
Chapter 2
Review of the Literature: Factors
Contributing to Achievement GAP

Abstract This chapter provides a review of literature on the topic of comparative
studies of mathematics achievement and summaries the key factors suggested by
other studies contributing to achievement gap between the East and the West in
generally, especially between China and Australia.

Keywords Comparative education � Mathematics achievement � Achievement
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Chapter 1 has established the research problem to be addressed in this study: to
account for key factors contributing to the achievement gap in mathematics
between Chinese and Australian students. The purpose of this chapter is to provide
a research background for comparing mathematics curriculum and assessment
practices in Chinese and Australian primary schools. A rationale underpinning the
broad field of comparative education is provided initially. This is followed by an
overview of comparative studies on mathematics achievement and the main find-
ings of those studies focusing on the achievement gap between East Asian and
Western countries are highlighted. In Sect. 2.3, factors contributing to the
achievement gap are examined, followed by a discussion of strengths and limita-
tions of current comparative studies. Sections 2.5 and 2.6 discuss the relationship
between teaching, learning, and assessment, and present a tentative model as a
theoretical framework for the study.

An overview of the research literature pertaining to comparative studies of
mathematics achievement is presented in the following six sections:

2:1. A rationale for comparative education
2:2. Comparative studies on mathematics achievement
2:3. Factors accounting for the achievement gap
2:4. Strengths and limitations of current comparative studies
2:5. The relationship between teaching, learning, and assessment
2:6. A tentative model for the study
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2.1 A Rationale for Comparative Education

Mathematics education, as an essential component of schooling, has been an
enduring concern of comparative studies internationally (Clements et al. 2013;
Husen 1967a, b; Mullis et al. 2000; Organization for Economic Co-operation and
Development (OECD) 2014; Robitaille and Garden 1989). In this section, a
rationale underpinning comparative education in general, and comparative studies
of mathematics education in particular, is discussed in terms of its nature, impor-
tance, and purpose.

2.1.1 The Nature of Comparative Education

As early as 1817, Marc-Antoine Jullien, the ‘father of comparative education,’
defined comparative education as the act of contrasting the features and methods of
education in different countries (Gauthrin 1993; Hans 2012). Eckstein and Noah
(1992) explain that the concept of comparative education, in its most general sense,
means inspecting two or more educational operations, which refers to any act
associated with learning and teaching, in order to discover the differences and
similarities between them.

It is widely accepted (Bishop 1996; Graf and Leung 2000; Hans 2012; Paris and
Wellman 1998) that comparative education connotes the analysis of educational
similarities and differences in two or more national environments in terms of social,
political, cultural, and other contexts. Similarly, the nature of comparative studies in
mathematics education is defined as a comparison of mathematics education in
different countries or contexts to identify differences and similarities, and to
interpret and explain the similarities and differences identified (Clements et al.
2013; Graf and Leung 2000).

2.1.2 The Importance of Comparative Studies

Comparative studies are important because they can be used as an instrument for
thinking, research, and reform in the field of education in general, and mathematics
education in particular (Lokan et al. 1997; Reynolds et al. 2000; Stevenson and
Stigler 1992).

According to Bishop (1996), comparison is an instrument for thinking; without it
neither learning nor education can happen. In terms of mathematics education, he
suggests that educators seek to find out about interesting work being done in other
countries and learn from the experience of colleagues elsewhere who use different
practices or follow a different philosophy. He argues that other countries’ and other
colleagues’ experiences always offer potentially interesting contrasts to one’s own,
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which can broaden one’s knowledge base and suggest alternatives to their present
practices.

Eckstein and Noah (1992) assert that a fundamental premise of comparative
study is that people can truly comprehend themselves only in the context of secure
knowledge of other societies. Similarly, Stevenson and Stigler (1992) argue that
meaning often emerges through comparison. People do not understand what chil-
dren can achieve until they have seen what other children of the same age do in
other countries. They suggest that international comparisons can help people dis-
cover characteristics of ones’ own culture that they fail to notice by reason of
familiarity. They strongly recommend using comparison to clarify and sharpen our
perceptions.

Husen (1967a), as a pioneer in the field of comparative studies on mathematics
achievement, argues that the importance of comparative studies is that they make
use of naturally existing differences. The study of cross-national or cross-cultural
variability in the educational domain can advance hypotheses which can be tested in
one way or another (p. 19). He further indicates that considerable differences exist
between countries in school organization, curricula, teaching, expectations of stu-
dents, and many other factors potentially related to effective teaching and learning.
He advocates that it is possible to use appropriately designed comparative studies to
examine the conditions for students to achieve and what conditions are most likely
to facilitate students’ learning.

McAdams (1993) suggests that comparative studies have been used as an
instrument for educational reform. He indicates that comparison of the achievement
of one’s own students with their peers in other nations has received special attention
in the USA. For example, the school reform movement in the USA relies heavily
upon comparative data as the rationale for advocating revolutionary change in the
operation of American schools. According to Robitaille and Nicol (1994), com-
parative studies can provide opportunities for the discussion and debate of
important issues such as how to provide effective and efficient mathematics edu-
cation in an international context. Researchers, educators, and policymakers can be
provided with data, to reflect on their own educational practice, to gain further
insight into possible directions in curricula and instruction, and to challenge pre-
vious standards concerning the expectation of students’ learning and what
instructional activities enhance that learning.

2.1.3 The Purpose of Comparative Education

According to Arnove (2001), historically, the field of comparative education has
been shaped by three principle dimensions: theoretical, practical, and global. For
each of these dimensions, the purpose of comparative education differs. First, in
terms of theoretical dimension, one major goal of comparative studies has been to
contribute to theory building and to the formulation of general propositions about
the workings of school systems and their interactions with their contexts including
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economic, political, cultural, and social factors. Second, in terms of a practical
dimension, the reason for studying other societies’ education systems is to discover
what can be learned that will contribute to improved policy and practice at home.
Third, in terms of the global dimension, the purpose of comparative studies has
been a concern with contributing to international understanding and peace.

Halls (1990) suggests that the ultimate aim of comparative education is to
improve education, so as to stimulate a higher quality life style for the society and
the individual. Lokan et al. (1997) explain that since the 1960s, there has been a
growing concern around the world that investments in education need to be related
to the outcomes of education, which, in turn, are seen to be making a powerful
contribution to the country’s economic prosperity and general well-being.
Therefore, the fundamental purpose of comparative studies is to improve education.

In terms of the purpose of comparative studies in mathematics achievement,
Robitaille and Garden (1996) explain that most participants of comparative studies
are interested in comparing their educational programs, practices, and achievements
with those of other countries, especially those that are important to them for eco-
nomic, cultural, and political reasons. There is also a widely held belief (Australia
Association of Mathematics Teachers (AAMT) 1997; Chinese Ministry of
Education 2000; Organization for Economic Co-operation and Development
(OECD) 2014) that a nation’s continued economic well-being and its ability to
compete in the international market is heavily linked to how well that country’s
elementary and secondary school students achieve, particularly in mathematics and
in science.

Mathematics education has been a central focus of comparative international
studies (Clements et al. 2013; Graf and Leung 2000; Husen 1967a; Lokan et al.
1997; Mullis et al. 2000; Robitaille and Nicol 1994). Mathematics has always held
a key position in the school system: It is one of the few subjects that is taught in
most school systems internationally. Although countries differ in social, economic,
and cultural contexts, there is still a surprising degree of similarity across mathe-
matics curricula worldwide (Howson and Wilson 1986; Lokan et al. 1997; Owens
and Perry 2001).

This universal status and importance of mathematics, the similarity of mathe-
matics curricula worldwide, and strong beliefs about the link between the study of
mathematics and the development of a nation’s economic strength (Graf and Leung
2000; Lokan et al. 1997) make comparative studies of mathematics education of
primary significance to researchers, educators, and policymakers. According to Graf
and Leung (2000), mathematics educators from all around the world are continuing
to make efforts to improve the quality of mathematics education, and one way to
achieve this is through cross-cultural research. One purpose of comparative studies
in mathematics education, therefore, is to improve mathematics teaching and
learning, so as to enhance the economic viability of the country.
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2.2 Comparative Studies on Mathematics Achievement

The international comparative study of mathematics education constitutes a
developing field of research (Clements et al. 2013). According to Robitaille and
Nicol (1994), early studies conducted at the beginning of 1900s focused on
describing the organization of mathematics instruction, while current studies are
generally concerned with measuring students’ mathematical achievement. In this
section, a review of IEA studies of mathematical achievement is presented firstly in
Sect. 2.2.1. An overview of other comparative studies of mathematical achievement
is discussed in Sect. 2.2.2. The key findings of current comparative studies of
mathematics achievement are highlighted in Sect. 2.2.3.

2.2.1 IEA Studies on Mathematics Achievement

The International Association for the Evaluation of Educational Achievement
(IEA), established in 1959 is a cooperative network of research centers that conduct
international comparative studies on schools and aid the research community in
developing international tests and statistical analyses (Genova 2015; Husen 1967a).
Today, membership of the IEA consists of institutions from more than fifty
countries with the common goal of investigating the potential influence of alter-
native curricula, teaching strategies, and administration strategies on student
achievement (Hayes 1991). According to Jacobsen (1996) and Genova (2015), for
the last five decades, the major influence in the field of comparative studies has
been the larger-scale comparative studies on mathematics achievement conducted
by the IEA. Since conducting the First International Mathematics Study (FIMS) in
1964, the IEA has undertaken four large-scale studies of mathematics achievement
by the end of 2000, which are reviewed in the following sections.

The First International Mathematics Study (FIMS)
According to Husen (1967a), FIMS was the first large-scale comparative study
measuring achievement across various mathematics topics in twelve countries.1

Countries that participated in FIMS included Australia, Belgium, England, the
Federal Republic of Germany, France, Finland, Israel, Japan, the Netherlands,
Scotland, Sweden, and the USA. The student populations sampled for this study
consisted of 13-year-old students and students in their last year of secondary school.

Husen (1967a) indicated that the aim of this study was to test a number of
fundamental hypotheses related to the outcomes of different patterns of educational
organization set in a variety of social and cultural contexts. By using a
two-dimensional item-specification grid consisting of a content-by-cognitive
behavior matrix, topics involving arithmetic, algebra, geometry, and calculus

1China did not take part in this study.
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were selected for the achievement tests of FIMS at each population level. Test items
were presented in multiple-choice format. Students, teachers, school principals, and
national experts were also asked to complete questionnaires dealing with such
variables as type of school, size of mathematics class, number of those teachers
with specialist training, and so on. Students responded to an attitude survey pro-
viding information about their personal views of mathematics, their schoolwork,
and career aspirations.

In terms of test results, at the lower level (13-years-olds), where 100 % of the age
group was in full-time schooling, differences between countries in average score
were quite marked. Japanese students had the highest mean (31.2) and Sweden the
lowest (15.7). Australia ranked fifth and had a mean just above the average.

In terms of findings, many of the hypotheses posed at the outset of the study
could neither be confirmed nor be rejected. The author indicated that neither the
productivity of an educational system of a country, nor the effect of the instruction
given, could be assessed reliably from national mean scores. The only consistent
finding was large variability in student achievement (Husen 1967b, p. 288). Husen
(1967b) correlated achievement with other variables, but without more detailed
explanation of these variables in the contexts of the countries involved, these
correlations meant very little. For example, the findings were that per-student
expenditure and teacher training displayed negative correlations with total mathe-
matics scores at the 13-year-old level. The report attributed this finding to the fact
that Sweden and the USA had the lowest score and at the same time the highest
per-student expenditure, while in Japan the opposite was the case (Husen 1967b,
p. 290).

In terms of limitations, according to Freudenthal (1975), FIMS was heavily
criticized for its lack of attention to the significance of differing curricula in the
participating countries, the poor contextualization of the outcomes, and the heavy
reliance on multiple-choice question formats. Freudenthal argued that the tests used
were not valid, that the meanings of many of the variables overlapped, and that
some important variables such as examinations were not included. Husen (1967b,
p. 309) also acknowledged the limitations of FIMS and made a number of sug-
gestions for further IEA research. One of these suggestions was that case studies of
particular countries needed to be conducted:

In the mathematics stage of the IEA study, no detailed case studies of particular countries
have been carried out. Such studies would have to imply thorough analyses of curricula,
textbooks, and other learning materials. In some instances, special attention would have to
be directed to incentives used in instruction, the relation between learning at school and at
home, to what extent the parents are supporting the school, etc. Considering the high ‘yield’
in mathematics in Japan, for example, it would seem to be especially fruitful to apply case
study method to this country.

The Second International Mathematics Study (SIMS)
After the FIMS in the 1970s, an extensive curriculum reform movement took place
throughout the world. The SIMS was conducted in the early 1980s to compare and
contrast, in an international context, the varieties of curricula, instructional
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practices, and student outcomes across schools of twenty countries and educational
systems (Travers and Westbury 1989, p. 1).

According to Robitaille and Nicol (1994), the design of SIMS was quite different
from the FIMS. The SIMS was curriculum-based and focused on the study of
mathematics through three different levels:

• the intended curriculum: the mathematics intended for learning by national and
system-level authorities

• the implemented curriculum: the curriculum as interpreted by teachers and
presented to students

• the attained curriculum: the curriculum learned by students and determined by
their achievement and attitudes (Travers and Westbury 1989, pp. 6–7)

This framework provided direction for the development of instruments and the
interpretation of results. It also included an analysis of curriculum content of par-
ticipating countries. Taylor and Jenkins (2000) indicated that SIMS took much
greater account of the influences of curricula, teaching approaches, school orga-
nization, teacher training, and student motivation than did the earlier attempts by
FIMS.

Twenty education systems, including Belgium (Flemish), Belgium (France),
Canada (British Columbia), Canada (Ontario), England and Wales, Finland, Hong
Kong, Hungary, Israel, Japan, Luxembourg, Netherlands, New Zealand, Nigeria,
Scotland, Swaziland, Sweden, Thailand, and United States of America, participated
in one or more parts of SIMS, in which two population levels were chosen (pop-
ulations sampled for this study were the same as FIMS). Teachers were asked to
respond to questionnaires concerning the instructional strategies they used in
teaching particular topics. Test items were presented in the form of multiple-choice,
and test content was selected from areas of arithmetic, algebra, geometry, mea-
surement, and descriptive statistics (Robitaille and Garden 1989; Travers and
Westbury 1989).

An analysis of the results from this study is presented in a couple of volumes
(Robitaille and Garden 1989; Travers and Westbury 1989). The major findings deal
with changes since the FIMS in the intended curriculum. Many countries experi-
enced curricula reform and change, mainly due to the influence of the new math-
ematics movement. In general, it was found that for most countries, curricula
emphasis given to the study of geometry had decreased, while importance given to
the study of algebra had increased. The results of the SIMS provided countries with
important data that was used to make decisions regarding further change in cur-
riculum and instruction.

However, in terms of limitations, the case study approach, suggested by Husen
(1967b), was not adopted in the SIMS. Like FIMS, SIMS relied on teachers’ reports
on the way the curriculum was implemented in the classroom, and there was no
attempt to validate the reported practice through classroom observation. Robitaille
and Travers (1992, p. 696) recognized that ‘self-report data must always be inter-
preted with caution.’ Taylor and Jenkins (2000) pointed out that some countries
assessed students at the beginning and end of the same school year, revealing some
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instability in the scoring which in itself raised questions related to the reliability of
these assessment instruments.

In terms of achievement, the results showed that Japanese and Hong Kong
students’ performance among the highest in the SIMS, but the study did not provide
an explanation for the achievement gap between East Asian and Western Countries.
Robitaille and Travers (1992) suggest that to explain the achievement, inclusion of
an elementary school population could provide very important information. They
indicate that it would be useful to find out whether the kinds of achievement
differences which are apparent by the time students reach the age of 13 are present
as early as age 9 or 10 (p. 701).

The Third International Mathematics and Science Study (TIMSS)
The TIMSS was the largest and the most comprehensive international study of
student achievement ever conducted by IEA at the time. In 1994–1995, it was
conducted at five grade levels in more than 40 countries2 (the third, fourth, seventh,
and eighth grades, and the final year of secondary school). Students were tested in
mathematics and science and extensive information about the teaching and learning
of mathematics and science was collected from students, teachers, and school
principals by questionnaires (Beaton et al. 1996). TIMSS also investigated the
mathematics and science curricula of the participating countries through an analysis
of curriculum guides, textbooks, and other curricular materials.

The TIMSS results were released from a series of reports. For example, the report
Mathematics Achievement in the Primary School Years: IEA’s Third International
Mathematics and Science Study (Mullis et al. 1997) describes student achievement in
mathematics and science, respectively, for third and fourth graders in twenty-six
countries. In terms of results of mathematics, Singapore, Korea, Japan, and Hong
Kong were the top-performing countries at both the fourth and the third grades. In
upper grades’ achievement in mathematics, Australia ranked eleventh; in the lower
grades’ achievement in mathematics, Australia ranked ninth (Lokan et al. 1997).

Key findings from the study are summarized as follows (Mullis et al. 1997):

• First, in terms of gender differences, for most countries, the differences in
mathematics achievement were small or essentially nonexistent.

• Second, in terms of attitudes to mathematics, the overwhelming majority of the
fourth graders in nearly every country indicated that they liked mathematics.

• Third, in terms of educational resources, having educational resources in the
home (i.e., computer, dictionary, own study desk, and 100 or more books in the
home) was strongly related to mathematics achievement in every country.

• Fourth, in terms of teaching approaches, small-group work was used less fre-
quently than other instructional approaches. Across countries, teachers reported
that working together as a class with the teacher teaching the whole class, and
having students work individually with assistance from the teacher were the
most frequently used instructional approaches.

2Mainland China did not take part in this study.
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• Last, in terms of teaching resources, the textbook was the major written source
mathematics teachers used in deciding how to present a topic to their classes.

In terms of limitations, Wang (1998) suggests that in contrast to the former IEA
studies, the limitations of TIMSS were less obvious, partly because of its thoughtful
response to most research concerns in the past. However, two problems related to
assessment instruments were highlighted. According to Wang (1998), the first
problem was the free-response items (the first time presented in an IEA study)
which constituted an important component of the TIMSS tests. This item by its
definition should have different types of responses. But, the TIMSS Technical
Report only suggests one correct answer. Second, although it was claimed that the
item selection was grounded on an international consensus, a group of TIMSS
researchers asserted that due to the tremendous curricula variability across nations
and the desire to over-sample some topic areas, the TIMSS test varied in its match
to any particular curriculum (Jakwerth et al. 1997).

TIMSS-Repeat and Trends in International Mathematics and Science Study
(TIMSS)
TIMSS-Repeat is the second assessment in the series of TIMSS studies to measure
trends in students’ mathematics and science achievement. It was conducted by the
International Study Center at Boston College in 1999 and included thirty-eight
countries (see Footnote 2). The assessment measured the mathematics and science
achievement of eighth-grade student (ages 13 and 14 years) and collected extensive
information from students, teachers, and school principals about mathematics and
science curricula, instruction, home contexts, and school characteristics and policies
by questionnaires. Of the thirty-eight participating countries, twenty-six also par-
ticipated in the 1995 TIMSS assessment, which enabled these countries to measure
trends in their children’s mathematics and science achievement and in school and
home learning contexts.

According to TIMSS 1999 International Mathematics Report (Mullis et al.
2000), the findings of TIMSS-Repeat are summarized as follows:

• First, in terms of students’ mathematics achievement, Singapore, Korea,
Taiwan, Hong Kong, and Japan had the highest average performance, with
Singapore and Korea having significantly higher achievement than all other
participating countries. Australia ranked thirteen in the study.

• Second, in terms of students’ environment and attitudes toward mathematics, on
average internationally, students from homes with a high level of educational
resources (e.g., more than 100 books) had higher mathematics achievement than
students from homes with fewer resources.

• Third, in almost every country (except East Asian countries), there was a pos-
itive association between educational expectations and mathematics achieve-
ment. In each country, a more positive self-concept in mathematics was
associated with higher average achievement. However, several countries with
low percentages of students reporting a strong self-concept had high average
mathematics achievement, including the five East Asian countries (Singapore,
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Hong Kong, Chinese Taipei, Korea, and Japan). The TIMSS-Repeat data
however did not provide an explanation for this finding.

• Fourth, in terms of the mathematics curriculum, in thirty-five of the thirty-eight
countries, specifications for students’ curriculum goals in mathematics were
developed as national curricula. The exceptions were Australia, Canada, and the
USA. System-wide testing and individual assessment were widely used methods
to support curriculum implementation in most countries. Across countries, the
intended curricula for eighth grade most commonly placed major emphasis on
mastering basic skills and understanding mathematical concepts. Moderate to
major emphasis was placed on assessing student learning, ‘real-life’ applications
of mathematics, and communicating mathematically. Thirty-three countries
reported at least moderate emphasis on solving non-routine problems, but
working on mathematics projects was given minor or no emphasis in the
intended curriculum of most countries.

• Fifth, in terms of instructional contexts and practices, internationally, 84 % of
students were taught by teachers having mathematics and/or mathematics edu-
cation as a major area of study. The TIMSS 1999 results showed that higher
achievement was related to higher levels of teachers’ confidence in their
preparation to teach mathematics. Across the participating countries, teachers
reported that the two most predominant activities encountered in mathematics
classes were direct teacher instruction and teacher-guided student practice,
accounting for nearly half of class time. Students in classes emphasizing rea-
soning and problem solving had higher achievement than those in classes with a
low emphasis on these activities.

• Sixth, in terms of school factors, students in schools that reported being
well-resourced generally had higher average mathematics achievement than
those in schools where across-the-board shortages affected instructional capacity
in mathematics.

In terms of their limitations, Taylor and Jenkins (2000) suggest that trend data
from TIMSS to TIMSS-Repeat are very difficult to measure and interpret. They
indicate that the same item may take on different significance from administration to
administration, because of curriculum changes or wider societal influences, so the
effects may be hard to disentangle. Regarding the methodology of TIMSS and
TIMSS-Repeat, like the former IEA studies, many data were gathered through
questionnaires. According to Stevenson and Nerison-Low (2002), the limitations of
the questionnaire are obvious:

As is the case with all methods used for the collection of behavioral and attitudinal data,
questionnaires have both strengths and weaknesses…but interpretation of data from
questionnaires is often more difficult than when there is an opportunity to interact with the
respondents and to probe for details or elaboration of answers, as is possible with case
studies. (p. 13)

Similarly, in terms of students’ mathematics achievement, the Trends in
International Mathematics and Science Study (TIMSS) 2007 (Mullis et al. 2008)
provide the most recent and compelling achievement data. At the fourth grade,
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Hong Kong students had the highest average mathematics achievement relative to
students from all other 36 countries. At the eighth grade, Chinese Taipei had the
highest average mathematics achievement relative to students from 49 countries.

In summary, the IEA studies especially TIMSS and TIMSS-Repeat have found
that Chinese students from Hong Kong and Taipei consistently outperform their
Western counterparts in mathematics, and tested a considerable number of variables
related to mathematics achievement, thereby providing a basis for this study. Case
studies, then, might be used to explore the factors accounting for achievement
differences between East Asian and Western countries (Husen 1967b; Stevenson
and Nerison-Low 2002).

2.2.2 Other Comparatives Studies on Mathematics
Achievement

Beside the IEA studies, there have been a number of other large-scale and
small-scale comparative studies. In this section, three studies including the
Michigan Studies, the International Assessment of Educational Progress (IAEP),
and the Program for International Students Assessment (PISA) are reviewed.

The Michigan studies
For more than ten years the University of Michigan studies, under the direction of
Harold Stevenson, has extended psychological studies of children’s learning to
include comparison of mathematics achievement (Paris and Wellman 1998).
According to Stevenson and Stigler (1992), the research started in the mid-1970s
and focused on the roots of academic achievement in East Asian countries and the
USA. Five large metropolitan areas in three countries were chosen for the studies
including Sendai, Japan; Taipei, Taiwan; Beijing, Mainland China; Minneapolis
and Chicago, USA. Data were collected through interviews with teachers, pupils,
parents and school heads, classroom observation, and tests. For mathematics, the
samples included Year 1 and Year 5 students. To devise a test of children’s
mathematics achievement in different cultures, they extensively analyzed the
mathematics textbooks and curricula used in Japan, China, and USA. Only concepts
taught at the same grades in all three countries were included on the test. Beyond
testing mathematics skills, their research program encompassed tests of reading,
information acquisition, and basic cognition as well as observation and analyses of
curricula, in-class teaching behavior, and at-home informal teaching (Paris and
Wellman 1998, pp. xii–xiii).

The results of the achievement tests showed that students in the three Asian cities
outperformed their American counterparts. There was a considerable learning ‘gap’
between American and East Asian countries. Stevenson and Stigler (1992) identi-
fied cultural context as the key factor causing the ‘learning gap.’ They indicated that
the goal of primary school education in Japan and China was to teach children
academic skills and knowledge. Educationalists and students attributed academic
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success to effort and showed relative disregard for innate abilities. In contrast, the
US society placed a high priority on non-academic aspects of students’ lives, and
educationalists and students attributed academic success to innate abilities. They
also found both Chinese and Japanese classrooms provided more opportunities than
US classrooms for students to understand the goals and the sequence of the
activities in which they were engaged (pp. 152–154).

In contrast to IEA studies, the strength of the Michigan studies was their stress
on how mathematics was taught and learned in classrooms of different cultures.
Independent classroom observation and interviews formed the basis of data col-
lection, which was certainly more valid than relying on teacher reporting of their
own classroom practice. Based on contextual data, it also provided some insights
into understanding the ‘learning gap.’ The Michigan studies have been widely
disseminated by respected journalists and educationalists. They certainly influenced
Americans’ view of mathematics and science achievement in American schools
(Bracey 1993, 1996, 1998).

In terms of limitations, there are two aspects that need consideration. First, the
studies involved countries where three different languages were used, yet most of
the researchers were not trilingual. So the studies had to rely on different researchers
collecting data in different countries, and on employing bilingual coders to sum-
marize the classroom observation data (Stigler and Perry 1988, p. 213). This lim-
itation creates a problem of validity of translation and observer–observer reliability
in data collection. Secondly, the studies limited themselves to students in the first
and fifth grades in primary school. In order to gain a more holistic picture of
primary schooling, observation of other grades would be necessary.

The International Assessment of Educational Progress (IAEP)
According to Lapointe et al. (1992), in 1990–1991 twenty education systems
including Brazil, Canada, China (Mainland), England, France, Hungary, Ireland,
Israel, Italy, Jordan, Korea, Mozambique, Portugal, Scotland, Slovenia, Soviet
Union, Spain, Switzerland, Taiwan, and the USA were surveyed by the Center for
the Assessment of Educational Progress in Princeton. The survey focused on the
mathematics and science performance of 13-year-old students (14 countries also
assessed 9-year-olds in the same subjects) as part of the Second IAEP. The cur-
riculum model adopted by the study was similar to SIMS. While recognizing the
fundamental differences in intended curriculum from country to country, the par-
ticipants assembled tests that focused on the common elements of their curricula. In
order to form the context for interpreting these student achievement data, they
added sets of questions about students’ home background and classroom experi-
ences and characteristics of the schools they attended.

The major findings of the IAEP were that at age 13, based on average percent
correct scores, Mainland China (80 %), Korea (73 %), and Taiwan (73 %) out-
performed all other countries3 in the study. In almost all 13-year-old samples, at
least 10 % of the students performed very well (20 points or more above the IAEP

3Australia did not take part in this study.
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average). In Mainland China, however, even students in the 10th lowest percentile
performed close to the IAEP average.

Lapointe et al. (1992) suggested that this result is counter-intuitive because
countries such as Mainland China with less well-trained teachers, large classes, and
poor-quality instructional materials produce students achieving the highest scores,
while countries such as the USA, with better trained teachers, who work in schools
that are more generously supported, perform under average (p. 5). To understand
this paradox, it was suggested (Lapointe et al. 1992) that factors impacting on
academic performance interact in complex ways and operate differently in various
cultural and educational systems and there is no single formula for success. It was
also proposed that factors such as teaching practices, types of instructional mate-
rials, teacher background, and classroom organization vary from country to country
for children at age 13. However, these factors did not distinguish between
high-performing and low-performing populations. The IAEP study itself did not
provide adequate explanation to justify its findings. Clearly, like IEA studies,
questionnaires and pencil-and-paper tests were used as the major method to collect
data, which limited the possibility of validating the data and explaining the findings
in depth.

In terms of generalizability of the findings, Lapointe et al. (1992) recognized the
limitations of the study. They indicated that in some countries participants assessed
virtually all age-eligible children in their countries and in other countries they
confined samples to certain geographic regions, language groups, or grade levels. In
some countries, significant proportions of age-eligible children were not represented
because they did not attend school. It was also found that in some countries, low
rates of school or student participation meant results could be biased (p. 3). They
also admitted ‘the resulting tests do not match all countries’ curricula equally well’
(p. 9). As Bell and Kang (1995) point out:

Although reputable projects such as The Third International Mathematics and Science
Study and The International Assessment of Educational Progress establish ‘frameworks’
which aim to control for the effects of intended, implemented and attained curricular
differences, variables such as rate of learning, educational goals and expectations, and even
the meaning of achievement itself (as it affects test performance) can never be effectively
calibrated. (pp. 43–44)

In short, from the results of the Michigan and the IAEP studies, it can be inferred
that in terms of mathematics achievement, Mainland China is on a par with other
high achieving East Asian countries.

The Program for International Student Assessment (PISA)
The Program for International Student Assessment (PISA) comprises a series of
surveys about the knowledge and skills of 15-year-olds in principal industrialized
countries coordinated by governments of participating countries through the
Organization for Economic Co-operation and Development (OECD). PISA is an
on-going program of assessment that gathers data on the reading, mathematics and
science skills of 15 year-olds in a cycle every three years. According to the report
(Organization for Economic Co-operation and Development (OECD) 2000), the
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survey was conducted initially in 2000 with 265,000 students from 32 countries (of
which 28 are OECD members). Australia, Austria, Belgium, Brazil, Canada, the
Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Japan, Korea, Latvia, Luxembourg, Mexico, the Netherlands, New
Zealand, Norway, Poland, Portugal, the Russian Federation, Spain, Sweden,
Switzerland, the United Kingdom, and the USA participated in pencil-and-paper
student assessment. Students and their school principals also completed question-
naires about their learning experiences and their schools.

In contrast to the IEA and other comparative studies, PISA claims that it assesses
young students’ capacity to use their knowledge and skills in order to meet real-life
challenges, rather than merely looking at how well students have mastered a
specific school curriculum. Assessment items are a mixture of multiple-choice test
items and questions requiring the student to construct their own responses. The
items are organized in groups based on real-life situations. According to Schleicher
(2000), the underlying principle of PISA is a dynamic model of lifelong learning in
which new knowledge and skills necessary for successful adaptation to changing
circumstances are continuously acquired over the life cycle (p. 66).

The major findings of PISA 2000 (Organization for Economic Co-operation and
Development (OECD) 2000), in terms of mathematical literacy, were that students
in Japan and Korea displayed the highest mean scores (see Footnote 1). Although
the tasks for the PISA assessment of mathematical literacy were designed so that
students not using calculators would not be disadvantaged, students were allowed to
use their own calculators or those provided by test administrators. But there was no
indication that the use of calculators provided an advantage to students in terms of
their performance in PISA.

The comparison between spending per-student and mean student performance
across countries cannot be interpreted in a causal way. Nevertheless, these data
reveal a clear positive association between the two. At the same time, spending on
educational institutions is considered a necessary prerequisite for the provision of
the high-quality education. The comparison also suggested that spending alone is
not sufficient to achieve high-level outcomes and that other factors, including the
effectiveness with which resources are invested, play a crucial role. But like other
large-scale studies, the report itself did not adequately explain the rationale
underlying its findings.

In terms of mathematics achievement gap, the OECD PISA 2012 provided the
most recent example. About 510,000 15-year-old students from 65 countries and
economies took part in the assessment of mathematics literacy; Shanghai-China
achieved the highest score, followed by Singapore, Hong Kong and Taipei scored
higher than all other countries including Australia, who ranks 17th (Organization
for Economic Co-operation and Development (OECD) 2014; Thomson et al. 2013).

However, being a large-scale comparative study, PISA also has both strengths
and limitations, as Schleicher (2000) points out:

OECD’s objectives are ambitious. For the first time an international assessment of school
students aims to determine not just whether they have acquired the knowledge specified in
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the school curriculum, but whether the knowledge and skills that they have acquired in
childhood have prepared them well for adult life. Such outcome measures are needed by
countries which want to monitor the adequacy of their education systems in a global
context. The ideal will not be instantly achieved, and some of OECD/PISA’s goals will
initially be constrained by what is practicable in an assessment instrument that needs also to
be reliable and comparable across many different cultures. (p. 77)

It is recognized that one of the contributions of PISA to comparative studies is its
dynamic model of lifelong learning which extends comparisons beyond the school
curriculum (Lokan et al. 2001). But, like other large-scale studies, the limitations in
methodology and instruments used may have influenced the validation of its findings.

2.2.3 Key Findings of Comparative Studies

From the preceding overview of comparative studies on mathematics achievement,
it is clear that students of East Asian countries, such as China, Korea, Japan, and
Singapore, consistently outperform their counterparts in mathematics. China
includes Mainland China, Taiwan. Hong Kong and Macao, but in the comparative
studies they were regarded as separate education systems. Taking TIMSS as an
example, in 1995, 9-year-old students from Hong Kong outperformed all other
Western countries (Mullis et al. 1997). This pattern of achievement was confirmed
by TIMSS-Repeat in 1999, in which the mathematics performance of eighth-grade
students in Hong Kong was superior to that of any Western countries (Mullis et al.
2000). It was further confirmed by TIMSS 2007 (Mullis et al. 2008), in which at the
fourth grade Hong Kong students had the highest achievement in mathematics; at
the eighth grade, Chinese Taipei had the highest achievement in mathematics. It
was recently confirmed by PISA 2012 (Organization for Economic Co-operation
and Development (OECD) 2014), in which, China’s Shanghai achieved the highest
score. It was also confirmed by the former IAEP (Lapointe et al. 1992) in which
Mainland China, Taiwan, and Korea were the top three in terms of average percent
correct scores, and by former Michigan Studies (Stevenson and Stigler 1992) in
which Chinese and Japanese primary school students outperformed American
primary school students in mathematics. These comparative studies corroborate
evidence that the ‘achievement gap’ in mathematics between China and Western
countries is continuing and may possibly be widening. This promotes further
research questions as to the underlying reasons for this apparent ‘gap.’

2.3 Factors Contributing to the ‘Achievement Gap’

According to Graf and Leung (2000), comparative studies such as SIMS and
TIMSS produced survey data indicating that there may be some system-based
reasons for differences in achievement between East Asian countries (such as
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China, Japan, Korea, and Singapore) and Western countries (such as North
America, Europe, and Australia). To explain the ‘achievement gap,’ researchers
have described various factors that contribute toward it. In this section, key factors
contributing to the achievement ‘gap’ are discussed as follows:

2:3:1 Cultural context
2:3:2 Teachers’ mathematics knowledge
2:3:3 Classroom teaching
2:3:4 Out-of-school curricula
2:3:5 Standards and content of curriculum
2:3:6 Form and content of assessment

2.3.1 Cultural Context

It has been widely acknowledged that mathematics education in any country is
influenced by its cultural context (Bishop 1988; Brown et al. 1989; Graf and Leung
2000; Lave 1988; Leung 2001; Stevenson and Stigler 1992; Stigler and Baranes
1988). According to Graf and Leung (2000), East Asian countries by and large can
be regarded as countries sharing a Confucian culture. In contrast, Western countries
can be broadly identified as countries sharing a Greek/Latin/Christian culture.

In the Michigan Studies, Stevenson and Stigler (1992) suggest that cultural
difference is the main reason accounting for the ‘learning gap’ between East Asian
and Western countries. One of the key issues considered in their argument sup-
porting cultural factors is that of students’ attitudes toward ability and effort in
achievement. They assert that students in East Asian countries attributed mathe-
matics achievement to effort. In contrast, American students attributed mathematics
achievement to innate abilities.

Leung (2001) explains that there are distinctive features about mathematics
education in East Asia, and that those features are expressions of distinctive
underlying cultural values. These features and values of East Asian mathematics
education, which may be contrasted with those of the West, are described as six
dichotomies (Leung 2001):

• Product (content) versus process
In East Asia, mathematics is viewed as a body of knowledge dealing with
mathematics principles and relationships of numbers and geometry.
Mathematics education focuses on acquiring this knowledge through
teacher-directed guidance. In contrast, the contemporary Western view
emphasizes a constructivist view of knowledge where learning is perceived of as
a process of active construction by the learner.
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• Rote versus meaningful learning
In East Asia, memorization and repeated practice are the accepted ways of
learning. In contrast, Western mathematics educators advocate learning for
meaning, emphasizing that students should first understand before they mem-
orize (although rote learning is still practiced).

• Studying hard versus pleasurable learning
The traditional view in East Asian countries holds that studying is a serious
endeavor and students are expected to work hard to achieve success in learning.
In contrast, pleasurable learning has been advocated in a number of Western
countries. Western educators advocate that learning should be a positive
experience for the child; learning should be enjoyable.

• Extrinsic versus intrinsic motivation
Educators in East Asia emphasize extrinsic motivation and completing exami-
nations have traditionally been an acceptable source of motivation for student
learning. According to Leung, the East Asian education systems are charac-
terized by highly competitive examinations, and this is deeply rooted in Chinese
culture. China was the first country in the world where a national examination
system was established. Paper-and-pen examinations are considered a fair
method for selection of the able from the less able, and are highly valued.
Hence, in China, examinations are considered a legitimate source of motivation
for students to learn and to demonstrate that they have achieved mathematics
knowledge. In contrast, educators in the West promote intrinsic motivation in
students’ learning mathematics. They consider the best way of motivating stu-
dents is by getting students interested in mathematics. Extrinsic motivation, such
as that derived from examination pressure, is considered somewhat ‘harmful’ to
students’ learning and student self-esteem, particularly in the primary school.

• Whole-class teaching versus individualized learning
Because of the strong social orientation of East Asians, learning together in a
collaborative social setting is highly treasured. Teaching usually takes place in a
large group setting with the teacher directing the learning to the whole class. In
contrast, Western culture stresses independence and individualism, and indi-
vidualized teaching and learning in as small a group as possible is considered
the ideal. However, whole-class teaching is still common practice.

• Teacher as an expert versus facilitator
The image of the mathematics teacher in the East Asian tradition is as an expert
in mathematics (teacher-scholar). This is deeply rooted in the Confucian culture
where the teacher should primarily be a scholar before they are able to fulfill the
role of a facilitator of learning. In primary schools teachers usually subject
specialize (i.e., mathematics). In contrast, the primary role of the teacher in
Western culture is often perceived as a facilitator of learning, helping, and
guiding students to learn. In Australian primary schools, teachers usually teach
all subject areas.
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In short, these factors underlying some differences between mathematics edu-
cation in East Asian and Western countries, suggested by Leung, are all based
essentially on different cultural values.

This debate on cultural versus non-cultural factors is difficult to resolve through
published comparative studies, because nearly all of them are focused on comparing
mathematics achievement in different countries where cultural influence is con-
founded with other factors. To determine the influences of cultural factors on
students’ achievement, there is a need for new studies investigating the same cul-
tural group in different countries, such as a comparison of the achievement of
Chinese students in China and in other countries such as Australia and America.
This can provide a different form of comparative data that elucidates cultural
influence in authentic settings.

2.3.2 Teachers’ Mathematics Knowledge

In contrast to cultural factors, the role of teacher knowledge has received much
recent attention in the cultural versus non-cultural debate. Ma (1999) conducted a
comparative study of US and Chinese elementary school teachers’ mathematical
knowledge as it related to classroom teaching practice. She suggested that Chinese
teachers began their teaching careers with a better understanding of elementary
mathematics than that of most US elementary teachers (p. xvii). She argued that
‘unlike factors outside of classroom teaching, teachers’ knowledge might directly
affect mathematics teaching and learning. Moreover, it might be easier to change
than cultural factors’ (pp. xix–xx).

Ma (1999) compared the responses of twenty-three American elementary school
teachers and seventy-two Chinese teachers to the same four questions. The inter-
view questions were designed to present mathematics through a hypothetical
classroom situation. She found that there was a striking contrast in the knowledge
of the two groups of teachers studied. US teachers tended to be ‘procedurally
focused.’Most showed sound algorithmic competence in the two elementary topics,
but had difficulty with the two more advanced topics. Most of the Chinese teachers
demonstrated algorithmic competence as well as conceptual understanding of all
four topics.

Based on these data, Ma argued that Chinese teachers have a much better grasp
of the mathematics they teach than do American teachers. She suggested:

Elementary mathematics can be viewed as fundamental mathematics. Elementary teachers
need ‘Profound Understanding of Fundamental Mathematics’ (PUFM), which means an
understanding of the terrain of fundamental mathematics that is more than sound conceptual
elementary mathematics. It is deep, broad, and thorough. A teacher with PUFM is not only
aware of the conceptual structures and basic attitudes towards elementary mathematics, but
also is able to teach them to students effectively. (p. 124)
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Following this conceptual framework, Ma indicated that elementary mathe-
matics is constructed very differently in China from the USA. She found that ten
percent of Chinese teachers displayed such understanding of this difference, and
eighty percent displayed at least some of that understanding. American teachers,
however, appeared to be lacking in this area.

After she interviewed three teachers, whom she identified as having PUFM, Ma
found several factors contributed to PUFM attainment: learning from colleagues,
learning mathematics from students, learning mathematics by doing problems,
teaching class by class (in China, it means teaching in a cycle from Year 1 till Year
6, then back again), and studying materials intensively. According to Ma, Chinese
teachers develop PUFM during their teaching careers, stimulated by a concern for
what to teach and how to teach it, inspired and supported by their colleagues and
teaching materials.

According to Sherman (2000), Ma’s work has been well received on both sides
of the so-called math wars, an engaging vitriolic debate on the proper direction of
mathematics reform in the USA. Her study was praised for her focus on real
understanding as opposed to mere computational competence. However, Sherman
(2000) points out:

But most NCTM reformers believe that understanding comes from ‘constructivist’, or
discovery learning. They give low priority to computational skills (unnecessary, they say, if
students have calculators). Their goal is not to teach traditional mathematical subjects as
logically coherent systems but to develop ‘higher-order’ thinking skills that are supposed to
be transferable to all subjects. Ma, in contrast, stresses the importance of mastering facts
and procedures. She does not advocate child-centered classrooms (‘teach the child, not the
subject’) in which the curriculum is secondary to fostering juvenile self-esteem.
Unlike NCTM reformers, Ma does not see computational competence and real under-
standing as antithetical (‘drill and kill’) but as mutually reinforcing. (p. 86)

It must be acknowledged that there was no detailed information about Ma’s
selected sample. She did not indicate how the 23 teachers from the USA were
chosen for the American sample. Surely the US ‘procedural teachers’ recognized by
Ma’s study were not following the NCTM guidelines. Although, Ma’s sample of
72 Chinese teachers showed they had better mathematics knowledge, student
learning was not necessarily better because of teachers’ knowledge. This incon-
sistency raises the question about whether the Chinese sample is representative. For
international comparison and generalizations to be made, the samples of students
and teachers must be representative of the nation being compared, and they must be
comparable to each other (Bracey 1998).

Recently, Leung (2002) replicated Ma’s study in Hong Kong and Korea and
found that unlike Ma’s Chinese samples, Hong Kong and Korean teachers’ reported
teaching strategies that were very procedural. When probed, it was found that these
teachers fully understood the concepts behind the procedures, but deliberately
taught in a procedural manner for pedagogical reasons. This evidence indicates that
teacher knowledge alone does not necessarily determine teacher’s classroom
practices and students’ mathematics achievement. To find out what is really
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happening in Chinese classrooms, we cannot rely on what teachers say they do;
there is need for classroom observation to validate what teachers report.

2.3.3 Classroom Teaching

Researchers in comparative education are increasingly becoming aware of the need
to look at instructional practices in the classroom (not what teachers say they do in
the classroom) as the basis for interpreting data on mathematics achievement
(Burstein 1992; Cobb et al. 1992; Leung 1995; Stigler and Hiebert 1999). In this
section, three studies are reviewed.

The Michigan study
In their Michigan Studies, Stevenson and Stigler (1992) observed teaching practices
in Chinese, Japanese, and American primary schools. They found that the tech-
niques used by Chinese and Japanese teachers are ones often recommended by
American educators, but not broadly applied in the USA. They indicate:

[Japanese and Chinese classroom] consist of coherent lessons that are presented in a
thoughtful, relaxed, and no authoritarian manner. Teachers frequently involve students as
sources of information. Lessons are oriented toward problem solving rather than rote
mastery of facts and procedures, and make use of many different types of representational
materials. The role assumed by the teacher is that of knowledgeable guide, rather than that
of primary dispenser of information and arbiter of what is correct. There is frequent verbal
interaction in the classroom as the teacher attempts to stimulate students to produce,
explain, and evaluate solutions to problems. (Stevenson and Stigler 1992, pp. 176–177)

Stevenson and Stigler (1992) indicate that these techniques have not been
broadly applied in the USA, because American teachers are lacking the training and
time necessary to prepare lessons and the opportunities to share experiences with
each other; American teachers find it difficult to organize well-crafted lessons.
Based on their classroom observations, they suggest that different teaching tech-
niques may lead different learning outcomes between East Asian countries and the
USA. According to Robitaille and Travers (1992), the Michigan Studies have made
an important contribution to our knowledge of the teaching and learning of
mathematics across cultures. Through classroom observation, they provided data on
the contexts in which teaching and learning take place in different cultures (p. 706).

Classroom teaching in Beijing, Hong Kong, and London
Building on his own study of The Mathematics Classroom in Beijing, Hong Kong
and London, Leung (1995) attributes different beliefs pertaining to mathematics,
and beliefs about mathematics teaching and learning, to differences between
Chinese and Western cultures. He argues that differences in classroom practices
relate primarily to differences in beliefs. He also found that the schools in these
three cities differed considerably in their physical setting, facilities, and structure,
and these differences must be taken into account.
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There was much more concern for individual differences in London, as mani-
fested by schools adopting individualized learning programs, by teachers spending
less time on whole-class instruction, more time on seatwork and allowing students
to proceed at different paces.

In contrast, in Beijing and Hong Kong, students were more exposed to direct
instruction from the teacher. In Beijing, mathematics lessons were more structured
and there was greater stress on mathematics concepts, while in Hong Kong more
emphasis was placed on practicing mathematical skills. Leung indicates that Beijing
teachers emphasized the content of mathematics; Hong Kong teachers emphasized
mathematical skills, while London teachers emphasized active learning and
enjoying mathematics (p. 312). He suggested that the classroom practices of Beijing
teachers reflected a more rigid view of mathematics than the practices in Hong
Kong and London. There was also a much greater stress on memorization in the
teaching at Beijing. He also found that classroom teaching in all three places was
influenced to some extent by examinations, but this was not explained in detail.

It is apparent that classroom teaching practices in Beijing described by Leung
(focusing on content and memorization) are quite different from those observed by
Stevenson and Stigler (focusing on process and understanding). These inconsistent
descriptions of Chinese mathematics classrooms raise questions about the range of
classrooms selected for observation. The observations of Stevenson and Stigler may
have reflected to a large extent the ideal classroom practices the teachers wanted to
portray. According to Leung (1995), teachers in Beijing followed the textbook very
closely and the teacher’s guide in which the ideal lessons were presented in detail.
This may not have reflected the apparent deep teacher’s knowledge of mathematical
pedagogical practice.

TIMSS video study
As part of TIMSS, Stigler and Hiebert (1999) analyzed videotapes from dozens of
randomly selected eighth-grade mathematics classrooms in the USA, Japan, and
Germany. They found that American teachers presented about twice as many
definitions as Japanese and German teachers. They also discovered that American
lessons were devoid of mathematical proofs. About ten percent of German lessons
and more than half of the Japanese lessons contained such proofs. They also
indicated that Japanese and American teachers organized their lessons quite dif-
ferently. In a typical American lesson, a teacher reviewed homework, demonstrated
how to solve the problem of the day, gave students classroom practice, corrected
students’ work, and assigned homework.

In contrast, Japanese teachers reviewed the previous lesson, presented the
problem of the day, and set the students to working on its solution either indi-
vidually or in groups. The class then discussed problem solutions (some problems
had more than one solution), often led from the blackboard by students who thought
they had successfully solved the problem. American students almost never led such
a discussion. They suggested that most efforts to improve mathematics education in
America have failed because they simply do not have sufficient impact on the
quality of teaching inside classrooms. They argue that American teachers are not
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incompetent, but the methods they use are severely limited, and American teaching
practice has no system in place for improvement.

However, Bracey (2000) disagreed with Stigler and Hiebert’s view on classroom
teaching as the major factor accounting for the achievement gap. Bracey argued that
American and Japanese teachers organize their lessons differently largely because
they believe different things about what mathematics is and how to teach it. He
asserts that these differences are in no way related to differences in achievement.
German teachers’ methods are similar to Japanese teachers, yet Japanese students
attained much better scores than American students, and German students scored
the same as Americans. Bracey (2000) clarifies this:

It could well be that the Japanese students score higher because so many of them attend
juku-cram schools-after school and on weekends. Juku specialize in teaching students how
to take tests. ‘The Teaching Gap’ does not discuss the role of Juku. A Japanese educator
who, at my request, watched some mathematics and science study tapes, concluded that,
indeed, the Japanese classes were more conceptually oriented. He felt, though, that
Japanese teachers are free to teach conceptually because they can count on family support
to ensure that less glamorous mathematics activities will be completed at home. American
teachers cannot count on such support. (p. 54)

Bracey’s view was supported by Schumer’s study. In the paper, Mathematics
Education in Japan (Schumer 1999), the author argued that we cannot limit
observation to mathematics in Japanese public schools when we want to gain
insights into the achievement of Japanese students. Homework, voluntary studies at
home, and private supplementary lessons are more important in Japan than in
Germany or in the USA.

However, like the debate on cultural versus non-cultural factors, this influence of
classroom and non-classroom factors is also difficult to be measured by current
comparative studies, because these studies focus on comparative classroom factors.
Little attention is paid to out-of-classroom factors. To understand out-of-classroom
influences on students’ achievement, data on students’ after-school learning and
home study are needed in further comparative studies.

2.3.4 Out-of-School Curricula

In the November 2001 issue of Mathematics Education Dialogues (NCTM), edu-
cators discussed what the research community should learn from comparing the
performance of Asian and North American students and about the factors that might
contribute to the superior performance of Asian students. A considerable number of
contributors (Ng 2001; Shimizu 2001; Uy 2001; Whang 2001) suggested that
out-of-school curricula might be one of the most important factors accounting for
Asian students’ high achievement in mathematics. For example, Lin (2001) argues
that the high performance of 13-year-old Taiwanese students on TIMSS is a result
of out-of-school studying. He indicates that Taiwanese children have no choice but
to attend out-of-school ‘cram’ lessons or to receive private tutoring to achieve their
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expectations of a university education. Students work very hard to pass examina-
tions, which puts considerable stress not only on the child but also on the child’s
family. It becomes a natural responsibility for parents to look for ‘star’ teachers at
good ‘cram’ schools for their children. According to Lin, thirteen-year-old
Taiwanese students spend as many as 15 h per week for studying mathematics.

Similarly, in Japan, Shimizu (2001) argues that an explanation for the
achievement gap is complex and we must consider students’ perspectives. In 2000,
Shimizu surveyed eighty students (who took part in TIMSS in 1995). He found that
Juku School (where students spend extra hours after school and where mathematics
was regarded as one of the key subjects) is an important factor identified by the
students as contributing to their high achievement in mathematics.

However, according to Leung (2002), TIMSS data suggest that students in East
Asian countries such as Japan do not spend more time out of school doing math-
ematics homework than that of their counterparts in Western countries. In contrast,
Ueno (2002) pointed out that TIMSS data do not reflect the reality of Japanese
out-of-school mathematics learning. According to him, Japanese students regard
‘Juku’ as part of school learning and using mathematics textbooks at home is not
considered as doing homework. Thus, the TIMSS data may not have accurate data
for much of the out-of-school work. This inconsistency raises an interesting
question about the validity of data from student questionnaires. In order to
understand what mathematics education really happens in school, or out-of-school,
more in-depth qualitative study is needed.

2.3.5 Standards and Content of Curriculum

As published comparative studies of mathematics achievement include curriculum
analysis in the early stages of designing instruments for testing students’ achieve-
ment, a comparison of standards and curriculum content between countries is a
natural process in comparative studies of mathematics achievement. Lindquist
(2001) indicates that curriculum standards and content might account for differ-
ences in mathematics performance between East Asian countries and the USA.
McLeod et al. (1996) suggest that when compared to the American curriculum, the
Japanese curriculum is more intense. American textbooks are about three times as
thick as those of other nations, but covering topics only briefly and shallowly. In an
in-depth analysis of mathematics curricula, Schmidt, McKnight, and Raizen (1997)
describe the vision shaping US mathematics education as ‘splintered.’ This was
seen through inconsistencies in curriculum planning, in textbooks, and what
teachers actually teach. In contrast, both an analysis of mathematics curricula and
the video study of the TIMSS showed Japanese mathematics teaching as coherent
throughout the curricula and also within classroom lessons. There was a close
match between intended, implemented, and achieved curriculum.

MacNab (2000) argues that standards of attainment in school mathematics are
closely connected to belief systems regarding values and purpose; that American
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education systems do not always collectively offer a credible and coherent vision
for mathematics education which can be effectively implemented in school class-
rooms; and that this coherence of vision is to a large extent what characterizes the
higher performing TIMSS countries.

However, Campbell and Kyriakides (2000) challenge the view that setting high
national curriculum standards contributes to high achievement. They made a
comparison of the standards in primary school mathematics in England and Cyprus
and found that despite higher-expected standards, Cypriot pupils achieved lower
standards in TIMSS than their English counterparts. They suggest four possible
explanations for this apparent paradox, namely problems with the TIMSS
methodology, cultural influences, differential time frames, and poor understanding
of the different conceptions of ‘standards.’

This debate on the relationship between curriculum standards and mathematics
achievement cannot be resolved by current comparative studies, because the test
items in these studies assumed common standards of mathematics across countries.

2.3.6 Form and Content of Assessment

Recently, Cai (2000) found that the superior performance of East Asian students
might be related to the form and content of tests. He indicated that Chinese stu-
dents’ superiority was limited to certain aspects of mathematics achievement,
including basic skills of computation and solving routine problems. Western stu-
dents performed better than their Asian counterparts in aspects such as using visual
and graphical representations and solving open-ended problems. Cai (2000) indi-
cated that students in the USA rely on concrete strategies and experiences to solve
mathematics problems more frequently than their Chinese counterparts. But he
suggested that the use of manipulatives or concrete experience does not guarantee
students’ conceptual understanding and high performance in paper-pen examina-
tions, in which more efficient and generalized solution strategies are needed.

There are considerable differences between Cai’s studies and other comparative
studies such as the Michigan Studies. According to Stevenson and Stigler (1992), in
the Michigan Studies, they used both typical mathematics problems (routine
questions) and novel problems (open-ended questions) to test students. The content
of their tests included word problems, number concepts and equations, estimation,
operations, geometry, graphing, visualization and mental folding, mental calcula-
tion, and oral problems. They found that for nearly every item the mean score for
the American students was the lowest. Stevenson and Stigler (1992) claimed that
the East Asian students’ superiority was not restricted to a narrow range of
well-rehearsed, automatic computational skills, but was manifest across all the tasks
including open-ended tasks (pp. 39–41). These findings raise an interesting ques-
tion related to the instruments used in comparative studies for testing students’
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achievement. However, this cannot be resolved by current comparative studies,
because nearly all of them used a similar format in which most items were pre-
sented in multiple-choice format. More analysis on the assessment process may
well explain inherent differences in comparative studies (Geary et al. 1998).

2.4 Strengths and Limitations of Current Comparative
Studies

It is widely acknowledged that large-scale international surveys in mathematics
education have both strengths and limitations (Martin and Mullis 2000; Taylor and
Jenkins 2000; Theisen and Adams 1990; Wang 1998). In this section, the advan-
tages and disadvantages of some current studies are discussed in terms of their
research frameworks and methodologies.

2.4.1 Research Frameworks

According to Howson (1998), large-scale comparative studies such as the IEA
studies have adopted an inductive framework, analyzing situations and contexts,
collecting data and analyzing the results (most in terms of rankings, percentiles, and
correlations), and generating some hypotheses along the way which the data can
help to illuminate. In terms of the strengths of this approach, Theisen and Adams
(1990) indicated that the IEA activities have collected a large amount of data and
have made significant contributions to education. They have drawn the attention of
key educational and political actors to the substantial differences that exist among
the educational systems of the world in terms of the academic achievement they
produce. Comparative studies have also shed light on why some of these differences
occur and have highlighted a range of inefficiencies in the schooling process
(p. 290). Taylor and Jenkins (2000) indicate that the IEA studies represent a col-
laboration of over forty-five countries and provide data that have offered a dis-
tinctive contribution to our understanding of the effects of curriculum and school
organization upon learning and the relationship between achievement and pupil
attitudes (pp. 13–14).

On the other hand, in terms of limitations, Howson (1998) points out that
large-scale comparative studies seldom had a hypothetical deductive model, in which
specific hypotheses are tested, which from the beginning determine the whole design,
analysis, and reporting. Taylor and Jenkins (2000) suggest that small-scale, in-depth
explorations are needed complementing the insights generated by other kinds of
approaches. Other kinds of questions are needed, which can yield insights often
missed (or not sought) in large-scale enterprises, an end product that is justification in
itself as well as providing potential hypotheses for wider investigation.
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The IEA studies have tried to address curriculum as a broad explanatory factor
underlying student achievement (Martin and Mullis 2000; Robitaille and Garden
1989; Schmidt et al. 1997). However, countries’ rankings, published by IEA
studies, are often the first focus point for politicians and policymakers (Cohen 1998;
Taylor and Jenkins 2000). Taylor and Jenkins (2000) suggest:

We need also not just to relate educational achievements to these wider influences but also
to the institutions and values of the society, and to a model of how educational systems as a
whole work and reflect curriculum-based learning. In an international context, the model
also needs to be sufficiently general to measure the global effects of schooling on student
learning. We are still far from understanding the link between the curriculum as ‘intended’,
the curriculum as ‘implemented’ and the curriculum as ‘received’ by pupils, particularly in
such a wide range of socio-cultural and pedagogic contexts. (p. 21)

2.4.2 Limitations in Methods

The IEA activities have made a significant contribution to methodologies and use of
analytic tools available (Lokan 2000; Martin and Mullis 2000; Theisen and Adams
1990). According to Martin and Mullis, the design and development of IEA studies
were complexes involving a variety of representatives from the participating
countries, technical advisors, mathematics and science educators and subject matter
specialists, and the major funding agencies. Taking TIMSS as an example, Wang
(1998) indicates that it is the largest, most comprehensive, and most rigorous
international study in comparative education. The TIMSS researchers employed
multiple research methodologies, including assessments, questionnaires, curriculum
analyses, and videotapes to enrich the public understanding of the findings.

However, there are considerable challenges associated with designing
large-scale comparative studies. According to Eckstein and Noah (1992), in both
their form and content, the IEA tests were required to be internationally uniform
and acceptable, to make possible comparisons of levels of cognitive achievement
across nations. In meeting this aim, IEA tests may have omitted important elements
of curriculum and assessment in particular nations. Other researchers have noted
that in the effort to make the studies comparable across nations, methodological and
content sacrifices have been made at the expense of a more complete understanding
of variations within individual countries. That is, if more carefully researched, these
data might better inform national policies designed to improve the educational
status of children (Theisen and Adams 1990). Martin and Mullis (2000) confirm
that ‘among the major components of TIMSS that posed methodological challenges
were curriculum analysis, achievement testing and estimation of proficiency’
(p. 34).

Theisen and Adams (1990) argue that since nearly all of the international
comparisons were affected through the variation in administration of test items and
questionnaires, their limitations are obvious. Eckstein and Noah (1992) confirmed:
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Naturally much of the information required about the class and school context is difficult to
measure precisely using questionnaires, especially since much of the information is ret-
rospective. Moreover, IEA work has not been considered in light of the implications of
assessment in different countries. (p. 166)

As suggested by Theisen and Adams (1990, p. 708), to find out what really goes
on in mathematics classrooms, we need to observe what teachers actually do there,
and not rely solely on what they say. In addition, most former international com-
parative researchers only focused on the ‘attained curriculum’ by using their uni-
form examinations to test the student achievement but neglected assessment
practices already completed at the local school and classroom level.

Researchers in comparative curriculum studies are increasingly aware of the
need to look at instruction and assessment practices in the classroom as charac-
teristic of the curriculum and as the basis for interpreting data on student outcomes
(Leung 1995). There are some comparative studies (e.g., Leung 1995; Stevenson
and Stigler 1992; Stigler and Hiebert 1999) on the mathematics curriculum that
include a component of classroom observation to account for differences in im-
plemented curriculum, but little research has been done on comparative study of
assessment practices at school and class level. As Eckstein and Noah (1992) noted,
the study of assessment practices seems to have been a largely neglected aspect of
comparative education.

Clearly, there is a lack of in-depth research that investigates curriculum and
assessment factors contributing to apparent differences in student achievement.
There is especially a lack of comparative study incorporating descriptive knowledge
of assessment practices and examining similarities and differences in ‘authentic’
settings. This requires qualitative studies of cases of apparent differences in cur-
riculum and assessment practices, internationally.

In terms of case studies, Husen (1967b) suggested that for further research, the
IEA might consider case studies of particular countries. He recommended that such
studies would have to employ thorough analyses of curricula, textbooks, other
learning materials, and the relation between learning at school and at home, and so
forth (p. 309).

We never seriously considered an alternative strategy, for example, limiting ourselves to
selecting of a few schools and classrooms that could be subjected to intensive, qualitative
observations. We certainly expected too much from the broadly collected information that
was obtained by questionnaires from the students about their home background and from
the teachers about how they taught. (Husen and Postlethwaite 1994, p. 646)

In terms of methodology, Arnove (2001) suggests that:

Case studies are likely to continue to be the most commonly used approach to studying
education-society relations. Given the limited resources of most researchers working in the
academy, the tendency of most individuals is to study that with which they are most
familiar. More than just convenience, Charles Gagin argues that “the comparative method is
essentially a case-oriented strategy of comparative research” because of the need to take
into account the contingencies of particular sociocultural milieus and historical information.
The value of case studies resides in their contribution to the refinement and modification of
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extant theory and ultimately to the creation of new theory when existing explanatory
framework are not applicable. (p. 490)

In summary, current comparative studies have attempted to address most of the
concerns related to students’ mathematics achievement raised in the research
community by using a variety of methods. Although a mindful position was taken
by researchers to downplay the ‘horse race’ feature of comparative studies on
mathematics achievement, due to the limitations of large-scale studies and its focus
on achievement, little attention has been paid to problems of assessing empirical
factors in educational contexts. There is a real need to use case studies to compare
the apparent differences in curriculum and assessment practices cross-culturally, in
order to understand the ‘achievement gap’ comprehensively.

2.5 The Relationship Between Teaching, Learning,
and Assessment

It is widely acknowledged that student’s achievement is affected not only by offi-
cially prescribed mathematics curricula, but also by the classroom teaching and
assessment (Black and Wiliam 1998; Bright and Joyner 1998; Carraher et al. 1990;
Clarke 2000; Clarke and Stephens 1996; Leder and Forgasz 1992; National Council
of Teachers of Mathematics (NCTM) 1995, 2000). In this section, some key studies
on mathematics assessment are briefly reviewed including the nature of mathe-
matics assessment, and the relationship between teaching, learning, and assessment.

According to Clarke (1996), contemporary mathematics assessment reflects an
international consensus regarding the nature of mathematics learning. He argues
that assessment should be recognized, not as a neutral element in the mathematics
curriculum, but as a powerful mechanism for the social construction of mathematics
competence.

According to Leung (2001), the East Asian education systems are characterized
by highly competitive examinations. Teachers and parents attach great importance
to education, and there is high expectation for their students and children to suc-
ceed. Academic achievement has been considered a means of bringing honors to
one’s family. This high expectation on students to succeed provides another
important source of motivation for students to learn. In addition, the difference in
social and economic status between the academically high qualified and low
qualified is much greater in East Asia than in the West. This sends a message to
students about the importance of academic achievement and constitutes another
source of extrinsic motivation for student learning. Influenced by the traditional
‘examination culture,’ assessment has been regarded as the ‘baton’ directing
teaching and learning in China (Zhao 1999).

Assessment practices have assumed an increasingly important role in mathe-
matics education across nations. There is a need for educators to realize and exploit
the significant role that assessment plays on mathematics teaching and learning
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(Clarke 1996; Clarke and Stephens 1996; Dweck 1986; Zhao 2000). Leder and
Forgasz (1992) indicate that the link between student learning of mathematics, the
teaching methods adopted in the mathematics classroom, and the assessment pro-
cedures used to determine and measure student knowledge is addressed by the
research community and closely related to the nature of assessment. There is a clear
acceptance of the close interdependence of the three areas. They argue that by
limiting the domain of mathematics sampled, assessment has often been a restric-
tive influence. Broadening the areas and skills evaluated, and reinterpreting
assessment as a way of communicating students’ current understandings to teach-
ers, can lead to positive rather than destructive reinterpretations of mathematics
learning.

A number of researchers (Black and Wiliam 1998; Bright and Joyner 1998;
Leder and Forgasz 1992; Lokan and Doig 1997) have reported that developing
pedagogical knowledge through assessment of students’ mathematical learning has
a substantial impact on teachers’ instruction and hence on students’ learning.
According to Clarke (1996) and Little and Wolf (1996), the emphasis on assess-
ment is now evident worldwide, both in developing and in developed countries. It
has been commonly accepted that reform in assessment is a necessary condition for
any reform of the mathematics curriculum.

Crooks (1988) indicates that regular classroom testing does increase these
aspects of attainment in mathematics (p. 20). According to Peterson, Fennema, and
Carpenter (1989), the more teachers knew about their pupils’ mathematical
knowledge, the better the pupils were at word problem solving. Knowledgeable
teachers questioned their pupils about problem-solving processes and listened to
their responses, while less knowledgeable teachers tended to explain
problem-solving processes to pupils or just observed their pupils’ solutions. Bright
and Joyner (1998) suggest that if the educational system is to help more students
achieve at higher levels in mathematics, greater attention must be focused on
day-to-day linkages among teaching, learning, and assessing. They explained that
student performance is influenced by instruction, and one way that instruction can
be improved is by helping teachers develop better information about students’
thinking. Daily classroom assessment provides a vehicle for teachers to use to
acquire knowledge about student’s performance and thinking. With high-quality
assessments, teachers can help students develop mathematical power than will be
revealed in greater student achievement (pp. 3–4).

Black and Wiliam (1998) suggest that the standards of learning can be elevated
by improving the formative assessment process in the classroom. They indicate that
firm evidence shows formative assessment as an essential component of classroom
work and that its development can raise standards of achievement.

There is little doubt (Barnes et al. 2000; Brown et al. 1989; Clarke 1996; Clarke
and Stephens 1996; Hiebert and Carpenter 1992; Webb 1992) that assessment
exerts a strong influence on teachers and pupils. Assessment sends clear messages
about what is valued and can motivate pupils, although this can have both positive
and negative consequences. Bright and Joyner (1998) advocate that high-quality
classroom assessment is likely to have a great impact on the ultimate learning of
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mathematics. If students are given clear learning targets (feedforward) and helpful,
timely feedback about the quality of their work, and if as a result they develop solid
understanding of the content, they are more likely to be able to use what they have
learned in new and challenging situations. They also recommend that along with
providing information for students, high-quality classroom assessment should also
inform the teacher and students’ families. They indicate that:

It seems reasonable to expect that there will be stronger, ongoing encouragement from
home for students to make the needed effort to master mathematical ideas and to remain
engaged in mathematics course-taking if students know what the learning targets are and
have an understanding of what quality performance looks like, if teachers better understand
the strengths of their students, and if teachers can share this information with students’
family. (p. 4)

In summary, the current discussion suggests that mathematics assessment has
powerful influence on mathematics teaching and learning throughout the world, and
especially in East Asian countries. To understand the ‘achievement gap’ between
East Asian and Western countries, the influence of assessment on achievement must
be the focus of investigation.

2.6 A Tentative Model for the Study

According to Bishop (1988), mathematics education must be recognized as being a
social process and there are five significant levels involved:

• Cultural
• Societal
• Institutional
• Pedagogical
• Individual

Although Bishop’s work did not focus on comparing mathematics achievement
between East Asian and Western countries, he suggests that student’s mathematics
achievement is influenced by cultural and social factors at five levels. First, at the
cultural level, ideological factors such as beliefs about mathematics have been a
driving force in the development of mathematics and it has shaped the character of
mathematics education. He asserts that mathematics is a cultural phenomenon and
there is a need to analyze mathematics education from a cultural perspective.
Second, at the societal level, mathematics is mediated by the various institutions in
society and is subject to the political and ideological forces in that society which use
various formal and informal educational institutions to shape mathematics educa-
tion to meet societal goals and aspirations. Third, at the institutional level, the
intended curriculum which includes the mechanisms for grouping pupils, for
examining them, for resourcing the subjects, and for teaching them have profound
effects on students’ mathematical education. Fourth, at the pedagogical level, the
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students’ mathematical education is influenced by the teacher knowledge and
approach and the classroom group. Fifth, at the individual level, students bring
personal dimensions to mathematics education derived from the influence of their
family, from their traditions and history and the culture of their home and
community.

Influenced by Bishop’s five levels of social aspects of mathematics education,
Leung (2002) suggests that in order to explain differences in mathematics education
between the East Asia and the West, variables at five levels need to be considered:

• Student’s level (attitudes and self-concept)
• Teacher’s level (teaching style, teacher’s mathematics competence)
• Education system level (curriculum policy, practice and assessment, instruc-

tional time and pacing, of instruction and time out of school doing mathematics
and tutoring)

• Societal level (GNP per capita, education expenditure, and school and home
resources)

• Cultural level (beliefs, traditions, attitudes, and aspirations).

Like Bishop, Leung argues that there are different cultural values pertinent to
education that may explain the difference in mathematics education between East
Asian and Western countries.

This study adopts a tentative model (Fig. 2.1) identifying main factors proposed
as influencing students’ achievement into three levels:

• A base level—a cultural context including cultural values about education and
mathematics achievement.

• The second level—standards and content of curriculum, implemented assess-
ment, and teachers’ knowledge.

• The third level—classroom teaching methods and out-of-school curricula

    Student 

achievement

Teachers’ 
knowledge 

Standards, 
content, 

assessment 

Classroom 
teaching 

Out of school
curricula

Cultural context 

Fig. 2.1 Tentative model of
key factors contributing to
‘achievement gap’
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These factors are reviewed in terms of the three levels and the core influence of
cultural context through analyses of case studies. This model is served as a
framework for the study and a discussion of factors contributing to mathematics
achievement is presented in Chap. 10.

In summary, the literature reviewed in this chapter covers a wide range of studies
concerned with comparative studies on mathematics achievement. It is suggested
that due to limitations of large-scale assessment, there is a need to use qualitative
study to explore curriculum and assessment practices in authentic settings
cross-culturally. This review has provided a background and framework for
designing a comparative study on mathematics curriculum and assessment policy
and practice between Australian and Chinese primary schools, which will be
described in the following chapters.
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