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Comparative Studies on U.S. and Chinese
Mathematics Learning and the Implications
for Standards-Based Mathematics Teaching Reform

by Jian Wang and Emily Lin

Chinese students often outperform U.S. students on international
tests in mathematics. Chinese students’ mathematics performances
are assumed to be related directly to their teachers’ deep mathe-
matics understanding and ability to represent concepts flexibly in
their classrooms, which, in turn, are thought to be influenced by Chi-
nese mathematics curriculum and policies. The authors examine this
theoretical assumption through a systematic review of relevant lit-
erature and attempt to identify the relationship between Chinese
students’ mathematics performance and the factors that contribute
to their achievement. On the basis of their review, the authors raise
questions about the assumption and propose research that can lead
to a better understanding of the relationship between the quality of
students’ mathematics learning and the contexts in which their learn-

ing occurs.

tions have focused on the development of two major pol-

icy initiatives intended to transform teaching culture and
practices, with the primary aim of improving learning for all stu-
dents in the nation. Some groups have developed curriculum and
teaching standards to project a new image of teaching to guide
teachers and, at the same time, hold them accountable (National
Council for the Social Studies, 1994; National Council of Teach-
ers of English & International Reading Association, 1996; Na-
tional Council of Teachers of Mathematics, 1989, 1991, 2000;
National Research Council, 1996). Other organizations have at-
tempted to change the ways in which teachers work with each
other and to engage teachers in developing subject-specific ped-
agogy that aligns with the standards (Holmes Group, 1986, 1990;
Interstate New Teachers Assessment and Support Teaching Con-
sortium, 1992; National Council for Accreditation of Teacher
Education, 1999).

Despite various criticisms of these reform approaches (Apple,
2001; Berliner & Biddle, 1996; Cochran-Smith & Lytle, 1999),
advocates of these policy initiatives were motivated by and are
continuing to rely on international and comparative studies to
sustain or further develop their efforts, especially in mathematics

Since the late 1980s, various U.S. professional organiza-

Educational Researcher, Vol. 34, No. 5, pp. 3-13 ]

education (Romberg, 1997, 1999). Several reasons are clearly
behind the advocates’ persistence: First, a series of large-scale stud-
ies showed that U.S. students underperformed in various inter-
national tests in contrast to their East Asian counterparts (Beaton,
Martin, et al., 1996; Beaton, Mullis, et al., 1996; Robitaille &
Garden, 1989; Stevenson & Stigler, 1992).

Second, substantial differences exist not only in curriculum poli-
cies and materials (such as content coverage, instructional require-
ments, and structures) but also in how the policies and materials
are developed and implemented in the United States and in top-
petforming East Asian countries (Lewis, Tsuchida, & Coleman,
2002; Mayer, Sims, & Tajika, 1995; Schmidt, McKnight, Cogan,
Jakwerth, & Houang, 1999; Tsuchida & Lewis, 2002). In partic-
ular, in comparison with the top-performing countries, U.S. cur-
riculum materials are less focused and more repetitive, and U.S.
curriculum policy is less authoritative, less specific, and less con-
sistent (Cohen & Spillane, 1992).

Third, teachers in the top-performing countries not only de-
velop a better understanding of subject matter content, as reflected
in their curriculums, but also are more likely to demonstrate their
flexible representation of such understanding in their classrooms
(Ma, 1999). In addition, these teachers are more likely to pro-
vide clearer explanations, make more efficient use of their class
time, and engage students in inquiry by using whole-class peda-
gogical techniques (Linn, Lewis, Tsuchida, & Songer, 2000; Perry,
2000; Stevenson & Lee, 1995; Stigler & Hiebert, 1999). Fur-
thermore, teachers in these countries are organized to study the
curriculum and plan lessons together, observe and critique each
other’s teaching, and analyze student learning collaboratively, ac-
tivities that presumably further shape théir teaching knowledge
and practice (Lewis, 2000; Lewis & Tsuchida, 1998; Paine, 1997;
Paine & Ma, 1993).

Overall, on the basis of the aforementioned research findings,
an assumed positive relationship between student performance
and curriculum standards, teaching organization, and teachers’
knowledge and practice emerges. However, such an assumption,
derived from international comparisons, is not unquestionable.
Fierce debates about the use of these comparative studies have fo-
cused on several issues: whether the statistical differences between
the mathematics performance of students in the East Asian coun-
tries and that of U.S. students are important, whether sampling for
the comparisons has been representational, and how the differ-
ences should be interpreted on the basis of various statistical lenses
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(Baker, 1997; Bracey, 1993, 1996, 1997a, 1997b, 1999, 2000a,
2000b; Romberg, 1990; Stedman, 1997a, 1997b; Stevenson,
1993a, 1993b).

Although these debates are important, they have several limi-
tations. First, many are based on ambiguous cross-national cate-
gorizations of East Asian students from Japan, China, Korea, and
other East Asian regions and countries with little differentiation
among them. Such ambiguous categorization is problematic con-
sidering that conceptual, institutional, and practical differences
exist among those countries (Tobin, Wu, & Davidson, 1989).
Similarly, U.S. students are often categorized as a homogeneous
group without consideration of the similarities and differences
among racial groups. For instance, findings on the performance
of Asian Americans rarely distinguish among those whose an-
cestors are Japanese, Chinese, Korean, Vietnamese, Cambodian,
Thai, Hmong, Laotian, Filipino, and so forth. Such broad cate-
gorizations may mask underlying ethnic and cultural differences
and thus prevent adequate interpretation of differences related to
student performance.

Second, a deep knowledge of mathematics on the part of Chi-
nese teachers (Ma, 1999) may not necessarily lead to the same
type of teaching practices as those demonstrated by Japanese
teachers, who may have acquired a different understanding of
school mathematics (Hiebert & Stigler, 2000; Stigler, Fernandez,
& Yoshida, 1996). The type and focus of mathematics discus-
sions found in Chinese and Japanese classrooms also vary across
national lines (Lewis & Tsuchida, 1998; Wang & Paine, 2003).
When lesson study—a professional development approach that
originated in Japan—was transplanted to U.S. schools, the na-
ture and dynamics of the teachers’ discussions about their teach-
ing were changed dramatically (Fernandez & Chokshi, 2002).
These studies suggest that mathematics teaching in different cul-
tures can be culturally scripted and that therefore mathematics
learning in may be culturally rooted (Stigler & Hiebert, 1999).
Thus the simple transplantation of a particular kind of teaching
practice or professional development approach from one coun-
try to another may not be useful in producing similar student
performances without careful consideration of the cultural tra-
dition and foundation upon which the practice or approach was
conceived, developed, and implemented.

Third, many of these debates center around the comparative
differences in students’ overall scores as measured by various sets
of tests in the top-performing Asian countries and the United
States. Little attention is given to developing a refined under-
standing of performance differences in specific areas of mathe-
matics competencies, especially those areas emphasized in U.S.
mathematics curriculum and teaching standards. For instance,
although Chinese students routinely outscored U.S. students
overall, were superior in tasks involving computation skills, and
were more efficient in routine problem solving, U.S. students
performed as well as or better than their Chinese peers on more
open, creative problem-solving tasks (Cai, 1997, 1998, 2000).
The reasons underlying these differences have seldom been ex-
plored or carefully analyzed. Moreover, the higher general per-
formance, greater computational skills, and superior routine
problem-solving skills demonstrated by Chinese students do not
necessarily translate into better performance in divergent and
open-ended problem solving—skills that are deemed critical in
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U.S. mathematics curriculum and teaching reform. Hence, the
potential effectiveness of emulating Chinese instructional prac-
tices to improve U.S. mathematics performance in specific com-
petency areas is questionable. Despite the lack of direct research
evidence, a relationship between the specific types of pedagogi-
cal practices and particular kinds of mathematical skills or per-
formance in the Eastern Asian countries, such as China, is often
assumed. Clearly, extensive research is needed in these areas to
inform the debate.

Fourth, arguments frequently focus on comparisons between
U.S and top-performing countries, with little attention to com-
parisons between U.S. and low-performing countries. For ex-
ample, when the Third International Mathematics and Science
Study (TIMSS) reported that the top-performing countries such
as Japan, Korea, and Singapore routinely implemented a com-
mon, centralized curriculum system, whereas U.S. schools used
a decentralized curriculum system, many naturally assumed that
a centralized curriculum contributes to improved teaching and
better student performance (Schmidt et al., 1999). However, this
assumption is easily countered with a careful examination of other
low-performing countries, such as Romania, which uses a cen-
tralized curriculum but whose students performed much less well
than U.S. students.

Fifth, these debates often concentrate on curriculum and teach-
ing practices and their impact on student performance by com-
paring U.S. students with those in top-performing countries as
national groups. They pay less attention to various types of non-
schooling factors and their interaction with schooling factors that
influence students’ mathematics performance. When reports
showed that students in East Asian countries, such as China and
Japan, outperformed U.S. students, many scholars readily looked
to differences in teaching and curriculum in various countries as
explanations for performance gaps (Stigler, Lee, & Stevenson,
1987; Stigler & Stevenson, 1991). Often neglected is the con-
sideration that Asian American students are also good perform-
ers in mathematics and that they, along with other U.S. peer
groups, are exposed to the same types of U.S. curriculum and
teaching practices. Therefore, a careful comparison between stu-
dents in top-performing Asian countries and their peers in U.S.
schools is necessary. This not only will allow for close scrutiny of
the assumption that schooling is the only contributing factor to
students’ higher performance but also will provide opportunities
to explore the influences of nonschooling factors.

In this article, we examine both schooling and nonschooling
factors that affect student mathematics learning through a care-
ful and systematic analysis of studies that focus on comparisons
between Chinese and various groups of U.S. students. We chose
Chinese students as a basis for the comparison because they con-
sistently rate among the top mathematics performers in interna-
tional comparisons and because many studies are developed to
compare Chinese and U.S. student mathematics performance
through examinations of both schooling and nonschooling fac-
tors. We analyzed the theoretical assumptions and findings of
those studies and raised questions about the gaps and contradic-
tions in the literature. On the basis of these analyses, we hope to
clarify some of the contentious issues and assumptions surround-
ing current U.S. reform, policies, and practices, and we propose
additional research that is needed for further clarification.
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How Well Do Chinese Students Outperform
U.S. Students?

Comparison Between Chinese and U.S. Students

Studies comparing the mathematics performance of Chinese and
U.S. students extend from first grade to high school, cover vari-
ous geographical regions in each of the two countries, involve a
large number of participants (Chen & Stevenson, 1995; Miura,
Chungsoon, Chang, & Okamoto, 1988; Stevenson, Lee, Chen,
Lummis, etal., 1990; Stigler, Lee, & Steven, 1990), and use var-
ious measures of mathematics performance. The measures of
performance are drawn from school curriculum-based examina-
tions, U.S. standardized mathematics tests, and researchers’ self-
designed assessments (Gu, 1997; Huntsinger, Jose, Larson, Krieg,
& Shaligram, 2000; Stanley, Huang, & Zu, 1986; Stevenson &
Stigler, 1992). Collectively, these studies can be used to repre-
sent the range of situations in both countries and to address var-
ious kinds of mathematics competencies.

The insights that we gained through our review include three
major findings. First, Chinese students outperformed their U.S.
counterparts in the areas of base-ten counting and place values
(Miller & Stigler, 1987; Miura et al., 1988), calculation and men-
tal mathematics (Brenner, Herman, Ho, & Zimmer, 1999; Cai,
1997; Geary, Bow-Thomas, Fan, & Siegler, 1993; Gu, 1997),
simple and process-constrained problem solving, and flexible
mathematics representation (Brenner et al., 1999; Cai, 1995,
1997, 1998, 2000; Cai & Silver, 1995; Stevenson, Lee, Chen, &
Lummis, 1990; Stigler & Perry, 1988).

Second, these advantages of Chinese students over their U.S.
counterparts appeared in children who had not yet begun formal
schooling (Geary et al., 1993; Geary & Liu, 1996; Ho & Fuson,
1998; Miura et al., 1988; Miura, Okamoto, Kim, Chang, Steere,
& Fayol, 1994) and continued through the middle and high
school levels (Brenner et al., 1999; Cai, 2000; Chen & Stevenson,
1995; Stanley, Huang, & Xu, 1986). Some studies suggest that
the achievement gap in some of these areas became even more
pronounced between Chinese and U.S. students as they moved
from first- to fifth-grade levels in their respective school systems
(Stevenson & Stigler, 1992; Uttal, Lummis, & Stevenson, 1988).

Third, although Chinese students showed superiority to U.S.
students in symbolic and abstract thinking, Chinese students
show no advantage in graphing, understanding tables, or open-
process problem solving (Brenner et al., 1999; Cai, 2000; Miura
et al., 1994; Stevenson, Lee, Chen, Lummis, et al., 1990).

Comparisons Among Chinese, Chinese American,

and Other U.S. Student Groups

Although an extensive number of Chinese~U.S. comparative
studies exist, studies specifically comparing Chinese students,
Chinese Americans, and other U.S. racial groups are limited. In
general, the samples for these studies are small, ambiguous in
identifying students with Chinese ancestry, and limited to a nar-
row range of grade levels. Therefore, caution should be observed
in generalizing the results.

These studies are conducted along two lines of research, pro-
viding some interesting findings. First, the comparison between
Chinese Americans and other American racial groups suggests
that within the U.S. setting, Chinese Americans outperform
Caucasian Americans in mathematics skills as measured by stan-

dardized mathematics aptitude tests and that such differences are
held constant as children move from kindergarten to fourth
grade (Huntsinger et al., 2000). Chinese Americans are also bet-
ter mathematics performers than other Asian Americans when
measured by their school grades (Blair & Qian, 1998).

Second, studies that compared Chinese and Asian American
students, which largely consisted of Chinese Americans, suggested
that Chinese elementary and high school students often outper-
form their Asian American counterparts. In turn, Asian Ameri-
cans were better performers than other racial American groups as
measured by school curriculum-based examinations (Chen &
Stevenson, 1995; Stevenson, Lee, Chen, & Lummis, 1990).

These findings on student performance may offer alternative
explanations that diverge from the commonly assumed positive
relationship among mathematics curriculum, teaching setting,
and student mathematics performance which underlie current
U.S. mathematics education reform initiatives. That is, because
the research revealed that the mathematics performance gap be-
tween Chinese and U.S. students widened as they moved from
first to fifth grade (Stevenson & Stigler, 1992; Uttal et al., 1988)
and because the Chinese students seemed to perform better than
other Asian Americans (Chen & Stevenson, 1995; Stevenson,
Lee, Chen, & Lummis, 1990), the implication is that Chinese
schooling may contribute to better Chinese student performance.

However, the existing literature also showed that Chinese stu-
dents are better performers than their U.S. counterparts in math-
ematics even before formal schooling (Geary et al., 1993, 1996;
Ho & Fuson, 1998; Miura et al.,1988, 1994) and the perfor-
mance gap between Chinese Americans and Caucasian Ameri-
cans also increases as both groups move through U.S. schools
(Huntsinger et al., 2000). These critical findings suggest that the
widening gap between Chinese and U.S. students may not nec-
essarily be attributed to formal Chinese schooling because Chi-
nese American students may not have been exposed to any type
of formal Chinese schooling influences. Rather, the increased
gap between Chinese and U.S. students and that of Chinese
Americans and Caucasian Americans may be due primarily to the
nature of their initial gap prior to formal schooling, such as
counting efficiency and base-ten number sense. These advan-
tages of Chinese and Chinese American students may very well
contribute to their better mathematics performance in relevant
areas of mathematics.

In addition, the assumption that Chinese schooling may con-
tribute to better Chinese student performance is further chal-
lenged by other important review findings. For instance, Chinese
Americans with little or no influence from formal schooling in
China outperformed not only Caucasian groups but also other
Asian American groups (Blair & Qian, 1998). Furthermore, the
determination of whether Chinese students actually outperform
Chinese American students is still unresolved because American
students with Chinese ancestry are often categorized as “Asian
American” in these comparative studies. More convincing evi-
dence might be gained if Chinese Americans were clearly distin-
guished from the general category of Asian Americans, if specific
levels of exposure to formal Chinese schooling were controlled
and examined, and if larger numbers of participants from differ-
ent grade levels were involved in comparative studies. However,
even if these types of studies were conducted and the findings
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indicated that Chinese students outperformed Chinese Americans,
the differences attributed to Chinese formal schooling effects alone
would still be unexplained. That is, as Chinese American students
become progressively acculturated into American society, many of
the social and cultural influences that enhance their mathematics
performance may be reduced or even disappear.

Moreover, research findings indicate that although Chinese
students generally outperform U.S. students, Chinese students
do not necessarily perform better than American students in some
of the competency areas demanded by U.S. mathematics cur-
riculum and teaching standards, such as mathematics reasoning,
communication, representations, and problem solving. For ex-
ample, although Chinese students are stronger than U.S. stu-
dents in abstract mathematics reasoning and representation,
Chinese students do not show stronger performance in graphing,
using tables, and open-process problem solving.

Overall, comparative studies between the mathematics perfor-
mance of Chinese and U.S. students showed that the mathemat-
ics learning of Chinese students could be influenced by a variety
of factors, including formal schooling. However, the existing
studies alone do not conclusively identify the specific factors or
how they influence mathematics learning between Chinese and
U.S. students. To better understand these factors and their influ-
ences, more refined and focused comparative studies are needed
that examine Chinese, Chinese American, and other American
groups and their exposure to formal Chinese schooling and per-
formance in the areas of mathematics competencies as empha-
sized by the U.S. mathematics curriculum and teaching standards.
In addition, further studies should explore the factors in and out-
side school contexts that may directly affect Chinese and U.S.
students’ mathematics learning.

What Influences Differences in Mathematics
Performance?

Influence of Teaching-Related Factors

The overall better mathematics performances of Chinese stu-
dents as compared with their U.S. peers have lead some scholars
to focus on differences in classroom practices as explanations for
the disparity. Several Chinese—U.S. comparative studies exam-
ined the nature of teachers’ mathematics knowledge, their lesson
organization, and classroom instruction.

First, following the tradition of process—product research on
instruction (Brophy, 1989), some researchers observed and ana-
lyzed the patterns of instructional organization and interactions
between students and their teachers in elementary mathematics
lessons. They attempted to establish a relationship between stu-
dent mathematics performance and teacher behaviors/lesson or-
ganization by using large numbers of lesson observations, mainly
at the first- and fifth-grade levels in both countries.

Drawing on the observation data from 12 students and their
teachers in two first- and fifth-grade mathematics lessons in
10 schools in Japan, Taiwan, and the United States for 2 to 4
weeks, Stigler and Perry (1988) found that Chinese students spent
substantially more time on learning activities led by their teachers
than did their U.S. peers. Chinese teachers were more likely to use
whole-group instruction to present information, engage students
in practice, and offer feedback to students, whereas U.S. teachers
were more likely to use small-group or individual instruction.
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Drawing on observation data from four mathematics lessons
in two first- and fifth-grade classes in 11 Chinese, 10 Japanese,
and 12 U.S. elementary schools, Stevenson and Lee (1995)
found that Chinese teachers were also more likely to vary their
instructional tasks to hold student attention and more likely to
teach students to respond to mathematics problems in a rapid
manner. Similarly, on the basis of 617 observations from two
first- and two fifth-grade classes in 10 Taiwanese, 10 Japanese,
and 20 U.S. schools, Perry (2000) found that Chinese teachers,
more than their U.S. counterparts, offered increasingly direct
and complex explanations to their students as they moved from
first grade to fifth grade.

Second, on the basis of the assumption that teachers” mathe-
matics knowledge and its representation are central to effective
teaching and student learning (Ball & Bass, 2001; Shulman,
1987), other studies also examined the nature of teachers’ mathe-
matics knowledge, conceptual representation, and curriculum ma-
terials as a basis for explaining the performance differences. Using
interviews with 23 U.S. and 72 Chinese elementary teachers as a
source, Ma (1999) found that Chinese elementary teachers per-
ceived mathematics concepts as interconnected and considered
student learning to include reasoning, justification, and the use
of multiple approaches to finding solutions. In contrast, their
U.S. colleagues perceived these concepts as arbitrary collections
of facts and rules and saw mathematics learning as following es-
tablished step-by-step procedures to arrive at solutions. In addi-
tion, through case study analysis, researchers (Paine, 1997; Paine
& Ma, 1993; Wang & Paine, 2003) found that Chinese teachers’
systematic study of centralized mathematics curriculum and reg-
ular discussions about the curriculum and teaching with their col-
leagues in teaching research groups also presumably contributed
to Chinese teachers” understanding of mathematics content and
its learning. However, because interviews were conducted with
only a few teachers from both countries and data were drawn
from a limited number of Chinese case studies of elementary
teachers, generalization is limited.

Third, several studies were designed to look at teachers’ math-
ematical representation in their classrooms to explain student
performance differences in the two countries. On the basis of ob-
servations of teaching in one Chinese classroom and one U.S.
classroom and interviews with students, parents, and teachers,
Yang and Cobb (1995) found that Chinese children were en-
couraged by their teachers to construct composite, multiunit nu-
merical conceptions; to understand numerical relationship at the
tenth level; and to develop and justify their solutions to problems
in whole-class instruction. Conversely, U.S. students were en-
couraged to construct unitary concepts with little explanation or
justification, which may have limited their understanding of the
base-ten system. By analyzing four Chinese beginning middle
school teachers’ lessons on triangles and their curriculum mate-
rials, Wang (2002) found that these teachers were able to use in-
creasingly sophisticated mathematics problems to engage their
students in integrating the current and previously learned con-
cepts and providing justifications for their problem solutions.
Students in the study were continually engaged in this manner
as these teachers moved the lessons from stages of instruction, to
guided practice, and then to independent practice. Again, the
potential for generalization is limited because the case studies in
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this line of research involved only a few elementary and middle
school teachers in both countries.

In general, the existing literature indicates that Chinese teach-
ers, when compared with U.S. teachers, were able to use their
teaching time more effectively for student learning, to develop
better-organized whole-class instruction, and to offer more com-
plex explanations and feedback to their students. They may also
have a deeper understanding of mathematics and mathematics
learning and be more able to help students connect various math-
ematics ideas, develop multiple solutions to mathematics prob-
lems, and justify their solutions. However, these studies were
generally limited to a descriptive level. Direct and statistical re-
lationships between teaching-related factors and student mathe-
matics performance were not clearly established in these studies.
Although suggesting a relationship between curriculum, teach-
ing, and overall better Chinese performance, the existing research
evidence seems to contradict the finding that Chinese students
are not necessarily better performers in solving complex and
open-process mathematics problems (Cai, 1995, 2000; Cai &
Silver, 1995). These mathematics competencies often require
students to develop flexible connections between mathematics
concepts and multiple solutions. Although reflected in Chinese
teachers’ conceptions of mathematics, the learning of mathe-
matics (Ma, 1999), and classroom practice (Wang, 2002; Yang
& Cobb, 1995), these connections and problem-solving skills are
not clearly evident in Chinese students’ performance as measured
in the comparative studies.

Therefore, the existing research on teaching-related factors and
their influence on student mathematics performance lack sub-
stantial support for the presumption that standardized curricu-
lum and relevant teaching—important elements in the rationale
for U.S. mathematics education reform—have a positive effect on
student performance. Such findings can lead to another conjec-
ture: that teaching-related factors may interact with social and cul-
tural factors that influence students’ mathematics performance.
This speculation is consistent with the findings of the 2003
comparative study of mathematics performance of countries in
the Organisation for Economic Co-operation and Development
(OECD). That study reported that the direct influences of school-
ing factors have little association with students’ mathematics per-
formance unless influences of social and cultural factors are taken
into consideration (Program for International Student Assess-
ment, 2004). Clearly, more comparative studies are necessary to
explore relationships between kinds of teaching-related factors and
student performance in various competency areas with substantial
attention given to the interactive influences of social—cultural
influences.

Influence of Chinese Language-Related Factors

The fact that the Chinese outperform U.S. students even before
their exposure to formal schooling (Geary et al., 1993; Geary &
Liu, 1996; Ho & Fuson, 1998; Miller & Stigler, 1987) prompted
some researchers to explore factors other than formal teaching
to explain performance differences. One of these research areas
examines the effects of language on thinking and mathematics
achievement following the Sapir-Whorf hypothesis that the struc-
ture of a language strongly influences or even determines the way

its native speakers perceive the world (Sapir, 1949; Whorf, 1956).

Several studies identified the relationship between number
naming and the base-ten numeration system in the Chinese lan-
guage as a contributing factor to Chinese students’ better math-
ematics performance. Miura et al. (1988) taught 20 Korean
kindergartners and groups of 24 American, 25 Chinese,
24 Japanese, and 40 Korean students in the beginning months
of their first-grade experience that 10 one-unit blocks were equal
to 1 ten-unit block. The children were then asked to use 100 one-
unit and 10 ten-unit blocks to represent symbolic numbers. The
study found that U.S. children relied on collections of one-unit
blocks to represent symbolic numbers while using fewer combi-
nations of various unit blocks. In contrast, most Chinese, Japanese,
and Korean children were able to construct the symbolic numbers
through correct combinations of various unit blocks.

The researchers interpreted this finding as a result of the con-
gruence between base-ten numeration systems and the number-
naming systems in the Chinese, Japanese, and Korean languages,
which have no parallel in the English language. These findings
were further supported in subsequent studies in which French and
Swedish students whose languages were not congruent with base-
ten representations were added to the study (Miura et al., 1994).

Another area of research on language effects on mathematics
performance centers on Chinese linguistic clarity in conveying
and portraying mathematical ideas. Some researchers found that
when compared with the English language, the better clarity of
the Chinese language in conveying mathematical concepts may
contribute to better Chinese student understanding of mathe-
matics concepts. In an experimental study, Han and Ginsburg
(2001) asked groups of 48 Chinese and 48 U.S. adults to define
Chinese and English mathematics words commonly used in
middle school curriculum. They then tested three groups of Chi-
nese American eighth graders with similar mathematical abilities
as measured by school mathematics examinations: 33 Chinese-
only speakers, 29 bilingual speakers of Chinese and English, and
20 English-only speakers. Subsequently, the researchers admin-
istered a mathematics test that presented words related to math-
ematics concepts unfamiliar to the participants in both Chinese
and English. The study showed that the Chinese adults tended
to agree with each other on the meaning of the Chinese words
more than their U.S. peers agreed on the meaning of equivalent
English words. The Chinese-only speakers and bilingual speak-
ers of Chinese and English also performed substantially better
than the English-only group. On the basis of these findings, the
researchers inferred that Chinese language clarity contributed to
better student performance in the first two groups.

The last group of studies on language effects focused on the
relationship between Chinese character writing and the develop-
ment of spatial abilities. In examining the possible impact of writ-
ing two-dimensional Chinese characters on Chinese students’
spatial abilities crucial for geometry learning, Li, Nuttall, and
Zhou (1999) compared three groups of college students: 295 na-
tive Chinese, 49 Chinese Americans who could write in Chinese,
and 195 Chinese Americans who were unable to write in Chinese.
On the basis of their performance in completing Piaget’s water-
level tasks developed to measure the ability to perceive space, the
study showed that the native Chinese and Chinese Americans who
could write in Chinese performed substantially better than the
Chinese Americans who could not write in Chinese. A subsequent
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study (Li & Nuttall, 2001) used SAT-mathematics and -verbal
tests, water-level tasks, and mental rotation tasks to examine
45 Chinese American undergraduates who could write in Chi-
nese and 108 Chinese American undergraduates who could not
write in Chinese. The study reported that being able to write
Chinese characters was statistically related to higher scores on
SAT-mathematics, water-level tasks, and mental rotation tasks
but was not related to higher performance on SAT-verbal tests.

It is worth noting that, although these studies of the effects of
language on mathematics performance used experimental de-
signs involving comparisons of groups, only a small number of
participants from different age groups were involved in each
study. Two limitations are obvious in such studies. First, the small
sample size limits the potential to generalize the findings. Sec-
ond, experimental designs often necessitate the identification of
predetermined, isolated, conceptualized variables for investigat-
ing cause-and-effect relationships, which limits the examination
of other possible confounding variables that may potentially
influence the identified variables in the study. For example, al-
though these studies of language effects were able to control for
the influence of schooling on specific mathematics skills by fo-
cusing on children in the early stage of first grade or on Chinese
Americans who had relatively little exposure to formal Chinese
mathematics teaching and curriculum, none of the studies in this
area controlled for the influences of culture, family values, or fam-
ily processes as possible confounding variables that could influ-
ence students’ language and relevant mathematics performances.

Nevertheless, the research in this area points to several possible
advantages of Chinese language for mathematics performance. For
instance, the fact that the Chinese number naming is consistent
with a base-ten numbering system may help students do well on
tasks relevant to base-ten values, such as counting skills and
place-value competence. The clarity of the Chinese language in
representing mathematics concept may also contribute to better
conceptual understanding, and there may be a close connection
between Chinese writing and spatial abilities. These findings
seem to confirm the weaker form of the Sapir-Whorf hypothesis
that language and culture can influence each other mutually
(Sapir, 1949; Whorf, 1956).

However, the assumption that being knowledgeable in Chi-
nese character writing may help a student to develop better spa-
tial thinking seems to conflict with the finding that Chinese
students are not necessarily better in visual and graph-related
mathematics performance when compared with U.S. students
(Brenner et al., 1999; Stevenson, Lee, Chen, & Lummis, 1990).
Therefore, additional studies are needed to better control other
confounding variables and to use broader populations from var-
ious contexts to extend the understanding of language effects on
mathematics performance.

Influence of Student Self-Concept and Expectations

Besides attributing the achievement gap to teacher, classroom, and
language effects, researchers have examined the relationship be-
tween students’ self-concepts and expectations for mathematics
learning and their mathematics performance. Akin to a humanist
perspective on learning that assumes that positive self-concepts
lead to higher motivation and thus to positive learning outcomes
(Maslow, 1971; Rogers, 1982), several comparative studies have
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explored the relationship between self-concept and the mathe-
matics performance of students in China and the United States.
Contrary to the humanistic theoretical prediction, these studies
(Chen & Stevenson, 1995; Stevenson, Chen, & Lee, 1993), which
used surveys with large numbers of participants in both coun-
tries, found that Chinese students in the first, fifth, and higher
grades were less confident than U.S. students about their math-
ematics learning. Nonetheless, in these studies Chinese students
performed substantially better in school mathematics content-
based achievement tests. This finding was consistent with a more
recent large-scale comparative study conducted by the OECD
(Program for International Student Assessment, 2004) in which,
among all the participating countries, students from Hong Kong,
Japan, and Korea reported the lowest self-concept in mathemat-
ics despite being the top-performing countries in mathematics.
In contrast, U.S. students in the study who scored lower than the
average mathematics performance held the highest self-concept
in mathematics among all the participating countries.

Other studies (Eaton & Dembo, 1997; Whang & Hancock,
1994) also suggest that such self-concepts held by Chinese stu-
dents are not necessarily related directly to formal Chinese school-
ing processes, because Asian Americans (consisting mostly of
Chinese Americans in the reviewed studies) at various grade lev-
els had self-efficacy beliefs about their mathematics learning that
were significantly lower than the self-efficacy beliefs of non-Asian
groups (mostly Caucasians), despite the superior mathematics
performance of Asian American students in school mathematics
content-based achievement tests.

Using the social learning theory as a basis (Bandura, 1989),
other researchers have explored the influence of student expecta-
tions for mathematics learning and the influence of students’ ex-
tended effort on their mathematics performance. One survey
found that, compared with the U.S. norms, 517 Chinese high
school students were more likely to choose difficult tasks for
themselves (Shen, Sullivan, Igoe, & Shen, 1996). In another sur-
vey study, 578 Chinese 11th graders were able to devote more ef-
fort and time to their learning than their 578 U.S. counterparts
(Fuligni & Stevenson, 1995). In addition, on the basis of surveys
with 738 U.S. and Chinese fourth graders who were under-
performers in mathematics, Tuss, Zimmer, and Ho (1995)
found that Chinese students, when faced with hypothesized suc-
cess and failure, were more likely than their U.S. counterparts to
see the reasons for their mathematics performance as controllable
and internal.

Again, Chinese students’ higher expectations and more effort
in mathematics learning cannot be interpreted simply by the in-
fluences of formal schooling processes. Drawing from surveys of
78 Asian and 209 Caucasian American students (Campbell &
Connolly, 1984) and surveys of 545 Asian American and 561
Caucasian American students in 4th to 11th grades (Ryckman &
Mizokawa, 1988), studies in U.S. contexts also suggest not only
that Asian Americans are more likely to attribute their academic
success and failure to their own effort, but also that the Asian
Americans spend more than twice as much time as their Cau-
casians peers on studying and research activities. However, in
spite of the substantial number of participants in the above stud-
ies, this finding was derived without consideration of variations
among different Asian American ethnic groups. As shown in
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another study, substantial differences were found to exist among
six ethnic groups of 211 Asian Americans in the assessment of
students’ causal attributions for success and failure in specific
academic subject areas (Mizokawa & Ryckman, 1990).

These studies suggest that Chinese students’ lower confidence
in mathematics learning may propel them to expect higher math-
ematics performance, devote more time and effort to mathemat-
ics learning, and, consequently, attain higher achievement. In
comparison, the higher confidence levels of American students
do not help them to excel in mathematics. On the contrary,
American students are more likely to believe that ability is more
important than effort in determining their mathematics learn-
ing. Such findings challenge directly the widespread humanist as-
sumption that increasing students’ positive self-concept about
mathematics learning will lead directly to higher learning out-
comes. Moreover, the findings in this area of research suggest
that Chinese students” mathematics learning is not necessarily
the consequence of Chinese formal schooling, because the same
parallel pattern exists between Asian Americans and Caucasian
American students.

Although sustaining a direct statistical relationship between
students’ expectation for and effort in mathematics learning and
students’ overall mathematics performance, these findings fail to
properly account for difference in performance in specific areas
of mathematics as demonstrated in the two countries. For in-
stance, Chinese students’ self-reported beliefs about their greater
effort in mathematics learning convey little information about
how such beliefs are transferred into the types of effort that en-
able them to excel in symbolic and abstract mathematics think-
ing but not in concrete and graphic mathematics competencies.
Therefore, more refined research needs to be developed if we are
to understand why and how particular groups of students de-
velop certain psychological characteristics that lead them toward
typical mathematics competencies.

Influence of Family Values and Processes

In addition, Chinese students’ success in mathematics presum-
ably stems in part from family values and processes. Our analy-
sis of the research in that area demonstrated the importance of
parental expectations and parental support in the mathematics
performance of Chinese students.

Following the social psychological perspective that assumes
children’s academic achievement to be a direct or indirect result
of self-fulfilling prophecy processes that are shaped by the ex-
pectations of parents and teachers (Rosenthal, 1974; Rosenthal
& Jacobson, 1968), some studies, using surveys and interviews,
explored the relationship between parental expectations for their
children’s mathematics learning and student mathematical com-
petencies. Crystal and Stevenson (1991) found that Chinese par-
ents tended to be more critical of and dissatisfied with their
children’s mathematics performance than U.S. parents were.
When identifying the problems that their children experienced
in school mathematics learning, Chinese mothers often consid-
ered problems to be related to the use of strategies, whereas U.S.
parents interpreted these problems as related to basic calculation
and drill-based procedures. Chinese students were more likely
to agree with their parents’ higher expectations; U.S. children
viewed mathematics as a relatively easy subject area and said that

they had already met their parents’ expectations. These find-
ings were based on the survey results of high school students
(Chen, 1991) and first and fifth graders (Stevenson, Lee, Chen,
Lummis, et al., 1990) in both countries. In addition, both Chi-
nese and Chinese American mothers, more than their Caucasian
American counterparts, were more likely to attribute their chil-
dren’s success in mathematics learning to school-related factors
and their low performance to children’s lack of effort (Hess,
Chang, & McDevitt, 1987). Hess et al. based their conclusions
on interviews with mothers of sixth graders about their children’s
mathematics learning; of these mothers, 47 were Chinese, 51 were
Chinese American, and 67 were native-born Caucasian.

Other researchers interpreted mathematics competency dif-
ferences between the two nations as resulting from different types
of parental support for children’s mathematics learning. Using
the theoretical assumption that parental informal and formal ed-
ucation at home could be important sources for children’s aca-
demic success (Bernstein, 1971; Dunn, 1981; Young-Loveridge,
1996), Huntsinger et al.’s longitudinal study (2000) followed a
group of 40 Chinese Americans and a group of 40 Caucasian
American students, along with the parents of both groups, from
preschool to fourth grade. Through standardized mathematics
tests, parental interviews, and observation of parent-child inter-
actions, the researchers found not only that Chinese American
children performed significantly and increasingly better than the
Caucasian children in mathematics at all three points of mea-
surements during the 4-year study but also that Chinese Amer-
ican parents devoted more structured time to teaching their
children in a more formal and systematic manner. These find-
ings again diverge from the norms of the Western literature on
the subject, which assumes that, at earlier ages, an informal learn-
ing environment rather than formal teaching leads to children’s
better academic performance.

In general, the studies relevant to family values and processes
suggest that Chinese parents set higher expectations for their
children’s mathematics achievement, engage their children in
working more on mathematics at home, and use formal and sys-
tematic instructional approaches at home. Exposure to these
family values and processes appears to produce children’s syner-
gism with parental expectations and may lead to higher general
mathematics achievement. Similar family values and processes
were also found in Chinese American families.

However, this line of research does not provide a satisfactory
interpretation of the varying mathematics competencies that
Chinese students often display when measured against their
U.S. peers. For instance, how do these family influences ac-
count for the better performance of Chinese students in compu-
tation and application of formulas and their weaker performance
in open-process problem solving? One plausible explanation is
that performance differences in particular areas of mathematics
competencies are shaped by particular mathematical cognitive
processes among Chinese students rather than by the generally
higher expectations and support that Chinese students can access
when developing these cognitive processes. Thus, future research
needs to explore carefully the types and extent of the support pro-
vided to students inside and outside school environments in the
two nations.
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Conclusion and Discussion

How does the literature about differences between Chinese and
U.S. students’ mathematics learning inform us about mathemat-
ics curriculum standards and professional development in the
United States? Our review suggests that the existing literature does
not provide enough evidence to support conclusively a direct pos-
itive relationship between the implementation of curricular and
pedagogical features (curriculum standards, teaching organization,
teachers’ mathematics knowledge, standards-based teaching prac-
tice) and high mathematics performance by students.

First, although Chinese students perform better in general,
their performance in the areas of mathematics competencies as
envisioned by the U.S. curriculum standards is less well under-
stood and, in some cases, is not substantially better than that of
their U.S. counterparts.

Second, although a limited number of studies show a positive
relationship between students’ performance, on the one hand,
and curriculum materials, teachers’ mathematics knowledge, or-
ganization of instruction, and representation of mathematics
ideas in Chinese classtooms, on the other hand, these studies do
not provide a satisfactory interpretation of the disparities in per-
formance between the Chinese students and their U.S. peers. For
example, although Chinese teachers possessed a deeper under-
standing of mathematical connections and required their students
to develop flexible connections among mathematical concepts
and to find multiple, divergent solutions to mathematics prob-
lems (Ma, 1999), Chinese students were not better than U.S.
students at solving complex and open-process mathematics prob-
lems (Cai, 1995, 2000; Cai & Silver, 1995).

Third, Chinese students’ better general mathematics perfor-
mance as compared with that of U.S. students cannot be attrib-
uted solely to the Chinese formal schooling or teaching process.
As suggested in our literature review, several non-school-related
factors very likely make important contributions to Chinese and
Chinese Americans’ mathematics performance. These factors may
include the nature of Chinese language, students’ self-concept
and effort, and family values and processes.

However, our review has deepened our understanding of math-
ematics learning in several ways. First, it reinforces the idea that
mathematics learning is a culturally scripted activity whose out-
come is a function of interrelated factors and environments
(Wang, 2002; Yang & Cobb, 1995). At the same time, it sug-
gests the complexity of such an idea. For example, some factors
may appear to be nationally situated, such as teachers’ knowl-
edge, formal teaching practice, and curriculum standards as seen
in China. Some may be transnational across several countries,
such as the congruence between number naming and the base-10
numbering system in Japan, China, and Korea, as compared
with the inconsistent number naming systems in the United
States, France, and Sweden. Other factors may be cultural with-
out reflecting national boundaries, such as the family values and
processes shared by Chinese students and Chinese American stu-
dents and their parents.

Second, the influence of a culturally scripted network of fac-
tors on student mathematics learning may not be additive. In-
stead, it may be adaptive, like any complex system, and a change
in one factor in the network may not necessarily change the total
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outcome (Stigler & Hiebert, 1999). For instance, it is plausible
that the nature of mathematics learning may be influenced by
complex functions of parental perception and expectations and
schooling effects. That is, knowing that their children lack Chi-
nese formal schooling influences, Chinese American parents may
respond by providing more formal learning support, which in
turn, may drive Chinese American students to perform better in
mathematics even in U.S. schools.

Third, the existing literature does not provide enough evi-
dence to develop a complete picture of the network of factors and
its adaptive transformation. To develop this picture, a different
conception must be developed to guide comparative studies. It
could include reconceptualizing research designs to view mathe-
matics learning as influenced by adaptive rather than additive
factors and by interactive rather than isolated variables. More-
over, rather than focusing on comparisons using general perfor-
mances, future studies should examine the effects of influential
factors on specific areas of mathematics competencies.

On the basis of these understandings, we believe that the fol-
lowing three kinds of research would be especially useful for de-
veloping a deeper and more discriminating understanding of
how Chinese and U.S. students perform in mathematics and the
factors that affect their performance. First, we need comparative
studies that target and investigate the specific competency areas
envisioned by U.S. reformers and the specific types of cognitive
learning and teaching strategies that enhance students’ perfor-
mances in these areas.

Second, we need carefully designed and crafted comparative
studies that make controlled and direct comparisons among na-
tive Chinese, Chinese American, and other U.S. racial groups at
various stages of immigration. Such studies not only will help de-
termine the effects of factors such as teaching, language, motiva-
tion, and family processes on mathematics learning but also will
contribute to a better understanding of how schooling and non-
schooling factors interact with each other in exerting influence
on student mathematics learning.

Third, we need more grounded qualitative studies to capture
hidden forces that have not necessarily been considered because
of the limitations of various theoretical perspectives that have
guided past research investigations in conceptualizing and re-
vealing these hidden factors.

Perhaps these kinds of studies will provide greater insight on
reforming instruction and furthering educational equality for a//
ethnic minority students. For instance, future studies may
deepen our understanding of 4// Asian American students, who
are often touted as “the model minority” because of their per-
ceived high measures on achievement tests. Future findings may
dispel this positive stereotypical view, which “often overlooks the
immense national origins diversity of Asian American ethnic
groups; the serious language and social adjustment problems that
some Southeast Asian new immigrants encounter in the United
States; the great disparities in Asian American verbal and math-
ematics achievement; the self-concept dilemmas of many higher
achieving Asian Americans; the special education needs of indi-
vidual students; and the high dropout rates among some Asian
groups, such as Hmongs, Cambodians, and Vietnamese” (Banks
& Banks, 2001, p. 208).
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