .073
and pr(74) = —.37, respectively. As a com-
parison, digit span was not significantly cor-
related with the frequency of decomposition
for the older American children within grade
level or across grade level for either time of
measurement, rs ranged from —.09 to .27.
Finally, digit span was not significantly re-
lated to the use of decomposition in the Chi-
nese kindergartners for solving larger-
valued problems, r(24) = .02, or for the
Chinese first graders, r(24)s = .35 and .10
for time 1 and time 2, respectively.

Geary et al.

Mathematics Instruction and
Addition Development

In this section, the national difference
in the number of math instruction periods
between the first and second measurements
is described first, followed by an assessment
of the relation between the national differ-
ence in the quantity of math instruction and
the advantage of the Chinese children on the
addition tasks. The focus is on instructional
periods because preliminary analyses re-
vealed that the average duration (in minutes)
of a math instruction period was not related
to the national differences on the addition
tasks. The relation between math instruction
and addition development focuses on the pa-
per-and-pencil addition test, the frequency
of correct retrieval, and the speed of correct
retrieval. Performance on the addition test
provides a global assessment of basic addi-
tion skills, while the frequency and speed of
fact retrieval provide more direct measures
of the degree to which basic addition skills
have been mastered (Geary & Burlingham-
Dubree, 1989; Siegler, 1988).

Table 7 shows the mean number of math
instruction periods across times of measure-
ment for the Chinese and American first

TABLE 7

MEAN NUMBER OF MATHEMATICS INSTRUCTION
PERIODS BETWEEN THE FIRST AND SECOND TIME
OF MEASUREMENT

UNITED
CHINA STATES
GRADE Mean SD Mean SD
122 2 98 6
122 3 96 7
124 2 97 4
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through third graders; even though the
same-grade Chinese children received their
math instruction from the same teacher, they
differed in the number of instruction days
because of differences in the length of time
between the first and second measurement.
There was no overlap at any grade level in
the number of math instruction periods re-
ceived by the Chinese and American chil-
dren. Across grade levels, the Chinese chil-
dren received between 24 and 27 more math
instruction periods, on average, than their
same-grade American peers.

Next, a set of regression equations was
computed in order to estimate the extent to
which the larger number of math instruction
periods for the Chinese children might have
contributed to their greater gains in addition
test performance relative to their American
peers. In the first equation, the time 2 addi-
tion test score served as the dependent mea-
sure, and the time 1 addition test score, na-
tion (coded O for the United States and 1 for
China), and grade served as independent
measures. The raw regression coefficient of
26 for the nation variable indicated that,
after controlling for time 1 performance and
grade, the Chinese children solved, on aver-
age, 26 more addition problems (in 2 min) at
time 2 than the American children (Cohen
& Cohen, 1983). The second regression
equation was identical to the first except that
the number of math instruction periods was
added as an independent measure. Control-
ling for the national difference in math in-
struction periods significantly reduced the
raw coefficient for nation from 26 to 20,
t(153) = 1.97, p < .06, suggesting that the
Chinese advantage in math instruction pe-
riods contributed to, but did not totally ex-
plain, their time 2 performance advantage on
the addition test.

The same procedures were used to as-
sess the relation between math instruction
and the change in the frequency and speed
of correct retrieval across times of measure-
ment. The results indicated that the Chinese
advantage in math instruction was not statis-
tically related to the national difference in
the change in retrieval frequency across
times of measurement. However, this null
result needs to be interpreted with some
caution, given that the frequency of correct
retrieval was near ceiling for the Chinese
children by the end of first grade. In con-
trast, statistically controlling for the national
difference in the number of math instruction
periods eliminated the Chinese advantage
in retrieval speed (i.e., mean retrieval RTs).

Discussion

The results of this study add to our un-
derstanding of the factors that influence chil-
dren’s early arithmetical development and
to our understanding of the sources of cross-
national achievement differences in elemen-
tary mathematics. Most generally, the results
suggest that age, schooling, and language
can differentially affect the emergence of
different components of children’s early nu-
merical competencies (Bisanz et al., 1995)
and that cross-national achievement differ-
ences in elementary mathematics reflect a
mix of language and school-related factors,
among others (see Geary, 1994; Stevenson
& Stigler, 1992). In the first section below,
the relation between language and arithmet-
ical development is discussed and is fol-
lowed by a consideration of the relations
among age, schooling, and children’s emerg-
ing arithmetical competencies. The discus-
sion closes with a brief consideration of
wider social and educational issues.

Language and Arithmetical Development

The results of this study support the
view that the structure of Asian language
and English language number words influ-
ences the development of early numerical
and arithmetical competencies (Fuson &
Kwon, 1992a, 1992b; Miller et al., 1995; Mi-
ura et al., 1993). The finding that 10 based
decomposition was the primary backup strat-
egy of the Chinese children is consistent
with the findings of Fuson and Kwon
(1992b) for Korean children and supports
their argument that the base 10 structure of
Asian language number words facilitates the
learning of the 10 based decomposition pro-
cedure in Asian children.

Digit span, which is influenced by the
speed with which number words can be pro-
nounced, also appears to be a language-
related influence on children’s strategy
choices, in particular the use of finger count-
ing as a backup strategy. Although not all of
the correlations between digit span and the
frequency of finger counting were signifi-
cant, the overall pattern was consistent; rela-
tively short digit spans were associated with
frequent reliance on finger counting. Thus,
individual differences in digit span ap-
peared to be one factor that influenced indi-
vidual differences in strategy choices within
the American sample and might have been
one factor associated with relatively early
abandonment of finger counting in the Chi-
nese children (see Geary et al., 1993). More-
over, digit span was not related to the use



of decomposition for either the Chinese or
American children, suggesting that number
pronunciation speed and the base 10 struc-
ture of number words differentially influ-
ence children’s strategy choices.

Age, Schooling, and Arithmetical
Development

In this section, potential school-related
and age-related influences on addition test
performance, strategy choices, speed of
strategy execution, and digit span are con-
sidered in turn.

Schooling effects are represented by the
relatively larger academic-year gains in the
arithmetical skills of the Chinese children
in comparison to their same-grade American
peers. As noted earlier, it cannot be stated
with certainty which features of schooling
might have been responsible for any such
effects. For our design, schooling likely cap-
tures a variety of interacting influences, such
as quality of instruction, amount of home-
work, and parental support of high academic
standards (Geary, 1994; Stevenson, Lee,
Chen, Stigler, et al., 1990). Nevertheless, the
finding that the national difference in the
number of math instruction periods across
times of measurement explained a portion of
the relatively greater academic-year gains in
the arithmetical competencies of the Chi-
nese children over the American children
suggests that exposure to mathematics in
school is one important source of the na-
tional difference in mathematical achieve-
ment.

Two features of children’s early arith-
metical development, addition test perfor-
mance and the strategy mix, appeared to be
especially influenced by differences in the
schooling (broadly defined) of Chinese and
American children. For all four grade levels,
the Chinese children’s addition test perfor-
mance improved dramatically across the aca-
demic year, in comparison to the rather mod-
est improvements of the American children.
Across the academic year, there were also
clear within-grade shifts from the use of
backup strategies to the use of retrieval for
the Chinese children. In comparison,
within-grade shifts for the American chil-
dren were quite small; there was, however,
a more substantial shift across grade levels
in the American children’s tendency to use
retrieval.

The argument that changes in children’s
strategy choices are strongly influenced by
schooling appears to be inconsistent with
the conclusions of Bisanz et al. (1995). Bi-
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sanz et al. found that Canadian children’s
strategy choices were more strongly related
to age than to the quantity of schooling. The
design of our study does not allow us to sep-
arate age and schooling effects within sam-
ples. Thus, it is possible that age is related,
in part, to strategy changes (e.g., more re-
trieval) across the academic year, as argued
by Bisanz et al. Nevertheless, the large in-
creases in the use of retrieval in the Chinese
children relative to the American children
suggest that schooling is a potent influence
on children’s strategy choices, above and be-
yond any potential age-related influence.

As noted above, these schooling effects
might also reflect the facilitating effect that
the structure of Chinese number words has
on the acquisition of arithmetical compe-
tencies in Chinese children. For instance,
the use of 10 based decomposition by the
Chinese children likely reflects both lan-
guage and schooling effects. The structure
of Asian number words makes it relatively
easy for Asian teachers to teach the base
10 system and any associated base 10 prob-
lem-solving strategies (Fuson & Kwon,
1992a). Thus, Chinese teachers are more
likely to teach 10 based decomposition
than are American teachers and, due to the
structure of Asian language number words,
Chinese children are more likely to under-
stand the utility of this procedure than are
American children.

Moreover, the Chinese children’s rapid
shift from the use of backup strategies to the
use of direct retrieval might have been in-
fluenced by the speed with which Chinese
number words can be pronounced. Theoreti-
cally, direct retrieval results from the forma-
tion of associations between addition prob-
lems and their correct answers (Siegler,
1986). These associations appear to develop
with the use of backup strategies. For in-
stance, after a child has counted many times
to solve an addition problem, the answer
generated by the count becomes associated
with the problem. For this association to be
constructed, the problem’s addends and the
generated answer must be simultaneously
active in working memory. The quantity of
numbers that can be active in working mem-
ory is related to speed of counting. This per-
spective implies that problems and answers
generated by means of counting should be-
come associated in long-term memory with
fewer practice trials when the counting is
done in languages with relatively short num-
ber words.
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The use of decomposition might also
have influenced the national difference in
the frequency of direct retrieval. This is be-
cause decomposition can be executed
quickly, especially when contrasted with
time-consuming finger counting. The fast ex-
ecution of decomposition should enable all
problem features and the generated answer
to be simultaneously active in working
memory, which, in turn, should facilitate the
formation of problem/answer associations.

Changes in mean RTs across times of
measurement are more difficult to interpret
than are changes in the strategy mix, be-
cause many of the children used different
strategies to solve the same problem at time
1 and time 2. For instance, the finding that
mean counting (finger and verbal) RTs often
increased across times of measurement for
both the Chinese and American children
probably reflects the tendency to use count-
ing to solve fewer smaller-valued problems,
such as 3 + 2, at time 2 than at time 1. The
reason was that at time 2 answers were more
likely to be retrieved for such smaller-
valued problems.

For retrieval, there was a clear tendency
for mean RTs to decrease across the aca-
demic year for both the Chinese and Ameri-
can children. The only exception to this pat-
tern was for the Chinese third graders who
appeared to have asymptoted in the speed
of retrieval processes early in the academic
year. The finding of faster retrieval RTs at
time 2 than at time 1 for both the Chinese
and American children indicates that age-
related improvements in speed of accessing
information from semantic memory cannot
be ruled out (Kail, 1991). At the same time,
the finding that the large Chinese advantage
in mean retrieval RTs was eliminated by
controlling for the Chinese advantage in
number of math instruction periods suggests
an important schooling effect on these mean
RTs above and beyond any age-related
changes.

Finally, the finding of a significant na-
tional difference in digit span is consistent
with previous findings and presumably re-
flects the influence of differences in the
speed of articulating Chinese and English
number words on digit span performance
(e.g., Stigler et al., 1986). The finding that
the magnitude of the Chinese advantage in
digit span did not change with successive
years of schooling suggests that changes in
digit span are more strongly related to chro-
nological age than to differences in the

schooling of Chinese and American chil-
dren. In keeping with this interpretation is
the finding of age-related improvements in
the articulatory and memory processes that
support performance on memory span tasks
(e.g., Cowan et al., 1994). Of course, the
change in digit span performance from one
grade to the next might also have been re-
lated to features of schooling that were simi-
lar for the Chinese and American children.

Social and Educational Implications

The finding of substantial school-related
differences in the emerging arithmetical
competencies of Chinese and American chil-
dren underscores the need for changes in
mathematics education in the United States
(Stevenson & Stigler, 1992). Although the
language-related influences on the early ar-
ithmetical development of Chinese and
American children appear to give the Chi-
nese children an early advantage in acquir-
ing some arithmetical competencies (Miller
et al., 1995), these differences should only
influence the early stages of skill acquisition
and not the ultimate level of skill that can
be achieved in arithmetic (Ackerman, 1988).
The finding that American children who re-
ceived their elementary school education in
the 1930s appeared to develop the same
level of arithmetical competencies (e.g.,
100% retrieval by third grade) as was found
for the Chinese children assessed in this
study supports this argument (Geary, Salt-
house, Chen, & Fan, 1996; Ilg & Ames,
1951). Stated differently, the language-
related influences on early mathematical de-
velopment are not a satisfactory explanation
for the advantages that East Asian children
have over American children in nearly all
mathematical domains (e.g., Stevenson,
Chen, & Lee, 1993), though they contribute
to selective early differences (Geary, 1994;
Miller et al., 1995).

The poor mathematical competencies of
American children has wider social conse-
quences. Basic quantitative skills influence
employability, productivity, and wages
(Bishop, 1989; Boissiere, Knight, & Sabot,
1985; Rivera-Batiz, 1992). Rivera-Batiz
found that basic quantitative skills, as in-
dexed by computational skills in arithmetic
and the ability to solve arithmetic word
problems, strongly influenced the likelihood
of employment in the United States, above
and beyond the influence of reading abilities
and years of education, among other factors.
Given this, the gap between the developing
mathematical abilities of East Asian children
and American children documented in this



study and many other studies (e.g., Steven-
son et al., 1993) bodes important long-term
social and economic consequences for the
United States.
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