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ABSTRACT 

Shaping the organization of classrooms: Cross-national studies of policy, institutions, 
and pedagogical complexity 

 
by 
 

Yoonjeon Kim 
 

Doctor of Philosophy in Education 
 

University of California, Berkeley 
 

Professor Bruce C. Fuller, Chair 
 
 

With globalization, models of educational systems, school organizations, and teaching practices are 
increasingly being compared internationally. Heightened global competition and visibility of nations’ 
student achievement by international assessment has pushed nation-states to take the lead to 
enhance student achievement and improve formal schooling. Complex problem-solving skills and 
critical thinking are emphasized as necessary for the work, life, and citizenship in the 21st century. 
Ideas on how to equip the students with such skills in schools and classrooms travel around the 
world. Within this context, the present three-paper thesis uses an international comparative 
framework to study how classroom teaching and learning is interrelated with different macro-level 
factors, such as global institutional pressures, regional cultural factors, and national educational 
policies.  
 
In each of the three papers, I attend to different macro-level factors and examine how they impact 
social organization of classrooms, especially complex and procedural tasks, and student- and 
teacher-centered structure, and student achievement. In the first paper, I take an ongoing theoretical 
debate on global convergence/divergence and use them as a lens to examine the change of 
classroom practices over time. It tests the explanatory power of macro-level factors such as global 
institutional pressures and nation-specific factors for classroom practice and finds that convergence 
pattern vary by classroom practice dimensions. The second paper attends to East Asian countries, a 
world region that is renowned for their high achievement, but also notorious for their didactic 
instructional practice. The paper takes a step back and examines whether and how countries within 
the East Asian region are different from and similar to other countries in the world in terms of their 
classroom practices and student achievement. In it, I show that association patterns of instructional 
practices and student achievement at the between-country and within-country levels are distinct, 
reflecting different causal mechanisms that warrant further investigation at each level. The third 
paper focuses on yet another macro-level factor, standards-based educational policies. I take apart 
three key components of standards-based educational policy and examine how each of the elements 
affects complex teaching and student achievement. The findings show that each of the policy tools 
has distinct direct and moderating effects on classroom practice and student achievement. 
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Data and methods 
The Trends in International Mathematics and Science Study (TIMSS) data is used in all three of the 
papers. For research on classroom instructional practice, an essential advantage of TIMSS over other 
international surveys (such as PISA) is that it includes measures of classroom practices comparable 
across countries and years. In order to address the research questions, I compile the rich micro-level 
data on students, classrooms, and schools in TIMSS with macro-level information drawn from 
various sources. Information on nations’ educational policy was derived from the TIMSS 
Mathematics Curriculum Questionnaire. Other country-level information such as economic 
development, linkage to world society, and regional location are derived from the Yearbook of 
International Organizations (Union of International Associations 2000), and World Development 
Indicators (World Bank 1999, 2007). 
 
Paper 1  
The first paper contrasts two theoretical arguments on globalization of educational phenomena and 
examines how classroom instructional practices are explained by the contrasting frameworks. World 
Culture scholars argue that global institutional pressures shape educational structures around the 
world. These scholars have found mass schooling, curricular structure, and textbooks converge 
around a global model in countries with tighter link to the world society. Another line of scholars 
argues that nation-specific factors are more powerful in shaping educational practice, and thus 
national and local variation persists. But little is known about how classroom instructional practice 
fits into the trend and which of the macro-level factors—globalizing institutional forces or nation-
specific factors—are more influential in shaping instructional practices inside classrooms. This paper 
examines changes in the extent to which classrooms demonstrate complex instruction or student-
centered pedagogies across twenty-three nations, from 1999 to 2007, drawing on the TIMSS data. It 
shows that over time countries converged towards more student-centered and less didactic form of 
pedagogy and classroom organization. However, factors that explain convergence were not limited 
to the countries’ linkage to world society, as argued by world culture scholars. Distinct regional 
patterns persisted. Eastern European and Middle Eastern countries were most active in moving 
toward global models of instructional practice, while Asian countries were least susceptible to the 
global shift toward a more student-centered model. And countries with stronger central control of 
the curriculum tend to have smaller within-country variation.  
 
Paper 2  
The second paper builds on one of the findings of the first paper. It focuses on one world region, 
East Asia, and further unpacks the association between classroom instructional practice and student 
achievement. East Asian countries have received much attention from other countries for their high 
performance in international assessments. Thoughtful small scale qualitative case studies with 
selective samples of schools and classrooms have introduced and revealed classroom practices and 
the social and cultural nuances of classroom organization in East Asian countries. These study 
findings are sometimes exaggerated and sometimes distorted to feed the discourses of domestic 
educational reforms. This paper examines these circulating beliefs about East Asian classrooms: 
teacher-centered and procedural instruction (the so-called East Asian educational paradox) and 
within-country homogeneity of practices, including equitable distribution of practices. TIMSS 2007 
data is used to assess these beliefs. The findings show that while East Asian classrooms tend to be 
higher in teacher-centered instruction and lower in complex instruction on average, classrooms 
within each country vary considerably in the degree to which they adopt certain practices. Within 
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each country, classrooms with more complex and student-centered instruction tend to show higher 
achievement; an opposite association was found when these phenomena are compared between 
countries. But when schools, classrooms, and student characteristics such as social class are taken 
into account, these positive effects of classroom instruction diminish or disappear. 
 
These findings suggest a need to rethink the assumption of homogeneity of schooling within East 
Asian nations and to be cautious in generalizing about East Asian classrooms based on national 
average features. Often, classroom practices prevalent in East Asian countries are celebrated as best 
practices to emulate, criticized for their rigidity, or simply regarded as non-importable due to the 
peculiarity of East Asian culture. But as this paper shows, East Asian countries face educational 
challenges similar to those observed in the U.S. and elsewhere. Once we acknowledge the 
commonality, a variety of research questions arise, which may guide future research. 
 
Paper 3  
The third paper attends to another macro-level factor, national educational policy, and extends one 
of the results in the first paper. One major international movement in education policy is the push 
toward increasing standards-based reforms, especially ones that emphasize complex instruction, such 
as Common Core State Standards (CCSS) in the U.S. These national endeavors provoke some 
positive and negative reaction from historically decentralized nations. But little is known whether the 
national endeavors can increase complex teaching and learning in classrooms, a stated goal of many 
standards-based reforms. Standards-based educational policies tend to differ in their use of three 
levers – national curricular standards, prescribed instructional guides, and test-based controls. The 
third paper takes apart these three key components of standards-based educational policy and 
examines how each of the elements affects complex teaching and student achievement. I use data 
from 48 nations and 9,154 classrooms that participated in the 2007 TIMSS. Using national variation 
of the three policy components, and classroom practices and achievement, I show that nations that 
pressed uniform instructional guides tended to host classrooms with less complex instruction, and 
those with greater emphasis on national testing manifest lower achievement. Most importantly, the 
positive effects of complex instruction on student achievement were stronger when national 
curriculum standards and more specified instructional guides were in place. 
 
The findings of this study have broader implication for our understanding of theory of action of 
standards-based policies. It suggests that a broad caricature of standards-based policy—either as 
strong or weak—may be misleading; in fact each component of the policy differentially affects the 
level and the effectiveness of complex instruction. The findings have several implications for the U.S. 
debate on CCSS. First, they temper the willingness to use existing cross-state studies in the U.S. as 
direct evidence of the potential impact of a national scale policy at play. Second, they provide 
insights into how different arrangements and doses of the policy components—national curricular 
standards, instructional guides, and test-based control—may cause different responses from 
classrooms around the world, including the U.S. Third, the results encourage research on the link 
between components of standards-based policies and social organization of classrooms. 
 
Broader implications 
How can we encourage more complex and student-centered instructions over procedural and 
didactic instructions? How can educational policy systematically enhance the desired practices within 
classrooms? The three thesis papers shed light on perennial questions in education by taking a cross-
national comparative framework. The first paper shows that some dimensions of classroom practice 
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rooted in the societies’ cultural or social conventions (e.g., student- and teacher-centered instructions) 
tend to be immune to interventions, while other dimensions are more malleable. In the third paper, 
the impact of standards-based accountability policy is examined through three distinct policy 
components and their underlying theory of actions. By moving toward a more theoretically based 
view of policy and classroom practice, as done in the papers, we will be able to develop an improved 
theory about how policy levers and implementation work and obtain a deeper understanding of the 
dimensions and quality of policy and practice that are linked to improved student learning. 
 
The international and comparative approach helps disentangle the different components of policy 
and practice. Moreover, studying national educational policy making inherently requires an 
awareness of education policy abroad as the world is increasingly globalized. The increasing 
standardization of educational curriculum and growing emphasis on complex and student-centered 
instruction are just two examples of educational phenomena becoming more common in the course 
of globalization. Nations are also faced with similar educational challenges, including unequal 
distribution of practices and achievement as shown in the second paper.  
 
Beyond the specific issues it addresses, I hope that this dissertation will help convince scholars of 
education of the relevance and importance of comparative and international research in education. 
The comparative perspective is essential to refine and extend existing theories of education and 
policy; a necessary step if we are to devise educational policies that can make a meaningful difference 
on the ground. 
 
 



 

i 

 
 

 

Table of Contents 

 
 

Table of Contents ........................................................................................................................... i 

List of Figures ............................................................................................................................... iii 

List of Tables ................................................................................................................................ iv 

Acknowledgements ....................................................................................................................... v 

Chapter 1 Global convergence or national variation? Examining national patterns of 

classroom instructional practices .......................................................................... 1 

1.1 Introduction ....................................................................................................... 2 

1.2 Literature review ................................................................................................ 3 

1.3 Propositions and analytic strategy ....................................................................... 8 

1.4 Methods ............................................................................................................. 9 

1.5 Results ............................................................................................................. 14 

1.6 Discussion ....................................................................................................... 27 

Appendix A1 ............................................................................................................ 30 

Chapter 2 An alternative look at classroom instructional practices in East Asian 

countries: Variations and effects within country ............................................... 34 

2.1 Introduction ..................................................................................................... 35 

2.2 Literature review .............................................................................................. 36 

2.3 Analytic strategy ............................................................................................... 40 

2.4 Methods ........................................................................................................... 40 

2.5 Results ............................................................................................................. 44 

2.6 Discussion........................................................................................................ 50 

Appendix A2 ............................................................................................................ 53 



 

ii 

Chapter 3 Can standards-based policy tools raise complex instruction and student 

achievement? A cross-national examination ...................................................... 58 

3.1 Introduction ..................................................................................................... 59 

3.2 Literature review .............................................................................................. 60 

3.3 Research questions and analytic strategy ........................................................... 62 

3.4 Methods ........................................................................................................... 63 

3.5 Results ............................................................................................................. 66 

3.6 Discussion........................................................................................................ 72 

Appendix A3 ............................................................................................................ 75 

References 76 

 
  



 

iii 

 
 

List of Figures 
 

Figure 1.1 The relationship between country mean mathematics scores and within-country standard 
deviations for computational and conceptual instructions ................................................... 16 

Figure 1.2 The relationship between country mean mathematics scores and within-country standard 
deviations for teacher-centered and student-centered instructions ..................................... 17 

Figure 2.1 The relationship between country average and coefficient of variation of instructional 
practices ........................................................................................................................................ 45 

Figure 3.1 Moderating effects of the three policy tools on complex classroom instruction ................ 60 

Figure 3.2 Country average complex instruction and national curriculum ............................................. 69 

Figure 3.3 Country average complex instruction and degree of specification of instructional guides 69 

Figure 3.4 Country average complex instruction and degree of test-based control ............................... 69 

Figure 3.5 The average slopes of complex instruction among countries with different levels of policy 
tools ............................................................................................................................................... 71 

 

 
 
  



 

iv 

 
 

List of Tables 
 

Table 1.1 Descriptive statistics for all the variables used in the analyses ................................................ 12 

Table 1.2 Changes in levels and variances of instructional practices ....................................................... 18 

Table 1.3 Effects of world linkage, national factors and world regional locations on computational 
and conceptual instructions .......................................................................................................... 20 

Table 1.4 Effects of world linkage, national factors and world regional locations on teacher- and 
student-centered instructions ....................................................................................................... 22 

Table 1.5 Effects of world linkage, national factors and world regional locations on within-country 
heterogeneity of computational and conceptual instructions ................................................. 25 

Table 1.6 Effects of world linkage, national factors and world regional locations on within-country 
heterogeneity of teacher- and student-centered instructions .................................................. 26 

Table 2.1 Descriptive statistics ....................................................................................................................... 41 

Table 2.2 Relationship between instructional practices and student achievement in Japan ................. 47 

Table 2.3 Relationship between instructional practices and student achievement in Singapore.......... 48 

Table 3.1 Policy tools, complex instruction, and mathematics score across 48 countries .................... 67 

Table 3.2 Correlation matrix for country-level variables ........................................................................... 68 

Table 3.3 Effects of educational policy tools on the slope of complex instruction ............................... 70 

Table 3.4 Variances of intercept and complex instruction slope estimated from the multilevel models
 .......................................................................................................................................................... 72 

 

  



 

v 

Acknowledgements 
 
I would never have completed this dissertation without the support of many people. First, I am 
deeply grateful for the guidance and commitment of my advisor, Professor Bruce Fuller. He has 
patiently provided the vision, encouragement, and advice necessary for me to navigate through the 
most challenging task of my life. I thank Professor Sophia Rabe-Hesketh for her instruction and 
statistical advice on the dissertation analysis that helped shape and guide its direction. I also thank 
Professor Trond Petersen for his critical feedback and for providing outside perspective. 
 
I would like to thank Professor Erin Murphy-Graham for her encouragement and appreciation of 
international comparative education research. I am grateful to the late Professor Norton Grubb and 
Professors Mark Wilson and John Lie for serving as important mentors earlier in my graduate school 
career.  
 
I would also like to thank the current and former members of the Policy Implementation Research 
Group (PIRG) as well as its initial faculty sponsor, Professor Cynthia Coburn, who have reviewed 
numerous versions and antecedents of this dissertation. The research group was an invaluable part 
of my graduate school education. 
 
I thank my parents, Yong Duk Kim and Hee Jun Kim, whose unconditional love, encouragement, 
and care touch every aspect of my life. I owe my sister, Minkyoung, and brother, Bumjoon, so much 
for their good wishes. And finally, I would like to thank my loving husband, Seung Han Kim, whose 
incredible support, patience, and encouragement throughout my graduate studies helped herd this 
project to completion. 
 



 

1 

Chapter 1 Global convergence or national variation? Examining national 
patterns of classroom instructional practices  

 

 
Abstract 

 
Little is known about the extent to which global institutional pressures and nation-specific factors 
shape instructional practices inside classrooms. The world culture framework, stemming from neo-
institutional theory, posits a convergence in the organization of  education across the world. But 
scholars observing teaching practices and life inside classrooms find significant variation among 
nations and regions of  the world. This study reports changes in the extent to which classrooms 
demonstrate complex instruction or student-centered pedagogies across twenty-three nations, from 
1999 to 2007, drawing on teacher reports from the Trends in Mathematics and Science Study 
(TIMSS). Means and within-country variances (heterogeneity) are then estimated among nations, 
predicted from standard measures of  world society linkage and country-specific factors related to wealth, 
centralization, and culture, after controlling for teacher attributes. Despite evidence of  convergence 
in classroom organization worldwide, distinct regional differences persist and nation-specific factors 
continue to exert significant explanatory power. Some advanced industrial nations show a reversion 
to teacher-centered instruction. Regional distinctions persist in East Asia, favoring teacher-centered 
classrooms. 
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1.1 Introduction 
 
As global pressures shape the social organization of school systems, are instructional practices inside 
classrooms also converging toward an isomorphic model? World culture scholars argue that not only 
has the administrative structure of mass schooling spread around the world, but other domains of 
schooling are becoming more similar over time.1 However, the evidence is mixed as to whether 
classrooms across countries are converging toward a Westernized model. World culture scholars 
explain that there are universal elements in most educational systems today that lead to convergence 
in education policies, formal and intended curricula, subject matter, school organization, and 
curriculum content (Ramirez 2012). In contrast, other researchers argue that structural, historical, 
and sociocultural factors at the regional and national levels are more powerful in shaping classroom 
practices.2 According to this view, national patterns of teaching will maintain their own trajectory 
rather than converge toward a common model. 
 
According to the world culture perspective, we would expect convergence toward more learner-
centered and complex classroom instruction in countries with closer linkage to world society. By 
contrast, if the nation-state perspective has greater validity, we would expect to find distinct regional 
and nation-level differences in instructional practices that are unresponsive to or buffer globalizing 
forces. This paper enters the debate over the prevalence of global and national models in explaining 
instructional practices, asking the following questions: Have instructional practices across countries 
converged toward a global model in recent decades? Are the shifts in national patterns of 
instructional practices associated with the countries’ embeddedness in world society or other 
country-specific factors? To answer these questions, I first investigate the changes in the levels of 
and within- and between-country variations in instructional practices over time. Second, I assess the 
extent to which the changes in classroom practices are explained by world culture and 
regional/national factors. 
 
This study draws on three waves of the Trends in Mathematics and Science Study (TIMSS) data to 
assess levels of contemporary convergence of instructional practices. A cross-sectional analysis is not 
sufficient for testing a global convergence, since isomorphic trends are by definition processes that 
unfold over time. Moreover, this study traces the within-country variances over time in order to 
explore whether convergence occurs among teachers within countries. This provides a general 
description of how local actors respond to intervention at the global and national levels. Within-
country variation has been overlooked by previous studies. In studies that took the world culture 
perspective, a strong assumption of homogeneity or convergence led to little attention being paid to 
the heterogeneity within nation-states. In studies that took the nation-state perspective, study 
designs that included small numbers of classrooms that sometimes only involved “highly effective” 
cases did not allow for gauging the heterogeneity within countries.  
 
I begin by reviewing the two theoretical perspectives on what forces shape change in or reinforce 
static instructional practices across nations. This leads to the empirical research questions. The data 
set and analytic model are described, followed by the empirical findings.  

                                                      
1 See, e.g., Boli, Ramirez, and Meyer (1985); Meyer et al. (1992); Baker and LeTendre (2005); Benavot and Braslavsky (2007); Meyer, 
Bromley, and Ramirez (2010); Ramirez (2012). 
2 See, e.g., Anderson, Ryan, and Shapiro (1989); Rohlen and LeTendre (1996); Cummings (1999); Stigler and Hiebert (1999); 
Anderson-Levitt (2002); Givvin et al. (2005), Clarke and Xu (2008), Tobin, Hsueh, and Karasawa (2009), Straubhaar (2014).  
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1.2 Literature review 
 

World culture perspective: Global convergence in instructional practices 
 
The world culture3 perspective arose from an empirical puzzle: the rise and expansion of mass 
schooling irrespective of a nation’s particular economic, political, or societal context. The worldwide 
growth of primary schooling after World War II could not be explained by either functional 
requirements of the society as a whole or stratification of society, which were common explanatory 
variables of educational phenomena in functionalist and class reproduction perspectives (Meyer et al. 
1977; Boli, Ramirez, and Meyer 1985; Meyer et al. 1992). In order to explain the commonality across 
countries, scholars of neo-institutional orientation posit an international society in which nation-
states are embedded. According to this view, nation-states expanded schooling to enact a proper 
nation-state identity and to be regarded as legitimate in world society. This search for legitimacy, 
they argue, has led countries to seek a common global model of mass schooling regardless of the 
country’s own level of economic development, political regime, or local culture (Meyer et al. 1992; 
Ramirez 2012, 2003). 
 
Earlier studies on the expansion of mass education were followed by studies that examined what 
went on within education systems, primarily by examining curricula and textbooks, moving a step 
closer to the core of schooling. Cross-national longitudinal studies of intended and formal school 
curricula reported increasing worldwide homogenization. Global standardization of curricula was 
observed in educational aims, curricular structure, emphasis on certain subjects, and time allocation 
(Benavot et al. 1991; Meyer et al. 1992; Frank et al. 2000; Cha 2007; Fiala 2007). 
 
The direction of convergence suggested by world culture scholars generally reflects Western-centric 
ideals of individuals and schooling (Ramirez and Boli 1987; Meyer and Ramirez 2000; Baker 2009). 
For example, spread of human rights education (Suarez 2006), environmentalism (Frank, Hironaka, 
and Schofer 2000), and elimination of discrimination against women (Wiseman 2008) were 
documented by world culture scholars. These global trends are reported to have influenced growing 
emphasis of student-centeredness, democracy, citizenship, human rights and environmentalism in 
school curricula and textbooks (Benavot and Braslavsky 2007; Meyer, Bromley, and Ramirez 2010; 
Bromley, Meyer, and Ramirez 2011a, b). 
 
Although world culture scholarship documents the convergence of codified elements of instruction 
such as textbooks and national curricula, little attention has been paid to the classrooms’ social 
organization or the micro-structure of instructional practices. One exception is Gerald K. LeTendre 
et al.s’ (2001) study, which investigated whether the effects of a global model or a national model 
predominate in various dimensions of teachers’ work in Germany, Japan, and the United States. By 
means of analyses of variance with cross-sectional data, they report more similarity in teachers’ 
instructional practices and beliefs and more difference in non-instructional work cross-nationally. 
Based on this finding, they argue that instructional practices are institutionalized at a global level. 
However, David L. Stevenson and David P. Baker (1991), in their study of the effect of state control 
of curricula on mathematics classroom instruction in fifteen countries, demonstrated that cross-

                                                      
3 “World culture” refers to a “rationalized world institutional and cultural order” (Meyer et al. 1997, 151). Other authors refer this as 
“world society” (Ramirez 2003), “institutionalism” (LeTendre et al. 2001), “neo-institutionalism” (Levin 2001), or “world systems 
theory” (Cummings 1999)  
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national variations in the content of mathematics curricula and instruction do exist and that the 
degree of centralization of curriculum control explains the variation in the curricular material taught 
in classrooms among countries.4 As can be seen, even in the few studies on classroom instructional 
practices by world culture scholars, there is no conclusive evidence on global convergence. 
 
While not empirically tested by world culture scholars, in the discussion of cultural influence on 
educational practices within the larger comparative education community, there has been some 
agreement on the existence and spread of global models of classroom pedagogy (Anderson-Levitt 
2003; Ramirez 2003).5 Learner-centered pedagogy or progressive teaching orientation is one such 
global models (McEneaney and Meyer 2000; Vavrus and Bartlett 2012; Schweisfurth 2013). This 
global model of instructional practice emphasizes problems that require higher-order thinking and 
active participation of students, and deemphasizes routine computational problems and didactic 
lecturing. However, whether classroom practices have converged toward this global model has yet to 
be assessed with quantitative design pursued by world culture scholars. 
 
World culture scholars argue that the organizational form of mass schooling continues to converge, 
but their empirical work often demonstrates otherwise, revealing considerable regional and national 
variability. For example, clear regional patterns were observed in student-centrism in textbooks, with 
Latin America, Sub-Saharan Africa, and Asia showing high levels of student- centrism compared to 
the West (Bromley, Meyer, and Ramirez 2011a). Potential regional effects were also reported on 
curriculum structures in secondary education (Kamens, Meyer, and Benavot 1996) and on emphasis 
on social science instruction (Wong 1991). Nevertheless, these studies rarely inquire about the 
presence of multiple models at regional or national levels.6 Some scholars have called for further 
examination of other national institutional characteristics that may explain national differences in 
classroom practices (Stevenson and Baker 1991).  
 
Global convergence is by definition a process and can only be captured by historical data. Therefore, 
a standard research design in world culture studies has been to track historical trends in the national-
level outcome of interest, demonstrating a lack of association between such outcomes and nation-
specific factors and the presence of common trend lines across nations.78 However, research that 
involves classroom instructional practices has yet to incorporate the time perspective (Stevenson and 
Baker 1991; LeTendre et al. 2001). Moreover, there has been little attention paid to variation within 
countries. The question on what happens beyond the moment of isomorphism at the between-
country level is often truncated by the invocation of “loose coupling.”9 Most studies mainly focus 
on between-country variation, or cite a larger within-country variation compared to between-country 
variation in cross-sectional data as evidence of global convergence (LeTendre et al. 2001). But with 
growing recognition that fields are often populated by multiple and competing models (Bartlett 2003; 
Straubhaar 2014), it is worth taking a more systemic approach for analyzing heterogeneity within 

                                                      
4 Similar findings were reported in Schmidt and Prawat (2006).  
5 See Carney, Rappleye, and Silova (2012) for critical appraisal of the trajectory of the discussion.  
6 Cummings (1999) suggests that there are multiple institutions of education, each of which develops along a distinct trajectory. 
Institutions are formed as a result of factors such as historical origin, representative schools, definition of the ideal person, and 
learning theory.  
7 See Schneiberg and Clemens (2006) for details of the study design.  
8 See, e.g., Meyer et al. (1977), Benavot et al. (1991), Kamens, Meyer, and Benavot (1996), and Bromley, Meyer, and Ramirez (2011b).  
9 World culture scholars explain the weak connection between formal structures and actual work activities by invoking the concept of 
loose coupling (Meyer and Rowan 1977). They do recognize the possibility of loose coupling between the stated activities of a country 
and the local implementation, but rarely incorporate assessment of local heterogeneity in the research design.  
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countries. This paper extends prior work done by world culture scholars by placing the cross-
national data within a historical trend and investigates how patterns of instructional practices change 
within and among countries. 
 
The nation-state perspective: Regional and national variation in instructional practices 
 
The world culture perspective in instructional practice can be contrasted with what might be termed 
the nation-state perspective. 10  While world culture studies were triggered by a phenomenon of 
worldwide similarity, the studies coming from a nation-state perspective focus on differences among 
nations and regions of the world. It should be noted that the studies categorized under the nation-
state perspective are less uniform than those in the world culture tradition in terms of the 
disciplinary backgrounds of the scholars, methodologies, countries studied, and attention to 
education or classroom practices. However, a unifying theme in this literature is that the studies’ 
findings or reasoning suggest patterns of classroom practices that are relatively similar within nations 
and different across nations, and they do not assume a homogenizing global model. 
 
The relationship between national education policy and classroom instruction is a popular topic in 
educational policy studies. Some quantitative studies have attempted to link education policy at the 
state-level with classroom practices, using large-scale international data. These studies report that 
teachers in countries with centralized curriculum control tend to have smaller variation in classroom 
practice than those who teach in decentralized countries (Stevenson and Baker 1991; Westbury and 
Hsu 1996; Astiz, Wiseman, and Baker 2002; Schmidt and Prawat 2006). Nonetheless, these studies 
have not tested how the degree of control over the curriculum might be associated with social 
organization and emphasis on certain types of activities in classrooms. 
 
In discussions of educational reform in the US, scholars report that educational policies with a top-
down approach worked better when aiming for classrooms that emphasize basic skills and didactic 
instruction than when aiming for classrooms that focus on complex learning and student-centered 
pedagogy (Rowan 1990; Cohen and Barnes 1993). It is argued that a decentralized policy is more 
suitable when the goal is to promote complex classrooms and student-centered instruction (Cohen 
and Spillane 1992; Fuller 2008). However, there is a scarcity of studies that test these theories using 
data at the classroom level that are comparable across educational systems (Spillane 2007).  
 
Nations’ economic development is another common factor that may affect educational practice. 
Classic theories of economic development depict a division of labor in the world economy where 
nation-states occupy certain roles and different types of production (e.g., agriculture, manufacturing, 
or knowledge-based industries) based on the countries’ position in the world (Wallerstein 1974). 
With globalization and the proliferation of multinational corporations, international outsourcing has 
become common, wherein more developed countries outsource lower-skilled activities to less 
developed countries (Irwin 1996; Feenstra 1998). From this perspective, one would imagine that the 
types of labor and skills favored in a country might depend on the economic development of the 
country. Studies show that education reforms in developed countries stress conceptual 
understanding, creativity, problem-solving, and interpersonal skills over memorizing facts or 

                                                      
10 Note that LeTendre et al. (2001), Anderson-Levitt (2002a), and Givvin et al. (2005) contrast the world culture perspective with 
what they term a “national culture perspective.” In this study, the term “nation-state perspective” is used to encompass the effects of 
the nation’s education policy and economic development on classroom practices in addition to the national culture.  
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procedural learning (Hargreaves 2003; Sahlberg 2006).  
 
On a different note, economically dependent countries may be more susceptible to educational and 
economic reforms promoted by international development organizations and teacher educators. 
Studies have shown that educational practices favored by international organizations—especially 
learner-centered pedagogy—affected educational reform in developing countries such as Botswana 
(Tabulawa 2003), China (Carney 2009), Guinea (Anderson-Levitt and Diallo 2003), and Tanzania 
(Vavrus and Bartlett 2012), at least at the level of policy.  
 
Another body of cross-national classroom research finds unique national cultural values to be the 
main factor that shapes schooling and instructional practices.1112 For example, studies of Japanese 
education have reported academically motivated students, high expectations held by parents, child-
centered practices, and an emphasis on problem-solving in classrooms (Tobin, Wu, and Davidson 
1989; Stevenson and Stigler 1992; Stigler and Hiebert 1999). Researchers argued that classroom 
structures and instructional practices in Japan differ from those of other nations because 
assumptions about the nature of mathematics, the nature of learning, and the role of the teacher are 
different across cultures (Stigler and Hiebert 1999). 
 
Similar cultural arguments are advanced by studies that contrast education and schooling in different 
regions of the world. Studies attempting to explain the so-called East Asian paradox, wherein 
repetitive practices and memorization (which are generally not favored in the West) seem to be 
effective in East Asian classrooms, argue that different ideas about memorization and learning 
processes in Asian and Western cultures explain the puzzle (Kember 1996; Marton, Dall'Alba, and 
Tse 1996; Dahlin and Watkins 2000). More recently, the Nordic region received much attention with 
the Finnish success in education reform. Finnish teachers were characterized as having strong 
control of learning activities, keeping professional distance from students and their families, and 
conducting whole-class lectures (Norris et al. 1996, Simola 2005, Andrews 2013). Studies explain 
that the effectiveness of such practices was made possible by the social capital and trust engendered 
by the benevolence of the Nordic welfare state as well as the high social status and quality of 
teachers (Simola 2005; Sahlberg 2010). 
 
While studies of the relationships among education policy, economic development, and classroom 
practices are rare, studies of the relationship between national culture and classroom practices are 
abundant. In arguing for national patterns of teaching, these studies assume that instructional 
practice within countries is more consistent than teaching across countries, but the designs of the 
studies do not allow for this to be demonstrated. In most cases, studies are not based on nationally 
representative samples and/or do not deal with variability within countries. Without 
representativeness and attention to variability, it is hard to make a case that what was observed is 
typical of the country.13 Moreover, usually only a handful of countries are compared, many of which 
include high-achieving countries and the United States; lower-achieving countries are rarely 

                                                      
11 See, e.g., Anderson et al. (1989), Tobin et al. (1989), Stevenson and Stigler (1992), Stigler and Hiebert (1999), Alexander (2000), 
Anderson-Levitt (2002b), Hiebert et al. (2003), Andrews (2007), Clarke and Xu (2008), and Hayashi and Tobin (2014).  
12 This body of literature has often been contrasted with the world culture perspective. See, e.g., LeTendre et al. (2001), Anderson-
Levitt (2002a), and Givvin et al. (2005).  
13 See Tobin et al. (1989, 2009) for an exceptional case that incorporates both between and within country variability using a video-
cued multivocal ethnography.  
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included.14 The small number and selectivity of countries may have led to overstating the variation 
in classroom practices across countries and only allowed for inconclusive speculation about 
associations between regional/national contexts and micro classroom practices. Including a larger 
number of countries with a broader spectrum of backgrounds may be one way to address this 
limitation (Buchmann 2011).  
 
As in the case of the world culture perspective, studies in the national culture tradition rely on cross-
sectional data and rarely consider how classroom practices may change over time. These studies 
leave us uninformed about whether and how the national patterns of instructional practices subsist, 
diverge, or converge toward a global model over time. There are, however, exceptions. Tobin, 
Hsueh, and Karasawa’s (2009) study analyzing preschools in China, Japan, and the US at two points 
in time is an exemplary analysis that incorporates a time component into a cross-national 
ethnographic classroom study. A more recent study by Rolf Straubhaar (2014) that examines how 
historically dominant model of instruction resonate in current classroom practices is another study 
that incorporates the time perspective 
 
Reflecting a lack of common framework on features of classroom instruction in the broader 
discipline of teaching and learning (Hiebert and Wearne 1993; Grossman and McDonald 2008), 
studies of both world culture and nation-state perspectives use different language and measures in 
describing features of classroom instruction.15 Moreover, while ethnographic studies within the 
broader comparative education literature do recognized that certain features of classroom practice 
are more malleable or resistant to change than others, 16  differential convergence pattern in 
dimensions of instructional practice has not been examined in previous research. 
 
This study chose to focus on two dimensions of teaching practice that are commonly differentiated 
in teaching and learning literature; task and student-teacher relationship (Bossert 1979; Doyle 1981; 
Hiebert and Wearne 1993; Stein, Grover, and Henningsen 1996).17 Tasks or problems given to 
students may differ in cognitive demand and induce different kinds of learning (Doyle, 1988). For 
example, some mathematical tasks may have multiple solution strategies and require students’ 
complex thinking and reasoning, while other tasks may require memorization or use of routine 
procedures. Student-teacher relationship depicts the degree of teacher control or participation of 
students in classroom activities. The global model of classroom instruction, learner-centered and 
complex instruction, can be gauged along the two dimensions. Classrooms that follow the global 
model of teaching may favor conceptual instruction over computational instruction, and emphasize 
student-centeredness over teacher-centeredness. 18  Specific operationalizations of the two 

                                                      
14 See, e.g., Hiebert et al. (2003), Stigler et al. (1987), Givvin et al. (2005), and Stigler and Hiebert (1999).  
15 For example, Hiebert et al. (2003) use “lesson signature”, Schmidt et al. (2002) use “characteristic pedagogical flow”, and Stigler 
and Hiebert (1999) use “cultural script” to name a few. Most quantitative studies used individual survey items (Schaub and Baker 1991; 
LeTendre et al. 2001).  
16 Hayashi and Tobin (2014) introduce the concept of implicit/explicit pedagogical practice, and explain that implicit practices are 
more resilient and resistant in the face of pressure to change. Implicit pedagogical practice can be conceptually related to what 
Anderson-Levitt (2002) terms “professional knowledge rooted in national classroom culture.”  
17 Different terms are used by different authors. Task is referred as “academic task” or “types of problems”. What I term student-
teacher relationship is referred as “discourse” or “authority structure.”  
18 Discussion of tasks in mathematics classroom, especially with regards to conceptual tasks, has been central to reform in 
mathematics education in the US and other countries (Kilpatrick, Swafford, and Findell 2001; Desimone et al. 2005; Common Core 
State Standards Initiative 2010; Andrews 2013) and is established as a key objective of mathematical literacy in the Programme for 
International Student Assessment (PISA). Student-centeredness in education has also been a major theme in comparative education, 
hypothesized to be a global idea that spread across the world in conjunction with a view of children as active learners (Bromley, Meyer, 
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dimensions are described in the Methods section below. 
 

1.3 Propositions and analytic strategy 
 
Given these competing perspectives, the present study derives a list of propositions on the 
worldwide convergence pattern of classroom instructional practices and key explanatory forces of 
the change. The first two propositions state the worldwide trends of classroom instructional 
practices hypothesized by world culture and nation-state perspectives. Note that the phenomena are 
in direct opposition: convergence and non-convergence. 
 
Proposition 1: Country average classroom practices converge to a global model of classroom 
instructional practice that is learner-centered and complex. 
 
Proposition 2: Country average classroom practices do not converge to a global model of classroom 
instructional practice that is learner-centered and complex. 
 
Next set of propositions consider the national characteristics that may predict the nation’s level of 
learner-centered and complex classroom instruction. A country’s connection to the wider world has 
been the key explanatory variable for world culture theorists (Proposition 3). I also consider the 
possible impact of nation-specific factors emphasized by the nation-state perspective (Propositions 
4a, 4b, and 4c). 
  
Proposition 3: Countries with greater linkage to world society have higher level of learner-centered 
and complex classroom instruction on average. 
 
Proposition 4a: Countries with different degrees of centralization in education policy have different 
levels of learner-centered and complex classroom instruction on average. 
 
Proposition 4b: Countries with different levels of wealth have different levels of learner-centered 
and complex classroom instruction on average. 
 
Proposition 4c: Countries in different world regions have different levels of learner-centered and 
complex classroom instruction on average. 
 
In addition, I develop propositions to be examined for within-country variations. As both world 
culture and nation-state perspectives are less assertive about the patterns of within-country variation 
of instructional practices, these propositions are exploratory in nature. But if the logic of 
isomorphism extends to the within-country level, I expect to find teachers report on their classroom 
practices to converge within countries.19  
 
 
 

                                                                                                                                                                           
and Ramirez 2011a; Vavrus and Bartlett 2012).  
19 World culture scholars do recognize local variation using the concept of loose coupling. But it is at least hard to argue 
for convergence toward a global model of instruction when there is great and/or growing heterogeneity within country.  
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Proposition 5: Within-country variations of classroom practice decrease over time. 
 
Proposition 6: Countries with greater linkage to world society have smaller within-country variation 
of classroom practice. 
 
Based on the world culture perspective, classrooms around the world will move toward a global 
model of teaching, and the variations across and within countries will decrease over time. Also, 
linkage to world society will be predictive of such changes, net of other national variations. Note 
that, while world culture and nation-state perspectives emphasize the importance of different 
variables, they do not imply contradictory arguments. Thus, the presence of association between a 
national factor suggested in one perspective and instructional practice does not necessarily 
contradict the other perspective. 
 
To assess these working hypotheses, I analyze three waves of TIMSS survey data, for 1999, 2003, 
and 2007. Combining cross-sectional data over time allows for an assessment of the changes in and 
convergence of instructional practices. Furthermore, by combining classroom-level data with 
country-level information, I can gauge the explanatory power of factors advocated by the world 
society perspective and nation-state perspective for explaining the changes over time. 
 

1.4 Methods 
 
Data 
 
Assessing the working hypotheses requires detailed data about classroom instruction in educational 
systems that differ in world linkage and national factors over a period of time. The TIMSS, 
undertaken by the International Association for the Evaluation of Educational Achievement (IEA), 
provides this type of data. TIMSS was first carried out in 1995 and has been repeated every four 
years thereafter. In addition to nationally representative fourth- and eighth-grade students’ 
mathematics and science assessment scores, TIMSS contains a wealth of information on schools, 
curricula, instruction, and the lives of teachers and students. 
 
I use teacher survey data collected from teachers of nationally representative eighth grade 
mathematics classes. The original TIMSS 1999, 2003, and 2007 eighth-grade mathematics data 
include 7,495, 10,018, and 12,591 teachers from 38, 51, and 57 countries and benchmark participants, 
respectively. For the purpose of my analysis, I will only use 3,419, 3,628, and 4,418 teachers with 
complete data in 23 countries that participated in TIMSS in all three time periods.20 
 
For research on classroom instructional practice, an essential advantage of TIMSS over other 
international surveys (such as PISA) is that it includes measures of classroom practices comparable 

                                                      
20 The small number of countries may raise a concern about the likely unstable results of the study (e.g., whether the 
results would differ if those excluded countries could be included). To assess the potential impacts of excluding many 
countries, results from supplementary analyses that included countries that participated in the two adjacent years were 
compared with the results based on 23 countries. The results (not shown) based on 32 countries in 1999-2003 period 
and 36 countries in 2003-2007 period were very consistent with the result presented in this study.  
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across countries and years. The scarcity of large-scale cross-national research on classroom 
instructional practice is partly due to data limitations, since cross-national data with comparative 
measures of classroom practices have been rare. The availability of TIMSS data provides an excellent 
opportunity to examine longitudinal trends in national patterns of instructional practices. 
 
In addition to TIMSS surveys, data from the TIMSS Mathematics Curriculum Questionnaire (Mullis 
et al. 2000), the Yearbook of International Organizations (Union of International Associations 2000), 
and World Development Indicators (World Bank 1999) are used to derive country-level variables. 
 
Dependent variables 
 
Classroom instructional practices are captured by two particularly robust dimensions: tasks and 
student-teacher relationship. The first dimension, task, is measured by computational and conceptual 
instructions, and the second dimension, student-teacher relationship, is measured by teacher- and 
student-centered instructions. 
 
Computational and conceptual instruction 
A question in the three waves of the TIMSS survey asked about the frequency of use of 
computation as a method of teaching mathematics: “How often do you ask students to practice 
computational skills?”21 Response options ranged from never (1) to always (4). Four items focused 
on conceptual instruction, asking how often teachers ask the students to perform the following 
tasks:22 (a) explain the reasoning behind an idea, (b) represent and analyze relationships using tables, 
charts, or graphs, (c) work on problems for which there is no immediately obvious method of 
solution, and (d) write equations to represent relationships. The response options were the same as 
those for computational instruction. The mean across all four items was used as a conceptual 
instruction variable. Variables were standardized to have a mean of zero and standard deviation of 
ten.  
 
Teacher- and student-centered instruction 
Another set of questions asked the teachers write in the percentage of time they spend on a list of 
activities, which should sum up to 100%. Three among the seven items were used to derive the 
teacher-centered instruction variable: (a) lecture-style presentation by teacher, (b) teacher-guided 
student practice, (c) re-teaching and clarification of content and/or procedures. The sum of the 
three items was used as a teacher-centered instruction variable. A question about the percentage of 
time spent on student independent practice was used for a student-centered instruction variable. 
Variables were standardized to have a mean of zero and standard deviation of ten. 
 
Within-country variation 
As a measure of within-country heterogeneity, the standard deviation of each of the instructional 
practices for each country in a given year was calculated. This generated three values of standard 
deviation from the three waves—1999, 2003, and 2007—for each country. 
 
 

                                                      
21 The wording of the question was slightly different in different years. Despite slight modifications of questions 
throughout the three waves, the theoretical concepts captured by the questions essentially remained the same .  
22 Results from factor analyses showed that there is only one factor with an eigenvalue greater than 1.  
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Independent variables 
 
Key country-level independent variables are derived from various sources, as mentioned above. 
These variables represent values at or closest to the baseline year, 1999.23 For better comparison, all 
country-level independent variables are standardized to have zero mean and one standard deviation.  
 
World linkage variables 
Three standard measures of linkage to world society are employed: national memberships in 
international nongovernmental organizations, national memberships in international governmental 
organizations (Union of International Associations 2000), and trade as a percentage of GDP (World 
Bank 1999). These measures are used to assess propositions 3 and 6. 
 
Centralization of curriculum policy 
Central control over curriculum, the focus of proposition 4a, is measured by a composite variable 
based on factor analysis of eight items in the TIMSS 1999 curriculum survey that asked about the 
central control over curriculum policymaking and implementation.24 While two components had 
eigenvalues greater than one, a scree plot displayed an obvious break between the first and second 
components. Thus, only the first component, which had an eigenvalue of 3.78, was used for the 
analyses. Cronbach’s alpha for the overall measure was 0.77.  
 
Economic development 
A standard measure of national economic development, log GNP/capita, is included (World Bank 
1999). This measure is used to explore proposition 4b. 
 
World region 
Countries’ location in world regions is included, as is common in cross-national studies. Grouping 
countries by world region is useful for seeing overall patterns across countries that share similar 
historical, cultural, political, or religious traditions. However, it should be noted that there may be 
considerable variation within each region. In this study, countries are classified in the following 
world regions: eastern Europe, the Middle East and North Africa, Asia, and the West (which 
includes Western Europe, North America, and Australia).25 These measures are used to assess 
proposition 4c. 
 

                                                      
23 Note that country variables from 1999 are used to predict the levels and changes of instructional practices in both 
1999-2003 and 2003-2007 periods. This approach can be justified under the assumption that country variables are stable 
from 1999 to 2007. Preliminary analyses show that country measures changed only minimally during 1999 and 2007 
(correlations range from 0.97 to 0.99), and that models using 2003 country measures for 2003-2007 period provide 
similar results to those using 1999 country measures. I also re-ran all models using average of the country variables over 
the two periods involved in the models and find that the results largely replicate the central findings reported. Thus, I 
use 1999 country measures in all analyses for simplicity.  
24 The items asked (1) whether decisions about curricula are made at the national or local level; (2) whether instructional 
time for mathematics is specified in the intended curriculum; and whether methods of implementation and monitoring 
included (3) pre-service teacher education, (4) in-service teacher education, (5) mandated or recommended textbooks, (6) 
instructional or pedagogical guides, (7) ministry notes and directives, and (8) systems of school inspection or auditing.  
25 Eastern European countries are Bulgaria, Hungary, Lithuania, Romania, the Russian Federation, and Slovenia; Middle 
Eastern and North African countries are Iran, Israel, Jordan, Morocco, and Tunisia; Asian countries are Chinese Taipei, 
Hong Kong, Indonesia, Japan, Korea (South), Malaysia, and Singapore; Western countries are Australia, Cyprus, 
England, Italy, and the United States.  
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Control variables  

 
The average socioeconomic status of students in the classroom is controlled, because teachers may 
use different classroom practices for students of different backgrounds. The number of books and 
possessions in students’ homes are averaged to the classroom level and used as proxies for 
classroom average socioeconomic status. A measure of teachers’ years of experience was included as 
a proxy for teachers’ content knowledge and pedagogical content knowledge. Although the TIMSS 
question regarding teachers’ educational levels and college majors could have also served as a proxy 
for teachers’ knowledge, data on this question were not available for several countries (e.g., 
Hungary), while information on the “years of teaching experience” question was available for all 
countries. Class size is known to affect overall classroom environment and teachers’ work (Rice 
1999; Pong and Pallas 2001) and is thus included as a control variable as well. Table 1.1 provides the 
means, standard deviations, and ranges of all teacher- and country-level variables used in the analyses 
(See Table A1.1 and A1.2 for descriptive statistics by country). 
 
Table 1.1 Descriptive statistics for all the variables used in the analyses 

    Mean SD Minimum Maximum 

Teacher level(N=11,465)         

Instructional practices 
    

 
Computational Instruction 0.00  10.00  -20.62  10.10  

 
Conceptual Instruction 0.00  10.00  -33.56  34.52  

 
Teacher-centered Instruction 0.00  10.00  -39.34  32.71  

 
Student-centered Instruction 0.00  10.00  -15.01  63.66  

Control variables 
    

 
Books at home 1.98  0.73  0.00  4.00  

 
Possession at home 3.41  0.62  0.11  4.00  

 
Teacher experience(ⅹ5) 3.25  2.09  0.00  10.00  

 
Class size(log) 3.26  0.44  0.00  5.27  

Country level(N=23) 
    

Linkage to world society 
    

 
IGO memberships 47.04  18.74  0.00  72.00  

 
INGO memberships 1,419.87  789.58  80.00  3,467.00  

 
Trade(% of GDP) 94.78  77.62  19.00  343.00  

National characteristics 
    

 
Centralization index 0.00  1.95  -7.05  1.08  

 
GNP/capita(log) 8.75  1.24  7.01  10.55  

World regions 
    

 
Western Europe and North America 0.22  0.42  0 1 

 
Eastern Europe 0.26  0.45  0 1 

 
Middle East and Africa 0.22  0.42  0 1 

  Asia 0.30  0.47  0 1 
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Analyses 
 
Two sets of analyses were conducted to test the propositions. The first set of analyses takes a 
multilevel modeling approach. The analyses test the working hypotheses from a world culture 
perspective; namely, an overall movement toward conceptual and student-centered instruction, 
decrease of between-country variation over time, and a positive effect of world linkage on such 
changes, net of other national factors. The modeling approach also allows for an investigation of 
change patterns in within-country variation of the instructional practices over time. The second set 
of analyses takes an Ordinary Least Squares (OLS) regression approach. The analyses examine how 
country-level factors explain the levels and changes in within-country variation. 
 
Multilevel modeling 
The data include cohorts of teachers in 23 countries from 1999, 2003, and 2007. The data structure 
is longitudinal with respect to countries but cross-sectional with respect to each separate cohort of 
teachers. I use a hierarchical linear model to acknowledge this data structure. The modeling 
approach is similar to that which Stephen W. Raudenbush (1989) used to model successive cohorts 
of students from the same schools. Teacher data are pooled for adjacent years, 1999 and 2003, and 
2003 and 2007.  
 
The longitudinal hierarchical linear model involves two sets of equations for the teacher and country 
levels. The teacher-level model is a regression of instructional practices on teacher-level control 
variables within each country and at each point in time: 
 
 

(𝐼𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑃𝑟𝑎𝑐𝑡𝑖𝑐𝑒)𝑖𝑗𝑡 = 𝛽0𝑗𝑡 + 𝛽1𝑋𝑖𝑗𝑡1 + ⋯ + 𝛽𝑘𝑋𝑖𝑗𝑡𝑘 + 𝑅𝑖𝑗𝑡 

 
 
for teacher i (i=1,…,nj) in country j (j=1,…,23) at year t (t=1, 2). Since 23 countries are observed at 
two time points, the equation above specifies 46 separate regressions. The β 0jt represent the 
instructional practice for each country j at year t after adjusting for the covariates in the model. 
Coefficients β 1 to β k lack j and t subscripts because the effects of teacher-level control variables are 
assumed to be constant across countries and across time. Within-country error terms for year 1 and 
year 2, Rij1 and Rij2, are independent and allowed to have different variances in each year. 
 
The country-level model regresses countries’ mean instructional practice, β 0jt, on D2 (a dummy 
variable for year 2), country-level variable Pj, and an interaction between D2 and Pj: 
 
 

𝛽0𝑗𝑡 = 𝛷00 + 𝛷01𝐷2 + 𝛷02𝑃𝑗 + 𝛷03𝐷2𝑃𝑗 + 𝑉𝑗1(1−𝐷2) + 𝑉𝑗2𝐷2 

 
 
D2 is coded as 0 in year 1 and 1 in year 2. Hence, Φ00 represents the mean instructional practice 
across all countries at year 1, and Φ01 represents the change in instructional practice over the two 
time points for countries with country characteristics corresponding to the average among the 23 
countries (i.e., country-level variables are centered around the grand mean). Φ02 represents the effect 
of country characteristics on instructional practice in year 1, and Φ03 represents the change in the 
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effect of country characteristics on instructional practice between year 1 and year 2. 
 
Vj1 is the random intercept for year 1 and Vj2 is the random intercept for year 2, and Vj1 and Vj2 are 
correlated. The effects (Vj1 Vj2) are assumed to have a bivariate normal distribution with zero means, 
variances (τ 00, τ 11), and covariance τ 01. The combined equations for year 1 and year 2 are as follows: 
 
 
Year 1 (D2 = 0):  
 

(𝐼𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑃𝑟𝑎𝑐𝑡𝑖𝑐𝑒)𝑖𝑗1 = 𝛷00 + 𝛽1𝑋𝑖𝑗11 + ⋯ + 𝛽𝑘𝑋𝑖𝑗1𝑘 + 𝛷00𝑃𝑗 + 𝑉𝑗1 + 𝑅𝑖𝑗1 

 
Year 2 (D2 = 1): 
 

(𝐼𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑃𝑟𝑎𝑐𝑡𝑖𝑐𝑒)𝑖𝑗2

= 𝛷00 + 𝛷01 + 𝛽1𝑋𝑖𝑗21 + ⋯ + 𝛽𝑘𝑋𝑖𝑗2𝑘 + (𝛷02 + 𝛷03)𝑃𝑗 + 𝑉𝑗2 + 𝑅𝑖𝑗2 

 
 
Likelihood ratio tests are employed to choose between the presented models and nested models 
imposing a common between- or within-country variance between the two adjacent years. This 
allows for testing whether the changes in variances at the between- and within-country levels are 
statistically significant. Prior work by world culture scholars has focused on comparing the 
magnitude of between- and within-country variation at a given time point, largely ignoring changes 
of the variations over time. Moreover, patterns in within-country variation were rarely investigated. 
 
Modeling within-country variation 
The second set of analyses takes an Ordinary Least Squares (OLS) regression approach and regresses 
the within-country standard deviations of instructional practices on country-level independent 
variables. Since each country has three values of standard deviation from the three waves, which 
may be highly correlated, I use cluster-robust standard errors (sandwich estimator). 
 

1.5 Results 
 

Are there converging patterns of instructional practice? 
 
Do country’s average instructional practices move towards more conceptual and student-centered 
instruction, and less computational and teacher-centered instruction? How do variations of the 
instructional practices between- and within-county change over time? Figures 1.1 and 1.2 provide 
initial answers, and Table 1.2 shows the statistical significance of changes. The graphs plot the 
within-country standard deviations against the country means of the instructional practices over the 
three time periods (see Tables A1.3 and A1.4). Each year’s overall mean of country average 
instructional practices and within-country standard deviation are represented by dashed lines. 
 
Convergence patterns differed by instructional practices. For computational and conceptual 
instruction, no clear pattern of changes in the overall mean across countries was detected (Figure 
1.1). This supports proposition 2. Countries have diverged in terms of their average computational 
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instruction. And within-country variances have increased over time in both computational and 
conceptual instruction. Change patterns were more visible in teacher- and student-centered 
instruction and in support of propositions 1 and 5 (Figure 1.2). An overall decrease of country 
average teacher-centered instruction, decrease of between-country variation, and decrease of within-
country variation can be observed from Figure 1.2. Also, the between- and within-country standard 
deviations of student-centered instruction have decreased over time.  
 
Observations from the figures are substantiated by Table 1.2 that shows the statistical significance of 
changes. The two columns under each instructional practice represent the analyses of the adjacent 
years, 1999–2003 and 2003–2007. Tests for the fixed effects show whether average levels of 
instructional practices change significantly between the adjacent years. Tests for the random part of 
the model indicate whether the between- and within-country variances for adjacent years are 
significantly different. This tests whether instructional practices are converging or diverging among 
nation-states and/or within nation-states.26 If classrooms around the globe were converging toward 
a dominant model of instruction or social organization, we would see a decline in these variances 
over the nine-year period. Prior work by world culture scholars has focused on the directionality of 
fixed effects27 while largely ignoring the changes in both between- and within-country variances 
over time, as discussed in the previous sections. 
  

                                                      
26 Likelihood ratio tests are employed between the presented models and nested models that impose a common 
between- or within-country variance between the two adjacent time points.  
27 See, e.g., Meyer et al. (2010), Bromley et al. (2011a), and Bromley et al. (2011b).  
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Figure 1.1 The relationship between country mean mathematics scores and within-country standard 
deviations for computational and conceptual instructions 
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Figure 1.2 The relationship between country mean mathematics scores and within-country standard 
deviations for teacher-centered and student-centered instructions 
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Table 1.2 Changes in levels and variances of instructional practices 

  
Computation Conceptual Teacher-centered Student-centered 

1999-2003 2003-2007 1999-2003 2003-2007 1999-2003 2003-2007 1999-2003 2003-2007 

Fixed                 

Intercept -0.16(0.71) 0.06(0.9) -0.99(0.79) 0.35(0.67) 1.99(0.99)* -0.39(1.04) -2.71(0.95)** 0.9(1.03) 

Yeara 0.22(0.9) 0.38(0.34) 1.27(0.7)+ -0.17(0.32) -2.39(0.9)** -0.2(0.53) 3.55(0.85)*** -0.84(0.36)* 

Random 
        

Country-level 
        

SDYear1
b 3.33  4.25  3.72  3.11  4.68  4.94  4.51  4.89  

SDYear2
bc 4.28  3.84  3.18  2.91  4.98  4.05+ 4.92  3.91** 

CorrYear1, Year2
b 0.43  0.96  0.60  0.93  0.63  0.88  0.66  0.97  

Teacher-level 
        

SDYear1
b 8.11  9.68  9.65  9.16  9.69  8.78  9.06  8.98  

SDYear2
bd 9.68*** 9.79  9.16** 9.53* 8.78*** 8.51+ 8.98  8.62** 

Intra-class correlation 
       

ICCYear1
 b 14% 16% 13% 10% 19% 24% 20% 23% 

ICCYear2
 b 16% 13% 11% 9% 24% 18% 23% 17% 

NOTE—a. Year indicates year 2003 for the models that pooled data for years 1999 and 2003, and indicates year 2007 for the models that pooled data for years 2003 and 2007. 
b. Year1 and Year2 indicate the first and second years in the pooled data. For example, in the 1999-2003 models, Year1 and Year2 indicate years 1999 and 2003. 
c. Significance indicates likelihood-ratio test comparing the presented models that allow between-country variances of the adjacent years to differ with nested models that impose a 
common between-country variance for the two adjacent years. 
d. Significance indicates likelihood-ratio test comparing the presented models that allow within-country variances of the adjacent years to vary and nested models that impose a 
common within-country variance for the two adjacent years. 
+p<.1 *p<0.05 **p<0.01 ***p<0.001
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The convergence patterns of teacher- and student-centered instructions detected in Figure 1.2 were 
statistically significant. Teacher-centered instruction decreased and student-centered instruction 
increased during the period from 1999 to 2003. Likelihood ratio tests show that the decrease in 
between-country variances during the 2003–2007 period was statistically significant for both teacher- 
and student-centered instruction. Within-country variance also decreased throughout the nine-year 
period, which may signal a convergence within each country.28 
 
As seen in Figure 1.1, no clear pattern of convergence was detected in computational and conceptual 
instruction, except for a marginal increase in conceptual instruction during the 1999–2003 period. As 
indicated by likelihood ratio tests, changes in between-country variation were not statistically 
significant for either computational or conceptual instruction. Furthermore, within-country variance 
of computational instruction increased significantly, especially during the 1999–2003 period, which 
indicates a divergence within each country. Changes in the within-country variances of conceptual 
instruction were less consistent, decreasing in 1999–2003 and then increasing in 2003–2007. 
 
There was greater variation in the instructional practices of teachers within nation-states than in 
mean instructional practices across nation-states. This is indicated by the intra-class correlations at 
the bottom of Table 1.2. Intra-class correlations for teacher- and student-centered instruction were 
larger (ranging from 17% to 24%) than for computational and conceptual instructions (ranging from 
9% to 16%). This indicates that not more than one-fourth of the variance in instructional practices 
and social organization of the classroom can be attributed to between-country factors. The bulk of 
variance remains attributable to factors that operate among schools and classrooms within nation-
states. This leads to our next set of research questions, addressing which factors help to account for 
between- and within-country variability. 
 
What factors explain the levels and changes of instructional practices? 
 
Results from the multilevel model analyses are detailed in Tables 1.3 and 1.4. Blocks of predictors 
related to a nation’s global linkage, nation-specific factors, and indicators of regional membership are 
entered into a null model that includes teacher-level control variables one block at a time. Only 
significant main effects and the corresponding interaction terms are presented for each model. Next, 
full models are reported that retain all significant variables and interactions terms. Initially, teachers’ 
years of experience, class size, class mean of books in students’ homes, and class mean of 
possessions in students’ homes were included as control variables. The coefficients of teachers’ years 
of experience and students’ books at home were significant and were thus included in all estimation 
models.  
 

                                                      
28 Analysis of pooled data of 1999 and 2007 shows that within-country variance of teacher- and student-centered 
instructions decreased significantly between 1999 and 2007.  
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Table 1.3 Effects of world linkage, national factors and world regional locations on computational and conceptual instructions 

  

Computational Instruction Conceptual Instruction 

1999-2003 2003-2007 1999-2003 2003-2007 

Model1 Model2 Model3 Model4 Model5 Model6 Model7 Model8 Model9 Model10 Model11 Model12 Model13 Model14 Model15 

National 
factors 

World 
regions 

Full World linkage 
National 
factors 

World 
regions 

Full World linkage 
National 
factors 

World 
regions 

Full World linkage 
National 
factors 

World 
regions 

Full 

Teacher-level                               

Intercept -0.13 -1.41* -1.14+ 0.01 0.03 -1.35 -0.81 -1.06 -1.07 -1.84* -2.01** 0.51 0.5 -0.12 0.14 

Yeara 0.15 0.02 0.3 0.35 0.38 0.17 0.13 1.49* 1.52* 1.66* 2.13** -0.08 -0.01 -0.17 0.06 

Teacher experience(x5) -0.12* -0.13* -0.13* -0.27*** -0.27*** -0.27*** -0.28*** -0.07 -0.07 -0.07 -0.08 -0.28*** -0.28*** -0.28*** -0.28*** 

Books at home -0.74*** -0.86*** -0.79*** -0.38* -0.34+ -0.40* -0.36* 1.43*** 1.44*** 1.40*** 1.41*** 1.71*** 1.75*** 1.70*** 1.73*** 

Country-level 
               

IGO memberships 
   

1.5 
  

0.66 1.57* 
  

1.78* 1.58* 
  

1.19+ 

IGOmemberships xYear 
   

-0.13 
  

-0.07 -0.07 
  

-0.57 0.41 
  

0.37 

GNP/capita(log) -1.84** 
 

-1.12+ 
 

-2.79*** 
 

-1.97* 
 

-0.13 
 

1.16 
 

-1.53* 
 

-0.84 

GNP/capita(log) x Year -0.86 
 

-0.96 
 

0.1 
 

0.25 
 

-1.25+ 
 

-1.89* 
 

-0.37 
 

-0.38 

Eastern Europe 
 

4.90*** 3.85** 
  

5.23** 3.26+ 
  

2.99+ 3.59* 
  

2.4 1.36 

Eastern Europe x Year 
 

0.32 -0.59 
  

0.54 0.76 
  

-0.7 -2.32 
  

0.28 -0.27 

Variance explained 
at country level (%)b               

Year1c 27% 41% 47% 8% 38% 26% 44% 15% -6% 10% 27% 20% 18% 6% 26% 

Year2c 36% 26% 43% 8% 44% 41% 59% 20% 16% 6% 24% 39% 37% 13% 60% 

NOTE—a. Year indicates year 2003 for the models that pooled data for years 1999 and 2003, and indicates year 2007 for the models that pooled data for years 2003 and 2007. 
b. Percentage of the country-level variance explained by each model compared to a null model that includes teacher-level variables. 
c. Year1 and Year2 indicate the first and second years in the models. For example, in the 1999-2003 models, Year1 and Year2 indicate years 1999 and 2003.  
+ p<.1; * p<.05; ** p<.01; *** p<.001 
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Table 1.3 presents results for computational and conceptual instruction. We see that a nation’s 
stronger linkage to the global organizational networks was predictive of higher means for conceptual, 
but not computational, instruction. Membership in IGOs was significantly predictive of conceptual 
instruction during both the 1999–2003 and 2003–2007 periods (models 8 and 12). Note that 15% to 
39% of between-country variance in conceptual instruction could be accounted for by countries’ 
membership in IGOs. These results support proposition 3. 
 
Associations between GNP per capita and computational and conceptual instruction were 
significantly negative, suggesting that at least middle-income nations tend to emphasize both 
computational and conceptual instruction more than wealthy countries. And the negative interaction 
between GNP per capita and Year, seen in model 9, suggests that wealthier countries may have 
deemphasized conceptual instruction amidst a worldwide increase in conceptual instruction in the 
1999–2003 period, perhaps due to the rise of school accountability regimes. GNP per capita does 
explain a fairly large portion of between-country variance in computational instruction (27% to 44%) 
while accounting for a somewhat smaller portion for conceptual pedagogy (16% to 37%). The 
results support proposition 4b.  
 
One consistent finding is that eastern European countries showed markedly different patterns of 
instruction and classroom organization compared with other regions of the world (proposition 4c).29 
Eastern European countries displayed significantly higher levels of computational and conceptual 
instruction relative to all other regions, including Asian nations. Note that 26% to 41% of between-
country variance in computational instruction was explained by this regional location. This topic 
deserves further research in light of international interest in the ostensibly more rote or hierarchical 
classroom organization in east Asian nations. It appears that, to the contrary, eastern European 
educational systems place greater emphasis on computational and conceptual instruction in 
mathematics. 
 
To examine the relative strength of predictors, models 3, 7, 11, and 15 include all significant 
independent variables (identified earlier), including world linkage, national factors, and regional 
location. GNP per capita and location in eastern Europe retain their significant influence on 
computational and conceptual instruction (models 3, 7, and 11). The world linkage factors continue 
to be significantly associated with higher levels of conceptual instruction, even after controlling for 
nation-level and social-class factors (models 11 and 15). 
  
Table 1.4 presents results for teacher- and student-centered instruction. In the 1999–2003 period, 
the main effect of IGO memberships on student-centered instruction was negative, while the 
interaction between IGO membership and Year was positive. This indicates that countries with 
more IGO linkage employed less student-centered instruction in 1999, but they increased student-
centered instruction at a much more rapid pace by 2003. Another indicator of a nation’s linkage to 
world society, membership in NGOs, had a positive association with mean levels of student-
centered instruction. No significant association between world-linkage factors and teacher-centered 
pedagogy was observed. These results support proposition 3.

                                                      
29 More fine-grained regional comparison of eastern Europe, the Middle East and North Africa, and Asia versus a 
reference category of western Europe, North America, and Australia was examined. The eastern European difference 
was most outstanding compared with other regions.  
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Table 1.4 Effects of world linkage, national factors and world regional locations on teacher- and student-centered instructions 

  

Teacher-centered Student-centered 

1999-2003 2003-2007 1999-2003 2003-2007 

Model1 Model2 Model3 Model4 Model5 Model6 Model7 Model8 Model9 Model10 Model11 Model12 Model13 

National 
factors 

World 
regions 

Full 
National 
factors 

World 
regions 

Full 
World 

linkage 
National 
factors 

World 
regions 

Full 
National 
factors 

World 
regions 

Full 

Teacher-level                           

Intercept 2.01* 1.01 1.51 -0.42 -2.26* -1.9 -2.76** -2.75** 0.49 -1.64 0.97 2.10+ 1.70 

Yeara -2.44** -3.28** -3.44** -0.25 0.10 0.36 3.68*** 3.67*** 1.77 1.06 -0.77* -0.70 -0.72 

Teacher experience(x5) 0.10+ 0.10+ 0.10 0.12* 0.12* 0.12* -0.11+ -0.11+ -0.11* -0.11* -0.03 -0.03 -0.03 

Books at home -0.32+ -0.31 -0.32 -0.46** -0.44** -0.45** 0.73*** 0.72*** 0.72*** 0.71*** 0.85*** 0.85*** 0.84*** 

Country-level 
             

IGO memberships 
   

      -2.38* 
  

-2.18+       

IGO memberships x Year 
   

      1.73+ 
  

1.97       

INGO memberships 
   

      1.93* 
  

1.37       

INGO memberships x Year 
   

      -1.12 
  

-1.43       

Centralization 1.30 
 

0.77 2.26*   0.69 
 

-2.25** 
 

-0.88 -2.10*   -1.33 

Centralization x Year 0.99 
 

-0.07 -0.36   0.29 
 

0.35 
 

-1.19 0.04   0.11 

GNP/capita(log) 1.80+ 
 

1.35 1.98+   0.65 
    

-0.62   0.04 

GNP/capita(log) x Year 0.16 
 

-0.74 0.50   1.04 
    

-0.43   -0.37 

Eastern Europe 
   

      
  

-3.05 -0.67       

Eastern Europe x Year 
   

      
  

4.77* 5.36+       

Middle East 
   

      
  

-5.14+ -0.92       

Middle East x Year 
   

      
  

2.43 1.90       

Asia 
 

3.30 1.65   5.98** 4.87+ 
  

-4.36+ -2.45   -3.66+ -2.40 

Asia x Year 
 

2.73 3.28   -1.01 -2.00 
  

0.40 2.62   -0.40 -0.20 

Variance explained 
at country level (%)b              

Year1c 6% 8% 2% 15% 29% 23% 18% 24% 6% 16% 8% 10% 6% 
Year2c 15% 29% 23% 29% 29% 32% -6% 13% 13% 8% 18% 21% 18% 

NOTE—a. Year indicates year 2003 for the models that pooled data for years 1999 and 2003, and indicates year 2007 for the models that pooled data for years 2003 and 2007. 
b. Percentage of the country-level variance explained by each model compared to a null model that includes teacher-level variables. 
c. Year1 and Year2 indicate the first and second years in the models. For example, in the 1999-2003 models, Year1 and Year2 indicate years 1999 and 2003.  
+ p<.1; * p<.05; ** p<.01; *** p<.001 
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Classrooms situated in nations with stronger centralized control of the curriculum tend to be more 
teacher-centered and less student-centered in their instructional organization (proposition 4a). 
Association between GNP per capita and teacher-centered instruction was significantly positive, 
suggesting that classrooms in wealthier countries tend to be more teacher-centered and less student-
centered compared with those in developing countries (proposition 4b). Note that 6% to 29% of 
between-country variance in teacher-centered instruction and 8% to 24% of between-country 
variance in student-centered instruction could be accounted for by countries’ degree of centralized 
control of curriculum and GNP per capita. 
 
Asian nations did show distinct patterns: classrooms in the region remained quite teacher-centered, 
while teachers and classrooms in non-Asian classrooms were moving away from teacher-centered 
instruction throughout the study period. Other regional patterns also emerged from this analysis, as 
shown in model 9. Indicators of world regions show that classrooms in non-Western countries were 
less student-centered compared with classrooms in Western countries in the baseline year, 1999. 
While countries in all regions tended to move toward more student-centered instruction during the 
period of 1999–2003, the greatest increase in student-centered instruction was observed in eastern 
European countries, as indicated by the significant positive interaction term. Classrooms in Asian 
countries moved most slowly toward student-centered instruction, with mean levels remaining the 
lowest of any region in the world by 2007. These results provide strong support for proposition 4c. 
 
Again, the significant predictors identified in the estimation models are presented to determine 
which operated in true independent fashion to account for variation in instructional practices 
(models 3, 6, 10, and 13). The most resilient factor in shaping teacher-centered instruction is the 
country indicator for Asian regional membership, after taking into account all other predictors. For 
student-centered instruction, IGO memberships and location in eastern Europe retained robust 
associations during the 1999–2003 period. 
 
Coefficients for teacher-level control variables show that teachers with fewer years of experience 
organized higher levels of computational and conceptual instruction, compared with teachers 
reporting more years of experience. Teachers with longer tenures employed more teacher-centered 
and less student-centered instruction on average, compared with less experienced teachers. 
Classrooms populated by students from more affluent families experienced less computational and 
teacher-centered instruction and more conceptual and student-centered instruction.  
 
What factors explain the levels of and changes in within-country variation in instructional 
practices?  
 
Prior research in the world culture tradition emphasizes change in the organization of mass 
schooling among countries. But few studies have examined whether within-country variability is 
narrowing and whether nation-states conform to global expectations regarding the social 
organization of schooling, as discussed above. Tables 1.5 and 1.6 present results from multiple 
regression of within-country standard deviations in instructional organization on world linkage, 
national factors and world regional locations. The selection of predictors was handled as the 
multilevel models described above. That is, small blocks of country-level predictors and interaction 
terms were included in regression models, introduced one block at a time. The main effects and the 
corresponding interaction terms are then reported. Significant predictors are then brought forward 
into the full model.  
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Table 1.5 shows that the within-country variations increased over time for computational instruction, 
while within-country variation for conceptual instruction showed a less consistent pattern, 
significantly decreasing over the 1999–2003 period and then rising over the 2003–2007 period. 
Nations that have stronger linkage to the global economy showed smaller increases in within-
country variation for computational instruction compared to nations that have less global economic 
exposure (proposition 6). Wealthier countries had more within-country heterogeneity in 
computational instruction. Eastern European nations displayed the lowest within-country 
heterogeneity for both computational and conceptual instruction. Middle Eastern and African 
countries displayed significantly larger within-country variation for conceptual instruction, perhaps 
as a result of shifts in dominant forms of instructional organization. The full models for 
computational instruction (models 4 and 8) reveal that within-country heterogeneity in 
computational instruction is explained by all three factors: linkage to world economic society, GNP 
per capita, and regional location for many nation-states. For conceptual instruction, the world-region 
indicators explain about 30% of the variation among nations in their within-country heterogeneity as 
indicated by the adjusted R2 statistics (models 10 and 13).  
 
A decrease in within-country variation was observed over time for teacher-centered instruction 
(Table 1.6). For countries with stronger links to the global economy, the decrease in within-country 
variability of teacher-centered instruction was smaller. We see that attributes of nation-states were 
significantly associated with the mean within-country standard deviation of student-centered 
instruction and explained notable portions of the standard deviation as indicated by the adjusted R2 
statistics in models 6 and 9. Countries with stronger centralization of curriculum controls display 
smaller and decreasing variances, while wealthier countries tend to display larger within-country 
variation in student-centered instruction. Eastern European nations again stand out, showing lower 
within-country variances for teacher- and student-centered instruction. However, these countries 
showed no significant change in their within-country variation in teacher-centered instruction—
differing sharply from all other regions, which showed decreasing within-country standard 
deviations in teacher-centered instruction. For student-centered instruction, eastern European 
nations actually display rising levels of within-country standard deviation between 1999 and 2003. 
These patterns may be understood better in conjunction with the eastern European nations’ 
prominent increase in levels of student-centered instruction, reported in the previous section. Asian 
countries showed significant decline in within-country variation in student-centered instruction over 
the 2003–2007 period. 
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Table 1.5 Effects of  world linkage, national factors and world regional locations on within-country heterogeneity of  computational and 
conceptual instructions 

  

Computational Conceptual 

1999-2003 2003-2007 1999-2003 2003-2007 

Model1 Model2 Model3 Model4 Model5 Model6 Model7 Model8 Model9 Model10 Model11 Model12 Model13 Model14 

World 
linkage 

National 
factors 

World 
regions 

Full 
World 
linkage 

National 
factors 

World 
regions 

Full 
World 
linkage 

World 
regions 

Full 
World 
linkage 

World 
regions 

Full 

Intercept  7.96*** 7.96*** 8.17*** 8.08*** 9.67*** 9.67*** 9.98*** 9.91*** 9.57*** 9.69*** 9.77*** 9.1*** 9.16*** 9.25*** 

Yeara 1.71*** 1.71*** 1.81*** 1.83*** 0.03 0.03 0.17 0.11 -0.47* -0.52+ -0.52+ 0.53* 0.44 0.51 

IGO memberships 
        

0.29 
 

0.3 0.33 
 

0.3 

IGO memberships 
xYear         

0.33 
 

0.3 0.61* 
 

0.58* 

Trade(%ofGDP) -0.02 
  

-0.08 -0.63* 
  

-0.68** 
      

Trade(%ofGDP)xYear -0.63* 
  

-0.68** -0.44+ 
  

-0.53** 
      

GNP/capita(log) 
 

0.45* 
 

0.38 
 

0.36 
 

0.29 
      

GNP/capita(log)xYear 
 

0.36 
 

0.29 
 

0.67* 
 

0.53* 
      

Eastern Europe 
  

-0.79+ -0.45 
  

-1.18* -0.92+ 
 

-1.17** -1.31*** 
 

-1.18+ -1.32* 

Eastern Europe xYear 
  

-0.39 -0.47 
  

-0.51 -0.3 
 

-0.01 -0.01 
 

0.09 -0.04 

Middle East 
         

0.85 0.64 
 

1.11* 0.89+ 

Middle East xYear 
         

0.26 0.25 
 

0.3 0.1 

N 46 46 46 46 46 46 46 46 46 46 46 46 46 46 

Adjusted-R2 42% 40% 42% 53% 11% 10% 19% 40% 3% 32% 34% 10% 32% 41% 

∆ Adjusted-R2b 7% 5% 7% 18% 13% 12% 21% 42% 2% 31% 33% 8% 30% 39% 

NOTE—a. Year indicates year 2003 for the models that pooled data for years 1999 and 2003, and indicates year 2007 for the models that pooled data for years 2003 and 2007. 
b. ∆ Adjusted-R2 is the change in ∆ Adjusted-R2 compared to a null model that includes Year only. 
+ p<.1; *p<.05; **p<.01; ***p<.001 
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Table 1.6 Effects of world linkage, national factors and world regional locations on within-country heterogeneity of teacher- and 
student-centered instructions 

  

Teacher-centered Student-centered 

1999-2003 2003-2007 1999-2003 2003-2007 

Model1 Model2 Model3 Model4 Model5 Model6 Model7 Model8 Model9 Model10 Model11 

World 
linkage 

World 
regions 

Full 
World 
linkage 

Full 
National 
factors 

World 
regions 

Full 
National 
factors 

World 
regions 

Full 

Intercept  9.44*** 9.96*** 9.96*** 8.74*** 8.74*** 8.19*** 8.53*** 8.39*** 8.58*** 8.71*** 8.36*** 

Year -0.71* -1.14** -1.14** -0.18 -0.18 0.39 -0.07 -0.12 -0.25 0.02 0.14 

Trade(%ofGDP) 0.41 
 

0.41 0.36* 0.36* 
      

Trade(%ofGDP) x Year 0.36* 
 

0.36* 0.05 0.05 
      

Centralization 
     

-1.18* 
 

-1.23+ -1.04* 
 

-1.2* 

Centralizatio x Year 
     

-0.83+ 
 

-0.75 -0.91* 
 

-0.79 

GNP/capita(log) 
     

0.68* 
 

0.52 
   

GNP/capita(log) x Year 
     

0.52 
 

0.78** 
   

Eastern Europe 
 

-1.98*** -1.98*** 
   

-1.31 -0.77 
   

Eastern Europe x Year 
 

1.66* 1.66* 
   

1.79** 1.99* 
   

Asia 
         

-0.42 0.74 

Asia x Year 
         

-0.89+ -1.28+ 

N 46 46 46 46 46 46 46 46 46 46 46 

Adjusted-R2 7% 20% 24% 0% 0% 24% -3% 24% 15% -2% 13% 

∆ Adjusted-R2 3% 16% 20% 2% 2% 26% -1% 26% 17% 0% 15% 

NOTE—a. Year indicates year 2003 for the models that pooled data for years 1999 and 2003, and indicates year 2007 for the models that pooled data for years 2003 and 2007. 
b. ∆ Adjusted-R2 is the change in ∆ Adjusted-R2 compared to a null model that includes Year only. 
+ p<.1; * p<.05; ** p<.01; ***p<.001
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1.6 Discussion 
 
In this study, I asked whether classroom instructional practices across the world converge toward 
global models of instruction and whether the countries’ embeddedness in world society explains the 
convergence, as hypothesized by world culture scholars. Rather than taking a cross-sectional 
approach and focusing on educational organizations, this study examines the cross-national patterns 
of teacher instructional practices in a longitudinal scale. By doing so, this study assesses patterns at 
the supranational level—such as convergence—more accurately and unpacks what factors explain 
the changes as well as the levels of instructional organization. Moreover, the study contributes to our 
understanding of institutionalization patterns in instructional practices across countries by examining 
within-country variability, which has been overlooked in most previous research. My analysis reveals 
that instructional practices across countries moved toward a more student-centered and less didactic 
form of pedagogy and classroom organization. However, factors that explain convergence were not 
limited to the countries’ linkage to world society, as argued by world culture scholars. Moreover, 
convergence patterns and explanatory factors differed according to the dimensions of instructional 
practices. 
 
To be sure, convergence was prominent in certain dimensions of classroom instructional practice. 
Student-teacher relationship shifted toward increased emphasis on individual agency and child-
centered curricula, as suggested by world culture scholars (Bromley et al. 2011). Moreover, emphasis 
on student-centeredness was closely related to a country’s exposure to the wider world and hence to 
the world model of child-centered pedagogy. On the other hand, the overall decrease in teacher-
centered instruction could not be explained by countries’ linkage to world society, which suggests 
that this movement may be due to other factors. In addition, more centralized countries tend to be 
resistant to the overall shifts toward emphasis on student-centered instruction, maintaining lecture-
oriented classrooms and teacher control over classroom activities. This may support David K. 
Cohen’s (1990) hypothesis about the congruence between the pedagogy of policy and pedagogy in 
classrooms. Future cross-national case studies may build upon the present work by comparing the 
social organization of classrooms in countries with different degrees of curriculum control. More 
specifically, unpacking the relationship between the top-down nature of education policy and modes 
of classroom instruction could contribute to our knowledge of educational policy implementation 
and thereby provide useful guidance for educational policy and reform. 
 
With respect to instructional tasks in classrooms, countries were similar in the degree to which 
teachers emphasized computational and conceptual tasks. Also, no significant changes in the mean 
levels or convergence patterns were detected. It is possible that current observations are a result of 
global convergence due to institutionalization at the global level. The significant association between 
the world-linkage factor and conceptual instruction after controlling for nation-specific 
characteristics further supports this conclusion. Analysis of classroom instruction data from a 
broader time span may provide additional evidence of this convergence.  
 
Another finding that deserves more discussion is the presence of distinct patterns in different 
regions of the world. Eastern European and Middle Eastern countries were most active in moving 
toward global models of instructional practice, while Asian countries were resistant to global trends. 
Distinct world regional effects were also found in previous studies of curricula and textbooks 
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(Kamens, Meyer, and Benavot 1996; Bromley, Meyer, and Ramirez 2011a, b). World culture scholars 
often explain the uneven incorporation of global models across world regions as resulting from the 
relative strength or weakness of international communication and the various regions’ educational 
heritage (Meyer and Ramirez 2000; Bromley, Meyer, and Ramirez 2011a). Previous studies on 
eastern European countries document a rapid change toward Western-centric educational policy 
models (Baker, Köhler, and Stock 2007) or a more complex transformation processes within eastern 
European countries (Silova 2009) after the fall of the Soviet system. The faster incorporation of 
conceptual and student-centered instruction in eastern European classrooms may be reflecting the 
political, economic, and social environment within these countries. 
 
Consistent with the smaller case studies of Asian classrooms, Asian countries maintained teacher-
centered pedagogy, being the least susceptible to the global shift toward a more student-centered 
model. This study shows that centralized control over curricula partly explains the distinctive 
patterns in Asian classrooms. It is possible that a tradition of authoritarian teachers and deeply 
rooted authority structures in schools explain the teachers’ resistance to an overall shift toward 
child-centered instruction. The high-stakes exam system of Asian countries may have led the 
teachers to concentrate on mathematic problems that appear in the exams and favor lecture-oriented 
or teacher-centered mode of instruction. Alternatively, a close alignment of classroom practices, 
educational policies, educational beliefs of teachers, and general national cultural values may have 
fortified teacher-centered pedagogy against the global tide (Hayashi and Tobin 2014). 
 
This study focused on within-country variability and thereby shed light on global convergence 
patterns of instructional practice. Institutionalization of instructional practices at the global level may 
not necessarily lead to the uniform adoption of such practices within countries. Convergence of 
teacher- and student-centered instruction occurred within countries, and centralized educational 
policies partly explained the decrease in within-country variation. However, teachers within 
countries diverged in their emphasis on computational instruction over time. Persisting within-
country variation in teacher practices has been continuously highlighted by cross-national case 
studies that focus on the local enactment of world-level models (Anderson-Levitt 2003; Vavrus and 
Bartlett 2012). Acknowledging inconsistency and variation in teacher instructional practices within 
countries, along with differences between countries, may provide a more holistic depiction of the 
process of globalization. More attention to within-country heterogeneity is warranted in future 
studies.  
 
Given the short period of time and the limited number of countries analyzed, the present study is 
exploratory, and its findings are only suggestive. To fully understand the worldwide convergence 
patterns of instructional practices would require data from a larger number of countries over a 
longer period of time. Still, the analytical approach of this paper can be modeled upon by future 
studies. The multilevel model used in this paper acknowledges a data structure that is longitudinal 
with respect to countries but cross-sectional with respect to each separate cohort of teachers. It also 
allows for testing the statistical significance of change in variation at both between- and within-
country levels, which has been largely ignored in previous studies.  
 
Teachers’ own reports may not directly reflect how they actually teach in the classroom and may be 
subject to social desirability bias (Burstein et al. 1995). However, anonymous surveys such as TIMSS 
are known to be less susceptible to such bias than interviews or focus groups (Desimone and 
LeFloch 2004; Aquilino 1998). Moreover, even if social desirability bias is present, the survey at least 
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provides insight into what teachers think they should be doing in classrooms. That teachers across 
countries tend to perceive more student-centered instruction as desirable suggests that a global norm 
of student-centered instruction is influencing teachers’ outlook. Future studies may attempt to parse 
the relationship between teachers’ perception of their teaching and actual classroom practice.  
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Appendix A1 

 
Table A1.1 Descriptive statistics of teacher-level variables by country 

Country 

Books 
at home 

Possession 
at home 

Teacher 
experience 

Class 
size 

# 
of  

Teachers mean SD mean SD mean SD mean SD 

Australia 2.60  0.56  3.81  0.22  15.74  10.15  25.75  5.04  516 

Bulgaria 2.33  0.84  3.15  0.60  21.44  9.19  22.15  5.64  478 

Cyprus 2.00  0.38  3.69  0.22  11.64  9.49  25.24  3.84  377 

England 2.29  0.82  3.75  0.28  13.88  10.65  23.54  8.58  508 

Hong Kong 1.45  0.48  3.62  0.24  12.17  9.38  36.19  8.71  372 

Hungary 2.61  0.69  3.64  0.34  21.11  9.63  20.78  6.96  508 

Indonesia 1.08  0.36  2.49  0.46  12.93  7.59  48.88  33.35  281 

Iran 1.18  0.63  2.16  0.77  14.10  8.73  28.10  8.32  440 

Israel 2.33  0.68  3.82  0.29  16.05  9.63  29.76  9.08  565 

Italy 2.06  0.56  3.64  0.23  22.18  8.79  21.03  4.23  626 

Japan 1.99  0.39  3.70  0.19  15.23  8.78  33.92  7.08  431 

Jordan 1.53  0.39  2.85  0.52  10.83  7.85  35.55  9.45  410 

Korea 2.35  0.50  3.81  0.22  12.78  8.49  39.00  7.68  559 

Lithuania 1.91  0.58  3.37  0.46  21.15  9.97  24.42  5.55  557 

Malaysia 1.53  0.51  3.27  0.39  10.96  8.41  36.70  7.91  395 

Morocco 1.07  0.46  2.29  0.57  16.99  6.53  38.75  25.16  301 

Romania 1.75  0.72  2.73  0.79  23.70  11.31  22.39  6.13  495 

Russian Federation 2.39  0.57  3.21  0.45  22.14  10.71  22.81  5.97  620 

Singapore 1.84  0.56  3.78  0.22  10.77  11.60  37.11  4.85  708 

Slovenia 1.96  0.56  3.74  0.25  18.38  9.43  17.37  6.56  629 

Taiwan 1.87  0.50  3.71  0.24  13.92  9.67  36.66  6.23  401 

Tunisia 1.27  0.47  2.73  0.54  12.30  8.72  32.91  4.62  237 

United States 2.18  0.72  3.66  0.30  15.03  10.45  23.81  13.27  1,051 
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Table A1.2 Country-level variables by country 

Country 
IGO 

memberships 
INGO 

memberships 

Trade 
(% of  
GDP) 

Centralization 
GNP 

/capita(log) 
World Region 

Australia 51  2306  39  -3.63  9.94  West 

Bulgaria 52  1372  117  0.52  7.06  Eastern Europe 

Cyprus 48  831  102  0.33  9.25  Asia 

England 0  80  54  -2.62  9.82  West 

Hong Kong 11  1173  249  1.08  10.13  West 

Hungary 55  2185  132  0.34  8.41  Asia 

Indonesia 53  1084  63  0.89  7.01  Eastern Europe 

Iran 44  647  36  1.08  7.48  Asia 

Israel 41  1895  71  -0.22  9.69  Mid East and Africa 

Italy 72  3467  47  -0.19  9.91  Mid East and Africa 

Japan 61  2246  19  0.89  10.55  West 

Jordan 54  566  104  0.89  7.33  Asia 

Korea 51  1387  71  1.08  9.26  Mid East and Africa 

Lithuania 36  915  87  -0.41  7.72  Asia 

Malaysia 50  1131  218  1.08  8.42  Eastern Europe 

Morocco 68  848  56  1.08  7.14  Asia 

Romania 56  1483  61  1.08  7.25  Mid East and Africa 

Russian Federation 63  1901  69  1.08  7.89  Eastern Europe 

Singapore 33  1115  343  1.08  10.40  Eastern Europe 

Slovenia 41  1307  99  0.37  9.19  Asia 

Taiwan 11  1081  41  0.37  9.49  Eastern Europe 

Tunisia 69  779  78  0.89  7.65  Mid East and Africa 

United States 62  2858  24  -7.05  10.28  West 
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Table A1. 1 Country means of instructional practices 

  
Computational Conceptual Teacher-centered Student-centered 

1999 2003 2007 1999 2003 2007 1999 2003 2007 1999 2003 2007 

Australia -4.25  -4.53  -3.76  -5.23  -4.61  -5.05  -1.63  -6.69  -3.60  7.17  12.37  7.32  

Bulgaria -0.22  5.45  5.42  3.25  1.51  4.20  6.69  4.59  0.12  -2.31  0.69  0.49  

Cyprus -2.70  0.87  2.08  -0.60  -1.19  2.21  0.23  -5.68  -4.07  -7.10  -2.12  -3.29  

England -4.36  -1.11  -1.61  -5.42  -2.49  -2.55  1.51  0.82  1.18  7.06  4.33  4.90  

Hong Kong 0.02  -12.03  -8.72  -5.93  -3.49  -5.50  2.57  5.59  3.85  -1.54  -0.25  -2.03  

Hungary 3.89  3.95  1.35  2.86  4.29  3.37  2.38  -4.93  -4.86  -1.02  8.10  4.85  

Indonesia 3.16  -3.85  -1.28  -3.12  -3.01  -0.15  -5.37  0.87  -4.06  -1.29  -2.57  -0.88  

Iran -0.74  3.11  2.69  -4.90  4.93  2.54  -1.91  -3.43  -3.97  -6.50  -1.99  -2.04  

Israel -2.84  -2.72  -3.14  -1.67  1.02  -0.30  -3.05  -4.50  -2.96  3.41  4.82  3.07  

Italy -0.76  -1.95  -0.67  3.07  4.03  3.35  3.20  -0.02  -1.30  -3.92  -3.39  -3.57  

Japan -1.81  -2.41  -2.14  8.16  1.16  0.54  14.13  12.55  11.72  -6.36  -5.07  -3.76  

Jordan 5.12  3.74  3.53  -1.13  3.78  2.81  -6.00  -2.48  -3.09  -1.95  -3.26  -1.81  

Korea -4.67  -1.06  -3.62  1.88  3.54  2.20  8.58  2.51  5.07  -1.77  4.64  0.86  

Lithuania 5.94  0.98  2.40  -1.96  1.77  -0.20  3.63  -4.93  -4.96  -1.32  9.30  7.75  

Malaysia 4.27  5.41  3.11  0.53  0.24  0.53  1.28  -2.53  -2.15  -6.38  -0.03  -3.06  

Morocco -0.59  -0.66  0.22  -6.13  -2.57  0.78  4.02  1.40  -1.43  -10.84  -4.31  -2.46  

Romania 3.78  5.89  7.51  3.05  4.87  2.84  0.34  5.60  1.72  -3.68  -1.65  -2.37  

Russian Federation 3.59  5.31  5.91  -0.44  2.96  3.94  -0.74  -4.36  -3.81  0.38  2.41  2.97  

Singapore -4.37  -5.02  -5.09  -6.00  -4.88  -5.02  1.64  0.71  -0.97  -3.27  -1.32  -2.46  

Slovenia 1.27  -0.30  2.65  3.11  -1.75  -1.29  7.36  0.25  1.35  -6.24  5.05  3.76  

Taiwan -3.17  2.46  2.67  -1.54  -3.47  -3.91  7.21  6.89  5.83  -6.92  -8.27  -7.96  

Tunisia -3.79  3.57  1.31  -3.79  -2.75  -1.48  3.40  -8.02  0.53  -8.66  1.20  -0.04  

United States -0.38  -3.28  -1.42  -0.59  2.05  1.53  -3.78  -3.44  -3.30  0.81  0.99  0.64  

Total -0.16  0.08  0.41  -0.98  0.26  0.23  1.99  -0.40  -0.57  -2.71  0.85  0.04  

Between country 
variation 

14% 16% 13% 13% 11% 9% 19% 24% 18% 20% 25% 17% 
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Table A1. 2 Within-country standard deviations of instructional practices 

  
Computational Conceptual Teacher-centered Student-centered 

1999 2003 2007 1999 2003 2007 1999 2003 2007 1999 2003 2007 

Australia 8.46  9.43  8.90  8.90  7.79  8.89  10.37  10.82  10.30  13.73  13.09  12.58  

Bulgaria 9.35  8.61  8.43  8.95  7.49  8.56  7.33  9.69  8.49  7.32  8.54  8.71  

Cyprus 7.43  9.89  9.52  9.38  10.31  10.21  6.16  7.94  8.46  5.62  6.89  5.73  

England 8.02  9.35  9.39  7.61  7.50  7.44  13.04  10.35  10.72  16.11  13.14  13.01  

Hong Kong 8.52  7.63  9.21  8.97  9.78  8.23  11.02  9.70  8.40  8.61  9.75  7.99  

Hungary 7.11  8.87  9.15  8.35  6.67  7.52  8.63  8.28  8.43  8.09  9.84  9.19  

Indonesia 6.26  8.29  9.18  9.25  8.70  10.41  9.29  7.76  7.31  8.44  7.88  7.27  

Iran 9.21  9.92  10.23  12.63  11.08  10.79  9.93  8.17  7.42  7.40  7.81  7.17  

Israel 9.24  10.17  11.20  11.59  10.97  11.37  9.20  7.40  7.95  11.03  9.87  9.49  

Italy 9.30  10.53  10.90  10.33  9.51  10.64  7.54  7.29  7.93  6.24  6.53  6.16  

Japan 7.75  12.81  13.06  11.64  10.31  11.19  10.48  9.78  9.23  9.10  9.62  9.69  

Jordan 6.99  9.01  9.49  9.60  10.08  9.36  10.10  8.37  6.70  9.06  6.41  5.37  

Korea 9.04  11.39  12.11  9.57  9.80  8.52  10.30  8.65  9.00  9.47  9.52  8.09  

Lithuania 6.61  9.17  9.39  8.53  7.19  7.50  7.29  9.36  7.81  7.97  11.14  8.88  

Malaysia 7.21  8.93  8.43  10.47  9.65  10.34  12.85  9.54  9.33  6.32  8.08  6.88  

Morocco 7.05  12.19  9.47  9.72  9.73  13.71  8.97  9.74  9.22  4.34  5.57  8.35  

Romania 6.81  8.22  6.90  8.89  10.30  9.58  8.83  7.57  8.04  6.12  6.67  6.87  

Russian Federation 7.16  8.02  8.08  7.83  8.00  8.30  7.94  7.40  6.89  6.79  7.01  7.22  

Singapore 8.56  8.76  9.31  10.00  7.95  8.99  10.54  10.19  8.99  7.56  8.38  7.64  

Slovenia 7.23  9.90  8.76  8.57  8.26  9.63  7.86  8.72  8.62  7.02  10.39  10.05  

Taiwan 7.92  10.87  11.33  9.41  8.49  10.18  9.44  8.22  8.29  5.72  4.83  4.41  

Tunisia 8.64  10.28  10.27  9.16  9.51  9.84  11.04  7.90  10.94  6.09  7.52  11.47  

United_States 9.33  10.24  10.52  10.73  10.19  10.21  9.08  8.12  8.33  10.18  8.92  9.40  

Total 7.96  9.67  9.71  9.57  9.10  9.63  9.44  8.74  8.56  8.19  8.58  8.33  
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Chapter 2 An alternative look at classroom instructional practices in East 
Asian countries: Variations and effects within country 

 
 
Abstract 
 
East Asian schools have received much attention from researchers and reform advocates for the 
comparatively high achievement of their students. Western scholars at times advance broad claims 
about the rote character of instruction or the complexity of classroom practice, at times generalizing 
to an entire nation. Yet little is known about the variation in and impact of classroom instructional 
practices within East Asian countries. This study first compares the prevalence and within-country 
variation of classroom instructional practices in Chinese Taipei, Hong Kong, Japan, Korea, and 
Singapore with the other 45 countries that participated in the Trends in Mathematics and Science 
Study (TIMSS) in 2007. Second, the study examines the effect of varying instructional practices on 
student achievement within each country using data from Japan and Singapore. I find that while 
East Asian classrooms tend to be higher in teacher-centered instruction and lower in complex 
instruction on average, classrooms within each country vary considerably in the degree to which they 
adopt certain practices. Within each country, classrooms with more complex and student-centered 
instruction tend to show higher achievement; an opposite association found when these phenomena 
are compared between countries. But when schools, classrooms, and student characteristics such as 
social class are taken into account, these positive effects of classroom instruction diminish or 
disappear. These findings suggest a need to rethink the assumption of homogeneity of schooling 
within East Asian nations and to be cautious in generalizing about East Asian classrooms based on 
national average features. The different association patterns of instructional practices and student 
achievement at the between-country and within-country levels indicate that different causal 
mechanisms are at play, which warrant further investigation in future research. 
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2.1 Introduction 
 
 

The repeated success of East Asian students in international assessments has triggered much 
curiosity about their schools and the social organization of their classrooms (Stevenson and Stigler 
1992; Stigler and Hiebert 1999; Hiebert et al. 2003). Generalities about allegedly nationwide teaching 
practices and instructional organization abound. Secondary classrooms in East Asia, for example, are 
often characterized as having teachers that use more didactic approaches, passive students, and an 
emphasis on procedural knowledge and whole-class instruction (Watkins and Biggs 1996; Huang 
and Leung 2004). These characteristics are in sharp contrast with what is believed to be conducive to 
learning in the West. In addition, the modal instructional practices in East Asian countries are 
interpreted as driving the high performance of their students. Calls for a more uniform curriculum 
and national testing in the U.S. often invoke national average characteristics of East Asian schools 
and classrooms. 
 
Cross-national qualitative studies have provided us with a deeper understanding of the historical, 
social, and cultural value and meaning of the instructional practices prevalent in East Asian 
classrooms (Tobin, Wu, and Davidson 1989; Paine 1990; Rohlen and LeTendre 1996; LeTendre 
1999; Tobin, Hsueh, and Karasawa 2009). They elaborate on how teachers make sense of their 
instruction, how the instruction is received, and in turn, how it may contribute to high performance. 
Still, this work falls short of considering variation in classroom instruction that may exist within a 
country or of testing the presumed effect of instructional practice on achievement.  
 
This study addresses this gap by using the 2007 Trends in International Mathematics and Science 
Study (TIMSS) to delve into (1) the within-nation variability in the social organization of instruction 
among classrooms in East Asia in addition to the country average features, (2) the extent to which 
complexity or regimented simplicity accounts for higher student achievement within the East Asian 
countries, and (3) the extent to which schools or school systems nonrandomly assign students into 
more or less complex classrooms, which conditions the truly independent effect of instructional 
organization on pupil achievement.  
 
Overall, the results show that on average East Asian classrooms do have less complex instruction 
and more teacher-centered instruction compared to classrooms in other countries, but they display 
considerable variation across classrooms. The within-country analyses show that, classrooms with 
more complex and student-centered instruction show higher achievement; an opposite direction of 
association is found when the between-country pattern is examined. Moreover, the within-country 
associations diminish or disappear when class average socioeconomic status or school characteristics 
are taken into consideration. These findings yield a more textured understanding of how variability 
in instructional organization ties to achievement within East Asian nations and how these 
relationships are conditioned by features of classroom and school structures and social-class 
stratification of families. 
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2.2 Literature review 
 

This section reviews three lines of literature on classroom organization and teaching practices in 
East Asia. Earlier studies, based on either observation or large-scale data, focused on gross national 
comparison of distinctive patterns of classroom practices. Other qualitatively oriented studies were 
geared toward more complex and contextualized descriptions of schooling and the cultural meaning 
underlying surface differences. A smaller set of quantitative studies began exploring the link between 
classroom practices and student achievement in East Asian countries. These three lines of work 
inform us on East Asian classroom instruction at different levels but rarely intersect with each other. 
Informed by this body of work, this paper attempts to extend the line of inquiry by investigating the 
variation and effect of classroom practices within the East Asian countries.  
 
Gross national comparison of classroom teaching 
 
Many earlier studies on East Asian schools were prompted by the superior academic performance of 
East Asian students on international measures. Researchers, often led by Western scholars, have 
attended to distinct national patterns of classroom organization and pedagogy in East Asian 
classrooms (Schmidt et al. 1996; Stigler and Hiebert 1999; Hiebert et al. 2003). The primary goal of 
these observational studies was to identify the weaknesses of schooling in the United States. 
Teaching patterns that are rarely observed in American classrooms but are present in East Asian 
classrooms were pointed out as potential areas of improvement for American schools. Harold 
Stevenson, James Stigler, and their associates’ cross-national studies, which include Japanese, 
Taiwanese, German, and American classrooms, take this gross national comparison approach 
(Stevenson and Stigler 1992; Stigler and Hiebert 1999). They highlight behavioral patterns in 
Japanese or Taiwanese classrooms, such as prevalence of whole-class academic activities in 
elementary classrooms or devotion to recitation and memorization strategies, and contrast them 
with those in American classrooms. The observed cross-national differences are assumed to stem 
from distinct national cultures that are believed to be relatively stable across countries and 
homogenous within countries (Stigler and Baranes 1988; Stevenson and Stigler 1992). 
 
Using a similar gross comparison approach, other researchers take the unit of analysis up to the 
cross-cultural level and compare schooling in Eastern and Western countries (Watkins and Biggs 
1996; Leung 2001; Li 2002; Tweed and Lehman 2002). The distinctive schooling patterns and the 
high achievement in East Asian countries are attributed to Confucian cultural heritage shared by 
these nations (Leung 1995). Studies that employ the East–West comparative framework assume that 
different cultural models of teaching and learning “work” in these different cultural systems. Dahlin 
and Watkins (2000) reported that East Asian students tend to think of understanding as a long 
process that requires mental effort in the part of the learner, whereas Western students tend to view 
learning as a process of sudden insight and attribute academic success to less controllable factors 
such as inherent ability. Pragmatic orientation and instrumental approaches to learning in East Asian 
countries were also reported as part of the Confucian conception of education (Tweed and Lehman 
2002). 
 
International surveys such as the Trends in International Mathematics and Science Study (TIMSS) 
and Progress in International Reading Literacy Study (PIRLS), which collect information on 
classrooms and teaching practices, have allowed scholars to make gross national comparisons of 
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instructional practice for a broader range of countries (Stevenson and Baker 1991; Schmidt et al. 
2001; Desimone et al. 2005), often with the direct intention of understanding the high achievement 
of East Asian countries (Leung 2002; Shen 2005). Based on cross-national comparison of various 
features of national educational systems, William H. Schmidt and his colleagues found that 
instructional topics tend to be more scattered in American classrooms, leading to disconnected 
learning opportunities for students (Schmidt et al. 1999; Schmidt et al. 2001). By contrast, classroom 
practices in high-performing East Asian countries such as Japan and Korea were reported to be 
more coherent with the national curriculum (Schmidt et al. 1999). Some studies that intended to do 
an East–West comparison using TIMSS data failed to find a consistent set of variables that 
explained the high achievement of East Asian countries and ended up resorting to “cultural effect.” 
(Leung 2002; Shen 2005). Other studies found that country average classroom practices were quite 
similar in terms of time spent on various instructional activities (LeTendre et al. 2001) and the 
emphasis on conceptual or computational instruction (Desimone et al. 2005).  
 
Complex and contextualized portrayals of East Asian classrooms  
 
While gross comparative studies provide a broad-brush description of classroom instruction in East 
Asian countries, a substantial body of literature presents a more contextualized and nuanced picture. 
The most prominent and well-documented research has taken place in Japan (Rohlen 1983; Tobin, 
Wu, and Davidson 1987; Lewis 1995; Rohlen and LeTendre 1996; LeTendre 1999; Fukuzawa and 
LeTendre 2001). Refuting the monolithic image of child-centered or drill-oriented Japanese 
classrooms, field studies find that classroom structure and pedagogical approach change over the 
course of schooling as a result of the onset of high-stakes national tests (Baker and LeTendre 2000). 
Scholars also explain that the educational system as a whole is built in line with Japanese 
assumptions about human maturation and that classroom organization at different levels of 
schooling reflects the developmental expectation for each stage (Rohlen and LeTendre 1996). 
Studies further place the static portrait of Japanese classrooms into context. Scholars explain how 
school organizational structure interacts with or reinforces instruction in classrooms (Yang 1999; 
LeTendre et al. 2001) and how various non-academic activities in schools function to balance out 
the intense and text-oriented classroom instruction (Fukuzawa 1996). 
 
Another line of scholarship has focused on the so-called “East Asian classroom paradox,” which 
refers to the seemingly incompatible phenomena of the high achievement of East Asian students 
and classroom features that are assumed to be less conducive to learning, such as teacher-centered 
instruction and rote learning (Watkins and Biggs 1996; Leung 2006; Mok 2006; Zhou, Lam, and 
Chan 2012). Some suggest that the highly structured classroom activities and teachers with strong 
subject knowledge compensate for practices that are deleterious to learning and eventually lead to 
higher student achievement (Ma 1999; Wang and Paine 2003; An, Kulm, and Wu 2004). Other 
studies report that carefully designed official curricula and textbooks and teacher collaboration in 
planning the lessons further assist in producing well-structured lessons (Fan and Kaeley 2000; Lewis, 
Perry, and Murata 2006). Researchers of mathematics education and learning theory discovered a 
common instructional pattern in East Asian classrooms that involves different levels and types of 
variations and explains how students acquire understanding in teacher-dominated classrooms. They 
argue that the use of this instructional strategy enables students to discern critical dimensions of the 
learning topic (Lianghuo et al. 2004; Fang and Gopinathan 2009). 
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Ethnographic studies take even a deeper look into East Asian classrooms. Scholars point out that 
classroom practices hold different values and meanings within each social, historical, and cultural 
setting and have different educational implications. For example, in East Asia, memorization is 
viewed as complementing deeper understanding, as opposed to the general Western notion that 
memorization equates with rote learning (Kember 1996; Marton, Dall'Alba, and Tse 1996). 
Moreover, studies report that what translated as a content-oriented and teacher-dominated lesson 
from a Western perspective was perceived as a student-centered one from an East Asian perspective, 
in that the teacher developed a framed experience in consideration of how his students think and 
learn (Mok 2006; Clarke and Xu 2008). Other studies find that teachers may appear authoritarian or 
student centered depending on the setting and that such contingent shifts are natural in the 
Confucian cultural context. For example, Chinese teachers tend to keep absolute control over the 
situation in the classroom but interact with students on more friendly terms outside the classroom 
(Paine 1990; Ho 2001).  
 
These rich observational studies begin to break away from the conventional assumption of within-
country homogeneity prevalent in gross national comparison studies by exploring variability within 
countries. Joseph Tobin and his colleagues’ studies of preschools in China, Japan, and the United 
States have examined variation within cultures by showing videos of instructional practices in 
preschools to members within and outside of the preschool community and collecting the varied 
responses to the video cues (Tobin, Wu, and Davidson 1989; Tobin, Hsueh, and Karasawa 2009). 
Earlier Japanese studies also acknowledged the vastly different teaching approach observed across 
grade levels (Rohlen and LeTendre 1996) and school types (Kariya and Rosenbaum 1999). But little 
is known about whether classroom practices differ across classrooms in the same grade level and 
how the variation in classroom practices associates with varied student achievement. 
 
Relationship between instructional organization and achievement within country 
 
Finally, a number of studies have interrogated the relationship between classroom practices and 
student achievement using large-scale data (Schaub and Baker 1991; Paik 2004; House and Telese 
2008). Using a common cross-national quantitative analytic strategy that compares the effect of 
variable of interest on student achievement in different national settings, these studies have explored 
the association between the learning environments and student achievement within East Asian 
countries. Studies report that instructional strategies that use real-world examples and independent 
learning activities are positively related to mathematics achievement in Japan and Taiwan (House 
2002, 2009). By contrast, a study on Japan finds a negative association between student individual or 
group work and mathematics achievement and a positive association between teachers’ time spent 
on whole-class lecturing and mathematics achievement (Schaub and Baker 1991). Other studies 
report no statistically significant association between classroom instructional organization and 
student achievement (Paik 2004; Mohammadpour 2013). The mixed results may be partly 
attributable to the different data and items involved in the analyses. Setting aside this matter, because 
most of the studies have failed to control for student, classroom, or school background variables, it 
is likely that the estimated associations between classroom practice and achievement are biased. 
Moreover, most studies used OLS regression analyses when multilevel modeling would have been 
appropriate given the nested structure of the data. Failing to recognize the hierarchical structure may 
have resulted in misestimating the standard errors of the instructional practice coefficients 
(Raudenbush and Bryk 2002). 
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Recognizing heterogeneity and increasing diversity in schools, classrooms, and students 
 
The three lines of literature discussed thus far has rarely taken into consideration the variation of 
classroom practices that may exist across classrooms within the East Asian countries. The 
assumption of within-country homogeneity has been more readily made about East Asian countries 
because of their relatively small and/or less diverse populations and their long-maintained 
standardized and tightly controlled educational systems (Schmidt et al. 2001). Or it was argued that 
any initial variation in student ability or background becomes irrelevant because schools and 
classrooms are so effective at closing the achievement gap (White 1987; Stevenson and Stigler 1992). 
But as continually argued by the research community, using national averages of educational 
characteristics (e.g., national averages of teacher-centered instruction) without consideration of the 
variability within nations may only lead to a superficial understanding of schooling in other countries 
(Baker 1997; Torney-Purta and Amadeo 2013). 
 
Changes in East Asian education in recent decades further necessitate taking within-country diversity 
into consideration in researching classroom instructions. Since the early 2000s, many East Asian 
nations have been experimenting with curricular decentralization (Pennington 1999; Bjork 2006; 
Waldow, Takayama, and Sung 2014) and incorporating educational reform measures such as ability 
grouping within schools, school choice, and decentralization of school funding (Bjork 2009; 
DeCoker and Bjork 2013; Park 2013). As the organization of schooling becomes more diversified, it 
is natural to ask how the different types of instructional strategies are distributed within a country 
and how the effects of classroom practices on achievement are confounded by diversity of forms of 
schooling.  
 
 
This study extends the previous literature on East Asian classrooms by considering heterogeneity of 
schooling within East Asian countries and asks the following research questions: 
 
1. To what extent do classroom instructional practices in East Asian countries differ from those in 
other countries? 

A. Are classroom instructional practices in East Asian countries more procedural and teacher-
centered and less complex and student-centered compared to other countries? 

B. Are classroom instructional practices more homogeneous among classrooms within East 
Asian countries compared to other countries? 

 
2. How are classroom instructional practices associated with student achievement within East Asian 
countries? 
 
3. How does the association between classroom instructional organization and student achievement 
change after controlling for student, classroom, and school background variables? 
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2.3 Analytic strategy 
 

To address the research questions, I use the Trends in International Mathematics and Science Study 
(TIMSS) 2007 data to define the four key aspects of instructional organization, the prevalent use of 
complex and procedural tasks, and student- and teacher-centeredness. Firstly, I examine how the 
country means and within-country variation of the four aspects of classroom instructional 
organization in the five East Asian countries compare with those in the other 45 nations in the 
sample. Secondly, I narrow my focus to the two of the East Asian countries that have vastly 
different school structures, Japan and Singapore, to examine the within-country variability of 
classroom practices and how they relate to student achievement. Thirdly, I examine whether and 
how classroom instructional organization maintains effects on student achievement after taking into 
account diversity of schools, classrooms, and students. 
 

2.4 Methods 
 

Data 
 
The data set used is the Trends in International Mathematics and Science Studies 2007 (TIMSS 
2007), conducted by the International Association for the Evaluation of Educational Achievement 
(IEA). TIMSS provides mathematics and science assessment scores of nationally representative 
fourth- and eighth-grade students and a wealth of information on schools, curricula, teachers, and 
students in over 50 countries. In each country, a two-stage stratified clustered sampling design is 
conducted, with schools sampled in the first stage and intact classrooms sampled in the second stage. 
Typically, countries sampled 150 schools and one or two intact classrooms. TIMSS 2007 eighth 
grade mathematics data contains information on about 240,000 students and about 12,000 teachers 
from 50 countries and seven benchmark participants.  
 
To analyze country average instructional practices and within-country variation of instructional 
practices, a sample of 8,864 teachers in 50 countries with complete information on their teaching is 
used. In estimating the relationship between instructional practice and student achievement, it was 
essential to link teachers to the class or group of students they taught. While most classes in Japan 
and Singapore were exposed to one mathematics teacher, some classes were taught by different 
teachers. In cases where classrooms are administrative units and not necessarily learning units, I have 
treated the multiple teachers within classrooms as separate units. In estimating the effect of 
instructional practice on student achievement in Japan and Singapore, I used an operational sample 
of 140 teachers and 2,831 students in Japan and 284 teachers and 2,950 students in Singapore. All 
statistics reported use the appropriate student, teacher, and school sampling weights, as 
recommended in the TIMSS 2007 User Guide (Foy and Olson 2009); methods for sampling weights 
are detailed below. 
 
Measures 
 
Table A2.1 in the Appendix provides detailed descriptions of all variables used in this study. 
Descriptive statistics of the variables are provided in Table 2.1 and the intercorrelations of the key 
variables are presented in Tables A2.2 and A2.3. 
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Table 2.1 Descriptive statistics 

Variables 
JPN SGP 

Mean SD Min Max Mean SD Min Max 

Student level N=2831 N=2950 

Mathematics Score (PV1) 577.2

1 

84.72 283.7

9 

857.75 594.75 89.08 283.4

5 

835.47 

Mathematics Score (PV2) 579.9 86.14 285.9

6 

891.69 595.62 89.91 297.8

9 

833.72 

Mathematics Score (PV3) 579.2

5 

86.16 236.5

5 

878.76 595.68 90.3 282.2

7 

819.53 

Mathematics Score (PV4) 578.8

6 

85.74 219.8

2 

858.98 594.98 89.94 280.5

4 

826.39 

Mathematics Score (PV5) 577.9

6 

85.77 230.8

9 

851.96 595.96 89.21 278.6

2 

828.42 

Male 0.47 0.50 0.00 1.00 0.49 0.50 0.00 1.00 

Foreign born parent 0.02 0.14 0.00 1.00 0.29 0.45 0.00 1.00 

Language at home 0.99 0.11 0.00 1.00 0.49 0.50 0.00 1.00 

Books at home 102.4

5 

102.4

2 

5.00 300.00 91.72 96.65 5.00 300.00 

Parent education 0.64 0.48 0.00 1.00 0.49 0.50 0.00 1.00 

Teacher/Class level N=140 N=284 

Instructional Practice   

Complex instruction 2.34 0.47 1.25 4.00 2.28 0.49 1.00 4.00 

Procedural instruction 2.74 0.66 1.00 4.00 2.56 0.51 1.33 4.00 

Student-centered instruction 1.16 1.05 0.00 5.00 1.37 0.83 0.00 4.30 

Teacher-centered instruction 4.38 0.94 2.50 7.50 3.46 1.38 0.40 7.00 

Teacher Background         

Male teacher 0.57 0.50 0.00 1.00 0.36 0.48 0.00 1.00 

Years of experience 15.93 9.47 1.00 34.00 7.98 9.49 0.00 41.00 

Teacher's Degree in mathematics or 

 mathematics degree 

0.85 0.36 0.00 1.00 0.77 0.42 0.00 1.00 

Class Characteristics         

Class size 33.23 7.41 4.00 47.00 37.91 3.92 20.00 45.00 

Different ability of students as limiting 

instruction 

0.30 0.46 0.00 1.00 0.28 0.45 0.00 1.00 

Uninterested students as limiting instruction 0.08 0.27 0.00 1.00 0.24 0.43 0.00 1.00 

Class average number of books at home 101.7

4 

33.46 31.73 209.41 85.37 46.96 5.00 255.50 

Class proportion of parents with college 

degree 

0.63 0.18 0.23 1.00 0.46 0.25 0.00 1.00 

School level N=123 N=152 

School size 339.2

4 

223.0

8 

20.00 1102.0

0 

1336.5

9 

299.8

1 

248.0

0 

3000.0

0 Student from affluent family>50% 0.43 0.50 0.00 1.00 0.16 0.37 0.00 1.00 

School resource 0.53 0.50 0.00 1.00 0.91 0.29 0.00 1.00 

School climate 0.07 0.26 0.00 1.00 0.22 0.41 0.00 1.00 

School type (Japan)         

Public school in large city 0.27 0.44 0.00 1.00 - - - - 

Public school in small city 0.69 0.46 0.00 1.00 - - - - 

Private school 0.04 0.20 0.00 1.00 - - - - 

School performance rank (Singapore) - - - - 15.42 6.64 1.00 30.00 
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Key explanatory variables: Instructional practices  
I used prior research on classroom instruction to sort the teacher survey items into categories of 
instruction. I select four aspects of classroom instructional practice that are commonly referred to in 
depicting East Asian classrooms: complex instruction, procedural instruction, teacher-centered 
instruction, and student-centered instruction. Complex instruction denotes classroom practices that 
emphasize real-world problem solving, elicit student reflection, and involve working with problems 
with no obvious solution (also called “higher-order instruction,” “authentic pedagogy,” or 
“conceptual instruction”) (e.g., Carpenter et al. 1989; Raudenbush, Rowan, and Cheong 1993; 
Newmann, Marks, and Gamoran 1996; Desimone et al. 2005). In mathematics, it is believed that 
complex instruction allows students to develop a deeper understanding of mathematical concepts 
and logic. A greater emphasis on complex instruction is widely advised in the United States and is a 
core component of current state and national education policies (National Council of Teachers of 
Mathematics 2000; Common Core State Standards Initiative 2010). To determine teachers’ emphasis 
on complex instruction, I used four items that asked how often a teacher asks students to explain 
the reasoning behind an idea, relate the learning topic to their daily lives, work on problems with no 
immediately obvious method of solution, and decide on their own procedures for solving complex 
problems. Response options ranged from never (1) to always (4). An average of the four items 
formed the complex instruction variable. Cronbach’s alpha is 0.66. 
 
Procedural instruction refers to classroom practices that emphasize computational skills and involve 
memorizing facts and procedures (also called “basic skills instruction” or “traditional instruction”) 
(e.g., Hamilton and Martinez 2007). Too much reliance on procedural instructional practices is 
generally thought to hinder students from developing a deeper understanding of the mathematical 
concepts behind the procedures (Romberg 1988; National Council of Teachers of Mathematics 2000; 
Baroody and Benson 2001). I used three items that asked how often teachers ask students to 
practice adding, subtracting, multiplying, and dividing without using a calculator; memorize formulas 
and procedures; and apply facts, concepts, and procedures to solve routine problems, which I 
categorize as procedural instruction. An average of the three items is used as the procedural 
instruction variable. Cronbach’s alpha is 0.52 for the procedural instruction scale. 
To determine teachers’ emphasis on teacher- and student-centered instruction, I used another set of 
teacher survey questions that ask teachers to write in the percentage of time they spend on a list of 
activities, which should add up to 100%. Two of the seven items were used to derive the teacher-
centered instruction variable: (a) lecture-style presentation by teachers and (b) re-teaching and 
clarification of content/procedures. The sum of the percentages of time divided by 10 was used as 
the teacher-centered instruction variable. For the student-centered instruction variable, the 
percentage of time spent on student independent practice divided by 10 was used. 
 
Dependent variable: student mathematics achievement 
For the student achievement measure, I used the student mathematics test scores, which consist of 
five plausible values. TIMSS conceptualizes student mathematics achievement as a latent construct 
measured with uncertainty and provides five separate imputed scores. Any analysis that involves 
student achievement should be replicated five times, and the results should be aggregated to obtain 
the final estimate as well as the imputation error (Foy and Olson 2009). Thus, I use all five plausible 
values for the analysis in this paper. 
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Classroom and school characteristics 
To take into account possible nonrandom assignment of students to classrooms that emphasize 
different types of instructional practices, I included school and classroom characteristics that may be 
simultaneously correlated with classroom instruction and class average achievement. Classroom 
aggregates of students’ socioeconomic background variables, number of books at home, and parent 
education capture the effect of class socioeconomic status on average class achievement over and 
above the effect of individual socioeconomic status on student achievement within a classroom. I 
also included teachers’ reports on whether different abilities of students and uninterested students 
limited their instruction. These variables reflect teachers’ perceptions of class characteristics, which 
may have affected their choice of instructional strategies. At the school level, I included school size, 
a dummy variable that indicates whether 50% or more of students are from affluent families, a 
dummy variable for high mathematics resource, and a dummy variable for high school climate. I also 
included school characteristics variables that were reported by each TIMSS participant country for 
stratified sampling of schools. School type information (public and private schools) and school 
performance ranking were used in the analyses of Japan and Singapore, respectively.  
 
Control variables 
At the individual student level, I include five control variables: number of books in students’ homes, 
parent education, student’s sex, whether parents are foreign born, and frequency of speaking the test 
language at home. The first two variables are proxies for the student’s socioeconomic background. 
Because class mean socioeconomic status variables are included in the model, these variables 
indicate the effects of individual socioeconomic status after controlling for the class mean, i.e., 
effects of socioeconomic status within the classrooms. I included student sex because gender 
differences in math achievement are traditionally prevalent in many countries. At the teacher level, 
teachers’ years of teaching experience and educational degree were included as proxies for teachers’ 
content knowledge and pedagogical content knowledge. Teachers’ sex is also controlled. 
 
Estimation approach 
 
The analysis is divided into two parts. First, in order to address the first set of research questions, I 
compare the prevalence and within-country variation of instructional practices in East Asian 
countries with the other 45 countries. Specifically, I examine whether classrooms in East Asian 
countries have more procedural and teacher-centered instruction and less complex and student-
centered instruction, and whether there is less within-country variation in classroom instructional 
practices in East Asian countries. Prevalence of an instructional practice is measured by the country-
level mean, and within-country variation is measured by the within-country coefficient of variation 
(standard deviation divided by mean, multiplied by 100). The measures are derived by using 
mathematics teacher weight variable (MATWGT). Using MATWGT allows for describing the 
instructional practices faced by nationally representative samples of students (Foy and Olson 2009). 
Note that the sampling design of TIMSS, where the second-stage sampling units are classrooms and 
not teachers, places a constraint on the interpretation of teacher data analysis. Inferences should be 
made at the student level and not the teacher level. 
 
Second, I focus on two East Asian countries, Japan and Singapore, to examine the effects of 
instructional practices on student achievement. These two countries were chosen because they stand 
at the extreme ends of the spectrum in their institutional arrangements, Japan having an integrated 
school system and Singapore having a differentiated system. To take into account the data structure 
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(students nested within classes nested within schools), I employ multilevel models to gauge the 
effects of instructional practice on student achievement. Singapore has more than one classroom 
sampled within each sampled school, which makes it possible to specify three-level models, while 
Japan sampled one classroom per school, which allows for two-level models. A three-level model for 
Singapore is specified as follows: 
 
 

𝑌𝑖𝑗𝑘 = 𝛾000 + 𝛽01𝐼𝑃𝑗𝑘 + 𝐴𝑖𝑗𝑘𝝅 + 𝑋𝑗𝑘𝜷 + 𝑊𝑘𝜸 + 𝑢00𝑘 + 𝑟0𝑗𝑘 + 𝜀𝑖𝑗𝑘 

𝑢00𝑘 ~ 𝑁(0, 𝜏𝛽) 

𝑟0𝑗𝑘 ~ 𝑁(0, 𝜏𝜋) 

𝜀𝑖𝑗𝑘 ~ 𝑁(0, 𝜎2) 

 
 

where, 𝑌𝑖𝑗𝑘 is the mathematics score of student i in classroom j for school k, 𝛾000 is the country 

mean mathematics score, 𝛽01 is the effect of instructional practice on achievement, 𝐼𝑃𝑗𝑘 is the 

instructional practice in classroom j in school k, 𝐴𝑖𝑗𝑘 is a vector of student-level covariates, 𝑋𝑗𝑘 is 

a vector of class-level covariates, 𝑊𝑘 is a vector of school-level covariates, and 𝑢00𝑘, 𝑟0𝑗𝑘, and 

𝜀𝑖𝑗𝑘 are the school-, class- and student-level random effects. All continuous variables are country-

mean centered and standardized. 
 
TIMSS uses a two-stage stratified clustered sampling design, which requires an appropriate use of 
sampling weights when running multilevel models. The multilevel models are estimated with HLM 
6.0 software using weights that are manually calculated for each level (Rabe-Hesketh and Skrondal 
2006). For three-level models, in case of Singapore, the total student weight is decomposed into the 
inverse of the probability of selection for a school, for a class within a school given that the 
associated school was selected, and for a student given that the student’s school and class were 
selected. For two-level models, in case of Japan, class weight is used for the second level and student 
weight is used for the first level. Using HLM software also allowed me to take into account all the 
five plausible values of mathematics achievement for the analyses (Rutkowski et al. 2010).   
 

2.5 Results 
 

Cross-national comparison of the prevalence and within-country variation of classroom 
instructional practices in East Asian countries 
 
Let’s begin by examining the instructional attributes in East Asian countries compared to those in 
other countries. Is classroom instruction in East Asian countries more procedural and teacher-
centered compared to that in other countries? Are classrooms in East Asian countries more 
homogeneous within each country in terms of instructional practices compared to those in other 
countries? Figure 2.1 addresses these questions by plotting the country average and coefficient of 
variation of instructional practices in the 50 countries (See Table A2.4 for the values of each 
country).  
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With respect to complex instruction, four of the East Asian countries (the exception being Korea) 
showed the lowest scores among the 50 countries. Less distinctively, East Asian countries scored 
lower in student-centered instruction. This result is consistent with the traditional notion that East 
Asian classrooms are less student-centered and less complex. But more importantly, classrooms 
within East Asian countries vary considerably, as indicated by the large coefficients of variation in 
complex, procedural, and student-centered instruction. The result counters the general assumption 
of homogeneity within East Asian countries and cautions us to refrain from generalizing an average 
or typical pattern to the whole country. On the other hand, classrooms in East Asian countries did 
consistently employ teacher-centered instruction. Four of the East Asian countries (the exception 
being Singapore) not only ranked highest in the teacher-centeredness scale but also had small within-
country variations compared to other countries in the sample.  
 
 
 

 
Figure 2.1 The relationship between country average and coefficient of variation of instructional 
practices 
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Within-country association of instructional organizations and student achievement 
 
Next, I examine whether and how the varied instructional practices explain student achievement 
within the country. The effects of instructional practices on student achievement are examined in 
two East Asian countries, Japan and Singapore. As a preliminary analysis, the variance in student 
math scores is decomposed into student, classroom, and school-level variances in Japan and 
Singapore, along with the other East Asian countries (Table A2.5). Note that the total variation in 
math scores that stem from between classrooms or school levels was smallest in Japan (19%) and 
largest in Singapore (77%) among the five East Asian countries. That is, 81% of the variance in math 
scores is attributable to between-student sources within classrooms in Japan, and 23% in Singapore. 
Different patterns of apportioning reflect the different educational systems of the two countries, 
namely, the comprehensive system in Japan and the stratified system in Singapore. This signals 
possible sorting between schools or classrooms, especially in Singapore, and further necessitates 
considering the diversity in school, classroom, and student characteristics when examining the 
association between classroom instructional organization and student achievement. 
 
Tables 2.2 and 2.3 present the estimated effects of instructional practices on student achievement in 
Japan and Singapore. Table 2.2 shows that in Japan, classrooms with more complex instruction tend 
to have higher class average mathematics scores (model 1). Other classroom instructional practices 
are not significantly associated with student achievement (models 4, 7, and 10). Models that only 
include classroom instructional practices (not shown) explain only 2% to 4% of student achievement 
variance at the classroom level. This may be partly due to the already small achievement variation 
across classrooms in Japan. As shown in Table 2.3, in Singapore, the effects of complex, student-
centered, and teacher-centered instruction on student achievement in models with no covariate 
controls are significantly positive (models 1, 7, and 10). Supplementary analyses that only include 
classroom instructional practices in the models show that classroom instruction variables accounted 
for 4% to 6% of achievement variance at the school level and 2% to 5% of variance at the 
classroom level.  
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Table 2.2 Relationship between instructional practices and student achievement in Japan 

  Complex Procedural Student-centered Teacher-centered 

  model1 model2 model3 model4 model5 model6 model7 model8 model9 model10 model11 model12 

Instructional practice 
                        

Complex instruction 7.20  ** 2.16   3.29                     

Procedural instruction 
      -0.92   0.10   -0.13               

Student-centered instruction 
            -2.57   -3.08   0.85         

Teacher-centered instruction 
                  4.71   4.79  + 1.57   

Student Background 
                        

Male 5.13   5.63  + 6.38  * 5.24   5.68  + 6.45  * 5.20   5.62  + 6.47  * 5.23   5.68  + 6.44  * 

Foreign born parent -22.06  + -21.87  + -22.68  + -22.18  + -21.96  + -22.80  + -22.21  + -22.02  + -22.77  + -22.22  + -22.02  + -22.83  + 

Language at home 39.17  + 40.35  + 40.98  * 39.21  + 40.36  + 41.01  * 39.27  + 40.51  + 40.97  * 39.20  + 40.37  + 41.00  * 

Books at home 13.52  *** 12.50  *** 12.47  *** 13.52  *** 12.50  *** 12.46  *** 13.52  *** 12.50  *** 12.46  *** 13.56  *** 12.50  *** 12.46  *** 

Parent education 35.34  *** 33.06  *** 33.07  *** 35.56  *** 33.06  *** 33.07  *** 35.57  *** 33.06  *** 33.07  *** 35.54  *** 33.06  *** 33.07  *** 

Teacher Background 
                        

Male teacher -17.36  ** -8.28   -14.02  ** -15.96  ** -7.53   -12.92  ** -15.89  ** -7.47   -13.00  ** -15.04  * -6.66   -12.58  ** 

Teacher's years of experience 0.93   0.08   -0.18   -0.29   -0.31   -0.76   -0.26   -0.37   -0.75   -0.18   -0.14   -0.70   

Teacher's Degree in math or math education 10.54   11.49   13.07   9.83   11.44   12.73   11.44   12.99   12.26   12.48   13.73   13.50   

Class Characteristics 
                        

Class average number of books at home 
  11.08  ** 4.90  + 

  6.63  * 2.20     10.82  ** 5.01  + 
  11.47  ** 5.23  + 

Class proportion of parents with college degree 
  9.31  ** 4.20     11.11  ** 5.00  + 

  9.79  ** 5.21     9.34  ** 5.12   

Class size 
  6.45  * 1.93     9.83  ** 5.17     7.03  * 2.07     6.07  * 2.14   

Different ability of students as limiting instruction 
  -2.45   1.65     -1.95   2.42     -1.97   2.59     -3.53   1.90   

Uninterested students as limiting instruction 
  -8.92   -4.68     -10.37   -7.07     -12.42   -6.50     -13.49  + -8.16   

School Characteristics 
                        

School size 
    0.89       1.17       1.09       0.88   

Student from affluent family>50% 
    0.33       0.36       0.44       0.53   

School resource 
    -7.97       -8.03       -8.12  + 

    -8.29  + 

School climate 
    23.16  ** 

    23.99  ** 
    24.59  ** 

    23.32  ** 

Public school in large city 
    -0.14       -1.07       -1.43       -1.00   

Private school 
    68.70  *** 

    66.26  *** 
    66.50  *** 

    65.29  *** 

Intercept 512.12  *** 508.01  *** 504.57  *** 511.48  *** 507.51  *** 504.29  *** 510.00  *** 506.23  *** 504.76  *** 508.50  *** 505.51  *** 503.92  *** 

Random Effect 
                        

Variance explained(classroom) 36.3% 59.4% 77.5% 32.8% 59.1% 76.7% 33.4% 59.9% 76.7% 34.4% 60.6% 76.9% 

Variance explained(student) 8.2% 8.2% 8.1% 8.2% 8.2% 8.1% 8.2% 8.1% 8.1% 8.2% 8.1% 8.1% 

N(classroom) 140  140  140  140  140  140  140  140  140  140  140  140  

N(student) 2831  2831  2831  2831  2831  2831  2831  2831  2831  2831  2831  2831  

+p<0.1, *p<0.05, **p<0.01, ***p<0.001



 

 

4
8

 

Table 2.3 Relationship between instructional practices and student achievement in Singapore 

  Complex Procedural Student-centered Teacher-centered 

 
model1 model2 model3 model4 model5 model6 model7 model8 model9 model10 model11 model12 

Instructional practice                                                 

Complex instruction 17.60  ** 6.79  + 5.90  + 
                  

Procedural instruction 
      7.40   1.56   3.47               

Student-centered instruction 
            17.44  *** 10.84  ** 7.34  * 

      

Teacher-centered instruction 
                  13.94  ** 7.07  * 4.40   

Student Background 
                        

Male 4.44  + 4.70  + 4.53  + 4.41  + 4.69  + 4.49  + 4.41  + 4.66  + 4.52  + 4.42  + 4.67  + 4.53  + 

Foreign born parent 6.97  ** 6.95  ** 7.03  ** 6.97  ** 6.94  ** 7.01  ** 6.96  ** 6.95  ** 7.02  ** 6.98  ** 6.95  ** 7.02  ** 

Language at home 1.65   0.90   0.68   1.63   0.89   0.67   1.66   0.88   0.67   1.67   0.92   0.71   

Books at home 0.63   -0.18   -0.17   0.64   -0.18   -0.17   0.65   -0.18   -0.17   0.66   -0.18   -0.17   

Parent education -0.40   -1.35   -1.30   -0.42   -1.35   -1.29   -0.36   -1.34   -1.30   -0.45   -1.35   -1.31   

Teacher Background 
                        

Male teacher -17.87   -10.18   -15.34  * -17.37   -9.96   -15.16  * -17.05   -9.82   -14.92  * -19.36  + -10.84   -15.69  * 

Teacher's years of experience 3.00   1.30   1.78   1.85   0.68   1.53   2.24   1.26   1.72   -0.75   -0.23   0.71   

Teacher's Degree in math or math education -6.94   2.79   1.85   -2.76   4.74   3.08   -4.45   2.93   2.08   -4.42   3.64   2.45   

Class Characteristics 
                        

Class average number of books at home 
  46.36  *** 35.58  *** 

  47.60  *** 35.95  *** 
  46.53  *** 36.21  *** 

  48.02  *** 37.11  *** 

Class proportion of parents with college degree 
  15.77  *** 9.31  * 

  15.68  *** 8.84  * 
  16.67  *** 10.11  * 

  14.51  ** 8.92  * 

Class size 
  14.05  *** 15.73  *** 

  13.57  *** 15.10  *** 
  14.37  *** 15.46  *** 

  13.02  *** 15.13  *** 

Different ability of students as limiting instruction 
  -14.55  + -13.86  + 

  -16.71  + -15.90  * 
  -15.88  + -15.00  + 

  -16.22  + -15.64  + 

Uninterested students as limiting instruction 
  -23.97  * -23.18  ** 

  -23.44  * -23.85  ** 
  -19.19  * -20.04  * 

  -23.12  * -23.06  ** 

School Characteristics 
                        

School size 
    -13.23  *** 

    -13.39  *** 
    -11.85  ** 

    -3.02   

Student from affluent family>50% 
    -1.68       -0.95       -0.47       -1.58   

School resource 
    -0.58       -1.71       -4.36       -0.27   

School climate 
    -1.18       0.18       1.49       -13.45  *** 

School performance strata 
    29.89  *** 

    30.51  *** 
    27.87  *** 

    28.92  *** 

Intercept 591.11  *** 594.36  *** 598.23  *** 587.61  *** 593.17  *** 598.50  *** 588.83  *** 593.46  *** 600.07  *** 590.09  *** 594.28  *** 600.48  *** 

Random effects 
                        

Variance explained(school) -1.6% 65.3% 92.4% -11.7% 67.8% 93.5% -1.1% 64.3% 91.1% 0.1% 70.6% 93.8% 

Variance explained(classroom) 9.7% 59.5% 57.4% 6.8% 57.8% 56.5% 8.6% 60.8% 57.9% 5.9% 57.8% 56.5% 

Variance explained(student) 0.6% 0.5% 0.5% 0.6% 0.6% 0.5% 0.6% 0.6% 0.6% 0.6% 0.6% 0.5% 

+p<0.1, *p<0.05, **p<0.01, ***p<0.001
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Recognizing the diversity of schools and classrooms 
 
The final explanatory question asks whether and how the association between classroom 
instructional organization and student achievement changes when diversity in schools and 
classrooms is considered. Models in Tables 2.2 and 2.3 that include student, classroom and school 
background variables address this question. By comparing the coefficients of instructional practice 
variables before and after including classroom and school organization variables, we can see how 
much of the effects of instructional practice are actually due to the nonrandom placement of 
students to classrooms or schools that employ different types of instruction. As illustrated in Table 
2.2, in Japan, the effect of complex instruction is no longer significant when class average student 
background variables are introduced to the model (model 2). The small yet positive and significant 
relationship between class average parent education and complex instruction may have confounded 
the effect (See Table A2.2). The final models accounted for about 77% of achievement variance at 
the classroom level and 8% of variance at the student level. 
 
Table 2.3 shows that, in Singapore, the effects of complex and teacher-centered instruction are 
attenuated (model 2 and model 11) when classroom characteristics are included in the models. 
Change in the coefficients is likely due to the positive correlation between classroom averages of 
student socioeconomic background and both complex and teacher-centered instruction (See Table 
A2.3). The full models show that the effects of complex instruction and student-centered instruction 
remain significant after including all school characteristics variables (models 3 and 9). The final 
models explain over 55% of achievement variance at the classroom level and over 90% of variance 
at the school level. However, less than 1% of the student-level variance in achievement was 
accounted for by the final models. This is not surprising given the tiered school system, where there 
is very little within-classroom achievement variation to begin with. In both Japan and Singapore, the 
results demonstrate that wealthier students are selecting into classrooms that adopt certain types of 
instructional approaches or that teachers are differentiating their instruction based on the class 
average student background. Students’ differential exposure to different types of classroom practice 
is further assisted by educational institutions in Singapore; the school ranks 
 
Not surprisingly, students’ family socioeconomic background is highly associated with mathematics 
achievement in all three countries. Male students and students that use the test language in their 
homes tend to score higher in mathematics in Japan. Students with foreign-born parents have higher 
mathematics scores in Singapore and lower scores in Japan. Classrooms where teachers reported 
uninterested students as limiting their instruction tend to score lower in mathematics in Singapore. 
In Japan, classrooms with male teachers tend to have lower average mathematics scores, and 
classrooms in schools with better climates and private schools tend to have higher average 
mathematics scores. In Singapore, larger classrooms and classrooms in schools with higher 
performance strata score higher in mathematics on average.  
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2.6 Discussion 
 

To gain a more holistic understanding of classroom instructional practices in East Asian countries, 
this paper examined the level and dispersion of complex, procedural, student-centered, and teacher-
centered instruction in these countries, and the effectiveness of such practices within the countries. 
The results complement previous studies on East Asian classrooms by attending to the within-
country variation and effects of the four dimensions of instructional practice. By doing so, the study 
reassesses the long-held stereotypes about classroom practices in East Asian countries and presents 
empirically grounded evidence that may be useful for further research as well as policy discussion. 
Overall, there is much more to learn from the East Asian countries if we take into account the 
classroom practices at both the between- and within-country levels and consider varying 
organization of schooling, which may confound the link between instructional practice and 
achievement. 
 
This study has three main findings. First, while classrooms in East Asian countries are indeed among 
the most teacher-centered, less student-centered and least complex on average, the extent to which 
classrooms within these countries employ certain practices varies considerably compared to the 
other 45 countries in the sample. The fact that there is great variability in instructional practices 
among classrooms demands caution in generalizing about East Asian classrooms based on national 
average features and assuming causal linkage between national features of East Asian classrooms and 
their high performance.  
 
This finding also provides an interesting contrast with prior studies that report that countries with 
national control over curricula, which includes most East Asian countries, have less variation across 
classrooms in terms of instructional content (Stevenson and Baker 1991; Schmidt and Prawat 2006). 
The central control of curriculum and the consistency of classroom instructional topics across 
classrooms created by the centralization are often identified as key factors that produce high 
performance in East Asian countries. But as my findings show, although teachers may be similar in 
what they teach, how they teach these topics differs vastly across classrooms within these countries. 
Literature on Japanese elementary schools reports that Japanese teachers are trained to design 
classroom activities in a way that allows students to naturally discover the contents listed in the 
national curriculum (Lewis and Tsuchida 1997). Whether the same explanation applies in secondary 
schools could be found out empirically. Moreover, how the variability in classroom instructional 
organization in East Asian countries might explain their overall high achievement could be further 
unpacked in future studies.  
 
Learner-centered pedagogy is increasingly becoming a global norm (Bromley, Meyer, and Ramirez 
2011), and governments in East Asian countries try to promote more student-centered and active 
learning approaches in classrooms. But still, East Asian classrooms consistently employ more 
teacher-centered practices and variably have less student-centered practices. Why we see this broad 
variability in classroom instructional organization despite the tight control of curriculum content and 
standardized teacher education is a question that may guide future research. The variability may 
reflect the multiple models of “good teaching” present in the system. And some schools or 
classrooms may be faster at incorporating the new models, while others adhere to the traditional 
mode of teaching. How teachers adopt, negotiate, or resist the new models of instructional practice 
can be empirically explored through appreciation of the heterogeneity within the field.  
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Secondly, by examining the within-country association between classroom instructional organization 
and student achievement in two East Asian countries, Japan and Singapore, this study finds that 
complex or student-centered instruction is positively associated with student achievement within 
these countries. The directions of these associations within the countries contrast with those at the 
between-country level, where classrooms in East Asian countries are overall high in teacher-
centeredness and low in complexity compared to those in other countries and rank the highest in 
international assessments. The result indicates that association patterns of instructional practices and 
student achievement at the between-country and within-country levels are distinct, reflecting 
different causal mechanisms that warrant further investigation in future research.  
 
The third finding shows that the associations between classroom practices and student achievement 
change after adjusting for school and classroom characteristics. In both Japan and Singapore, the 
positive association between complex or student-centered instruction and achievement decreased in 
size or lost its statistical significance after adjusting for class average student socioeconomic 
background. This could be a result of sorting, as suggested by many U.S.-based studies. Studies have 
reported that teachers of students from low socioeconomic backgrounds tend to spend more time 
on procedural learning, while teachers of affluent students tend to present more complex material 
and emphasize problem-solving skills (Oakes 1985; Lucas and Gamoran 2002; Bodovski and Farkas 
2007; Maaz et al. 2008; Desimone and Long 2010). The data used in this study do not allow us to 
specify to what extent students are differentially sorted into classrooms with different pedagogical 
approaches, how teachers adjust their instructional practices based on the ability or background of 
the student body, and how much students actually benefit from the instructional practices. Further 
studies that use qualitative approaches could examine what instructional approaches are sought by 
parents and whether certain practices are deemed desirable for particular students within the East 
Asian context. Quantitative studies that use quasi-experimental methods could also help unpack 
causal relationships and possible sorting through parental choice or teachers’ selective adjustment.  
 
Another point related to the third finding is that differential exposure to certain types of 
instructional practices is conditioned by institutional structures as evidenced by the different patterns 
in Japan and Singapore. This is consistent with findings of U.S.-based studies, different types of 
instructional modes being differentially provided through institutional structures such as curriculum 
tracks or ability grouping (Barr, Dreeben, and Wiratchai 1983; Oakes 1985; Raudenbush, Rowan, 
and Cheong 1993; Zohar, Degani, and Vaaknin 2001). Evidence of institutional differentiation is 
especially pronounced in Singapore, as classrooms in higher-ranking schools tend to employ more 
complex tasks and teacher-centered instruction.  
 
Institutional sorting is less prominent in Japan, perhaps due to the egalitarian and comprehensive 
lower secondary educational system. Supplementary analyses of Japanese data suggest that private 
schools enroll students from wealthier families and tend to have less student-centered instruction 
compared to public schools. This is consistent with previous Japanese studies that found that 
middle-class families send their children to private schools in pursuit of academically rigorous 
instruction, avoiding the relaxed curriculum promoted by the government (Kariya and Rosenbaum 
1999). Increased stratification after governments’ decentralization efforts has been reported in other 
East Asian countries as well (Bjork 2006; Wu and Zhang 2010; Kariya 2011). Future studies that use 
longitudinal data from before and after decentralization and include classrooms and schools of 
various types could examine whether and how much the interplay between the institutional structure 
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of schooling, classroom instructional practices, and achievement increased opportunity gaps and 
intensified inequality after the decentralization policies were implemented. 
 
Often, classroom practices prevalent in East Asian countries are celebrated as best practices to 
emulate, criticized for their rigidity, or simply regarded as non-importable due to the peculiarity of 
East Asian culture. But as this study shows, East Asian countries face educational challenges similar 
to those observed in the U.S. and elsewhere. Once we acknowledge the commonality, a variety of 
research questions arise, which may guide future research. For example, this study finds that East 
Asian governments’ efforts to promote certain types of teaching practices have little impact on how 
teachers teach their classes, which is a decoupling of policy and classrooms. Why do we see this 
decoupling even under the condition of strong central control of the curriculum? What accounts for 
the broad variation in teacher classroom practices when teachers teach more or less similar 
curriculum content? How might cultural factors play a role in the policy implementation process? 
This article also reports that access to certain types of classroom instructional practices is unequally 
distributed across students by socioeconomic status or previous achievement in East Asian countries, 
as is the case in other developed nations. What explains the link across class average socioeconomic 
status, instructional practices, and student achievement in Japan, where the system is comprehensive 
and no institutional sorting is in place, at least in junior secondary level public schools? To what 
extent do teachers tailor the level of their instruction to their perception of students’ prior learning 
experience and learning needs? What role do parents play? In Singapore, where schools are ranked 
by student achievement, how do teachers differentiate their teaching by students’ ability? How do 
cultural beliefs about teaching and learning affect this process? These questions will allow us to 
better understand our own problems and assumptions about educational processes and theories and 
could lead comparative education research in more fruitful directions. 
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Appendix A2 

Table A2.1 Description of variables 

Variables Description 

Student math achievement Five plausible values of the math IRT scores (bsmmat01-05) 

Instructional practice 
 

Complex instruction Average of four items: teachers' reported frequency on asking students to explain 
the reasoning behind and idea (bt4masea), relate the learning topic to their daily lives 
(bt4masdl), work on problems with no immediately obvious method of solution 
(bt4masws), and decide on their own procedures for solving complex problems 
(bt4mascp). Recoded the original item from 1 "never" to 4 "every or almost every 
lesson" 

Procedural instruction Average of three items: teachers' reported frequency on asking students to practice 
adding, subtracting, multiplying, and dividing without using a calculator (bt4maspc), 
memorize formulas and procedures (bt4masmf), and  apply facts, concepts and 
procedures to solve routine problems (bt4masac). Recoded the original item from 1 
"never" to 4 "every or almost every lesson" 

Student-centered instruction Teachers' report on the percentage of time students spend on working on own 
(bt4mptoo). Percentage is divided by 10. 

Teacher-centered instruction Teachers' report on the percentage of time students spend on listening to lecture-
style presentation (bt4mptls) and listening to the teacher re-teach and clarify 
content/procedures (bt4mptrt). Percentage is divided by 10. 

Student Background  

Male Coded 1 if male, and 0 if female (bs4gsex) 

Foreign born parent Coded 1 if at least one parent is foreign born, and 0 otherwise (bsdgborn) 

Language at home Coded 1 if student speak language of test at home, and 0 otherwise (bs4golan) 

Books at home Used bs4gbook. 5=1 to 10, 18=11 to 25, 64 = 26 to 100 , 151 =  101 to 200, 300 = 
over 200 

Parent education Coded 1if at least one parent completed post-secondary degree and 0 otherwise 
(bsdgedup) 

Teacher Background  

Male teacher Coded 1 if male, and 0 if female (bt4gsex) 

Teacher's years of experience Teachers' report on their years of experience (bt4gtaut) 

Teacher's Degree in math or math education Coded 1 if majored on math or math education and 0 otherwise (bt4mpsma and 
bt4mpsem) 

Class Characteristics  

Class average number of books at home Class average of students' books at home 

Class proportion of parents with college degree Class average of parent education 

Class size Teachers' report on class size (bt4mstud) 

Different ability of students as limiting instruction Teachers' report on the extent to which different academic ability of students limit 
how they teach the class. Coded 1 if "a lot" and 0 otherwise (bt4mli01) 

Uninterested students as limiting instruction Teachers' report on the extent to which uninterested students limit how they teach 
the class.  Coded 1 if "a lot" and 0 otherwise  (bt4mli04) 

School Characteristics  

School size Principals' report on school enrollment (bc4gtenr) 

Student from affluent family>50% Principals' report on students’ economic backgrounds. Coded 1 if more than 50% of 
students are from economically affluent homes, and 0 otherwise (bc4gsbea). 

School resource Categorical variable derived by TIMSS using principal survey items. Coded 1 if 
school resource for math instruction is "high", and 0 if "low" or "medium" 
(bcdsrmi). 

School climate Categorical variable derived by TIMSS using principal survey items. Coded 1 if 
principal's perception of school climate is "high", and 0 if "low" or "medium" 
(bcdgppsc) 

School type (Japan) School types are categorized to public schools in large or very large cities, public 
schools in small cities or non-city area(reference category), and private 
schools(idstrate).   

School rank (Singapore) School rank based on students’ performance (idstrati). 
Note. All continuous variables are standardized to the country mean (for Japan and Singapore) when included as predictors in the multilevel models
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Table A2.2 Correlation of Variables, for Japanese classes (n=140) 

    
 

Instructional Practice Class Characteristics School Characteristics 

  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 Class average math scorea 1.00 
                

2 Instructional Practice: Complex 0.17* 1.00 
               

3 Instructional Practice: Procedural -0.06 0.27** 1.00 
              

4 Instructional Practice: Student-centered 0.01 0.13 0.07 1.00 
             

5 Instructional Practice: Teacher-centered 0.07 -0.16 0.01 -0.42*** 1.00 
            

6 Class: Average number of books at home 0.60*** 0.15 -0.10 -0.02 -0.08 1.00 
           

7 Class: Prop. of parents with college degree 0.52*** 0.23** -0.06 -0.05 0.05 0.47*** 1.00 
          

8 Class: Size 0.30*** 0.00 0.04 0.17* 0.20* 0.07 0.00 1.00 
         

9 Class: Different ability limits instruction -0.02 0.06 -0.08 -0.05 0.19* -0.04 -0.01 0.09 1.00 
        

10 Class: Uninterested students limits  instruction -0.11 -0.11 -0.09 -0.18* 0.22** -0.10 -0.01 0.06 0.32*** 1.00 
       

11 School: Size 0.21* 0.11 0.17* 0.09 0.24** 0.11 0.19* 0.54*** 0.13 0.08 1.00 
      

12 School: More than 50% from affluent family 0.21* 0.08 -0.03 -0.04 -0.06 0.38*** 0.32*** -0.04 -0.15 -0.07 0.10 1.00 
     

13 School: High resource 0.06 -0.05 0.08 0.00 0.04 0.13 0.04 -0.08 -0.10 -0.13 -0.11 0.08 1.00 
    

14 School: High climate 0.38*** 0.10 0.01 -0.16 0.11 0.19* 0.14 0.14 -0.04 -0.09 0.05 0.07 0.19* 1.00 
   

15 School: Public school in large city -0.03 0.00 -0.04 0.24** 0.04 -0.05 0.16 0.12 0.24** -0.03 0.16 0.01 0.01 -0.02 1.00 
  

16 School: Public school in small city -0.26** 0.00 0.04 -0.18* -0.08 -0.15 -0.35*** -0.21* -0.16 0.06 -0.21* -0.13 -0.09 -0.12 -0.89*** 1.00 
 

17 School: Private school 0.63*** 0.00 -0.02 -0.12 0.10 0.44*** 0.42*** 0.21* -0.15 -0.07 0.11 0.26** 0.19* 0.30*** -0.16 -0.31*** 1.00 

NOTE.—a. Average of the five class average math scores based on the five plausible values were used for simplicity. 
*p<0.05, **p<0.01, ***p<0.001 
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Table A2.3 Correlation of Variables, for Singaporean classes (n=284) 

    
 

Instructional Practice Class Characteristics School Characteristics 

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

1 Class average math scorea 1.00                              

2 Instructional Practice: Complex 0.23*** 1.00  
             

3 Instructional Practice: Procedural 0.09  0.34*** 1.00  
            

4 Instructional Practice: Student-centered 0.21*** 0.05  -0.06  1.00  
           

5 Instructional Practice: Teacher-centered 0.14* 0.00  0.10  -0.44*** 1.00  
          

6 Class: Average number of books at home 0.71*** 0.19** 0.10  0.13* 0.04  1.00  
         

7 Class: Proportion of parents with college degree 0.54*** 0.12* 0.09  0.04  0.15* 0.59*** 1.00  
        

8 Class: Size 0.13* -0.01  0.08  -0.01  0.09  -0.07  -0.10  1.00  
       

9 Class: Different ability of students limits instruction -0.30*** -0.11  0.09  -0.11  -0.02  -0.20*** -0.22*** -0.10  1.00  
      

10 Class: Uninterested students limit instruction -0.31*** -0.06  0.11  -0.18** 0.00  -0.23*** -0.23*** -0.02  0.39*** 1.00  
     

11 School: Size 0.29*** 0.05  -0.04  -0.06  0.13* 0.34*** 0.37*** 0.13* -0.10  -0.14* 1.00  
    

12 School: More than 50% from affluent family 0.26*** 0.09  0.06  0.03  0.09  0.25*** 0.28*** -0.01  -0.08  -0.07  0.21*** 1.00  
   

13 School: High resource -0.05  -0.11  -0.04  0.07  0.09  -0.03  -0.03  -0.01  -0.01  -0.03  -0.01  -0.02  1.00  
  

14 School: High climate 0.31*** 0.06  -0.05  -0.05  0.19** 0.31*** 0.32*** 0.04  -0.16** -0.11  0.28*** 0.20*** 0.05  1.00  
 

15 School: Performance rank 0.63*** 0.13* -0.01  0.12  0.21*** 0.64*** 0.60*** -0.02  -0.17** -0.17** 0.57*** 0.39*** 0.02  0.45*** 1.00  

NOTE.—a. Average of the five class average math scores based on the five plausible values were used for simplicity. 
*p<0.05, **p<0.01, ***p<0.001 
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Table A2.4 Means and coefficient of variations of instructional practices by country 

Country 

Complex 
Instruction 

Procedural 
Instruction 

Student-centered 
Instruction 

Teacher-centered 
Instruction 

Mean Coef. of Var. Mean Coef. of Var. Mean Coef. of Var. Mean Coef. of Var. 

ARM 2.51 21.38 2.58 36.75 1.58 49.52 3.44 32.50 

AUS 2.44 24.47 2.56 22.71 2.40 55.74 2.65 38.35 

BGR 2.88 19.02 3.37 15.32 1.69 52.18 2.86 44.50 

BHR 2.79 23.74 3.05 18.83 1.20 50.27 3.72 32.42 

BIH 2.84 19.02 2.87 21.02 1.50 54.25 3.96 36.27 

BWA 2.78 21.05 3.01 20.98 2.10 54.62 2.32 39.14 

COL 3.10 15.56 2.98 18.32 1.65 49.53 2.93 38.40 

CYP 3.05 16.58 3.11 16.85 1.21 50.38 2.68 40.41 

CZE 2.95 17.06 2.69 18.84 2.09 35.71 2.93 29.43 

DZA 2.82 19.46 2.90 20.42 1.53 66.56 3.30 38.95 

EGY 2.83 19.54 2.83 22.17 1.43 46.59 3.66 34.91 

ENG 2.59 19.64 2.60 20.50 2.32 62.43 2.83 37.04 

GEO 2.82 17.36 3.18 19.93 1.48 46.15 3.26 30.73 

GHA 2.71 21.93 3.36 18.05 1.46 47.53 2.74 36.37 

HKG 2.28 18.60 2.33 22.33 1.30 62.56 4.42 30.54 

HUN 3.01 14.87 2.98 18.23 2.23 45.23 2.07 47.08 

IDN 2.54 22.70 2.86 20.99 1.48 51.78 3.04 33.30 

IRN 2.87 20.03 2.91 19.71 1.38 59.35 3.14 35.65 

ISR 2.71 21.82 2.75 25.18 1.87 58.26 2.77 44.11 

ITA 2.91 20.55 2.83 23.58 1.23 53.52 3.53 27.35 

JOR 2.88 17.62 3.29 18.16 1.50 36.70 3.25 29.97 

JPN 2.34 22.00 2.81 24.21 1.21 90.26 4.41 23.71 

KOR 2.72 17.76 2.93 20.70 1.70 46.98 4.37 30.20 

KWT 2.71 21.61 2.93 24.32 1.37 55.05 3.73 37.61 

LBN 2.89 17.08 2.91 21.18 1.03 80.72 2.73 34.06 

LTU 2.78 16.64 3.21 18.79 2.54 40.34 2.07 36.80 

MAR 2.80 20.55 2.88 20.66 1.49 64.63 3.21 41.48 

MLT 2.58 20.57 2.74 19.49 1.52 45.83 3.05 33.45 

MNG 2.70 22.37 2.84 22.69 2.34 49.50 2.38 46.22 

MYS 2.63 20.56 3.08 21.93 1.29 56.89 3.42 37.09 

NOR 2.48 20.93 2.17 18.55 2.47 56.65 3.25 32.34 

OMN 2.91 18.25 3.19 19.08 1.44 60.41 3.31 39.78 

PSE 2.81 19.41 3.18 18.86 1.43 59.06 3.29 30.62 

QAT 2.69 21.80 3.04 21.33 1.33 56.22 3.47 40.09 

ROU 2.92 19.02 3.26 16.96 1.35 49.10 2.76 31.73 

RUS 2.55 16.00 3.42 15.78 1.97 39.85 2.72 29.83 

SAU 2.72 21.89 3.06 21.72 1.09 49.37 3.68 33.32 

SCT 2.54 21.01 2.84 20.69 2.44 63.58 2.95 29.58 

SGP 2.29 21.15 2.58 20.00 1.35 61.08 3.53 39.07 

SLV 2.83 21.59 3.06 20.36 1.99 47.91 2.69 38.02 

SRB 2.77 21.20 3.09 19.04 1.99 56.06 3.39 37.20 

SVN 2.79 20.70 2.95 19.85 2.11 51.32 3.22 35.03 

SWE 2.65 21.12 2.38 21.78 2.78 85.62 2.40 41.80 

SYR 2.76 23.00 3.34 18.83 1.00 49.34 3.86 29.39 

THA 2.85 21.28 3.07 21.00 1.20 55.43 3.59 35.17 

TUN 2.67 21.23 3.05 22.10 1.61 74.11 3.03 46.07 

TUR 2.89 17.85 3.06 20.03 1.28 63.68 3.43 36.78 

TWN 2.40 19.42 2.75 19.67 0.74 64.32 5.07 24.50 

UKR 2.73 16.82 3.39 15.11 1.81 38.75 3.12 30.03 

USA 2.70 21.32 2.89 20.18 1.68 57.94 3.10 34.92 

Total 2.73 19.92 2.94 20.47 1.64 55.18 3.21 35.47 

  



 

57 

 

 

 

Table A2.5 Decomposition of math achievement variance in the five East Asian countries 

Variance SGP JPN KOR TWN HKG 

Between schools 1853.06 1360.97 2294.06 2588.31 5997.75 

Between classrooms 4860.03 - - - - 

Within classrooms 2020.89 5747.24 5899.83 8088.63 3190.69 

Variance at school level 21% 19% 28% 24% 65% 

Variance at class level 56% - - - - 

Variance at student level 23% 81% 72% 76% 35% 
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Chapter 3 Can standards-based policy tools raise complex instruction and 
student achievement? A cross-national examination 

 
Abstract 
 
Debate over Common Core State Standards (CCSS) in the U.S. context includes renewed claims that 
central policy can advance complex instruction and, in turn, boost achievement. Many countries 
already hold long experience with three elements of central policy – national curricular standards, 
instructional guides, and regional or national testing – but little is known about whether such 
regimes are associated with complex instruction or predictive of higher student performance. This 
paper examines these relationships across 48 nations and 9,154 classrooms that participated in the 
2007 Trends in International Mathematics and Science Study. Nations that pressed uniform 
instructional guides tended to host classrooms with less complex instruction; those with greater 
emphasis on national testing manifest lower achievement. Most importantly, the positive effects of 
complex instruction on student achievement were stronger when national curriculum standards and 
more specified instructional guides were in place. Even when the degree of complex instruction 
appears to be exogenous to contemporary policy, the presence of common curricular standards and 
pedagogical guides appears to moderate the effectiveness of complex instruction. 
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3.1 Introduction 
 
Many governments deploy central policy tools to encourage complex instruction, aiming to equip 
students with the skills necessary to compete in a post-industrial global economy (Davies and Guppy 
1997; Mundy 2005). Debate over the Common Core State Standards (CCSS) offers one 
contemporary example from the U.S. context, following earlier federal efforts that encouraged 
didactic pedagogy. Yet other nations have long arranged national curricular standards, teaching 
guides, and standardized testing to encourage complex instructional practices. Or, teaching traditions 
in some societies may sustain complex instruction exogenous to the rise of centralized curricular and 
assessment policies. This paper – drawing on data from 48 nations – examines the association 
between centralized policies and classroom complexity, then estimates how each may shape student 
achievement.  
 
The key idea behind the standards-based policy is that setting clear and rigorous learning standards 
will assist in effective implementation of complex practice in classrooms and thereby boost student 
achievement. In the U.S., moving past the former standard-based accountability policy, No Child 
Left Behind (NCLB) and toward CCSS, there is much discussion about whether and how the new 
policy will achieve desired results as it unfolds. It is debated whether a national standard alone can 
achieve the desired goal. Other controversies involve how other policy tools, such as standardized 
assessments or specified instructional guides, work in conjunction with the national standard.  
 
The U.S. is not the only nation to debate the relationship between assertive centralized standards 
and the level of complexity or routinization in classrooms. For example, Germany has introduced 
national educational standards in 2003 and 2004 (Ertl 2006), and countries such as Australia 

(Klenowski and Wyatt‐Smith 2010) and Norway (Møller and Skedsmo 2013) are developing national 
curriculum and achievement standards. Debates within these countries revolve around the 
appropriate combination of the three key policy components—national curricular standards, 
instructional guides, and test-based control—and how each of the elements affect complex teaching 
and learning. For example, there are diverging arguments about whether specified instructional 
guides will assist successful implementation of the standards or constrain complex instruction in 
classrooms. Another discussion is around whether supplementing the national standards with test-
based accountability will incentivize schools and teachers to spur higher-order learning or 
demoralize actors at stake to game the system in exchange for student learning. 
 
These controversies on the success or failure of the policy are based on the presence or absence of 
and the relative emphasis placed upon each of the policy instruments; national standards, 
instructional guides, and test-based control. Currently, research that can inform the discussion is 
limited because studies in the U.S. setting have not been able to study the independent impact of 
these policy components. But nations have long implemented varying mixes of centralized policies 
hoping to shape classrooms that efficiently deliver ‘known knowledge’ or to advance a wider range 
of cognitive skills. We can look retrospectively, taking advantage of natural variation among nations, 
to better understand these empirical relationships. 
 
Figure 3.1 illustrates our basic conceptual framework. Next, we turn to a pair of interrelated 
literatures: what’s known about central curricular policy and classroom complexity, and how policy 
intensity may affect student achievement. This leads to our research questions, emphasizing that 
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how classroom organization shapes learning may be conditioned by central policy. Our argument 
takes into account that the complexity of classroom instruction may be historically exogenous to the 
policy context. 
 
 

 

3.2 Literature review  
 

The effects of standards-based policy on classroom complex instruction 
 
We have learned much over the past decade on how standards-based accountability can shape the 
academic knowledge covered in classrooms. But less evidence exists on how centralized policies 
shape the social organization of classrooms, whether moving toward routinization or greater 
complexity of instructional techniques. Some small scale studies show that the policies lead to more 
emphasis on didactic pedagogy (Diamond and Spillane 2004; Sandholtz, Ogawa, and Scribner 2004; 
Booher-Jennings 2005). Au’s (2007) metasynthesis of 49 qualitative studies of the curricular impact 
of high-states testing suggests that when accountability policy influenced classroom instruction, it led 
to more didactic as opposed to complex approaches.  
 
On the other hand, a few scholars have found that high-stakes accountability has resulted in more 
teacher-reported use of conceptual, problem-solving approaches in classrooms (Hamilton et al. 2003; 
Desimone 2013). International classroom studies also found that specified mandated curriculum 
material in centralized countries did not necessarily constrain teachers’ autonomy and provided 
opportunities for teacher learning and collaboration (Stigler and Hiebert 1999; Wang and Paine 

Classroom 

Achievement 

 

National curriculum Instructional guides Test-based control 

{Education policy tools} 

Complex 

Instruction 

Figure 3.1 Moderating effects of the three policy tools on complex classroom instruction 
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2003). Still others found no change in instruction (Wong et al. 2003), or the relative emphasis on 
complex or procedural instruction depended on teacher’s skill and experience (Achinstein, Ogawa, 
and Speiglman 2004). 
 
Multi-state studies in the U.S. have utilized the variation among state policies under NCLB to relate 
different policy attributes to teachers’ instructional choices (Clune 1998; Desimone 2002; Desimone, 
Smith, Hayes et al. 2005; Polikoff 2012). States with tighter test-based accountability tend to have 
teachers that reportedly align content covered in their classrooms (Polikoff 2012). States with clear 
and specific instructional guidance and strong rewards and sanction system tend to improve 
procedural knowledge, but bring no change in problem solving or conceptual understanding 
(Desimone, Smith, Hayes et al. 2005). It could be speculated from this finding that specificity of 
instructional guides and the degree of test-based control may affect the level of complex instruction 
in classrooms. However, variability of policy variables may be limited in these studies because state-
level policies are couched under a national educational regime. A cross-national comparison would 
allow a fuller scope of policy variation, thereby better informing the discussion around CCSS.  
 
Several cross-national studies examined the effect of central educational policy on the coherence of 
teacher classroom practices. Several features of national curricular policies, such as centralization of 
curriculum control (Stevenson and Baker 1991) or specificity of instructional guides (Schmidt and 
Prawat 2006), have been shown to relate to coherence of instructional content taught in classrooms. 
These studies mainly focused on policy effects on content, and not pedagogy. But Schmidt and 
Prawat’s study importantly distinguished the centralization of curricular standards and specificity of 
instructional guides as two discrete policy tools, which may vary independently and affect the social 
organization of classroom practices. The finding indicates that it is the specificity of curriculum and 
not the where the final authority resides (national or state or local level) that affect classroom 
practice. In a similar vein, this study examines three aspects of centralized policy efforts and their 
impact on the effective implementation of complex instruction in classrooms. 
 
The effects of standards-based policy on student achievement 
 
Research in the U.S. context tends to show that centralized curricular standards and higher stakes 
testing can raise achievement, at least learning that’s gauged on standardized tests (Hout and Elliott 
2011). This work leaves out how the social organization of classrooms may moderate or mediate the 
influence of centralized policy tools. And findings remain a bit inconsistent with regard to policy 
effects on achievement (Dee and Jacob 2011; Grodsky, Warren, and Kalogrides 2009; Lee and 
Reeves 2012). It’s almost impossible to take into account a variety of possible confounding factors 
that co-occur with change (or cross-state variability) in policy regimes. 
 
Several cross-state studies exploit interstate variation in accountability policy to explain state 
achievement differences. Studies diverge in whether it is the existence of a basic accountability 
system (Hanushek and Raymond 2004) or the strength the state accountability system (Carnoy and 
Loeb 2002) that explain the achievement differences. Cross-national studies used the broader 
variation in education systems and academic achievement to associate educational policy tools and 
international test scores. Studies report that countries with external exit exams (Bishop 1997; Jürges, 
Schneider, and Büchel 2005) and standardized examination (Fuchs and Woessmann 2008) show 
higher achievement.  
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Previous research informs us on the direct effects of the standards-based policy on classroom 
practice or student achievement. But the research on achievement effect of education policy treat 
classroom instruction as a black box and the studies on instructional effect of policies rarely take 
achievement into account. There is little research that investigates the interrelationship between 
policy attributes, classroom practice, and achievement. But as current educational policies, such as 
CCSS, are aiming to advance student learning through complex and conceptual instructional 
strategies, it is crucial to understand how different aspects of the policy interrelate with classroom 
practice and achievement. 
 
This study fills the gap in the literature and contributes to the discussion on possible effects of 
educational policies taking form at the national level. First, by taking a cross-national approach, this 
study uses the natural variation in educational policy tools to assess the impact of the policy tools. 
Given that the inferences that we intend to make involve national level characteristics, such as the 
effect of a common national standard or national assessment system, a cross-national comparison 
would be an appropriate level of inquiry. Second, while previous cross-national studies mainly 
attended to national assessment systems, this study includes the presence of national curriculum and 
specificity of instructional guides in the analyses. If the presence or importance of each policy tools 
vary from country to country, we can find how each of the policy tools influences complex teaching 
and learning in classrooms. Third, the study unpacks the instructional effect of policies by attending 
to the moderating effect of education policy on the relationship between complex instruction and 
achievement. Because the current educational policies aim for advancing student learning through 
complex instruction, it is important to understand whether and how the policy tools foster effective 
implementation of complex instruction.  
 

3.3 Research questions and analytic strategy 
 
In order to inform the discussion on the effects of standards-based reforms unfolding in many 
developed countries, this paper examines how the key aspects of the policy interrelate with complex 
teaching and classroom achievement. More specifically, this paper asks how the three aspects of 
standards-based policies—the presence of national curricular standards, the specificity of 
instructional guides, and the intensity of test-based control—directly and indirectly affect complex 
instructional practice and achievement in classrooms. The specific research questions are as follows: 
 

1. How does each component of the standards-based policy affect the level of complex 
instructional practices? 
 
2. How does each component of the standards-based policy affect mathematics achievement? 
 
3. How does each component of the standards-based policy moderate the association between 
complex instructional practice and achievement?  

 
This study uses the Trends in International Mathematics and Science Study (TIMSS) 2007 data set to 
address the questions. Using the TIMSS data allowed for examining a large number of classrooms 
across countries with varying arrangements of the three policy components. By addressing the first 
two questions, this study extends previous U.S.-based studies on standards-based accountability 
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policy effects by using an internationally comparative framework. Then, this study examines the 
moderating effects of policy aspects on the relationship between complex instruction and 
achievement using large scale cross-national data for the first time. 
 

3.4 Methods 
 
Data 
 
The TIMSS data assessed mathematics and science achievement of the eighth graders in secondary 
schools and collected extensive information on students’ family and school experiences (student 
questionnaire), various school and classroom characteristics (teacher and school questionnaire), and 
various aspects of each countries’ educational system. Based on a two-stage stratified cluster design, 
schools were selected with probability proportional to size. Then, one or two intact classrooms for 
the eighth grade were chosen randomly within each selected school.  
 
As one of the key associations this study examines is the relationship between complex instructional 
practices and classroom achievement, it is essential to identify the learning units that link teachers 
exclusively to the classroom or group of students they taught. In cases where the sampled classroom 
was taught by one teacher, the classroom was treated as the learning unit. But there were cases 
where the sampled classrooms were taught by more than one teacher. In the majority of such cases, 
students in the sampled classroom were grouped and exposed to different teachers. There were also 
a few cases in which all students in the sample classroom were exposed to multiple teachers. For the 
former cases, I treat the teacher as the learning unit and link each teacher to the group of students 
she taught. As it is hard to discern each teacher’s effect on the classroom achievement for the latter 
cases, I dropped such cases, which amounted to 124 sampled classrooms. I use the term “classroom” 
to indicate the operationalized learning unit. 
 
For the analysis, I use the surveys completed by students’ mathematics teachers, as well as student 
mathematics assessment and background questionnaire data aggregated to the class level. Policy 
measures are derived from the curriculum survey. Two countries, in which key policy and classroom 
practice measures were not collected, are dropped in the analysis.30 After deleting cases with missing 
information, I ended up with a total of 9,154 classrooms across 48 countries.  
 
Measures 
 
Class achievement  
The dependent variable, classroom average mathematics achievement, is derived by aggregating 
students' achievement scores to the classroom level. The TIMSS 2007 mathematics assessments 
cover the appropriate subject matter domains within mathematics and the cognitive domains that 
correspond to students’ thinking processes when engaging with the mathematics contents (Mullis et 
al., 2008; Olson, Martin, & Mullis, 2008). The cognitive domains ranges from basic skills such as 

                                                      
30 All TIMSS curriculum policy measures were missing for El Salvador. Question on teacher’s educational degree was not 
administered in Hungary. As a teacher’s educational degree is an important measure for teacher quality and is conventionally 
controlled when analyzing effect of instructional practice (cite), I decided to drop Hungary from the analysis. A sensitivity analysis was 
conducted (not reported) by running the models without the teacher degree measure and including Hungary. The results were largely 
the same.  
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knowing facts and procedures to more higher-order thinking skills such as dealing with unfamiliar 
problems and complex contexts (Mullis et al., 2005). Therefore, the TIMSS assessment could be 
regarded as a comprehensive measure of students’ mathematics achievement.  
 
TIMSS conceptualizes student mathematics achievement as a latent construct measured with 
uncertainty and provides five separate imputed scores. Any analysis that involves student 
achievement should be replicated five times, and the results should be aggregated to obtain the final 
estimate as well as the imputation error (Foy & Olson, 2009). Thus, I aggregate each of the five 
plausible values of students’ mathematics scores from the student level to class level and use all five 
class average math achievement values for the analysis in this paper. See Appendix A3.1 for 
complete variable definitions and descriptions. 
 
Complex instruction variable 
In forming the key independent variable at the classroom level, I derive a ratio of two instructional 
practice variables: complex instruction and procedural instruction. Items that asked how often 
teachers ask students to relate the lessons to their daily lives, solve problems with no obvious 
solution, explain their answers, and decide on their own procedures in solving complex problems 
were categorized as complex instruction (alpha=0.664). In the literature, such practices are also 
termed higher-order instruction, authentic pedagogy, reform-oriented math instruction or 
conceptual instruction (e.g., Carpenter et al. 1989; Raudenbush, Rowan, and Cheong 1993; 
Newmann, Marks, and Gamoran 1996; Desimone, Smith, Hayes et al. 2005). Items that asked how 
often teachers ask students to solve routine problems, memorize formulas, and practice computation 
were categorized as procedural instruction (alpha=0.526). In indicating such practices, scholars use 
different terms, including basic skills instruction and traditional instruction (Shouse 2001; Hamilton 
and Martinez 2007). 
 
The ratio of the two variables measures the relative emphasis teachers place on complex versus 
procedural instruction in their math classrooms. Prior research has also used ratio measures to 
capture the teachers’ relative emphasis on instructional approaches (Desimone, Smith, Baker et al. 
2005; Minor et al. 2015). I choose to use this measure rather than a single measure of complex 
instruction, because educational policies in the U.S. and other developed countries concern has been 
to bring in more complex instruction in place of the currently overemphasized didactic and 
procedural approaches. This paper examines whether national curriculum, instructional guides, and 
test-based control encourage teachers to place more weight on complex instruction relative to 
procedural instruction.  
 
Class-level control variables 
I control for the class average socioeconomic background by including the class average number of 
books in students’ homes. Teachers’ years of teaching experience and teachers’ educational degree in 
math or math education are included as proxies of teachers’ content knowledge and pedagogical 
content knowledge. Since class size is known to affect teachers’ work, overall classroom 
environment and student achievement, I control for teachers’ report of class size. Local and school 
contexts, including instructional resources, collegiality among teachers and school climate supportive 
of teachers work, are also important factors that condition teaching and learning in classrooms. To 
control for such factors, I include teachers’ perception of sufficiency of material resources, teacher 
collaboration, and school climate in the models. 
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Policy tools 
National curriculum standards, instructional guides, and test-based control are the three key policy 
instruments used across countries to increase complex teaching and learning in classrooms. I use the 
TIMSS 8th Grade Mathematics Curriculum Questionnaire completed by National Research 
Coordinators to derive the policy measures. For the first measure, national curriculum, I use the item 
that indicates whether a country has a common curriculum at the national level. The second measure, 
specificity of instructional guide, is derived from items that asked whether textbook, instructional 
guide, and recommended activities are made available, and whether instructional methods and 
materials are prescribed in the curriculum. Countries are grouped according to the degree of 
specificity of instructional guide: 0 (low), 1 (medium), and 2 (high). The third measure, degree of 
test-based control, is derived from items that asked whether a country has a high-stakes assessment, 
whether student test results are used to evaluate curriculum implementation, and whether percentage 
of students reaching defined goals are prescribed in the curriculum. Countries are distinguished into 
three groups according to the degree of test-based control: 0 (low), 1 (medium), and 2 (high).  
 
Country control variables 
At the country level, I control for the level of economic development of each country by including 
the GDP per capita. 
 
Analytic approach 
 
To take into account the data structure that classrooms are nested within schools that are nested 
within countries, I employ a three-level hierarchical linear model (HLM) technique with the pooled 
data of 48 countries. In the class-level equation, the class average mathematics score for class i in 
school j in country k is predicted as follows: 
 

𝑌𝑖𝑗𝑘 = π0𝑗𝑘 + π1𝑗𝑘(𝑐𝑜𝑚𝑝𝑙𝑒𝑥 𝑖𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛)𝑖𝑗𝑘 + ∑ π𝑝𝑗𝑘(𝑐𝑙𝑎𝑠𝑠 − 𝑙𝑒𝑣𝑒𝑙 𝑐𝑜𝑛𝑡𝑟𝑜𝑙)𝑝𝑖𝑗𝑘 + 𝜀𝑖𝑗𝑘

8

𝑝=2

 

 

where 𝜋0𝑗𝑘 represents the average class math scores of school j in country k, and 𝜀𝑖𝑗𝑘 is a class-

level residual. 𝜋1𝑗𝑘 is the slope of complex instruction affecting class average math score in school j 

in country k. The effects of other class-level control variables, are represented through 𝜋2𝑗𝑘 to 

𝜋8𝑗𝑘 . All continuous variables are centered about the grand mean and standardized to have a mean 

of 0 and a standard deviation of 1.  
 
In the school-level equations, the coefficients of the class-level equation become dependent 
variables. The school-level equations are: 
 

𝜋0𝑗𝑘 = 𝛽00𝑘 + 𝑟0𝑗𝑘 

𝜋1𝑗𝑘 = 𝛽10𝑘 

𝜋𝑝𝑗𝑘 = 𝛽𝑝0𝑘 
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where 𝛽00𝑘 represents the average class math score in country k, and r0jk is a school-level residual. 
Class-level slopes are set not to vary at the school level. This places an assumption that the effects of 

class-level covariates, 𝜋1𝑗𝑘 to 𝜋𝑝𝑗𝑘, are set constant within country k. 

 
Lastly, school-level coefficients become dependent variables in country-level equations as follows: 
 

𝛽00𝑘 = 𝛾000 + ∑ 𝛾00𝑞(𝑝𝑜𝑙𝑖𝑐𝑦 𝑡𝑜𝑜𝑙𝑠)𝑞𝑘 + 𝛾004(𝑙𝑛 𝐺𝐷𝑃)𝑘

3

𝑞=1

+ 𝑢00𝑘 

𝛽10𝑘 = 𝛾100 + ∑ 𝛾10𝑞(𝑝𝑜𝑙𝑖𝑐𝑦 𝑡𝑜𝑜𝑙𝑠)𝑞𝑘 +

3

𝑞=1

𝑢10𝑘 

𝛽𝑝0𝑘 = 𝛾𝑝00 

 
In order to examine how policy tool variables at the country level shape the relationship between 

classroom complex instruction and achievement, I model the slope of complex instruction, 𝛽10𝑘, as 

a function of the three country-level policy tool variables. 𝛾100 indicates the slope of complex 
instruction in a country without a national curriculum, with a low level of specificity of instructional 
guides, and with a low level of test-based controls (i.e., when all three policy variables equal zero). 

Representing the impact of a policy tool variable on the complex instruction slope, 𝛾10𝑞 , indicates 

the extent to which a policy tool variable moderates the relationship between complex instruction 
and class math achievement. For the national curriculum variable, it indicates how much the 
complex instruction slope differs in a country with a national curriculum from that in a country 
without a national curriculum controlling for the other two policy tool variables. For the 
instructional guide variable, it indicates the difference in slope of complex instruction between 
countries with a unit difference in specificity of instructional guides. The test-based control model 
follows the same scheme of interpretation. 
 

Each country’s average class math score 𝛽00𝑘 is also modeled to vary across countries as a function 
of the policy tools and the national logarithm of GDP per capita, which is grand mean centered and 

standardized. 𝛾000 indicates the average class math score in a country without a national curriculum, 
with a low level of specificity of instructional guides, with a low level of test-based controls, and with 

a grand mean of the GDP measure. 𝛾00𝑞 indicates the change in the average class math score with 

a unit increase of a certain policy variable controlling for the other two policy variables. Specific 

meanings attached to 𝛾000 and 𝛾00𝑞 in the models will be described in the result section. 

3.5 Results 
 
Presence of cross-national differences in the arrangement of policy tools 
 
Table 3.1 presents the policy arrangements of national curriculum, instructional guides, and test-
based control, as well as country means and standard deviations of complex instruction and class 
math scores in all 48 countries. There are substantial variations in ways countries arrange the three 
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policy tools. Having a national curriculum does not necessarily entail more instructional guide or 
stronger test-based control. For example, Sweden and England have national curriculums but have 
low levels of instructional guides, and Czech Republic, Georgia, and Taiwan have national 
curriculums but have low levels of test-based controls. On the other hand, countries like Hong 
Kong, Turkey, and Singapore have high levels of instructional guides.  
 
Table 3.1 Policy tools, complex instruction, and mathematics score across 48 countries 

Country 
# of classes 

(unweighted) 

Complex instruction Class math score Policy tools 

Mean SD Mean SD 
National 

curriculum 
Instructional 

guides 
Test-based 

control 

Norway 217 1.15 0.25 468.89 26.62 1 0 1 
Armenia 237 1.13 0.50 499.71 45.78 1 2 1 
Czech Republic 189 1.13 0.28 501.21 41.92 1 0 0 
Sweden 368 1.12 0.26 477.53 51.62 1 0 1 
Italy 279 1.08 0.28 475.81 44.24 1 0 1 
Colombia 113 1.06 0.25 378.15 59.24 0 0 1 
England 198 1.04 0.26 496.16 80.45 1 0 1 
Bosnia and Herzegovina 142 1.03 0.28 457.90 38.76 0 0 1 
Lebanon 135 1.03 0.26 448.73 51.70 1 2 0 
Egypt 190 1.03 0.28 397.94 53.59 1 0 1 
Algeria 98 1.02 0.30 387.94 22.35 1 1 0 
Hong Kong  107 1.02 0.27 554.02 80.46 1 2 1 
Israel 164 1.02 0.29 454.87 78.33 1 0 1 
Cyprus 204 1.01 0.22 463.63 28.29 1 0 0 
Iran, Islamic Rep. of 191 1.01 0.23 398.60 50.41 0 1 1 
Morocco 76 0.99 0.24 382.13 37.20 1 1 1 
Mongolia 116 0.98 0.25 437.51 47.03 1 1 1 
Australia 208 0.97 0.24 490.30 64.79 0 0 1 
Malta 215 0.97 0.23 477.23 80.56 1 0 1 
Slovenia 677 0.97 0.25 491.62 59.87 1 0 2 
Botswana 121 0.96 0.26 369.70 43.88 1 2 1 
Korea 211 0.96 0.23 596.12 56.10 1 1 1 
Turkey 125 0.96 0.21 432.89 71.57 1 2 1 
United States 410 0.96 0.25 511.12 61.27 0 1 0 
Oman 144 0.95 0.23 375.52 47.17 1 0 1 
Thailand 147 0.95 0.21 431.91 64.49 1 0 1 
Kuwait 86 0.94 0.24 358.49 33.32 1 1 2 
Georgia 161 0.93 0.24 417.67 61.29 1 0 0 
Bahrain 159 0.92 0.24 401.14 37.06 0 1 1 
Qatar 214 0.92 0.26 309.36 55.16 1 2 1 
Serbia 202 0.92 0.31 483.71 43.20 1 1 1 
Palestinian Nat'l Auth. 127 0.91 0.21 369.52 49.07 1 1 1 
Romania 228 0.91 0.20 456.41 61.84 1 1 0 
Tunisia 125 0.91 0.27 418.71 27.54 1 2 1 
Scotland 262 0.91 0.21 475.64 70.72 1 0 2 
Chinese Taipei 134 0.90 0.20 590.64 55.90 1 2 0 
Indonesia 131 0.90 0.22 394.66 62.59 0 1 1 
Japan 127 0.90 0.28 564.62 39.40 1 2 0 
Saudi Arabia 130 0.90 0.25 330.95 36.09 1 1 1 
Singapore 312 0.90 0.21 587.32 83.43 1 2 1 
Jordan 171 0.88 0.19 431.85 59.72 1 2 1 
Lithuania 231 0.88 0.20 498.21 45.66 1 1 1 
Malaysia 160 0.88 0.20 474.52 64.81 1 1 1 
Bulgaria 214 0.87 0.20 469.58 67.79 1 0 0 
Ghana 140 0.84 0.20 309.01 60.73 1 2 1 
Syrian Arab Republic 125 0.84 0.21 396.53 53.33 1 0 2 
Ukraine 180 0.83 0.17 457.79 50.02 1 2 1 
Russian Federation 253 0.78 0.23 506.15 55.43 1 0 1 

Note. Countries are sorted by country average complex instruction index  
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Correlations between policy tools, complex instruction, and math achievement 
 
Before testing the moderating effects of the three policy tools on complex instruction slopes, I 
examine the bivariate relationships among the key variables through correlation analyses (Table 3.2). 
Figures 3.2 to 3.4 assist in detecting any systematic relationship between the three policy tool 
variables and complex instruction. Table 3.2 shows that having national curriculums or stronger test-
based controls are not systematically associated with countries’ average level of complex instruction 
(Figures 3.2 and 3.4). On the other hand, the correlation between instructional guide and complex 

instruction is negative and marginally significant (r = −0.28; p = 0.05). As can be seen in Figure 3.3, 
countries with more prescribed instructional guides tend to have lower levels of complex instruction. 
However, the patterns are not always consistent. For example, there are countries such as Armenia, 
Lebanon, and Hong Kong that have highly prescribed instructional guides but also have higher level 
of average complex instruction. Interestingly, countries with higher test-based control tend to have 
lower achievement, although the correlation is not significant. Countries with high GDP level tend 
to have more complex instruction in classrooms (r = 0.28; p = 0.06), as well as higher math 
achievement (r=0.43; p<0.01). Again, the non-significant correlation among the three policy tool 
variables shows that these policy tools are independent of each other and that countries adopt and 
arrange the three policy tools in different ways. 
 
Table 3.2 Correlation matrix for country-level variables 

  
1 2 3 4 5 6 

1 Mean math score 1.00  
     

2 Mean complex instruction 0.11  1.00  
    

3 National curriculum 0.10  -0.10  1.00  
   

4 Instructional guide 0.01  -0.28*  0.14  1.00  
  

5 Test-based control -0.23  -0.12  0.01  -0.14  1.00  
 

6 GDP(log) 0.43***  0.28*  0.03  -0.15  0.02  1.00  

Note. Correlations are based on 48 countries. 
***p<0.01, **p<0.05, *p<0.10 
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Figure 3.2 Country average complex 
instruction and national curriculum 

 
Figure 3.3 Country average complex 
instruction and degree of specification of 
instructional guides 

 
Figure 3.4 Country average complex 
instruction and degree of test-based 
control
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The moderating effect of policy tools on the association between complex instruction and 
academic achievement 
 
Table 3.3 presents the results of the three-level multilevel models as specified in the method section. 
Because the focus of this paper is on the impact of policy tools on the slope of complex instruction 
at the country-level, coefficients of classroom-level control variables are not shown. In the national 
curriculum model, the estimated slope (-3.6) of complex instruction indicates that complex 
instruction is not significantly associated with classroom achievement in countries with no national 
curriculum. The interaction term of national curriculum and complex instruction is significantly 
positive. The coefficient 6.31 indicates that in countries that have national curriculum the complex 
instruction slope is estimated as 2.71 (-3.6 +6.31), which is significantly positive (Figure 3.5). 
 
Because the variable of instructional guide is scaled as 0/1/2, the slope of complex instruction 
indicates the association between complex instruction and achievement in counties that have a low 
level (0) of instructional guides. The coefficient of 2.61 means that in countries with a medium level 
of instructional guides the slope of complex instruction is 2.18 (-0.43+2.61). The slope in countries 

with high level of instructional guides is 4.79 (-0.43+2.61×2), and is significant at p=0.05 (Figure 
3.5). In other words, the effect of complex instruction tends to be more positive in countries with 
more specified instructional guides.  
 
Table 3.3 Effects of educational policy tools on the slope of complex instruction 

    
National 

Curriculum 
Instructional 

Guide 
Test-based 

Control 

National 
Curriculum, 
Instructional 
Guide, and  
Test-based 

Control 

Class-level Equation 
            

Intercept 432.11 *** (14.66) 436.77 *** (8.59) 463.47 *** (12.30) 449.12 *** (19.31) 

Complex instruction -3.6 
 

(2.76) -0.43 
 

(1.64) 0.09 
 

(2.72) -7.15 * (3.73) 

(Effects of other class-level control variables are not shown) 

Country-level Equation 
            

Effects on the slope of complex instruction 
           

 
National Curriculum 6.31 ** (3.01) 

      
5.44 * (3.04) 

 
Instructional Guide 

   
2.61 * (1.44) 

   
2.5 * (1.29) 

 
Output Control 

      
1.95 

 
(2.69) 2.5 

 
(2.55) 

Effects on the intercept 
            

 
National Curriculum 12.63 

 
(16.26) 

      
11.6 

 
(14.63) 

 
Instructional Guide 

   
7.17 

 
(12.26) 

   
4.37 

 
(12.04) 

 
Output Control 

      
-23.53 * (12.71) -22.7 * (12.96) 

  GDP(log) 15.89 * (9.22) 16.88   (10.27) 16.26 * (9.00) 16.68 * (9.95) 

***p<0.01, **p<0.05, *p<0.10 
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In the test-based control model, the moderating effect of test-based control on complex instruction 
slope, estimated as 1.95, was positive but not statistically significant. This means that the effect of 
complex instruction on achievement is not significantly different among countries with different 
levels of test-based control. However, it is noteworthy that countries with more test-based control 
tend to have significantly lower overall math achievement.  
 
The last column of Table 3.3 presents a model with all policy tool variables and interaction terms. 
The interaction term of national curriculum and complex instruction has decreased in size (from 
6.31 to 5.44) and significance. Overall, the direct and moderating effects of each of the policy tools 
remain significant even after controlling for the other policy aspects. 
 
 

 
Figure 3.5 The average slopes of complex instruction among countries with different levels of policy 
tools 

 
Table 3.4 presents variance components associated with the multilevel models to show the extent to 
which each policy tool variable explains country variances in the class math score intercept and 
complex instruction slope. Model 1 shows the between-country variances in intercepts and slopes 
when only control variables are included. Model 2 adds the national curriculum variable and the 
interaction between national curriculum and complex instruction. Including the variables reduces the 
slope variance by 8.8 percent. Models 3 and 4 show that adding instructional guide and test-based 
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control variables reduces the country variances in complex instruction slopes by 7.69 and 1.98 
percents, respectively. Regarding the between-country variance for math scores, adding the national 
curriculum or instructional guide variables made little difference to the between-country variance in 
math score intercepts, while adding test-based control variables reduced the between-country 
variance of math scores by 4.7 percent.  
 
Table 3.4 Variances of intercept and complex instruction slope estimated from the multilevel models 

  
Model 1 
Only control 
variables 

Model 2 
National 
Curriculum 

Model 3 
Instructional 
Guide 

Model 4 
Test-based 
Control 

Intercept Variance (Country) 3203.5  3184.3  3171.6  3053.4  

Intercept Variance Explained (%) 
 

0.60  1.00  4.69  

Slope Variance (Country) 56.3  51.3  51.9  55.1  

Slope Variance Explained (%)   8.79  7.69  1.98  

 

3.6 Discussion 
 
Moving past the former standard-based accountability policy, NCLB and toward CCSS, there is 
much discussion about whether and how the new policy will advance complex instruction and 
student achievement. The theory of action CCSS posits that improved teaching and learning will 
result from setting common high-quality standards, providing a system of supports to help teachers 
teach to the standards, and establishing accountability mechanisms through assessments. One of the 
key questions begging to be answered is how the three key components of CCSS—national 
standards, instructional guides, and test-based control—interrelate with complex teaching and 
classroom achievement. This study uses the natural cross-national variations in the three policy tools 
to inform this question. More specifically, this study examines how national curriculum, instructional 
guides, and test-based controls moderate the effect of complex instruction on classroom 
achievement.  
 
The findings suggest an emerging story about how the three key components of standard-based 
reform policy differentially affect the association between complex instruction and classroom 
achievement. While national curriculum and test-based control were not directly associated with the 
level of complex instruction in classrooms, countries with more specified instructional guides were 
less likely to have complex instruction. And countries with stronger test-based control tend to have 
overall lower achievement. Most interestingly, the effects of complex instruction on student 
achievement tend to be stronger when national curriculum and more specified instructional guides 
were in place.  
 
Lending explanation to previous cross-state research that associates specificity of state policies and 
student achievement domains such as procedural and complex knowledge (Desimone, Smith, Hayes 
et al. 2005), the this study shows that in countries with highly specified instructional guides, teachers 
are less likely to employ complex instruction. Consistent with the view that regard teaching as 
improvisational (Sawyer 2004), teachers in countries with less specified instructional guides may have 
used professional autonomy to experiment with different instructional approaches, including 
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complex instruction. It may be that highly prescriptive instructional guides are more effective in 
advancing procedural instruction. Still, there are countries such as Armenia, Lebanon, and Hong 
Kong that have highly specified instructional guides and have high level of complex instruction, 
Countries such as Russia, Syria, and Bulgaria have less specified instructional guides and yet have 
low level of complex instruction. Taking a closer look at these cases can help us understand the 
causal links between specificity of instructional guides and complex instruction in classrooms.  
 
In contrast to previous research, the result shows a negative association between the degree of test-
based control and overall achievement. Previous cross-national research reports positive effects of 
high-stakes testing on student achievement (Bishop 1997; Woessmann 2003; Jürges, Schneider, and 
Büchel 2005). This may be due to the difference in how test-based policy was measured. Previous 
studies have used indicators such as presence of external exit exams (Bishop 1997; Jürges, Schneider, 
and Büchel 2005), while what this study measures captures not only the presence of high-stakes tests, 
but the amount of test-based control pressure. This measure is closer to the accountability index 
used in U.S. cross-state studies, which reported positive effect of accountability pressure on 
achievement. The different direction of association may be a result of using a fuller range of test-
based control in this study. It may be that test-based control increases achievement when moderately 
exercised, but has an adverse effect on achievement when used excessively. If this is the case, we 
would need to know about the mechanism through which test-based accountability pressure inhibits 
student achievement. Another fruitful next step would be to examine what might be the right level 
of test-based control that can incentivize people without placing unnecessary burden.  
 
The most novel finding of this paper is the moderating effects of national curriculum and specified 
instructional guides on the slope of complex instruction. This may be reflecting the educative role 
curriculum materials can play in teachers’ learning (Ball and Cohen 1996). Policy implementation 
scholars posited that policies are more likely to be successfully implemented when communicated 
through concrete, content-specific, and instructionally usable instruments, than when ambiguously 
stated (Ball and Cohen 1996; Cohen, Moffitt, and Goldin 2007). The moderating effects may also be 
in line with classroom studies that found that specified mandated curriculum material in centralized 
countries not necessarily limited teachers’ autonomy, but provided shared grounds for discussing 
teaching with other teachers (Stigler and Hiebert 1999; Wang and Paine 2003).  
 
The findings should be interpreted in the context of several limitation of this study. First, the study 
relies on teachers’ report on their teaching practice, which may be less desirable than observations 
measures. Another validity concern may have to do with using teachers’ self-reported practice. But 
as research on surveys shows, anonymous surveys are less prone to social desirability bias than 
interviews or focus groups (Aquilino 1998; Desimone and Floch 2004; Fowler Jr 2009), and teachers’ 
self-reports of their instructional practice are highly correlated with classroom observations and 
teacher logs (Smithson and Porter 1994; Mullens and Kasprzyk 1999).  
 
Secondly, while this study focused on only the three key policy tools most prevalent in standard-
based reforms and examined how the tools moderate complex instruction and achievement, it is 
possible that the cross-national variation in the extent to which complex instruction affects class 
achievement can be explained by country-level factors other than the three policy variables. The 
ways policy tools, complex instruction, and achievement are interrelated may be conditioned by 
many other contextual factors, including educational system factors such as educational tracking, 
teacher recruitment and training, teacher professional community, and other country-specific 
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structural, cultural, and social differences. Country fixed-effect models were run to reduce omitted 
variable bias. The supplementary runs yielded consistent results.  
 
Finally, it should be noted that findings from this study are associational and not necessarily causal. 
Without controls for prior achievement it is not possible to assert that complex instruction caused 
student achievement. Similarly, the moderating effects of policy tools can be deemed causal only 
when the relationship between complex instruction and achievement are captured over time. 
Although it is intriguing that complex instruction seems to be more effective in countries with 
national curriculum and specified instructional guides, this does not mean that the positive results 
could be replicated by adopting these policy tools in any country. However, findings of this study 
can serve as useful working hypotheses in future studies, where causal links between curriculum 
material, teachers’ use of curriculum material and student learning can be tested 
 
The findings show that the three components of standard-based policies are arranged in various 
ways, and that each of the policy tools differentially affects the level and the effectiveness of 
complex instruction. This implies that having a national curriculum, highly specified instructional 
guides, and strong test-based control in place may not lead to the desired goal. And, the discussion 
about CCSS should be more about the appropriate emphasis placed on the policy components. 
Cross-national studies with data on the content covered in national curriculum, instructional guides, 
and assessments can not only enrich the interpretation of this study’s findings but also deepen our 
understanding of the theories of actions behind the policy tools. 
 
Certainly, findings from this cross-national study should be supplemented by further examination to 
better understand why we see these relationships between nation-level action and teaching and 
learning in classrooms. Qualitative research that includes interviews and observations on classroom 
practices is warranted. Interviews may include questions on how teachers plan their instruction and, 
in particular, whether and how national curriculum and instructional guides are consulted when 
planning for more complex or procedural instructional approaches. It is important to know how the 
level of specificity guide or constrain teachers’ autonomy.  
 
This study has mostly focused on the relationship between policy tools and complex instruction in 
the light of educational excellence. A natural next step would be to examine how policy tools and 
complex instruction relate to equity in education. An unequal distribution of procedural and 
complex instruction among students with different socioeconomic background and ability has been 
largely researched in the United States. Several international studies have also attended to this issue 
by linking national curriculum policies with the within-country variation in classroom practices. 
Furthering these lines of research, future studies could examine whether and how policy tools affect 
complex instruction and narrow achievement gaps between and within classrooms.  
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Appendix A3 

Table A3.1 Description of variables 

Variables Description 

Classroom level variables 

Class mathematics achievement Five plausible values of the student mathematics IRT scores (bsmmat01-05) are aggregated to 
the classroom level. Sampling weight TOTWGT is used to derive the class average scores.  

Complex instruction A ratio of two instructional task variables: complex and procedural tasks. This measure 
represents the relative emphasis teachers place on complex tasks over procedural tasks. 
Complex task is an average of four items: teachers' reported frequency on asking students to 
explain the reasoning behind and idea (bt4masea), relate the learning topic to their daily lives 
(bt4masdl), work on problems with no immediately obvious method of solution (bt4masws), and 
decide on their own procedures for solving complex problems (bt4mascp). Recoded the 
original item from 1 "never" to 4 "every or almost every lesson" (alpha=0.664) 
Procedural task is an average of three items: teachers' reported frequency on asking students 
to practice adding, subtracting, multiplying, and dividing without using a calculator (bt4maspc), 
memorize formulas and procedures (bt4masmf), and apply facts, concepts and procedures to 
solve routine problems (bt4masac). Recoded the original item from 1 "never" to 4 "every or 
almost every lesson" (alpha=0.526) 

Classroom characteristics  

Class average number of 
books at home 

Class average of students' books at home.  
Student’s books at home (bs4gbook) was used. 5=1 to 10, 18=11 to 25, 64 = 26 to 100 , 151 =  
101 to 200, 300 = over 200 

Class size Teachers' report on class size (bt4mstud) 

Teacher Background  

Teacher's years of experience Teachers' report on their years of experience (bt4gtaut) 

Degree in math or math 
education 

Coded 1 if majored on math or math education and 0 otherwise (bt4mpsma and bt4mpsem) 

Teacher perceived school context  

Instructional resources in the 
school 

Four items that asked teachers about material shortage on textbooks (bt4mli09), instructional 
equipment (bt4mli10), equipment for demonstration (bt4mli11), and physical facilities 
(bt4mli12) were coded as 1 if no shortage at all and 0 otherwise. Sum of the four recoded 
variables were used.  

Teacher collaboration in the 
school 

Frequency of collaboration among mathematics teachers (btdmcoll). Coded 1 if collaborate 
more than 2 or 3 times per month and 0 if never or almost never collaborate 

High school climate TIMSS derived school climate variable (btdmtpsc) is used. Coded 1 if climate is reported as high 
and 0 if medium or low. 

Country-level variables 

Educational policy tools  

National curriculum Coded 1 if the country has a national curriculum, and 0 otherwise (bubmncc). 

Specificity of instructional 
guides 

Items that asked whether the mathematics curriculum was made available in textbooks 
(bubmcmat), instructional guides (bubmcmai), and instructional activities (bubmcmas), and items 
that asked whether instructional materials (bubmmpma) and instructional methods (bubmmppm) 
are prescribed in the math curriculum were used. Coded 2 if all five are present, 1 if four are 
present, and 0 for the rest. 

Test-based control Items that asked whether a country has a high-stakes assessment (bubmaae), whether student 
test results are used to evaluate curriculum implementation (bubmieas), and whether percentage 
of students reaching defined goals are prescribed in the curriculum (bubmmprg) were used. 
Coded 2 if all three are present, coded 1 if two are present, and coded 0 if only one item 
applies 

Country control variable  

GDP per capita (log) Retrieved from the World Bank’s 2007 World Development Indicators data (World Bank 
2007).  
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