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Abstract of Dissertation 
 

Cross-national Study of Teacher Quality, its Distribution, and Effects upon Mathematics 
Achievement 

 
Policymakers have been concerned with improving student achievement.  Some 

have advocated that teacher quality is the means to increase student achievement, since 

teachers are critical in the learning process.  Yet, there is no agreed upon definition of 

what constitutes teacher quality, the characteristics associated with it, and its effects upon 

student achievement.  

This dissertation examined teacher quality cross-nationally to determine its level, 

variance, association with classroom parental education, and effect upon classroom 

mathematics achievement. Characteristics of experience, teaching preparation, and 

mathematics preparation were used to define teacher quality with TIMSS 2003 data.  

Factor analysis was employed to develop a consistent composite of teacher quality across 

countries. Countries with mean composite scores above the average for the sample were: 

Australia, New Zealand, Palestine, Romania, and the United States.  The majority of 

teachers in these countries were high quality by this measure and had more uniformity in 

their sample. 

The composite score was significantly related to classroom parental education in 

Chile, Ghana, Philippines, Slovakia, and the United States, implying an inequitable 

allocation of teacher quality.  No statistically significant relationship between the 

composite and classroom parental education was found in the remaining countries, 

implying an equitable allocation of teacher quality in relation to classroom parental 

education. 
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  The effect of the teacher quality composite upon  classroom mathematics 

achievement was modest, accounting for 3% to 13% of the explained variance in 

Botswana, Chile, Jordan, Palestine, Romania, Sweden, and the United States, but was not 

statistically significant in the other countries.  However, classroom parental education 

exerted positive and significant effects upon classroom mathematics achievement in all 

countries. Classroom parental education did not interact with the teacher quality 

composite in any country except in Botswana.  Thus, the effect of teacher quality was not 

statistically significantly different for classrooms with high and low levels of parental 

education, except in Botswana.   

Policy implications of this dissertation are related to the need to generate better 

data and refined methodology to improve the measurement of teacher quality to 

accurately assess its effects upon mathematics achievement.  Suggestions are provided 

for survey development in future large-scale data collection efforts.    
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Chapter One 

Introduction 

Overview 
 

For decades policymakers have been concerned with improving student 

achievement.  Some advocate teacher quality as the means to increase student 

achievement, since teachers are a critical component in the learning process (National 

Commission on Mathematics and Science Teaching for the 21st Century, 2000; Darling-

Hammond, 1997).  For this reason, there is a great interest in teacher quality.  Yet, there 

is no agreed upon definition of what constitutes teacher quality,1 the characteristics 

associated with it, and its effects upon student achievement (Goe, 2007).   

Recent studies in the United States have revealed that low income students, 

minority students, and urban schools are disproportionately placed with less experienced 

teachers, which is one indicator of teacher quality (Loeb, 2001; Goe, 2002).  This implies 

that the distribution of teacher quality is related to students’ socio-economic status in the 

United States.  However, the allocation of teacher quality has been studied less in other 

countries and so it is not clear whether similar concerns exist in them.  

The purpose of this dissertation is to examine educational equity, specifically, the 

level of teacher quality, its association with students’ socio-economic status and its effect 

upon mathematics achievement, including interaction effects, in a sample of TIMSS 2003 

                                                 
1 Teacher quality is a term which is commonly used, but there is no consistent definition.  This dissertation 
uses measurable characteristics to define teacher quality, as opposed to teaching behavior.  This dissertation 
uses several characteristics that have been shown by research to be related to student achievement, since 
there are many dimensions to teacher quality.  
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countries.  A cross-national study was employed because through this analysis new 

patterns emerge, which would not have been evident if only one country were examined 

(Reynolds, 2000).   

In order to conduct a cross-national comparison of teacher quality, a measure was 

developed using a comprehensive composite of the teacher characteristics of experience, 

teaching and subject-matter preparation, three constructs that a large body of research has 

shown to be associated with student achievement.  Research conducted in the United 

States and other countries regarding teacher characteristics, while consistent in broad 

terms, has used different datasets and different variables to measure teacher 

characteristics, and thus it is difficult to determine the level of teacher quality, how it is 

relates to students’ socio-economic status, how it predicts mathematics achievement, and 

how students’ socio-economic status interact with teacher quality across countries.  

Moreover, these aspects have not been examined by previous cross-national studies 

(Akiba, LeTendre, Scribner, 2007).  Akiba and his colleagues found that “countries with 

better teacher quality produced higher mathematics achievement” (p. 369).  However, 

these estimates were based upon national data aggregated from several countries, so did 

not provide information on the effect of teacher quality upon mathematics achievement 

within each country, including interaction effects.   

This chapter provides background information for this dissertation, including the 

problem of policy and research, theoretical foundation, and research questions.  In 

addition, it provides an overview of the methodology and describes the significance, 

delimitations, limitations, and assumptions of this dissertation.  Key terms are also 

defined.  The chapter concludes with an overview of the content of subsequent chapters. 
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Problem of Policy 
 

From the perspective of a policymaker, the educational system has limited 

financial resources.  For this reason, it is necessary to maximize the effective use of 

resources, so that schools provide quality education to all students.  This is of special 

importance for students from lower income families, since the level of education is 

associated with future earnings (Cipollone, 1995) and related to social cohesion within 

countries (Courtis & Espejo, 2007; ECLAC [United National Economic Commission for 

Latin America and the Caribbean], 2007).   

Resources should be deployed effectively so that they lead to student achievement 

gains.  It would seem reasonable to assume teacher quality is related to achievement, so it 

seems important for all students to have quality teachers.  Yet, some students do not have 

access to quality teachers, since substantial disparities in teacher characteristics exist in 

schools and districts in the United States (Loeb, 2001; Goe, 2002).  For example, 

California schools in the top performance decile had on average about 5% of teachers 

with emergency permits,2 while schools in the lowest performance decile had an average 

of 23% of teachers with emergency permits, and some high-poverty schools had more 

than half of the teaching faculty with this type of license (Goe, 2002).   

One difficulty in ensuring that all students have quality teachers is that there is not 

an accepted definition of teacher quality, or of the characteristics that comprise it. There 

is also no consensus of how to measure teacher quality.  This is one reason it is difficult 

to formulate and monitor policies related to the allocation, recruitment and retention of 

quality teachers.  

                                                 
2 A teacher with an emergency certification is one who is employed but still completing the certification 
requirements. 
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Problem of Research 
 

Research from both the United States and other countries indicates that the 

teacher characteristics of experience, teaching preparation, mathematics preparation, and 

aptitude, are related to student achievement (in the United States, see Wayne & Youngs, 

2003 and King-Rice, 2003; for evidence regarding Finland, France, Luxembourg see 

Reynolds, 2000; for developing countries see Fuller, 1986; see Velez, Schiefelbein & 

Valenzuela, 1993 for Latin America).  However, although this research is consistent in 

broad terms, it has used different datasets, different constructs and variables to measure 

teacher characteristics.  This dissertation fills a gap by examining teacher quality using 

consistent and comprehensive measures across countries to assess the variance, the 

association with students’ socio-economic status, and the effects of teacher quality upon 

mathematics achievement within and across countries.   

Research in the United States indicates that teacher quality is not distributed 

evenly across schools, since high quality teachers appear to select schools with higher 

achieving students, often those with higher income levels (Loeb, 2001; Wayne, 2002; 

Clotfelter, Ladd & Vigdor, 2005; Lankford, Loeb & Wyckoff , 2002), which raises 

concerns about equity.  The topic of teacher quality allocation has been studied less in 

other countries.   

There is only one cross-national study, which analyzed students’ access to quality 

teachers.  Akiba and his colleagues utilized three variables (i.e. certification, years of 

experience, and mathematics major) taken from TIMSS 2003 to represent teacher quality 

and defined the opportunity gap as the difference between the percentages of high and 

low socio-economic status students who were taught by qualified teachers, or those with 
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these three variables (Akiba, Scribner, LeTendre, 2007). These authors ranked countries 

based upon this definition and found that the United States was one of the countries with 

the largest opportunity gap in the sample of 39 countries.   

However, Akiba and his colleagues did not provide country estimates of the effect 

of teacher quality upon mathematics achievement, nor did they calculate interaction 

effects.  So, the study conducted by Akiba and his colleagues did not answer several 

important questions which this dissertation is addressing: to what extent is teacher quality 

associated with mathematics achievement in TIMSS 2003 countries, is teacher quality 

unevenly allocated in other countries as they are in the United States, and does teacher 

quality have a different impact upon student achievement depending upon students’ 

socio-economic status.  Studies have suggested that teacher quality interacts with student 

characteristics, but have come to differing conclusion regarding its effect.  

Answering these questions can assist in the formulation of policies that seek to 

ensure equity in the education system.  For example, significant associations between 

teacher quality and students’ socio-economic status point to the need to formulate and 

enact recruitment and retention policies in these countries to counteract the inequitable 

allocation of high quality teachers.   

Research Questions 
 

This dissertation sought to answer the following research questions: 

1. How does teacher quality as defined in this study (i.e. a composite of experience, 

teaching preparation, and subject-matter preparation) vary within and across the 

sample of countries?  In other words, what is the level and variance of teacher 
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quality within each country in the sample? How do these levels and variances 

differ across countries in the sample?  

Rationale: Research from the United States and other countries indicate the 

importance of particular teacher characteristics, such as experience, teaching 

preparation, and subject-matter preparation for student achievement, 

characteristics that comprise teacher quality.  However, these studies have not 

conducted a systematic measure of the level, variance and distribution of teacher 

quality within and across countries.   

2. In each country in the sample, to what extent is teacher quality (as defined above) 

associated with students’ socio-economic status (measured by parental level of 

education)?  How do these associations vary across countries? 

Rationale: Recent studies in the United States have documented substantial 

disparities across schools and districts in teacher characteristics (Loeb, 2001; Goe, 

2002).  These disparities are related to student characteristics; in effect, evidence 

from the United States suggests that lower income students, minority students and 

many urban schools are disproportionately staffed by less effective, or less 

experienced teachers, which is one aspect of teacher quality.  However, the 

distribution of teacher quality in relation to student characteristics has not been 

studied as extensively in other countries, so it is not clear how teacher quality is 

distributed in other countries.    

3. How does teacher quality predict mathematics achievement in each country in the 

sample?  How do these relationships vary across countries? 
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Rationale: Research indicates that characteristics defining teacher quality such as 

experience, teaching preparation and subject-matter preparation are associated 

with student achievement.  However, these studies used different datasets, 

constructs and variables to measure teacher characteristics.  In addition, there 

have been few cross-national studies of teacher quality.  A recent cross-national 

study of teacher quality used a cross country sample of national level data to 

estimate the effect of teacher quality upon mathematics achievement, thus, 

loosing much of the variance of students and schools and not providing country 

estimates of the effect of teacher quality upon mathematics achievement (Akiba, 

LeTendre, Scribner, 2007).  In contrast, this dissertation has measured the impact 

of teacher quality upon mathematics achievement for each country in the sample, 

which reveals similarities and differences in the effect of teacher quality upon 

mathematics achievement across countries. 

4.  How does socio-economic status moderate the effect of teacher quality on 

mathematics achievement within each country of the sample?  How do these 

effects vary across countries?   

Rationale: Studies in the United States and other countries have documented an 

association between teacher quality and student achievement (King-Rice, 2003; 

Wayne & Youngs, 2003).  However, the literature has not been clear regarding 

how socio-economic status interacts with teacher quality.  In other words, does 

teacher quality have a greater effect on the achievement of high income or low 

income students?  This is useful to know in the development of education policies 

geared towards the promotion of equity. 
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Significance of Study 
 

Cross-national studies have examined classroom practices across countries 

(Hiebert et al., 1999; Ma, 1999; Givvin, Hiebert, Jacobs, Hollingsworth & Gallimore, 

2005; Desimone, Smith, Baker & Ueno, 2005), teachers’ conceptual understanding of 

mathematics (Ma, 1999), curricula across countries (Schmidt et al., 2001), and 

characteristics associated with effective schools (Reynolds et al., 2002), but my review of 

the literature found only one cross-national study of teacher characteristics (Akiba, 

LeTendre, Scribner, 2007) and another related to teacher preparation and qualification 

(Ingersoll, 2007).   

As previously noted, Akiba and his colleagues (2007) used three indicators to 

represent teacher quality: certification, years of experience, and mathematics major.  

However, these three indicators are not sufficient to portray the numerous dimensions of 

teacher quality, identified by the literature.  For example, they do not adequately capture 

mathematics knowledge, teaching preparation, and aptitude, which are associated with 

student achievement (King-Rice, 2003; Wayne & Youngs, 2003).  Moreover, the 

regression coefficients estimated by Akiba and his colleagues (2007) were based upon 

data aggregated to the national level.  In other words, each country was a data point in the 

sample and so the variance of students and classrooms was eliminated within each 

country.  This meant that the impact of teacher quality upon mathematics achievement for 

each country in the sample was not examined, nor was the interaction of teacher quality 

with students’ socio-economic status.   

Ingersoll’s examination of teacher preparation and qualification examined the 

certification and educational requirements across six countries, but did not use this 
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information to predict student achievement.  Until now, the level, variance and effects of 

teacher quality on mathematics achievement across countries, and its relationship with 

students’ socio-economic status have not been examined.  

A cross-national analysis using consistent and comprehensive measures should 

reveal patterns in teacher quality across countries, its association with students’ socio-

economic status, and its effects on mathematics achievement.  For example, is teacher 

quality significantly associated with students’ socio-economic status in most of the 

countries in the sample?  Analyzing the different patterns across countries can lead to a 

better understanding of the differences among nations and possible reasons for them.  

Thus, the findings from this dissertation may offer significant insights to policymakers in 

the United States and other countries, which can be used to formulate policies related to 

the recruitment and retention of quality teachers.   

Theoretical Foundation 
 
 The purpose of this study is to examine educational equity, specifically, the 

association of teacher quality with students’ socio-economic status and its effect upon 

mathematics achievement, including interaction effects in a sample of TIMSS 2003 

countries.  Over the years social scientists have examined equity in educational 

opportunities, with an emphasis on the analysis of four topics: (1) racial segregation, (2) 

differences in achievement scores on standardized tests among racial/ethnic groups, (3) 

variations in school quality measures, and (4) differences in financial resources across 

schools (Coleman et al, 1966; Kain & Singleton, 1996).  These studies were guided by 

both economic and social theories.  
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In broad terms, studies guided by economic theories have typically been more 

concerned with educational efficiency3 rather than educational equity.  In other words, 

economists have examined whether “schools produce the most education as possible, 

given the resources they have, that they use the resources that are least expensive, and 

that they also produce the level and distribution of education that citizens prefer, given 

the alternative uses to which their money could be put” (Schwartz & Stiefel, 2001, p. 

116; for an example see Hanushek, 1972).   

In comparison, sociologists have explored the relationship between education and 

society, especially the relationship between the family background of students and their 

success or failure in school. Two general perspectives have been used to study the 

relationship between family background and achievement: student/group (i.e. family, 

race/ethnicity) or school/institutional factors (Phillips et al., 1998).  The first perspective 

maintains that differences in home environments result in differences in children’s 

cognitive skill levels at the time they enter elementary school.  According to this 

perspective, schools are not the primary source of social group differences, and may not 

be able to change these disparities (Rothstein, 2004; Coleman et al., 1966).  Therefore, it 

is necessary to reduce social inequalities arising from housing, health care, income, and 

early child care, in order to reduce the achievement gap between higher and lower 

income students.  This means that policies that try to address the achievement gap solely 

through school measures such as teacher quality, instruction, and physical infrastructure 

will not be successful.  Instead, social policies need to be advanced in conjunction with 

school reform (Rothstein, 2004). 

                                                 
3 Efficiency means that (a) organizations produce the greatest amount of output possible given their input 
resources, (b) they have the right combination of inputs, give the prices of those inputs, and (c) they 
produce the right combination of outputs most preferred by consumers (Schwartz & Stiefel, 2001).   
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The second perspective relies on school/institutional factors such as teachers’ 

expectations, attitudes, or competence, to account for differences in students’ 

achievement.  In other words, achievement disparities arise because of the features of the 

school or classroom, such as teachers, curriculum, or school resources that produce 

disproportionate benefit, or detriment, for one group over another (Rist, 2000; Rist, 

1996).  The implication of this perspective is that changes in school features or policies 

can lead to improvements in low income students’ achievement and thus can address 

their achievement gap with respect to higher income students.   

However, it seems likely that both student/group and school/institutional factors 

have a role in perpetuating (or overcoming) educational inequality.  For this reason, this 

dissertation is informed by the Membership Theory of Inequality (Durlauf, 2001; 2006), 

since it integrates both groups and institutions.  This theory maintains that the group that 

one is a member of has powerful influences on one’s outcomes.  Groups such as 

residential neighborhoods will “generate persistent inequality when they are 

manifestation of some form of segregation, since they generate different influences on 

their members” (Durlauf, 2006, p. 145).  What distinguishes this theory from other 

explanations of inequality is its emphasis on the role of social as opposed to individual-

level characteristics.  This theory suggests that group behavior within residential 

neighborhoods can lead to the persistence of inequality (Sampson & Morenoff, 2006).  It 

is difficult for poor communities to organize themselves and exert pressure on school 

administrators.  Using this theory one can explain why inequality in school resources, 

facilities or teacher quality occur in high-poverty schools in the United States (Murray, 

Evans, & Schwab, 1998; Fernandez & Rogerson, 1997).   
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Applying this theory to this dissertation, the key point is that low income families 

may lack the collective voice and organization to exert pressure as effectively as the 

pressure exerted by high income parent groups who want to improve the achievement of 

their children and retain high quality teachers in their schools.  In effect, it has been 

reported that low income parents tend not to complain or question the quality of teachers 

in their school.  For example, Bridges (1996) found evidence that when parents and 

students complained about inadequate teachers, in many instances these teachers were 

transferred to schools where no one was likely to complain and so were placed in schools 

with high student transfer rates, large number of students receiving free or reduced 

lunches, or high number of minority students.  Thus, without collective action families in 

low income schools may not be able to advocate for an equitable distribution of teacher 

quality, which has strong implications for the achievement of their children, since the 

negative effects of low quality teachers will show later, regardless of the effectiveness of 

the teacher in later grades (Sanders & Horn, 1998).  The low achievement of their 

children in turn reduces their chances of obtaining high paying jobs in the future 

(Darlauf, 2001; 2006; Ciponelle, 1990). 

This theory suggests that the that the lack of collective action in low income 

neighborhoods may perpetuate the inequitable allocation of teacher quality in schools in 

the United States and other countries, assuming that the response of parents is similar 

across countries.  If teacher quality significantly explains student achievement, the aim 

should be for teacher quality to be equally distributed across schools.  
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Research Methodology 
 

This study used data from Trends in International Math and Science Study 2003 

(TIMSS 2003).  The TIMSS 2003 database was chosen since it is a cross-national study 

of mathematics in which 48 countries participated.  The countries that participated in this 

assessment were diverse in terms of geography, level of educational and economic 

development, and educational policy.  Furthermore, TIMSS 2003 aligned all of the 

students directly with their teachers, which allowed for a direct assessment of the 

teachers’ contribution to student learning, which was not the case with the Programme for 

International Student Assessment [PISA].  This direct alignment between teachers and 

students is necessary in order to answer the research questions in this study. In addition, 

TIMSS 2003 explored topics such as teacher training and professional development, as 

well as teacher characteristics (Mullis et al, 2003).    

Of the 48 countries that participated in TIMSS 2003 at the eighth grade level, this 

dissertation used 15 for the sample.4  There are several reasons why I reduced the sample.  

First, several countries did not follow the sampling guidelines established by the 

International Association for the Evaluation of Educational Achievement (IEA), which 

was responsible for the overall administration of this assessment.  For this reason, 

countries which did not meet TIMSS sampling guidelines, or exceeded the exclusionary 

rates, were not used in the sample.5  Second, a preliminary check of the TIMSS 2003 data 

                                                 
4 Eighth grade was selected, since few countries participated in the fourth grade assessment. 
5 There were six countries which excluded more than 5 percent of their student population at the eighth 
grade: Hungary (8.5%), Iran (6.5%), Israel (22.5%), Macedonia, (12.5%), Russian Federation (5.5%) and 
Syria (18.8%).  Syria and Yemen will be excluded from analysis because the characteristics of their sample 
were not completely known to the IEA.  In addition, England’s participation fell below the minimum 
required 50% level. 
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revealed that several of the remaining countries6 either did not have data for all the 

survey items that were needed for this study, or for some survey items had twenty percent 

or more of missing data. Third, a preliminary check with the data also revealed that some 

countries did not have a positive definite correlation matrix7, which was needed to do the 

data analysis (i.e. factor analysis).  Applying these criteria resulted in a sample of the 

following fifteen countries: Australia, Botswana, Chile, Ghana, Hong Kong, Jordan, 

Malaysia, New Zealand, Palestine, Philippines, Romania, Serbia, Slovakia, Sweden, and 

the United States.   

The TIMSS 2003 instruments that were used in this dissertation were 

mathematics achievement assessments, and teacher and student surveys.  The teacher 

survey collected information about the teachers’ preparation, professional development, 

and their pedagogical activities. The teacher survey items were used as indicators of 

characteristics of teaching preparation, experience, and subject-matter preparation.  The 

student survey sought information about the students’ home background characteristics.  

This study used parental education at the classroom level as a proxy for socio-economic 

status.   

Research question one asked: How does teacher quality as defined in this study 

(i.e. a composite of experience, teaching preparation, and subject-matter preparation) 

vary within and across the sample of countries and how do the levels and variances differ 

across countries in the sample?  In order to answer this question, this dissertation used 

factor analysis on teacher characteristics pooled across countries.  Factor analysis is a 

                                                 
6 These countries include: Armenia, Bahrain, Belgium, Egypt, Indonesia, Italy, Korea, Latvia, Lebanon, 
Moldova, Morocco, Saudi Arabia, South Africa, and Tunisia.   
7 Not positive definite means that all of the eigenvalues in the matrix are not positive (Wothke, 1993).  The 
countries with not positive definite matrices were Bulgaria, Japan, Singapore, and Taiwan.  
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multivariate statistical technique which “identifies factors that statistically explain the 

variation and covariation among measures” (Green & Salkind, 2004, p.12).  Factor 

analysis is viewed as a data reduction technique. If the variables comprising the factor are 

well chosen, the estimated factor can be viewed as a construct or latent variable (Green & 

Salkind, 2004).  For this dissertation the estimated factor can be viewed as a consistent 

measure of teacher quality, which can be used to compare the level and variance of 

teacher quality across countries. 

Research question two asked: In each country in the sample, to what extent is 

teacher quality (as defined above) associated with students’ socio-economic status 

(measured by mean classroom parental education) and how do these associations vary 

across countries?  In order to answer this question, the correlation coefficients between 

the teacher quality composite and classroom parental education were calculated for each 

country.  The correlation coefficient is a measure of the association or strength of the 

relationship between these two variables.  This reveals the extent to which teacher quality 

is related to mean classroom parental education.  This question built on the analysis 

conducted in research question one, since the teacher quality composite8 was one of the 

variables, and the other variable was the mean classroom parental education.   

Research question three asked: How does teacher quality predict mathematics 

achievement in each country in the sample and how do these relationships vary across 

countries?  To answer this question, a series of regression analysis was conducted for 

each country in the sample in which the teacher quality composite predicted average 

classroom mathematics achievement.  This analysis provided information about the 

                                                 
8 As will be discussed in Chapter 3 in more detail, it was necessary to recalculate the teacher quality factor 
that was used in questions two, three, and four. 
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variance in average classroom mathematics achievement explained by the teacher quality 

composite and whether it had a consistent effect across countries. 

Research question four asked: How does socio-economic status moderate the 

effect of teacher quality on mathematics achievement within each country of the sample 

and how do these effects vary across countries? To answer this research question, an 

interaction term (i.e. product term of teacher quality composite and mean classroom 

parental education) was added to regression equations to assess the relationship between 

the teacher quality composite, mean classroom parental education, and average classroom 

mathematics achievement.  This tested whether the effect of teacher quality (as measured 

by the composite) upon average classroom mathematics achievement varies according to 

classroom parental education.   In other words, do quality teachers raise the achievement 

of classrooms with students from high socio-economic families more than those with 

students from low socio-economic families?  This analysis also reveals whether the 

interaction between teacher quality and socio-economic status is consistent across 

countries. 

  Delimitations 

This dissertation was based upon data from TIMSS 2003.  Thus, the findings from 

this dissertation reflect the information contained in the TIMSS 2003 mathematics 

assessment and cannot be generalized to any other subject or standardized achievement 

test.  In addition, the findings were based upon my sample of TIMSS 2003 countries and 

also cannot be generalized to other countries. 
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Limitations 
 

Because of the design of the TIMSS 2003 database, there were several limitations to 

this study: 

1. TIMSS 2003 provides a nationally representative sample of 8th grade students and 

their teachers for each country.9  The unit of analysis for this study is the teacher. 

It should be understood that the sample was not designed to be a nationally 

representative sample of teachers within each country, but the teachers of the 

students sampled.  In addition, since the unit of analysis in this study is the 

teacher, the student level variables are aggregated to the classroom level, which is 

eliminates some of the variance in student variables.   

2. TIMSS 2003 assessed a single cohort of students.  For this reason, this study was 

not able to assess the student achievement gains, but could only examine 

achievement at one point in time.  Moreover, this study was not able to control for 

prior achievement in the data that was analyzed and so is susceptible to the 

problems of cross-sectional studies. 

3. TIMSS 2003 did not to measure teacher quality.  The survey did ask questions 

related to characteristics of teacher quality.   

4. TIMSS 2003 did not assess teachers (e.g. standardized test of skills), so it was not 

possible to include teacher aptitude in the data that was analyzed.  Because of this, 

an important characteristic of teacher quality was missing in the data analysis. 

                                                 
9 Countries which did not comply with TIMSS 2003 sampling guidelines were not included in the sample. 
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5. TIMSS 2003 did not ask survey questions about family income.  For this reason, 

parental level of education was used as a proxy for socio-economic status, since 

level of education is a strong predictor of family income. 

6. TIMSS 2003 assessed only cognitive outcomes.  This means that other important 

outcomes of schooling such as social, moral, or cultural outcomes could not be 

assessed in the regression equations. 

7. This study used teacher quality in the regression equation.  As a result, other 

important variables related to achievement and schools such as curriculum or 

family background characteristics were not included in the models.  Because of 

these omitted variables, the estimates may be biased. 

8. This study focused upon mathematics achievement.  For this reason, the results 

cannot be generalized to achievement in other content areas. 

9. The study used a subset of the countries that participated in TIMSS 2003.  The 

results cannot be generalized to other countries.   

Assumptions 
 

A major assumption of this dissertation was that the data obtained from TIMSS 

2003 was a valid assessment of 8th grade mathematics achievement for a nationally 

representative sample in each country.  Another assumption of this study was that the 

survey instruments contained items which were valid measures of experience, subject-

matter preparation, and teaching preparation.  The findings from the literature review 

were used to select the teaching characteristics related to teacher quality and so an 

assumption was made that these characteristics appropriately measured teacher quality.  
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Finally, this dissertation made an assumption it was possible to develop a measure of 

teacher quality, assuming measurement invariance across countries. 

Definition of Key Terms 
 

“Teacher quality” as used in this study is a construct composed of “teacher 

characteristics,” which research has found to be related to student achievement.  Teacher 

quality in this study was operationalized as a composite of three teacher characteristics: 

teaching experience, teaching preparation, and subject-matter preparation.10 

“Teacher characteristics” in this study are those attributes which research has 

found to be related to student achievement: teaching experience, teaching preparation, 

subject-matter preparation and aptitude.  Teacher characteristics were “measured” by 

indicators used by previous studies.  For example, teaching aptitude was measured by 

indicators of selectivity of the university the teacher attended and their test scores.    

“Indicators” in this study were the measures utilized by previous research 

regarding teacher characteristics and their impact upon student achievement.  For 

example, teaching preparation was measured by teaching certification, coursework, level 

of education, and continued professional development. 

“Teaching experience” in this study was a teacher characteristic defined as the 

number of years a teacher had taught. 

“Teaching preparation” is a teacher characteristic which was defined as those 

factors which provided knowledge about the teaching and learning process.  In this study 

indicators of teaching preparation were education coursework, teaching certification, and 

level of education. 
                                                 
10 Teacher aptitude is not included, since TIMSS 2003 did not provide data on the prestige of the university 
attended by the teacher or their test scores. 
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“Subject-matter preparation” is a teacher characteristic which was defined as 

those factors which contributed to an understanding of mathematic concepts and 

procedures, as well as the process of doing mathematics and understanding the 

connections among them (NCTM, 1996).  In this study indicators of subject-matter 

preparation included teachers’ mathematics degree and self reported readiness to teach 

mathematics content. 

“Teacher aptitude” is a teacher characteristic which was defined as teachers’ 

academic skills.  Teacher aptitude had been measured by standardized tests or ratings of 

teachers’ undergraduate institutions.  Teacher aptitude was not included in data analysis 

in this study, since TIMSS 2003 provided no indicators of it. 

Classroom academic achievement is measured by TIMSS 2003 8th grade mathematics 

scores.  TIMSS mathematics score was a standardized test score across students in the 

countries with a mean score of 500 and a standard deviation of 100. 

Organization of Dissertation 
 

This chapter has provided background information for this study, including the 

problem of practice and research, overview of the theoretical foundation, research 

questions, significance, delimitations, limitations, and assumptions of the study.  The next 

chapter describes the method used to review and organize the studies which document 

teacher quality characteristics such as experience, teaching and subject-matter 

preparation, and teacher aptitude and their relation to student achievement.  Chapter two 

also notes the inequitable distribution of teacher quality, especially in the United States 

and its causes.  It also discusses how the distribution of teacher quality may affect 

achievement. 
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Chapter three describes the methodology of the study, including the research 

design, theoretical constructs, research questions and data analysis techniques that were 

employed.  Background information regarding TIMSS 2003 data collection is also 

provided, since it was the database that is utilized in this study.  Chapter 4 describes the 

results of the data analysis, and Chapter 5 discusses the findings and their implications 

for policy and research. 
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Chapter Two 

Review of Literature 
 

For decades policymakers have been concerned with improving student 

achievement.  Some have advocated teacher quality as the means to increase student 

achievement, since teachers are critical to the learning process.  Yet, there is no agreed 

upon definition of what constitutes teacher quality, the characteristics associated with it 

(Goe, 2007), nor is there an understanding of the distribution of teacher quality, its effects 

on student achievement, and how it interacts with student socio-economic status.   

This chapter reviews United States and international research regarding teacher 

characteristics and their association with student achievement.  This review was needed 

to define the abstract concept of teacher quality.  This study examines teacher quality 

from an equity perspective.  Therefore, literature regarding the distribution of teacher 

quality in relation to students’ socio-economic status is also reviewed in this chapter, 

since it is important to determine if all students have access to teacher quality in the 

United States and in other countries.  Studies which examine the interaction between 

teacher characteristics and students’ socio-economic status are also described, since it is 

important to understand whether there are different effects of teacher quality on students’ 

achievement depending on their socio-economic status.     

The chapter is organized in three sections.  The first section describes the method 

used to review the literature.  It also provides background information on the following: 

(1) the policy debate, (2) selection of teacher characteristics, and (3) definition of teacher 

quality.  The second section reviews the teacher characteristics of experience, teaching 

preparation, subject-matter preparation, and teacher aptitude.  The third section discusses 
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studies which document the unequal teacher quality distribution in schools in the United 

States and its causes.  Relevant studies are also presented regarding the distribution of 

teacher quality in other countries.  The chapter concludes with a synthesis of the major 

findings of the studies reviewed and provides a conceptual framework for the 

dissertation. 

Method of Literature Review 
 
 The literature review used the following methods to identify studies that have 

examined the relationship between teacher characteristics and student achievement, and 

the distribution of these characteristics in relation to student characteristics.  First, 

Electronic data bases from ERIC, PyschLit, EconLit, and Social Science Citation Index 

were searched, based on the keywords of teacher quality, teacher characteristics, teacher 

knowledge, teacher effects, student achievement, mathematics achievement, teacher 

distribution, and equity.  Second, reference lists from published articles, book chapters, 

and reports, dealing with teacher quality, teacher characteristics, student achievement, 

and teacher distribution were also reviewed. Third, websites of international 

organizations that publish research and reports were also searched to find international 

articles on teacher quality.  Finally, key journals or organizations that routinely publish 

research on teachers, teacher policy, and student achievement, were also used as a source 

for locating relevant studies.   This search found seventy nine articles, of which forty-four 

were United States studies and thirty-five international studies and one cross-national 

study. 

 The literature review only included studies which met the following selection 

criteria.  First, the studies had to be empirical rather than theoretical perspectives of the 
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impact that teacher characteristics have upon student achievement.  This eliminated 

qualitative studies from this review.  Second, all studies specifically utilized measurable 

teacher characteristics as independent variables.  The studies varied in terms of the 

teacher characteristics utilized and how they were measured.  Third, most of the studies 

included in this review were primarily drawn from academic journals with a peer-review 

process.  However, there were a few of the articles from United States or international 

organizations which did not utilize a peer-review process or papers presented at research 

conferences.  This was done in order to broaden the review of teacher quality effects in 

countries outside the United States.  Fourth, the studies utilized a measure of student 

achievement as the dependent variable.  Studies which estimated other dependent 

variables, such as teacher performance, were not included in the review, since teaching 

performance was not the focus of the study.11  Fifth, studies reviewed achievement for 

United States and other countries.  This was done to be able to determine the extent to 

which teacher quality characteristics, its effects, and distribution had been studied in 

other countries, and how similar the findings were across countries.  Sixth, studies 

published since 1980 were reviewed.  Finally, literature reviews which summarized the 

research regarding teacher quality were also selected.   

Brief Review of Policy Debate 
 

There has been a long-standing debate regarding what matters for student 

achievement: school or student characteristics.  A large number of input-output studies 

(also known as production function studies) have examined the influence of various 

                                                 
11 It should be noted that student achievement was not utilized as the outcome measure in some of the 
articles, when they examined how teacher quality characteristics were distributed in relation to student 
characteristics.   
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school inputs such as teachers, class size, or school resources have upon student 

achievement.  Many of these studies have also examined equity differences between 

schools.  An early and influential study of this type was Equality of Educational 

Opportunity, which is widely known as the Coleman Report (Coleman et al., 1966).  It 

analyzed data for 569,000 elementary and secondary students from grades one, three, six, 

nine, and twelve in 3,155 schools.  The report estimated educational production functions 

to quantify the relationship between student achievement and school inputs.  The report 

concluded: 

[S]chools bring little influence to bear on a child’s achievement that is 
independent of his background and general social context; and…this very lack of 
an independent effect means that the inequalities imposed on children by their 
home, neighborhood, and peer environment are carried along to become the 
inequalities with which they confront adult life at the end of school. (p. 325) 
 

From these findings, some policymakers concluded that schools did not matter for 

student achievement and equity differences between schools in terms of teacher quality 

would not matter.  

Not all researchers accepted the conclusions of the Coleman Report.  Many 

refuted its results because of several methodological flaws (Hanushek & Kain, 1972; 

Mayeske et al, 1972; McIntosh, 1968).  First, the conclusions were based upon regression 

analysis which mixed levels of data (e.g. school and individual pupil) (Reynolds et al, 

2000).  Second, many of the school factors were related to school resources (e.g. per 

pupil expenditure, school facilities, number of books in the library), which were not very 

strongly related to student achievement (Reynolds et al, 2000).  Third, the report utilized 

crude measures, which did not account for important differences between schools 

(Hanushek & Kain, 1972).   
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Despite criticism, the findings of the Coleman Report and other similar reports (in 

England see Peaker, 1971 [the Plowden Study]; in the United States see the early IEA 

studies) were widely accepted by many policymakers and researchers.   

However, some researchers in the United States began examining why some 

schools were more effective at educating students from poverty backgrounds than other 

schools (Edmonds, 1979).  From these and other studies, a debate emerged.  One side 

purporting schools exert little influence over student achievement in comparison to 

family background characteristics (e.g. socio-economic status), while other side has 

responded that schools matter for student achievement.  This debate has been active over 

the years, with both sides presenting evidence to support their position.   

The debate began to shift in the 1990s, when new evidence emerged in the United 

States (Greenwald, Hedges & Laine, 1996), which countered the findings from the 

Coleman Report.  These findings came about because of improved data (e.g. National 

Educational Longitudinal Study of 1988, the Common Core of Data, and district-level 

Teacher Cost Index) and statistical techniques (e.g. use of HLM, meta-analysis) (Taylor, 

2001).  The debate moved from the question of whether schools matter to a question of 

which school inputs (e.g. class size, teachers, etc.) matter and/or are most cost-effective.  

Within the current policy debate, researchers on the both sides agree that teachers are an 

important school input, accounting for a significant variance in student achievement 

(Greenwald, Hedges & Laine, 1996; Hanushek & Rivkin, 2004).  In fact, researchers in 

the United States have calculated the contribution teachers make to student learning and 

have concluded that schools have powerful effects on achievement differences, which 

appear to be related to variations in teacher quality (Hanushek, Kain, & Rivkin, 1998; 
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Nye, Konstantopoulos & Hedges, 2004).  These researchers12 have also found similar 

estimates of teacher quality, with the lower bound estimate accounting for at least 7.5 

percent of the total variation in student achievement (Hanushek, Kain, & Rivkin, 1998; 

Nye, Konstantopoulos & Hedges, 2004).  These findings led Nye, Konstantopoulos and 

Hedges to conclude that it matters more which teacher a student is assigned, than which 

school he/she attends (2004).   

Policymakers in the United States have focused upon a number of ways to 

improve teacher quality, since teachers are critical components in student learning.  First, 

there has been an important movement to improve and professionalize teaching.  The 

National Commission of Teaching America’s Future (NCTAF) has proposed increasing 

teacher quality by promoting a system to ensure teachers are provided with a coherent 

and supportive system of professional development (Darling-Hammond, 1997).  

Likewise, the National Commission on Mathematics and Science Teaching for the 21st 

Century recommended improving the preparation and working environment of teachers 

(2000). Second, in recent years there have been efforts to measure teacher quality.  In 

many states, as part of licensure programs teachers must take a content exam such as the 

PRAXIS, which is intended to assess content knowledge.  In addition, the National Board 

Professional Teacher Standards (NBPTS) promotes a voluntary teacher licensure 

program which leads to a “master teacher” status.   

The policy debate has shifted in recent years.  There is now a broad consensus 

that school resources such as teachers are important to students’ achievement.  In 

addition, within this policy debate increased attention has been placed upon international 

                                                 
12 Nye, Konstantopoulos & Hedges (2004) estimated the between-teacher variance in reading range from 
0.066 to 0.074.  The estimates for mathematics in grades 1 to 3 were almost twice as large as reading. 
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comparisons and studying and learning from countries in Europe and Asia.  In comparing 

teachers in these countries to teachers in the United States, there are several differences 

related to preparation, salary, decision-making, and professional development (Darling-

Hammonds, 1997).  Teachers in these countries receive more extensive preparation 

before beginning to teach and have higher pay in relation to other competitive 

professions.  They are also provided broader decision-making responsibilities and were 

given more time each week for joint planning and professional development activities 

(Darling-Hammond, 1997). 

It is useful to examine aspects of other countries’ educational systems.13  Cross-

national comparisons can be a way to learn about one’s own educational system and learn 

from other countries.  A recent cross-national study of teacher quality confirmed that this 

type of research is relevant for the United States and other countries’ educational policies 

(Akiba, LeTendre & Scribner, 2007).  Akiba and his colleagues found that teacher quality 

and the level of development, as measured by GDP, were significant predictors of 

national mathematics achievement.  However, there were several limitations with their 

study because of the way it measured and analyzed teacher quality.  Akiba and his 

colleagues only utilized three variables to represent teacher quality: certification, teaching 

experience, and mathematics major, aggregated to the national level and so losing much 

of the variance in students and classrooms.  Thus, this dissertation provides new 

information for the current policy debate, in the sense that it reveals similarities and 

differences in teacher quality across countries and, additionally, determines the effect of 

                                                 
13 The author acknowledges that a concern with cross-national studies is measurement invariance. If the 
measures are not invariant, the conclusions can be misleading, since cross-national differences might be 
due to true differences between countries on the underlying construct or due to systematic biases in the way 
people from different countries respond to certain items (Benedict, Steenkamp, Baumgartner, 1998).   
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teacher quality upon average classroom mathematics achievement, including interaction 

effects with classroom socio-economic status.   

The Literature on Teacher Quality 

Process Used to Identify Teacher Characteristics 

 As was previously noted, seventy-nine studies from the United States, 

international and cross-national, were found in the literature which met my search 

criteria.  Three steps were taken to review these studies.  First, existing literature reviews 

on the subject of teacher quality were examined (Wayne & Youngs, 2003; King-Rice, 

2003).  Second, the studies found by my search were analyzed.  Third, the levels of 

analysis appropriate for my research were distinguished.   

In relation to this last point, there is no consensus on how teacher characteristics 

should be measured and how they give rise to teacher quality.  A reading of the literature 

suggests four levels of analysis: 

• Teacher characteristics, for example, teacher aptitude and subject matter 

preparation; 

• Indicators of teacher characteristics, which might be used to measure teacher 

aptitude or teaching preparation; 

• The larger construct of teacher quality, which is comprised of teacher aptitude 

and other teacher characteristics; 

• Outcomes of teacher quality such as teacher performance and student achievement 

scores. 

There have been two major literature reviews on the topic of teacher quality.  One 

review was conducted by Wayne & Youngs (2003) who used a restrictive criterion, so 
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they reviewed only 21 studies meeting their rigorous methodological criteria.14  The 

purpose of their review was to create a clear interpretation of the research for 

policymakers and researchers regarding the relationship between teacher characteristics 

and student achievement (Wayne & Youngs, 2003).  The approach taken in their review 

was to consider groups of studies that focused upon a particular teacher characteristic, 

then describe each study and the methodological features affecting the inferences that 

could be drawn.  Finally, they provided an interpretation of each characteristic.   

Wayne & Youngs (2003) found strong evidence of a relationship between teacher 

characteristics and student achievement in studies that used four indicators: (1) ratings of 

teachers’ undergraduate institutions, (2) test scores, (3) degrees and coursework in 

mathematics at the secondary level, and (4) certification in mathematics at the secondary 

level (Wayne & Youngs, 2003).  However, their review did not find a strong relationship 

between teachers’ degree and coursework and student achievement in the content areas of 

History, English and Science.15  Absent from the review of Wayne & Youngs (2003) was 

the characteristic of experience, since they thought it was too complicated to interpret the 

results because it was difficult to control for whether the teacher was hired during a 

period of a shortage of available teachers (Murnane & Phillips, 1981).   

 In comparison, King-Rice (2003) used a more inclusive review criterion, which 

comprised qualitative studies and those that examined outcome measures other than 

student achievement (e.g. teaching performance, drop-out rate, etc.).  The purpose of this 

review was to draw conclusions about the extent to which measurable teacher 

                                                 
14 The criteria were that US studies collected teacher characteristics data, controlled for students’ prior 
achievement, and controlled for student socio-economic status. 
15 One possible explanation for the lack of association with science is that data collection in the studies 
lacked content specificity to capture the degree and coursework within science (Wayne & Youngs, 2003).  
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characteristics were linked with teaching performance.  King-Rice (2003) organized 

teacher characteristics into five categories, which were assumed to be reflective of 

teacher quality, since the characteristics were often used in the hiring process and policy 

discussions.  The characteristics were: 

• Teacher experience, 

• Teacher preparation programs and degree 

• Teacher certification 

• Coursework to prepare for teaching preparation 

• Teachers’ test score. 

King-Rice (2003) found evidence of a relationship between student achievement and 

the teacher characteristics of experience, preparation program, certification, coursework 

and test scores.  However, the author concluded that the findings differed depending upon 

the teaching context.  In other words, the results varied according to content areas or 

grade levels (e.g. elementary or high school) examined in the study.  For example, 

teaching experience had a positive effect during the first few years of teaching and also in 

the later years, which was evident at both elementary and secondary level.  The 

institutional selectivity that the teacher attended had a modest positive effect on student 

achievement at the elementary level, but a stronger effect was found at the secondary 

level and for low-income students.  Degree, coursework and certification in mathematics 

at the secondary level had a positive effect on student achievement, but this effect was 

less pronounced in other content areas or at the elementary level.  Finally, she indicated 

that “pedagogical coursework contributed to teacher effectiveness at all grade levels, 

particularly when it was coupled with content knowledge” (King-Rice, 2003). 
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Both of these literature reviews have made substantial contributions by advancing the 

knowledge regarding the relationship between teacher characteristics and student 

achievement.  In addition, the reviews revealed the difficulty in making broad 

generalizations to all teachers, since the context, such as grade level and content area, 

matter.   

However, there were several weaknesses in both literature reviews.  Wayne & 

Youngs (2003) did not review teaching experience, which is a common characteristic 

used to measure teacher quality and has been shown to be significantly associated with 

student achievement (Murnane & Phillips, 1980; Clotfelter, Ladd, Vigdor, 2006). In 

addition, Wayne & Youngs (2003) organized their review according to how studies 

measured teacher quality.  Thus, their organization is more reflective of indicators of 

teacher quality, rather than actual teacher characteristics.   In contrast, King-Rice (2003) 

had redundant characteristics.  For example, teaching preparation programs and degree 

were similar to the characteristics of teacher certification and coursework to prepare for 

teaching preparation.  There seemed to be no reason to make these distinctions, since 

certification, coursework and preparation programs were all examples of how teachers 

are prepared for teaching. 

The analysis of the studies that my search found revealed that subject-specific 

certification, degree and coursework were more often related to student achievement, 

than general certifications.  Studies which included measures of subject-matter 

knowledge revealed that this characteristic was very important in predicting student 

achievement.  The conclusions of the previous literature review noted the importance of 
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subject-matter degree, coursework, and certification, but their reviews did not specifically 

identify a characteristic related to subject-matter preparation.   

Teacher aptitude was another characteristic that had strong evidence of its 

association with student achievement, and its importance was noted in their findings.  

However, the previous literature reviews did not have a category for this characteristic; 

instead they used indicators related to teacher aptitude that had been measured in 

previous studies (e.g. selectivity of the university and teacher test score).  

Finally, evidence was found that experience and pedagogical preparation were 

associated with student achievement (Clotfelter, Ladd, Vidgor, 2006; Murnane & 

Phillips, 1981).  Yet, Wayne & Youngs (2003) omitted experience from their review and 

both reviews (Wayne & Youngs, 2003; King-Rice, 2003) utilized indicators of teaching 

preparation, such as certification, degree and coursework.  Because the previous literature 

reviews did not seem to adequately capture these findings, I developed a new 

organization for this study, which includes the following four characteristic: (1) teaching 

experience, (2) teaching preparation, (3) subject matter preparation, and (4) teacher 

aptitude. 

Definition of Teacher Quality 

Teacher quality has been an important policy issue and has received considerable 

attention in research. Yet, teacher quality is an abstract phenomenon, with no agreement 

regarding its characteristics (Goe, 2007).  For this reason, researchers have typically used 

measurable teacher characteristics as a proxy for teacher quality.  Across studies there has 

been no consistent measurement of teacher quality.  Some studies have used one indicator 

such as certification (Darling-Hammond, 2000), or one characteristic such as experience 
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(Clotfelter, Ladd, Vigdor, 2005), and other studies have used multiple indicators 

(Clotfelter, Ladd, Vigdor, 2006; Lankford, Loeb, Wyckoff, 2002).  There were some 

studies that have measured teacher quality with value added models, to identify those 

teachers who increased student achievement significantly (Sanders & Rivers, 1996).  

Finally, another approach has been to develop a composite based upon a number of 

characteristics or indicators as a comprehensive way to define teacher quality (Provasik 

& Young, 2003).  

This dissertation confronts the same issue of how to define this abstract concept 

of teacher quality.  Similar to previous research, this dissertation used measurable 

characteristics to define teacher quality.  However, this dissertation did not rely on one 

characteristic, but used several of them, since there are many dimensions to teacher 

quality.  In addition, this dissertation used the characteristics that had been shown by 

research to be related to student achievement, which are presented in the subsequent 

section of the literature review.  The characteristics that were used include: experience, 

teaching preparation, subject-matter preparation, and aptitude, as shown in Figure 1.  

Figure 1 Teacher Quality Characteristics 
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since these characteristics do not always translate into achievement outcomes (Ding & 

Sherman, 2006).  In addition, there are methodological problems associated with 

inferring teacher quality from student performance (Berliner, 2005).  Second, other 

researchers question the narrow use of achievement tests to assess teacher quality, since 

there are broader goals in educating students than standardized test scores.  Third, 

measurable teacher characteristics are associated with student achievement because of 

what teachers do in their classrooms, yet it is not possible to measure with precision this 

“black box” of teaching performance. Instead, it is assumed that the measurable teacher 

characteristics are related to teaching performance.  

Teaching Experience 

The first characteristic that is discussed is experience, which means the number of 

years a teacher has taught.  Research from the United States and other countries is 

reviewed in the subsequent sections to examine the association between teaching 

experience with student achievement and to determine if this effect was consistent across 

countries.  Moreover, studies have used differing grade levels and subject areas, which 

can reveal if the relationship between teaching experience and student achievement was 

consistent across contexts.  

Association between Teaching Experience and Student Achievement 
 

There have been several studies which have found an association between the 

years of teaching experience and student achievement (Ferguson & Ladd, 1991; 

Clotfelter, Ladd, Vigdor, 2006; Hedges, Laines & Greenwald, 1994; Kiesling, 1984; 

Munane & Phillips, 1981). In one United States study, teaching experience accounted for 
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10% of the variance in student achievement across 900 Texas school districts serving 

approximately 2.4 million children (Ferguson, 1991).  However, another study showed 

that teaching experience, measured as the percentage of teachers with five or more years 

of experience, exerted no significant effect on either subject in a sample of Alabama 

schools (Ferguson & Ladd, 1996).  This finding may not have picked up the true 

relationship, presumably because many teachers with high scores did not remain in the 

profession (Ferguson & Ladd, 1996).  Moreover, older teachers were underrepresented in 

the data (Ferguson & Ladd, 1996).  Thus, the experience variable was probably picking 

up some other variable as well as experience, which would bias the coefficient downward 

(Ferguson & Ladd, 1996).   

A study that synthesized findings from multiple studies also found a positive 

relationship between teaching experience and student achievement, but the findings are 

mixed.  One research synthesis was conducted by Hanushek & Rivkin (2004),16 who used 

the vote counting method17 to aggregate studies in the United States, prepared since 1994, 

which had estimates of teacher characteristics on student achievement.  The results 

showed that the relationship between years of teaching experience and student 

achievement was positive, but the overall association was not that significant (Hanushek 

& Rivkin, 2004).  Specifically, there were 206 estimates of teacher experience, with 29% 

being statistically significant and positive and 5% statistically significant and negative 

(Hanushek & Rivkin, 2004).  Moreover, 66% of the estimates were statistically 

insignificant.  However, it should be noted that statistically significant results, positive 

effects were reported almost six times as often as negative effects.  Interpreting these 

                                                 
16 The 2004 article is based upon Hanushek’s previous articles in 1992 and 1997 
17 Vote counting is a method to aggregate the findings from multiple studies, by counting the direction of 
each study’s coefficient estimate. 
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findings is complex, since there were concerns with the quality of the underlying studies 

(Hanushek & Rivkin, 2004).  Hanushek & Rivkin indicated that many of these studies 

produced biased estimates of the parameters of interest, since few of the studies examined 

the value added (Hanushek & Rivkin, 2004).  Because of this concern, Hanushek & 

Rivkin reanalyzed the data, by using only a subset of studies that used a value-added 

approach and contained information from a single state (2004).  By doing this, the 

authors found that teaching experience had a stronger impact.  However, the overall 

evidence continued to show a mixed relationship since only 41% of the estimates were 

statistically significant. 

Hanushek’s conclusions have been challenged by other researchers because of the 

vote-counting methodology and the way Hanushek weighted the studies (Hedges, Laine, 

& Greenwald, 1994; Krueger, 2002).18  Using a more sophisticated technique, meta-

analysis, Hedges, Laine, & Greenwald (1996) reanalyzed the same data as Hanushek and 

found that teaching experience is related to achievement.   

Studies in Finland (Reynolds, 2000), France (Reynolds, 2000), Luxembourg 

(Reynolds, 2000), Latin America (Velez, Schiefelbein, & Valenzuela, 1993), Bolivia 

(Mizala & Romaguera, 2002; Mizala, Romaguera & Reinaga, 1999), Nigeria (Chidolue, 

1996), other developing countries (Fuller, 1986), and cross-national (Akiba, LeTendre, 

Scribner, 2007) have also found that teaching experience is related to student 

achievement.  Fuller summarized the studies from developing countries through vote 

                                                 
18 Krueger’s (2002) critique rested on how the various studies were weighted by Hanushek, who labeled 
each estimate of an effect as a study so that one article could have several estimates that were factored into 
the count as positive, negative or insignificant.  Krueger argued that this approach weights the various 
studies by the number of different estimates of the effect of a particular variable they include, which gives 
more weight to some studies.  Krueger also contends that studies that report negative or insignificant 
findings are more likely to include more estimates than those that find statistically significant positive 
effects.  Thus, negative or insignificant studies were weighed more heavily. 
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counting (Fuller, 1986).  Of the 23 analyses examining teacher’s length of experience, 10 

of them found a significant positive effect (Fuller, 1986).  Similarly, a vote-counting of 

studies conducted in Latin America have found a positive relationship between teaching 

experience and student achievement in 25 out 62 studies(Velez, Schiefelbein, Valenzuela, 

1993).  This means that nearly half of these studies show that teaching experience had a 

positive impact upon student achievement.  However, the quality of the studies reviewed 

have been questioned because few of the studies used multi-level techniques, controlled 

for prior student achievement and, were mainly drawn from cross-sectional studies, rather 

than from cohort studies where the same pupils were studied over time (Reynolds, 2000).   

One possible explanation for the inconsistent findings across studies regarding 

years of experience could be related to its measurement.  There has been an inconsistent 

measurement of this variable (King-Rice, 2003).  Experience should be measured as the 

total number of years the teacher has taught.  However, some studies have used the years 

taught in a particular district.   For this reason, King-Rice argued that because most 

studies did not indicate whether teacher experience is measured as the total number of 

years taught, or the number of years in a particular school district, it was not clear the 

degree to which this problem clouded the findings (2003).   

Another possible explanation for the lack of consistent positive relationship in the 

studies of developing countries may be the fact that many teachers in these countries had 

little pre-service training and, therefore, were ill equipped to learn from their experience 

(Farrell & Oliveira, 1993).  Thus, teachers may be repeating the same instructional 

strategies year after year regardless of how ineffective these strategies are.  Despite the 

methodological limitations noted, the overall evidence indicated that teaching experience 
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had a significant and positive effect upon student achievement in the United States, other 

developed countries, and developing countries.   

Complex Relationship between Teaching Experience and Student Achievement 
 

Studies in the United States have examined the relationship between years of 

teaching experience and student achievement and found there is a complex, non-linear 

relationship.  In other words, inexperienced teachers or those with only two or three years 

of experience are least effective, but a teacher’s effectiveness does not continue to 

increase with each subsequent year of experience.  However, there was some evidence 

which indicated that teachers in their later careers may have a significant impact upon 

student achievement.  Thus, the relationship between teaching experience and student 

achievement is complex. 

Inexperienced teachers, those with less than three years of experience, were 

typically less effective than more senior teachers (Darling-Hammond, 2000).  The benefit 

of teaching experience for a typical student is approximately one-tenth of a standard 

deviation on reading and mathematics test scores, and roughly half of this return occurs 

after the first two years of teaching experience (Clotfelter, Ladd & Vigdor, 2006).  

However, Hanushek, Kain & Rivkin (1998) contend that the first two years of experience 

significantly improve teacher quality and that additional years rarely have a significant 

impact after that point.   

There is evidence contradicting the assertion that additional years of teacher 

experience beyond the first two rarely have a significant impact upon student 

achievement.  Two studies in the United States have found a later career effect (e.g. 13 or 

more years of experience) on student achievement.  One study concluded that teaching 
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experience explained a significant portion of the variation in the vocabulary achievement 

of students in all four of the elementary grade levels examined, especially for teachers 

with more than fourteen years of experience (Murnane & Phillips, 1981). Murnane & 

Phillips (1981) indicated one of the reasons for finding that more experienced teachers 

may be more effective is that they may be more successful in the search for techniques 

appropriate for their students.  In this study teachers with one to seven years of 

experience also had a significant and positive effect upon student performance with two 

of the grade level samples (grade 4 and 6). However, a weak negative relationship was 

found in this study between experience and student performance for teachers with 7 to 14 

years of experience.   

A later career effect was found with teaching experience and student achievement 

(Clotfelter, Ladd & Vigdor, 2006).  Because these researchers had access to an extensive 

database of fifth graders in North Carolina, they were able to restrict the analysis to 

schools that assigned students to classrooms in a manner statistically indistinguishable 

from a random assignment.  Thus, this evidence was stronger, since it had minimized the 

bias created from positive student matching (e.g. more qualified teachers with higher 

performing students).  The analysis revealed a positive relationship between student 

achievement and teacher experience, with the peak occurring in those classrooms with 

teachers having between 13 and 26 years of experience. 

There are several possible explanations for this non-linear relationship between 

teaching experience and student performance.  First, it could be related to the supply of 

teachers at the time.  Murnane & Phillips believed this was the reason for their findings, 

since less experienced teachers entered the labor market at a period when a teacher 
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shortage was acute, which made it less likely for administrators to be selective in their 

choice of teachers (1981).  Second, some older teachers do no always continue to 

improve and learn and may grow tired in their jobs (Darling-Hammond, 2000).  Darling-

Hammond also suggested that benefits of experience may interact with educational 

opportunities.  Veteran teachers in settings that emphasize continual learning and 

collaboration continue to improve their performance (Darling-Hammond, 2000).  So, 

there are many factors which influence why some experienced teachers continue to 

improve their effectiveness, while others do not. 

Some researches have questioned whether more experienced teachers are more 

effective.  A study based upon a sample of 3,374 students in 176 New York elementary 

schools replicated the Murnane & Phillips model, but failed to get the same result 

(Kiesling, 1984).  Instead, this study found an overall positive relationship with years of 

experience, not just those with over fourteen years of experience (Kiesling, 1984).  

Another researcher also questioned whether teachers in their later career increase their 

effectiveness.  Ferguson (1991) suggested that once teachers have five years of 

experience, additional years may not add to their effectiveness, since the two experience 

variables used in his study (e.g. the percentage of teachers with five to nine years of 

experience and the percentage with nine or more years) had roughly the same 

coefficients.  However, the pattern was different with high school teachers, since the 

results suggested that high school teachers with nine or more years of experience 

produced better results on students’ test scores than do those with five to nine years 

(Ferguson, 1991). 
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Summary and Conclusion of Teaching Experience 
 

Evidence was mixed; however, the majority of studies found positive effect 

between teaching experience and student achievement in various subject areas (e.g. 

reading and mathematics) in the United States, other developed countries and developing 

countries.  Evidence suggests a complex relationship, since teachers in the first few years 

of teaching are the least effective, but teachers do not continue to increase their 

effectiveness with each subsequent year of experience in a linear manner.  However, the 

research also shows that more experienced teachers (over 13 years or more) are 

significantly related to student achievement, especially at the high school level.  It is not 

clear whether later career effect is also present in other countries, since studies have not 

examined these relationships.   

Teaching and Subject-Matter Preparation 

Teaching preparation refers to the training that the teacher has received related to 

the teaching and learning process.  Examples of teaching preparation include education 

coursework, teaching certification, or level of education.  Subject-matter preparation 

refers to the knowledge or coursework the teacher had within the content area (e.g. 

mathematics, science, reading). Both of these types of preparations are related, because to 

teach fractions, a teacher needs to be able to understand the content and associated topics 

along with the relevant strategies to teach it (Byre, 1983).  

Determining the association between teaching and subject-matter preparation and 

student achievement is important, since in the United States teaching certification is a 

requirement to enter the profession and the salary schedule financially rewards teachers 

for continuing education or additional degrees.  Research from the United States and 
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other countries related to teaching preparation and subject-matter preparation was 

reviewed in subsequent sections to examine their association with student achievement 

and determine if their effects were consistent across countries.  Studies reviewed in this 

section investigate secondary mathematics achievement, therefore, the topic of subject-

matter preparation contained in these studies relate specifically to mathematics 

knowledge and preparation for secondary teachers.19  Because of the connection between 

the characteristics of subject-matter preparation and teaching preparation, studies 

regarding these characteristics were discussed together in the subsequent sections.   

Teaching Certification 
 

Goldhaber & Brewer (2000) examined the impact of different types of teacher 

licensure (e.g. standard certification, private school certification, no certification in 

subject area, or emergency licensure) upon student achievement, to determine if teachers 

with standard certifications performed better than teachers with other types of 

certification, when controlling for student and school characteristics.  The study found 

that the type of certification a teacher held was an important determinant of student 

outcomes.  In mathematics, students who had teachers that were either not certified in 

their subject or held a private certification, did less well than students whose teachers 

held a standard, probationary or emergency certification in math (Goldhaber & Brewer, 

2000).  This impact was roughly 1.3 point difference in the mathematic test, which was 

about 10% percent standard deviation.  However, students of teachers with emergency 

certification in mathematics did no worse than students who had teachers with standard 

certification.  Thus, holding all else constant, there was no evidence that teachers with 
                                                 
19 Because this portion of the literature review pertains mainly to secondary mathematics teachers, it is not 
possible to make generalizations to other subject areas and grade levels. 



 44

standard certification outperformed those with emergency credentials.  Goldhaber & 

Brewer concluded that it was not necessary to require a standard certification of all 

teachers.   

In a critique of this study, Darling-Hammond (2001) argued that the findings of 

this study are inaccurate, since some of the teachers that were classified with an 

“emergency license” were veteran teachers who had moved from another state and were 

not considered fully certified in the new state in which they were teaching.  In other 

words, Darling-Hammond contended that some of these veteran teachers have been 

categorized as emergency license, but they should have been categorized as standard 

certification.  This critique has merit since Goldhaber & Brewer (2000) acknowledged 

that the teachers classified as having non-standard certification had qualifications that 

were on average quite similar to those of the teachers with standard certification (Wayne 

& Youngs, 2003).  However, because additional data is not available, this dispute has left 

both Darling-Hammond and Goldhaber & Brewer agreeing that this point cannot be 

resolved without more refined data on various teacher licensure requirements (King-Rice, 

2003). 

Another way to see the impact teaching license has upon student achievement is 

to assess the effect of teachers who do not have licenses or have emergency licenses.  

Two studies examined the impact of emergency certified teachers upon student 

achievement in California (Fetler, 1999; Goe, 2002).  Both of these studies used multiple 

regression analysis to find that the percent of teachers on emergency permits was 

associated with lower student scores.  Schools with higher percentages of teachers with 

certification were associated with higher student scores.  These studies concluded that 
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there was a shortage of qualified mathematics teachers in California and that this shortage 

was associated with weak student achievement in mathematics.  However, this 

conclusion may be strong considering the methodological shortcomings of the studies. 

Regression analysis is not the most appropriate manner to study nested data (Bryk & 

Raudenbush, 1992) and the analysis did not match students with their specific teachers, 

but instead used a crude estimation to determine the percentage of teachers with 

emergency permits.   

To study the broad influence of state policy upon student achievement, Darling-

Hammond (2000) conducted a state-level analysis of the relationship between student 

achievement on NAEP tests and teacher qualification such as certification status and 

degree in the field taught.  Data aggregated to the state level from 5,600 school districts 

was obtained from the 1993-94 SASS, which was designed to provide reliable state level 

estimates of the characteristics of schools and teachers.  Darling-Hammond (2000) found 

that certification status and degree in the field taught was the most significant 

determinant of student achievement, controlling for student characteristics.  

Darling-Hammond (2000) acknowledged that the state as the level of analysis can 

pose problems such as biasing the estimate upwards.  However, Darling-Hammond 

contended that using the state as the unit of analysis was appropriate in this study, since 

the purpose of the study was to examine state-level data as a gauge of broad policy 

influences at the state level (2000). 

The effect of a subject-specific certification had a more consistent impact upon 

student achievement (Goldhaber & Brewer, 1997; Golhaber & Brewer, 1998).  One study 

incorporated dummy variables to account for whether teachers had a master’s degree or 
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certification in math (Goldhaber & Brewer, 1997).  Data for the study was obtained from 

the National Educational Longitudinal Study of 1988 (NELS:88), which allowed for 

students to be linked to their particular teachers and classes.  The study found that 

teachers who were certified in mathematics, and those with a bachelors’ or master’s 

degree in mathematics were associated with higher test scores, controlling for other 

teacher and student characteristics (Goldhaber & Brewer, 1997).  When the model did not 

include the subject-specific degree for the master’s degree or certification, the results 

were statistically insignificant (Goldhaber & Brewer, 1997).  Thus, this study suggests a 

reason why past production function analysis may not have found significant 

relationships between teaching certification, degree and student outcomes.   

The international literature has not focused as much attention on the topic of 

teacher certification and its impact upon student achievement.  For this reason, I was only 

able to locate a cross-national study (Akiba, LeTendre & Scribner, 2007) and another 

which examined the relationship between teacher certification and student achievement in 

Pakistan (Warwick, Nauman, & Reimers, 1991).  Akiba and his colleagues used TIMSS 

2003 to find that countries where a higher percentage of eighth graders were taught 

mathematics by fully certified teachers achieved a significantly higher national average 

mathematics scores than those students in other countries where teachers were not fully 

certified (Akiba, LeTendre & Scribner, 2007).  However, the limitation of this study 

should be recognized, since the data was aggregated to the country level from a small 

sample of countries (n=29).  

In Pakistan teacher certification follows the formal education process.  A 

candidate wishing to obtain a Primary Teaching Certificate will typically complete 
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matriculation (grade 10) and then be admitted to a teacher training college (Warwick, 

Nauman & Reimers, 1991).  Warwick and his colleagues found the certification of 

teachers made little or no difference for the achievement of their students in mathematics 

and science, but the formal level of education of the teacher was a significant predictor 

(Warwick, Nauman & Reimers, 1991).  The interviews and observations conducted by 

the researchers provided important contextual information about the training program, 

which explains the reason for this finding.  The researchers found that the training 

program had no impact upon the preparation of teachers.  In addition, wide-spread 

cheating was prevalent on the examination (Warwick, Nauman & Reimers, 1991).   Thus, 

possessing a certification can only be viewed as a proxy for teaching preparation if it is 

based upon a credible system that prepares teachers adequately for classrooms.  Because 

few studies were found, it is not clear whether findings from the United States are also 

applicable in other countries. 

Training or Professional Development 
 

Another important part of teaching preparation is a program of training and 

ongoing professional development.  In the United States, the National Council Teachers 

Mathematics [NCTM] (2000) purports that what most teachers learned in standard 

preservice mathematics courses is not sufficient for the pedagogical and mathematical 

knowledge that teachers need.  Instead, teachers must have frequent and ample 

opportunities to enhance and refresh their knowledge.  Professional development appears 

to be most effective when it is embedded within the curriculum and context of how 

students learn, uses active learning opportunities (e.g. reviewing student work, reviewing 
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lessons and obtaining feedback on teaching), and is on-going and in-depth (Desimone, et 

al., 2002; Garet, et al., 2001).   

There was evidence that professional development influenced classroom practices 

and improved student achievement (Wenglinsky, 2002; 2000).  A study which used 

multi-level modeling with data from 1996 National Assessment of Educational Progress 

in mathematics (NAEP) found that professional development in higher-order thinking 

skills, diversity, and hands-on learning were positively associated with achievement 

(Wenglinsky, 2002; 2000).  In math, students whose teachers received professional 

development in working with special populations outperformed their peers by more than 

a full grade level, and students whose teachers received professional development in 

higher-order thinking skills outperformed their peers by 40% of a grade level 

(Wenglisky, 2000).   

Another type of professional development that some countries have used is 

teacher discussion.  For example, in Japan and China, the workday of teachers include 

time for meeting together to analyze recent lessons and to plan for upcoming lessons 

(Ma, 1999; Stigler & Hiebert, 1999).  Within these “lesson study” meetings, teachers plan 

a lesson and revise it collaboratively with colleagues.  They often teach the revised 

lesson, evaluate and reflect again, and share the results in written form.  The purpose of 

the “lesson study” is to: (1) analyze lessons and (2) predict what groups of students will 

do when presented with particular tasks.  This type of professional development is not the 

norm in the United States, yet teachers must engage in active learning such as interacting 

with their colleagues on a regular basis to discuss their work and their students’ learning 



 49

in order to develop a deeper understanding of how children think and learn (Desimone et 

al., 2002). 

The evidence in other countries is mixed regarding the relationship between 

teacher training or professional development and student achievement in other countries 

(Hanushek & Luque, 2003), but overall this evidence showed a positive and significant 

relationship (Velez, Schiefelbein & Valenzuela, 1993; Fuller, 1986).  In a vote-counting 

of studies conducted in Egypt, Indonesia, and Botswana, in four out of five of these 

studies there was a positive relationship between teacher training and student 

achievement (Fuller, 1986).  The amount of teacher training was also related to 

achievement in Zimbabwe (Nyagura & Riddell, 1993) and Brazil (Anderson, 2005).  

However, contrary evidence was also found in other countries.  For example, vote-

counting studies conducted in Latin America revealed no relationship between training 

and student achievement, since all of the 8 studies either found no relation or a negative 

one (Velez, Schiefelbein & Valenzuela, 1993).  Similarly, there was little indication that 

specialized training had any impact upon student achievement in TIMSS 1995 countries 

(Hanushek & Luque, 2003).  However, there was variation in the definition of specialized 

training used in each TIMSS 1995 country, which makes it difficult to compares these 

countries.  Perhaps the conclusion that can be reached from the conflicting results of 

these studies is that the research reviewed does not support the view that more training 

will necessarily produce better teachers, or subsequent increases in student achievement, 

but it also does not mean that training is unimportant.  It may be the case that it is not 

whether training has been provided, but whether it related to the curriculum and student 

learning, which was not assessed in these studies.  
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Level of Education 
 

Another indicator of teaching preparation is the level of education completed by 

the teacher.  Overall there was evidence which supported the conclusion that teachers’ 

higher level of education was related to student achievement in mathematics in the 

United States (King-Rice, 2003; Wayne & Youngs, 2003) and other countries (Fuller, 

1986), especially if the degree is in a content area such as mathematics.  However, across 

countries there are different educational requirements for teachers to enter the profession.  

Not surprisingly, these requirements tend to vary by the level of development of 

countries, with developed countries requiring bachelor’s degree and some developing 

countries having lower requirements.  For this reason, it is difficult to make general 

conclusions about what level of education is optimally related to student achievement.   

Given the fact that teachers in the United States are required to have a bachelor’s 

degree to enter the profession, researchers have examined the impact a master’s degree 

has upon student achievement.  This research in the United States indicated that there is 

not a positive and significant relationship between teachers who have master’s degrees 

and student achievement, except if it is in a content area (Goldhaber & Brewer, 2000).  

For example, Ferguson & Ladd (1996) found for a sample of districts in Alabama that the 

percentage of teachers with a master’s degree was related to student achievement in 

mathematics, but had little or no effect on reading scores.  A one standard deviation 

increase in the fraction of teachers with master’s degree (0.33 points) increased student 

test scores by 0.026 standard deviations.  Ferguson (1991) analyzed a sample of districts 

in Texas to determine the impact the percent of teachers with masters degree had upon 

student achievement.  The author found that controlling for family and community 
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background influences, the percentage of teachers with a master’s degree accounted for 

5% of variance in student scores.   

Ballou & Podgursky (2000) have criticized the results of these studies.  In their 

opinion, the Ferguson & Ladd study provided relatively weak support for a relationship 

between graduate training in education and student achievement, since a much stronger 

relationship was established between teachers’ general academic ability (as measured by 

ACT scores) and student achievement.  They categorize this effect as trivial, since it was 

small and only found to be significant in math, and not in any of the other content areas. 

In addition, Ballou & Podgursky (2000) also correctly pointed out that teachers are not 

randomly assigned to students.  So, it is difficult to make an inference regarding the 

relationship between graduate training and student achievement, if adequate controls are 

not used.  Ballou & Podgursky (2000) have also criticized the findings from the Ferguson 

study, since the analysis is based upon district aggregated averages rather than matching 

individual students and teachers, which may over estimate the effects.  They also contend 

that even if teacher qualifications accounted for 40 percent of explained variation 

between districts, the same teacher qualifications may account for a very different share 

of explained variation in individual student achievement.20   

Studies in the United States which have examined the effect of subject-matter 

graduate degrees upon student achievement, have found positive and significant 

relationships.  One study used NAEP data to estimate the effect of teacher education 

(highest degree attained and undergraduate/graduate major) upon student achievement 

(Johnson, 2000).  The base case scenario for this study was a student taught by a teacher 

                                                 
20 Ferguson (1991) found that teacher expertise (combination of ability, experience, and degree) explained 
40% of the variance in student achievement.  
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who had an advanced degree in education (Johnson, 2000).  Thus, gains and losses in 

NAEP scores were relative to the base case.  The effect of each of these factors21 on test 

scores was assessed using jackknife ordinary least squares.22  The study concluded that 

eighth grade students who have teachers that hold advanced degrees in education, 

perform worse on the NAEP exam than those whose teachers hold a degree in 

mathematics or science (bachelor’s or advanced degrees) (Johnson, 2000).  In reading, 

eighth grade students who have teachers that hold advanced degrees in the field of 

education perform worse on the NAEP exam than those whose teachers have advanced 

degrees in English.  Another study used NELS:88 data to estimate the impact of teachers 

who hold a masters degree upon student achievement (Goldhaber & Brewer, 2000).  

They found that high school student achievement gains in mathematics were associated 

with students assigned to teachers who earned a masters degree in mathematics, 

controlling for student and teacher characteristics.  However, no effect was evident when 

the master’s degree was earned in a subject other than mathematics.   

The international evidence regarding the effect the level of education of the 

teacher has upon student achievement was mixed, but it was difficult to draw inferences 

across countries, since there was great variance in the educational level of teachers across 

countries.  For example, a cross-national study used TIMSS 1995 data to study the impact 

that teachers with a bachelor’s degree had upon student achievement (Hanushek & 

Luque, 2003).  The only countries where teachers with a bachelor’s degree had a 

significant impact upon student achievement for 13 year olds were Netherlands, Norway, 

                                                 
21 Johnson also assessed other independent variables, including race and ethnicity, parents’ education, 
number of reading materials in the home, free/reduced-price lunch participation. 
22 A jackknife is a technique designed to estimate statistical significance accurately from data in surveys 
such as the NAEP which employ a complex sampling methodology (Johnson, 2000). 
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Switzerland, and Greece (Hanushek & Luque, 2003).  Since most countries that 

participated in TIMSS 1995 had a very high percentage of teachers who had bachelor’s 

degree, there was very little variance within these countries, which may be a reason why 

the other countries did not have significant results.  In fact, Greece was the only country 

with a significant result which also had a very high percentage (99%) of teachers that 

possessed a bachelor’s degree.  The remaining countries with significant results (i.e., 

Netherlands, Norway and Switzerland) had lower percentages of teachers who possessed 

a university degree ranging from 23% to 45.5%.    

The effect of teachers’ level of formal education has also been assessed in 

developing countries (Fuller, 1986; Avalos, 1980). The schooling of teachers in Latin 

America was significantly associated with student achievement in 25 out of 63 models 

(Velez, Schiefelbein & Valenzuela, 1993).  Fuller (1985) summarized previous studies 

from twenty-five developing countries and found that 70% of the studies which examined 

the years of tertiary education or teacher training and 44% of the studies which examined 

the total years of teacher’s schooling were positive and significant.  However, there are 

several limitations with this vote-counting analysis.  First, most of these studies used 

correlation analyses, which precludes the conclusions about causality.  Second, the 

studies examining the length of schooling of the teacher analyzed both primary and 

secondary completion of teachers, which made it difficult to draw conclusions from this.   

The effect of higher qualified teachers upon achievement of primary children was 

found in Thailand, Philippines and Malaysia (Avalos, 1980).  This makes sense, since 

teachers with less than secondary education appear to be less effective than those who 

completed secondary education (Levin & Lockheed, 1991).  In Pakistan, students of 
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teachers with secondary education (or higher) outperformed those who had teachers with 

only primary education on tests of mathematics and science (Warwick, Nauman & 

Reimers, 1991).  The most likely reason is that the longer teachers remain in school, the 

better their grasp of the subject-matter they are teaching (Warwick, Nauman & Reimers, 

1991).  Thus, these studies have found the level of education of teachers to be important.  

However, from the evidence there did not appear to be a consistent level which is 

optimally related to student achievement across countries.  The evidence shows a positive 

effect between a master’s degree in the United States, especially if it is content related.  

In developing countries there is evidence that both secondary and tertiary education is 

related to student achievement.   

Mathematics Knowledge 
 

Several studies in the United States have revealed that teachers’ subject-matter 

knowledge is related to student achievement (Wenglinsky, 2002; 2000; Goldhaber & 

Brewer, 2000; Goldhaber & Brewer, 1996; Monk, 1994; Monk & King, 1994; Rowan, 

Chiang & Miller, 1997; Hill, Rowan & Ball, 2005; Greenberg, Rhodes, Ye & 

Stancavage, 2004).  This seems to be especially important for mathematics, in 

comparison to other subject areas (Goldhaber & Brewer, 2000; Goldhaber & Brewer, 

1996).  Researchers have suggested that subject-matter knowledge may be important 

because it can support teachers in both the planning and interactive phases of teaching 

(Rowan, Chiang & Miller, 1997).  Knowing mathematics includes understanding specific 

concepts and procedures, as well as the process of doing mathematics and understanding 

the connections among them (NCTM, 1996). 
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While the findings from these studies have been consistent since all have found 

that teachers with mathematics knowledge had an impact on student achievement, these 

researchers have used different measures to indicate subject-matter knowledge.  

Goldhaber & Brewer (2000; 1996) used a Bachelors or Masters degree in mathematics to 

indicate that the teacher had subject-matter knowledge.  Greenberg, Rhodes, Ye & 

Stancavage (2004) utilized a major or minor in mathematics as an indicator of subject-

matter knowledge.  Monk (1994) and Monk & King (1994) used the self-reported number 

of graduate mathematics courses taken by teachers as the measure of subject-matter 

knowledge.  Rowan, Chiang & Miller (1997) used two measures as indicators of 

mathematics knowledge: (1) whether the teacher had mathematics major (bachelor or 

graduate) and (2) whether the teacher answered one mathematics multiple choice 

question correctly.  Hill, Rowan & Ball (2005) have criticized the measures used in these 

studies, since they inadequately capture teachers’ knowledge.  This may limit the 

magnitude of effects that teachers’ knowledge has on student learning and may also 

inaccurately capture the kinds of teacher knowledge that matter most in producing 

student learning.  For this reason, Hill, Rowan & Ball (2005) used a measure of 

mathematical knowledge, which was based upon several multiple choice items that met 

validity requirements to measure teachers’ mathematical knowledge necessary to carry 

out the work of teaching mathematics. 

Despite the inconsistent measurement of teachers’ knowledge, these studies have 

provided three important findings.  First, mathematics content knowledge was found to 

be important and it did not appear to be a proxy for teacher ability (Goldhaber & Brewer, 

1996). Second, a good grasp of one’s subject area was found to be necessary, but not 
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sufficient condition for effective teaching (Monk, 1994).  This suggests that there is an 

interconnected relationship between teaching preparation and subject-matter knowledge.  

Third, it is not clear how teachers’ mathematical knowledge interacts with student 

background characteristics.  Two studies have come to different conclusions.  Monk & 

King (1994) concluded that controlling for teacher experience, the 10th grade students 

who performed well in the test posted higher one year gains when their mathematics 

teachers had taken more mathematics courses.  In addition, Monk & King found differing 

effects, since students with high-pretest scores in mathematics were more adversely 

affected by the variability in the preparation level of their teachers than were students 

with low pretest scores (1994).  This could mean that students with higher test scores 

need teachers with high levels of subject matter knowledge in order to continue to make 

gains in achievement.  However, Rowan, Chiang and Miller found that teacher effects 

varied as a function of the ability context of the school (1997).  These researchers 

concluded that teachers’ ability was substantively important in schools with high 

percentages of low achieving students, which implied a need for quality teachers in these 

schools.  Thus, this evidence depicts a conflicting picture in how student characteristics 

moderate the effect of teacher quality upon student achievement. 

Research conducted in developing countries also indicates that subject-matter 

knowledge is related to student achievement (in Namibia see Dthilleul & Allen, 2005; 

Fuller & Clarke, 1994; in Belize see Mullens, Munane & Willett, 1996 in Botswana, 

Mozambique, Tanzania and Namibia see Spreen & Fancsali, 2005 in Thailand see 

Lockheed & Longford, 1989).  Students in Belize were found to learn advanced concepts 

more rapidly if their teachers had demonstrated strong mathematical ability during their 
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own schooling (Mullens, Murnane & Willet, 1996).  This study was based upon a 

longitudinal design, so the multiple collections of data enabled an examination of 

students’ growth in achievement.  However, this study measured teachers’ mathematics 

knowledge based upon the teacher’s level of competence in mathematics on the primary-

school-leaving exam (BNSE).23  This test was a measure of basic mathematic knowledge 

and did not reflect subsequent knowledge in mathematics. 

Another study which used SACMEQ II data for four African countries (i.e., 

Botswana, Mozambique, Tanzania and Namibia) also found that teachers’ reading and 

mathematics tests, which were used as indicators of content knowledge, were significant 

predictors of student achievement in all of the countries (Spreen & Fancsali, 2005).  

However, this study used regression analysis, which was not the most appropriate 

technique to study nested data, since it mixed the levels of data analysis (e.g. school and 

individual pupil) (Bryk & Raudenbush, 1992).  As a result, the findings may not have 

accurately estimated the true effects of teachers’ subject-matter knowledge.  Moreover, 

there was not sufficient information in the study to determine if the test administered to 

teachers was based upon complex mathematics content. 

A study conducted in Thailand also affirmed that teachers’ mathematics 

knowledge was important to student achievement. This study used multi-level modeling 

for a sample of Thai schools and the number of semesters of post-secondary mathematics 

class was used to determine if a teacher was qualified to teach mathematics.  This study 

found that the characteristic that had a significant effect upon student achievement was 

                                                 
23 The BNSE was an 8th grade mathematics exam.  This exam was conducted when the teacher was a 
student in 8th grade. 
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the percentage of teachers in the school that were qualified to teach mathematics 

(Lockheed & Longford, 1989).   

The findings from studies in the United States and developing countries indicate 

that there is a relationship between teachers’ mathematical knowledge and student 

learning, which seems logical.  Teachers need to understand the main ideas of 

mathematics and be able to represent mathematics as a coherent and connected enterprise 

(NCTM, 2000).  In addition, if teachers understand mathematical concepts, they will be 

more likely to introduce and thoroughly explain the content.  Similar to the findings from 

the United States, knowledge of pedagogy and content knowledge are both necessary and 

connected (in Namibia see Dthilleul & Allen, 2005; in Thailand see Levin & Lockheed, 

1991).  The content knowledge seems to be especially important for more advanced 

grades or more difficult subjects such as mathematics (Cohn & Rossmiller, 1987).   

There are two important differences between the studies conducted in the United 

States and developing countries.  First, the measures used to indicate subject-matter 

knowledge are different.  The studies in the United States used measures that reflect 

complex mathematical knowledge, while the measures used in studies from developing 

countries indicate basic mathematics content.  Thus, inconsistent measures of teachers’ 

mathematic knowledge have been used across countries.  The second difference between 

the findings from the United States and developing countries is that studies conducted in 

developing countries have not explored interaction effects between teachers’ subject-

matter preparation and student socio-economic status.  Thus, it is not known how student 

socio-economic status interacts with teaching preparation and subject-matter knowledge 

and how this effects student achievement in other countries.  
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Summary and Conclusion of Teaching Preparation and Subject-Matter 
Preparation 
 

In the United States the evidence regarding the impact of teaching certification 

upon student achievement is mixed, but the evidence is stronger when the certification is 

content related (e.g. mathematics).  Similarly, in the United States advanced degrees in 

content areas such as mathematics have a more significant impact upon student 

achievement than advanced degree in education.  In other countries, the evidence is 

positive regarding higher levels of teacher education, but it is difficult to compare since 

the formal levels of education vary between countries.  From this review, it appears that 

across countries the teaching characteristic which has consistent and strong effects upon 

student achievement is subject-matter preparation.  However, it is not clear in the context 

of the United States and in other countries how student socio-economic status interacts 

with teacher quality. 

Teacher Aptitude 
 

Teacher aptitude or academic skill has been measured by studies in the United 

States in two ways: (1) standardized tests or (2) ratings of teachers’ undergraduate 

institutions.  Overall, the evidence is positive and significant regarding the impact teacher 

ability has upon student achievement (Wayne & Youngs, 2003; King-Rice, 2003).  

Wayne (2002) has suggested some reasons why students may learn more from teachers 

with better academic skills: 

Teachers who read faster may acquire new content knowledge more quickly.  
Teachers with greater verbal facility may spend their preparation time more 
focused on lesson designing than on deciding what exactly to say.  Maybe 
teachers with better college entrance examination scores learned more in college, 
or maybe entrance examinations scores and college selectivity correlate with the 
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quality of teachers’ pre-collegiate education- a much longer educational 
experience than undergraduate education. (p.2) 
 

Consistent with research in the United States, studies conducted in other countries also 

indicate teacher aptitude or academic skills are related to student achievement.  However, 

this research has measured aptitude only with scores on standardized tests and not ratings 

of the teachers’ undergraduate institution.   

Test Scores 
 

Several studies in the United States have examined the impact that teacher 

aptitude has upon student achievement. These studies have used different  measures of 

aptitude, including ACT scores (Ferguson & Ladd, 1996),  TECAT score24  (Ferguson, 

1991), National Teacher Evaluation (NTE) (Strauss & Sawyer, 1986), NELS math quiz 

item (Rowan, Chiang & Miller, 1997), self-administered test of verbal ability (Murnane 

& Phillips, 1981) and teacher licensure scores in North Carolina (Clotfelter, Ladd & 

Vigdor, 2006).  Despite using different measures of aptitude, most of these studies found 

positive associations with student achievement.25  However, one study (Murnane & 

Phillips, 1981) did not find a positive association, but these researchers believed their 

results were spurious since many of the teachers used aids to assist them with the test.  

The strongest evidence of the importance of test scores comes from Clotfelter, Ladd & 

Vigdor (2006) since they restricted their analysis to schools that assign students to 

classrooms in a manner statistically indistinguishable from random assignment.  By doing 

this, these researchers minimized the bias created from positive student matching (e.g. 

more qualified teachers with higher performing students).  They found that teacher 
                                                 
24 Texas teacher licensure exam. 
25 The dependent variable in Strauss & Sawyer (1986) was not student achievement, but decrease in the 
failure rate of the high school exit exam. 
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licensure scores were an important determinant of student achievement, with a one-

standard-deviation increase in licensure scores predicted to increase student achievement 

in math by 0.012 standard deviation (Clotfelter, Ladd &Vigdor, 2006).  Thus, these 

studies suggest that teacher aptitude had a positive effect upon student achievement. 

Similar confirmation is revealed by analyzing production function studies. 

Hanushek & Rivkin (2004) found a strong relationship between teacher aptitude and 

student achievement.  They believe the evidence was stronger for teacher aptitude than 

for any other teacher characteristic typically analyzed, but it was not overwhelming, since 

different measures have been used to test teachers.  For this reason, it may be difficult to 

interpret these results (Hanushek & Rivkin, 2004).   

Studies which use direct measures of teachers’ academic skills to assess their 

effects upon student achievement are rare in developing countries (Fuller, 1985), but 

there have been studies in Uganda (Fuller, 1985), Iran (Fuller, 1985), rural Brazil 

(Harbison & Hanushek, 1992) and rural Honduras (Bedi & Marshall, 1999).  These 

studies have found significant and positive relationships between teachers’ skills and 

student achievement, and similar to studies in the United States they have used different 

measures.  In addition, these studies have assessed basic skills, rather than complex 

content.   

Ratings of Teachers’ Undergraduate Institution 
 

The selectivity of teachers’ undergraduate institutions has been the other measure 

of teachers’ aptitude or academic ability in studies conducted in the United States. There 

are only two studies which used rating of teachers’ undergraduate institutions in 

relationship to student achievement and these studies have reached differing conclusions.  
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One study found that school and teacher characteristics generally appeared to influence 

gain scores more than they do drop-out probabilities (Ehrenberg & Brewer, 1994), since 

students’ scores were higher when teachers came from more selective undergraduate 

institutions, holding other factors constant.  When the results were disaggregated by 

student ethnic group, this effect was found for white and black students, but it was not 

statistically significant for Hispanic students.  The researchers interpreted the selectivity 

of the undergraduate institution as a proxy for intelligence or verbal ability of the teacher. 

The other study which used a selectivity rating of the undergraduate institution that 

teachers attended, as a predictor of student achievement, found no evidence of a 

relationship between undergraduate institutional prestige and students’ score gains on 

vocabulary tests for the third, fourth, fifth or sixth grades, after controlling for student 

background characteristics (Murnane & Phillips, 1981).  Since this study provided no 

information regarding how the researchers rated undergraduate institutions, the 

interpretation of this finding is not clear.  For this reason, it is not clear how much weight 

should be placed on this study. 

It is not clear why a relationship has been found between the prestige of the 

teacher’s undergraduate institution and student achievement.  One possible explanation is 

that more selective institutions do a better job of preparing teachers.  It could also be the 

case that the selectivity of the undergraduate institution may act as a proxy for teachers’ 

abilities.   

Summary and Conclusion of Teacher Aptitude 

Studies in the United States and developing countries indicate that teachers’ test 

scores have a significant and positive effect upon student achievement.  Across these 
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studies different measures have been used to assess teachers’ academic ability.  Studies in 

developing countries have used measures which assess basic skills, rather than complex 

knowledge.  

Distribution of Teacher Quality 
 

The previous sections of this chapter have noted the importance of particular 

teacher characteristics such as experience, teaching preparation, subject-matter 

preparation, and aptitude have upon student achievement.  However, recent studies in the 

United States have documented substantial disparities in teacher characteristics across 

schools and districts (Loeb, 2001; Goe, 2002).  For example, Wayne (2002) used data 

from the Schools and Staffing Survey (SASS) to depict the difference between high-

poverty and low-poverty schools in hiring teachers from less selective undergraduate 

institutions.26  Wealthy schools hired 21% of the teacher from less selective institutions, 

while the poorest schools hired 39% of the teacher from less selective institutions 

(Wayne, 2002).  Another example of this inequitable distribution can be seen by 

examining the percentage of emergency permit teachers across schools in California.   

Schools in the top performance decile have about 5% of emergency permit teachers on 

average and many schools in this decile have no teachers with this type of license (Goe, 

2002).  On the other hand, schools in the lowest performance decile in California have an 

average of 23% of teachers with emergency permit and some schools have more than half 

of the teaching faculty with this type of license (Goe, 2002). 

The topic of teacher quality distribution has been studied less in other countries.  

For this reason, it is not clear whether teacher quality is distributed more equitably in 
                                                 
26 The category of less selective encompassed institutions Peterson’s rated either minimally difficult or non-
competitive.   
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other countries or similar distributional concerns also exist in them.  If distributional 

concerns exist, the question is why does this occur in some countries and not others?  The 

evidence in the United States suggests that minority students, lower income students and 

urban schools are disproportionately assigned less effective or less experienced teachers.  

Studies in the United States have also documented that teachers tend to be sorted with 

higher performing students.  Since this topic has been examined more fully in the United 

States, this section will predominantly discuss these studies and provide reasons which 

may explain why teacher quality is not equally distributed within the United States. 

Unequal Distribution of Teacher Quality in the United States 
 

Data from the National Center of Education Statistics indicated that newly hired 

teachers in urban schools are more likely to be beginning teachers, and newly hired 

teachers in urban fringe/large towns (e.g. suburbs), are more likely to be transfers (Goe, 

2002).  A similar pattern was found in Texas by Hanushek, Kain & Rivkin (1999).  These 

researchers used a matched panel data set of teachers and students in Texas to analyze the 

pattern of teachers’ moves from one district to another, in order to sort the relative 

attractiveness of different districts.  Among teachers in large urban districts, the majority 

of those switching districts do relocate to suburban schools, but overall less than two 

percent of teachers in large urban districts move across districts each year.  Teacher 

movement in rural districts was different, since the majority of teachers who leave a rural 

district go to another rural district, rather than an urban district (Hanushek, Kain & 

Rivkin, 1999).  It appeared that teacher transitions were associated with higher-achieving, 
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non-minority, non-low income students.27  This finding was true for teachers who moved 

from urban to suburban districts and for teachers who moved among suburban districts.  

This led the researchers to conclude that student characteristics are the reasons for teacher 

transitions, since teachers seemed to favor higher-achieving, non-minority, or non low-

income students. 

Differential exposure to teacher quality between black and white students was 

studied in Tennessee (Sanders & Rivers, 1996) and North Carolina (Clotfelter, Ladd & 

Vigdor, 2005).  In Tennessee, the distribution of teachers was grouped into five quintiles, 

with the teachers demonstrating the lowest degree of effectiveness in the first quintile and 

teachers demonstrating the greatest degree in the fifth quintile (Sanders & Rivers, 1996).  

These researchers found that approximately ten percent more black students than would 

be expected, based on the ethnic makeup of the school system, were assigned to the least 

effective teachers (Sander & Rivers, 1996).  The ratio of white students to black students 

for the most effective teacher quintile was 3:1, but if the distribution of students were 

similar to the ethnic makeup of the system, one would have expected a ratio of 3:2.  In 

the North Carolina study teacher quality was defined by the years of teaching experience.  

The researchers used econometric modeling to depict how experienced teachers were 

distributed across districts separately from how they were distributed within districts in 

North Carolina.  For statewide results, they found that the probability of a typical black 

7th grader in math having a novice teacher is 0.128, which is 54 percent higher than the 

0.083 probability for a typical white student (Clotfelter, Ladd & Vigdor, 2005).  In the 

subject of English, the probability for a black student to have a novice teacher exceeds 

the probability for a white student to have a novice teacher by 38 percent.  They also 
                                                 
27 This pattern was not evident with black teachers. 
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found that almost two-thirds of the overall black-white differences in exposure to novice 

teachers reflect patterns within, rather than across, school districts in North Carolina 

(Clotfelter, Ladd & Vigdor, 2005).  This means that there are large differences between 

schools within a district, which result in higher exposure of black students to novice 

teachers.   

Teacher sorting28 by school or student characteristics was found in an analysis of 

teacher quality distribution across the state of California (Betts, Rueben & Danenberg, 

2000), New York (Lankford, Loeb & Wyckoff, 2002), and across the United States 

(Provasnik & Young, 2003; Greenberg, Rhodes, Ye & Stancavage, 2004).  The 

differences between these studies and the previously noted ones were that the former 

used more comprehensive measures for teacher quality (e.g. included more characteristics 

of teacher quality) and they focused upon all students (not just black and white students).  

In California there was a large variation in average teacher background, as measured by 

teacher education, experience, and percentage of teachers without full credentials, with 

urban schools having higher percentages of teachers with low preparation levels (Betts, 

Rueben & Danenberg, 2000).  In contrast, similar preparation levels were found among 

teachers in suburban and rural districts in California.  In New York most of the variance 

in teacher qualifications occurred either between districts within regions, or among 

schools within districts, but not across regions (Lankford, Loeb & Wyckoff, 2002).  From 

these results, the researchers concluded that the substantial sorting within districts 

suggests that non-pecuniary characteristics of the schools may be playing an important 

role in teachers’ choices of where to teach.  They also believed that policies that aim to 

improve the achievement of low-performing students must not ignore the teacher labor 
                                                 
28 Teaching sorting refers to the allocation of quality teachers in relation to students’ characteristics. 
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market dynamics, otherwise these policies will not impact the sorting of teachers that 

strongly disadvantages poor, urban students (Lankford, Loeb & Wyckoff, 2002). 

Analyzing data from the National Assessment of Educational Progress (NAEP) also 

revealed that high quality teachers were not equally distributed among all students 

(Provasnik & Young, 2003; Greenberg, Rhodes, Ye & Stancavage, 2004).  Students who 

were not American Indian, who did not have an IEP, those enrolled in public schools, and 

those in schools with low poverty levels were all more likely to have high quality 

teachers than American Indians, students with IEPs, private school students, and student 

in high poverty schools.  The researchers cautioned from drawing a conclusion that better 

teachers are moving to better-scoring students but believed the results suggested a simple 

pattern whereby higher than average quality teachers were found in more desirable 

teachers jobs, such as those not in remote areas of the country where American Indian 

reservations tend to be located, in those schools without large numbers of students with 

IEPs, in public schools (which generally pay higher salaries than private schools), and not 

in high poverty schools (Provasnik & Young, 2003).   

Additional evidence of positive matching, or the process of matching more able 

students to teachers with stronger qualifications, was found in North Carolina (Clotfelter, 

Ladd & Vigdor, 2006).  The researchers used data from an extensive database within the 

state of North Carolina containing information about fifth grade student characteristics, 

test scores, and their teachers (e.g. license test scores, experience, education, and other 

background information).  Analysis of this data revealed that teachers with better 

qualifications typically worked in schools which served higher proportions of advantaged 

students.  Teachers with more experience, with degrees from more highly ranked 



 68

colleges, higher licensure test scores, or advanced degrees, were more likely to be found 

in schools with higher proportions of students who were white, not receiving subsidized 

lunches, and have college educated parents.  These teachers also scored well on the prior 

year test (Clotfelter, Ladd & Vigdor, 2006).   

To test whether teacher qualifications also affected the average level of 

achievement, the researchers tested the interaction between teacher qualifications with 

particular student characteristics, such as subsidized lunch recipient, parent education and 

prior year achievement.  The results indicated that teachers with stronger credentials were 

more effective in raising the achievement level of the more advantaged students 

(Clotfelter, Ladd & Vigdor, 2006).   

 Finally, teachers with higher levels of mathematics knowledge, which was 

described in the previous section as significantly related to student achievement, have 

also been found to be distributed unequally in the United States.  A multiple-choice 

measure was administered to a nationally representative sample of middle school 

mathematics teachers in the United States, which showed that those teachers with more 

mathematical coursework, subject-specific certification, and high school teaching 

experience possessed higher levels of teaching-specific mathematics knowledge (Hill, 

2007).  In addition, teachers with strong mathematical knowledge were distributed 

unequally across the population of students, with affluent schools more likely to have 

more knowledgeable teachers.  In comparison, high poverty schools employed fewer 

teachers with higher levels of mathematics knowledge.  
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 There are several possible explanations for this inequitable distribution of teachers 

in the United States.  Darling-Hammond (2004) suggested that disparities in access to 

quality teachers in the United States may be related to the following: 

• Noncompetitive teacher salaries are substantially unequal across districts 

• Poor working conditions in many schools, especially those serving the least 

advantaged students 

• Inadequate recruitment incentives for high-need fields and locations 

• Over reliance on pathways into teaching, such as emergency hiring and short term 

alternative routes, that have extremely high attrition rates 

• Personnel practices that undermine the hiring and retention of qualified teachers, 

especially in many urban school systems. 

• Lack of accountability for ensuring the hiring of qualified teachers when they are 

available.      

Clotfelter, Ladd & Vigdor (2006) believe inequities in teacher distribution are “due to 

four forces: the desire of teacher to find more amenable working conditions, the desire of 

parents to maximize the quality of their children’s education, the desire of administrators 

to please potentially vocal parents, and the desire of administrators to maximize mean 

achievement.”  All of these forces working together, combined with the lack of effective 

group organization amongst poor parents, is what I believe is a cause of the inequitable 

distribution of teacher quality.  The question that is still unresolved is whether a more 

equitable distribution of teacher quality could enhance overall student achievement in the 

United States and other countries. 
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Distribution of Teacher Quality in Other Countries 
 
 As noted earlier, few studies have examined the question of how quality teachers 

are distributed within other countries.  International studies have documented a 

performance gap between students from high and low socio-economic groups (in Chile 

see Matear, 2007; in Brazil see  Fuller et al, 1999; in Mexico see Palafox, Prawda & 

Velez, 1994; for African countries see Zhang, 2005), but these studies have not explored 

other topics such as: (1) if there is differential access to teacher quality based upon 

student socio-economic characteristics and (2) if this differential access to teacher quality 

explains the gap in student achievement.  I was only able to locate four studies which 

have explored these questions, but most of these studies used SACMEQII data and so 

only pertain to African countries (in Mauritius see Kulppoo & Soonarane, 2005; in 

Namibia see Shaningwa, 2005; across Africa see Zhang, 2005).    

Across several African countries analyzed with SACMEQII data, there appeared 

to be an inequitable distribution of teacher quality.  These equity concerns seemed to be 

related to either regional or rural differences.  In other words, in these African countries, 

students in poor regions or rural areas had teachers with lower teacher qualifications and 

school resources, in comparison to wealthier regions or urban areas.  In Mauritius there 

appeared to be a large variation in classroom teacher professional qualification and 

school head professional qualification across schools and zones (Kulpoo & Soonarane, 

2005).  In Namibia, there were large variations in the level of teacher qualifications 

across the regions, with the rural regions having the lowest teacher qualifications 

(Shaningwa, 2005).  In Namibia sixth grade students in Rundu (poor region) were taught 

by reading teachers who did not attain senior secondary education, while the students in 
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Windhoek region (wealthy region) were taught by teachers who had completed senior 

secondary and had tertiary qualifications.  Student performance in mathematics varied 

according to the levels of qualification of their teachers, with the correlation being 

positive, but not significant (Shaningwa, 2005).  Teaching experience in relation to 

student achievement varied among the regions.  In the wealthier regions the lowest 

performing students had teachers with fewer years of experience, while the lowest 

performing students in the poorest region had more experienced teachers (Shaningwa, 

2005).  

A study using SACMEQII data across 14 African countries found an inequitable 

distribution pattern between rural and urban schools.29  Rural schools compared 

unfavorably to urban schools in terms of the quality of school building, the number of 

school facilities and equipment, the number of instructional resources available to reading 

teachers and the general reading proficiency of the teachers (Zhang, 2005).  Moreover, 

these differences in school context and resources were largely responsible for the rural-

urban gap in students’ reading scores in these school systems.  This means that students 

in rural schools across these 14 African countries have unequal learning opportunities in 

comparison to their urban peers.   

Akiba and his colleagues examined the equitable distribution of teacher quality in 

relation to students’ socio-economic status and found considerable variation across 

countries (Akiba, LeTendre, & Scribner, 2007).  For students’ access to fully certified 

teachers, the percentage gap varied from -13.2 in Iran to 17.5 in South Africa.  The 

difference in student access to teachers with mathematics majors varied from -12.8 in 

                                                 
29 The countries in this analysis included: Botswana, Kenya, Lesotho, Malawi, Mozambique, Namibia, 
Seychelles, South Africa, Swaziland, Mainland Tanzania, Uganda, Zambia, Zanzibar, and Tanzania. 
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Ghana and 24.2 in Chile.  The gap in students’ access to teachers with at least three years 

of teaching experience varied from -10.7 in Sweden to 16.6 in Syria.  This means that 

low socio-economic status students had greater access to teachers with these 

characteristics in countries such as Iran, Ghana, and Sweden.  This study did not explore 

why these differences occurred across countries.  However, it ranked the United States 

with other countries to reveal that the opportunity gap in students’ access to qualified 

teachers between students of high and low socio-economic status was among the largest 

of the world (Akiba, LeTendre, & Scriber, 2007).  Since this study used three variables to 

measure teacher quality, these findings should be interpreted cautiously, since this 

chapter has described the many dimensions of teacher quality, which were not adequately 

captured in this study.   

Summary and Conclusion of Distribution of Teacher Quality 
 

Research in the United States outlined in this section paint a picture of positive 

teacher-student matching.  In other words, teachers who have higher levels of education, 

test scores, advanced degrees, more mathematical knowledge, or those who attended 

more selective undergraduate institutions tend to teach students from higher achieving or 

higher socio-economic backgrounds.  This results in minority or poor students 

disproportionately taught by less experienced or quality teachers.  Urban schools also 

tend to have teachers with lesser qualifications than suburban schools.  Studies in Africa 

indicate regional or rural-urban differences in student access to teacher quality.  A cross-

national study (Akiba, LeTendre, Scribner, 2007) found major variations across countries 

in the size of the opportunity gap between high and low socio-economic status students’ 

access to teachers with particular characteristics.  This study used few indicators to 
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represent teacher quality; hence it could not adequately answer the question of whether 

similar distributional concerns exist in other countries.  Thus, it is still not clear whether 

other countries also have similar concerns with the distribution of teacher quality.   

Findings of Literature Review 

This chapter has reviewed teacher quality characteristics, their relationship to 

achievement and the distribution of teacher quality in relation to student characteristics. 

The review has highlighted a number of contradictions regarding the impact of particular 

teacher characteristics upon student achievement. However, there are several overall 

findings that can be drawn from the review, including what is still not known from the 

literature.   

First, the literature review presented evidence to support a relationship between 

the teacher characteristics of experience, teaching preparation, subject-matter preparation, 

and aptitude with student achievement.  The strongest evidence exists for the 

characteristics of subject-matter knowledge and teacher aptitude.  However, amongst 

studies reviewed, there has been no consistent measure of teacher quality or teacher 

characteristics.  This dissertation fills this void by using consistent and comprehensive 

measures across countries to reveal whether teacher quality has a similar and comparable 

effect upon student achievement. 

Second, the teaching context (e.g. grade level or content area) affects the 

interpretation between teacher characteristics and student achievement.  In the United 

States teacher characteristics were not equally effective across grade levels or content 

areas.  For example, results were more often found in mathematics than other subjects.  

The results were not consistent across all grade levels, with more consistent results 
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occurring at the high school level.  Since the international evidence was more limited and 

tended to be focused upon primary students, it was not clear how the context or grade 

level may affect the relationship between teacher characteristics and student achievement. 

 Third, there was contradictory evidence in the United States regarding the 

interaction effect between teacher quality and student characteristics.  However, most of 

the studies have concluded that teacher quality had a stronger impact upon achievement 

for students from high socio-economic backgrounds.  International and cross-national 

studies have not examined the interaction between student and teacher characteristics.  

So, it is not clear how students’ socio-economic status interacts with teacher quality in 

other countries, and how consistent this effect is across countries.  

 Fourth, evidence indicates a concern with how teacher quality was distributed in 

schools and districts in the United States.  Teachers who have higher levels of education, 

test scores, knowledge of mathematics, advanced degrees, or those who attended more 

selective undergraduate institutions, tended to be matched with students from higher 

achieving or higher socio-economic backgrounds.  This results in minority or poor 

students being disproportionately placed with less experienced or less quality teachers.  

Urban schools also tended to have teachers with lesser qualifications than suburban 

schools.  Studies in Africa indicated the existence of regional or rural-urban differences 

in student access to teacher quality.  Since studies from other countries were not able to 

be located and the cross-national study of teacher characteristics did not adequately 

measure teacher quality, it is not clear whether other countries also have similar teacher 

quality distribution concerns.  
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Conceptual Framework 
 

This study seeks to understand teacher quality, its relationship with students’ 

socio-economic status, its effect on mathematics achievement, including its interaction 

with students’ socio-economic status.   Figure 3 displays the conceptual model 

illustrating these relationships.   

Figure 3. Conceptual Model 
 

                             1                                                  2 
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First, since “teacher quality” is an abstract concept, the first research question 

develops a measure of teacher quality.  This composite is utilized in the subsequent 

research questions to examine teacher quality across countries in the sample.  Second, 

research suggests that the distribution of teacher quality may vary systematically 

according to students’ socio-economic status, and so arrow one in the Conceptual Model 

portrays this relationship, this relationship is related to the second research question.  

Third, teacher quality in turn is expected to positively affect mathematics achievement, 

which is shown with arrow two in the Conceptual Model and relates to the third research 
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question.  Fourth, the effect of teacher quality may vary according to students’ socio-

economic status.  The moderation effect of socio-economic status is shown in the 

Conceptual Model with arrows three a and b, which relates to the fourth research 

question. Moderation is tested with an interaction term (i.e. product of teacher quality and 

socio-economic status), which is discussed in the subsequent chapter.   

If teacher quality significantly predicts mathematics achievement, then it is 

important to ensure students have high quality teachers and equitable opportunities to 

learn.  The absence of uniformity in the distribution of teacher quality may be explained 

by the fact that low income parents, in contrast to high income parents, do not organize 

an effective collective action to exert pressure upon school administrators conducive to 

the improvement of their children’s achievement (Clotfelter, Ladd, Vigdor, 2006; Lareau, 

2003), which is posited by the Membership Theory of Inequality.  Given that teacher 

quality would be effective in increasing the achievement of low income students, it is 

important to ensure an equitable distribution of teacher quality and, to this end, it may be 

necessary to improve the collective action in low income neighborhoods, so that the 

community becomes a strong advocate for teacher quality in low income schools. 

Conclusion 
 

This chapter has shown that teacher characteristics such as experience, teaching 

preparation, subject-matter preparation, and aptitude are associated with student 

achievement in the United States and other countries (Wayne & Youngs, 2003; King-

Rice, 2003; Fuller, 1986).  Teacher quality is not distributed evenly in United States 

schools, since teachers appear to select schools with higher achieving or higher income 

students.  Students from high-socio-economic backgrounds were more likely to have high 
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quality teachers, raising obvious concerns about equity.  It should also be noted that 

studies which have controlled for this positive-matching of teachers and students, have 

found that teacher characteristics such as experience and teacher test scores, were 

significant determinants of student achievement (Clotfelter, Ladd & Vigdor, 2006).  

Thus, forty years after the release of the Coleman Report, this chapter has reviewed 

studies indicating that teacher characteristics exert an influence upon student 

achievement, independent of student socio-economic backgrounds.  However, those 

characteristics are distributed in a way that undermines equity.   
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Chapter Three 

Methodology 
 

This study examines educational equity, specifically, the level of teacher quality, 

its association with students’ socio-economic status and its effect upon mathematics 

achievement, including interaction effects in a sample of TIMSS 2003 countries.  In order 

to conduct a cross-national comparison of teacher quality, a measure was developed 

using a comprehensive composite of teacher characteristics of experience, teaching and 

mathematics preparation, which a large body of research has shown to be associated with 

student achievement.  Research regarding teacher characteristics, while consistent in 

broad terms, has used different datasets and different variables to measure these 

characteristics, and thus it is difficult to determine how the level of teacher quality varies, 

how it is associated with students’ socio-economic status, how it predicts mathematics 

achievement, including interaction effects across countries.   

This study employed factor, correlation, and regression analysis to answer the 

research questions.  Factor analysis was used to develop a common measure of teacher 

quality, which was the teacher quality composite score (i.e., teacher quality composite).  

This measure allowed for a comparison of the level and variance of teacher quality within 

and across countries.  The correlations between the teacher quality composite and socio-

economic status (as measured by parental level of education) was computed to determine 

their association with students’ socio-economic status.  For each country, the teacher 

quality composite was used in a regression equation to determine the amount of variance 

in mathematics achievement explained by it, which revealed whether there was a 

consistent effect of teacher quality across countries.  Finally, an interaction term defined 
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as the product of teacher quality composite and students’ socio-economic status (e.g. 

mean classroom parental education) was employed to determine if the impact of teacher 

quality upon mathematics achievement varied depending upon students’ socio-economic 

status.   

 This chapter describes the methods that were used to examine the research 

questions of this study.  It also describes the sources of data, sample, instruments, and 

how the results were interpreted.   

Research Questions 
 

This study sought to answer the following research questions.  All data were 

aggregated to the teacher level: 

1. How does teacher quality, as defined in this study (i.e. a composite of experience, 

teaching preparation, and subject-matter preparation) vary within and across the 

sample of countries?  In other words, what is the level and variance of teacher 

quality within each country in the sample? How do these levels and variances 

differ across countries in the sample?  

2. In each country in the sample, to what extent is teacher quality (as defined above) 

associated with students’ socio-economic status (measured by parental level of 

education)?  How do these associations vary across countries? 

3. How does teacher quality predict mathematics achievement in each country in the 

sample?  How do these relationships vary across countries? 

4.  How does students’ socio-economic status moderate the effect of teacher quality 

on mathematics achievement in each country of the sample?  In other words, does 
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teacher quality impact achievement differently, depending on students’ socio-

economic status?   In addition, how do these effects vary across countries?   

Research Design 
 

This study used a non-experimental research design to answer the research 

questions about the relationship between teacher characteristics, socio-economics status 

and math achievement in a sample of TIMSS 2003 countries.  A non-experimental design 

was utilized since the data from this study was not based upon experimental conditions, 

such as randomization and exposure to an intervention related to quality of teachers.  

Theoretical Constructs 
 

There were three constructs that were analyzed in this study: (1) teacher quality, 

(2) socio-economic status and (3) mathematics achievement.  These constructs were 

represented by TIMSS 2003 data aggregated to the classroom level.  This aggregation 

was needed in order to not violate that independence of observation assumption for factor 

analysis, which is discussed further in a subsequent section30.   

The first construct was teacher quality (i.e., teacher quality composite).  Teacher 

quality is an abstract concept with no agreement regarding its characteristics.  For this 

reason, researchers have typically used measurable teacher characteristics as a proxy for 

teacher quality.  Across studies there has been no consistent measurement of teacher 

quality.  Thus, the task of defining this construct was challenging.  For this study, teacher 

quality consisted of the characteristics of teaching preparation, subject-matter 

                                                 
30 It should be understood that the classroom and teacher levels are the same. 
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preparation, and experience, which the previous chapter described cross-national 

evidence indicating that these characteristics were related to student achievement.  

Teacher aptitude was not included in the construct, since TIMSS 2003 did not administer 

a test to teachers, and had no measure of the selectivity of the universities that teachers 

attended, so it was impossible for this study to have a measure of this characteristic.  

Subsequent sections describe the process used to calculate the teacher quality composite. 

The other constructs were socio-economic status (as measured by mean classroom 

parental education) and mathematics achievement (as measured by average classroom 

mathematics achievement). Classroom parental education is being used as a proxy for 

socio-economic status, since TIMSS 2003 did not ask questions relating to parental 

income.  The level of parental education was used as a proxy for socio-economic status, 

since income is related to one’s level of education (Ciponelle, 1991).  However, the level 

of education does not capture all aspects of socio-economic status, so this limitation in 

the data should be understood.  Mathematics achievement (average classroom 

mathematics achievement) was represented by the first plausible value, which is 

discussed in more detail in a subsequent section. 

Population and Sample 
 

This study was based upon data from TIMSS 2003, which was a cross-national 

database of mathematics student scores and teacher characteristics, in which 48 countries 

participated.  TIMSS 2003 countries were diverse in terms of geography, level of 

educational attainment and economic development.  Furthermore, TIMSS 2003 aligned 

all of the surveys directly with the students’ teacher, which allowed for a direct 

assessment of the teachers’ contribution to student learning.  This direct correspondence 
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between teachers and students was necessary in order to answer the research questions in 

this study. In addition, TIMSS 2003 contained information on topics such as teacher 

training and professional development (Mullis et al, 2003).    

48 countries participated in TIMSS 2003 at the eighth grade level.  However, 

several countries did not follow the sampling guideline established by the International 

Association for the Evaluation of Educational Achievement (IEA), which was 

responsible for the overall administration of this assessment.  For this reason, countries 

which did not meet TIMSS sampling guidelines, or exceeded the exclusionary rates were 

deleted from the sample.31  A preliminary check of the TIMSS 2003 data revealed that 

several countries32 either did not have data for all the survey items that were needed for 

this study, or had twenty percent or more missing data for some survey items. In addition, 

preliminary analysis revealed several countries did not have correlation matrices which 

were positive definite33 (Wothke, 1993), which was needed to perform factor analysis. 

This resulted in a sample composed of fifteen countries, including: Australia, Botswana, 

Chile, Ghana, Hong Kong, Jordan, Malaysia, New Zealand, Palestine, Philippines, 

Romania, Serbia, Slovak, Sweden, and the United States.   Table 1 provides information 

about the educational enrollments, level of economic development,34 and geographical 

region for each country in the sample. 

 

                                                 
31 There were six countries which excluded more than 5 percent of their populations at the eighth grade: 
Hungary (8.5%), Iran (6.5%), Israel (22.5%), Macedonia, (12.5%), Russian Federation (5.5%) and Syria 
(18.8%).  Syria and Yemen will be excluded from analysis because the characteristics of their sample were 
not completely known to the IEA.  In addition, England’s participation fell below the minimum required 
50% level. 
32 These countries include: Armenia, Bahrain, Belgium, Egypt, Indonesia, Italy, Korea, Latvia, Lebanon, 
Moldova, Macedonia, Morocco, Netherlands, Saudi Arabia, Scotland, South Africa, and Tunisia.   
33 These countries include: Bulgaria, Japan, Singapore and Taiwan. 
34 The column of educational development reflects secondary and tertiary enrollment. 
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Table 1  
Education and Economic Development for Sample 

 
 
Country Secondary Tertiary TIMSS  Economic Region of 
  Enrollment Enrollment Sample Fully  Development World 
  (%)  (%)  Certified (%) (GDP per 
        Capita $)    
 
Australia 85.0  74.0  95.6  High  Oceania 
        ($21,696) 
Botswana 60.0  6.0  87.0  Middle  Africa 
        ($3,496) 
Chile  88.0  43.0  92.0  Middle  South  
        ($5, 205) America 
Ghana  33.0  3.0  76.4  Low  Africa 
        ($269) 
Hong Kong 76.0  32.0  81.2  High  Asia 
        ($26, 236) 
Jordan  82.0  35.0  97.0  Low  Middle East 
        ($1, 908) 
Malaysia 70.0  29.0  85.3  Middle  Asia 
        ($3, 937) 
New Zealand 91.0  70.0  83.7  High  Oceania 
        ($14, 802) 
Palestine 85.0  34.0  91.6  Low  Middle East 
        ($993) 
Philippines 59.0  29.0  94.6  Low  Asia 
        ($1,045) 
Romania 81.0  36.0  97.9  Low  Europe 
        ($1,992) 
Serbia  89.0  36.0  90.9  Low  Europe 
        ($1,197) 
Slovakia 89.0  32.0  92.0  Middle  Europe 
        ($4, 081) 
Sweden 98.0  82.0  80.6  High  Europe 
        ($27,968) 
United States 89.0  83.0  81.5  High  North  
        ($35, 521) America 
(Source: World Development Indicators, 2007; TIMSS 2003 Teacher Survey) 

As Table 1 shows, the sample of countries was diverse.  Each geographic region 

was represented in the sample.  There was a diversity of educational development, since 

countries had differing secondary and tertiary enrollment rates.  In addition, the 
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percentage of certified teachers sampled by TIMSS 2003 also revealed variation amongst 

countries.  Finally, the countries’ gross domestic product (GDP) per capita, which is an 

indication of the economic development, also revealed diversity in this aspect.  The 

variation in the GDP is helpful, since cross-national studies have interpreted educational 

results and patterns across countries based upon the level of development in each country, 

and allows the formulation of questions such as: is the effect of teacher quality consistent 

across countries, and are more significant effects found in countries with particular 

characteristics such as level of development?  Thus, the diversity in the sample was 

useful for making interpretations across countries about teacher quality, its distribution 

and effects upon achievement. 

TIMSS 2003 Sampling Procedures 

Each country that was included in TIMSS 2003 developed a representative 

national sample, which is important since this study is focused on the country.  Samples 

were developed by means of a two-stage sampling design.  At the first stage each country 

selected at least 150 schools using probability-proportional-to-size sampling (Martin, 

2005).35  Countries could incorporate in their sampling design important reporting 

variables (e.g. school type or urban) as stratification variables.  At the second stage, one 

or two classes (one classroom if participating in 8th grade assessment, and two classrooms 

if participating in both 4th and 8th grade assessments) were randomly sampled in each 

school.  This resulted in a sample size of at least 4,000 students per country and 137 to 

377 teachers per country.  

                                                 
35 With prior approval, countries were allowed to adapt the sampling design to local circumstances (Martin, 
2005). 
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TIMSS 2003 intended its target population to be students at the end of their eighth 

year of formal schooling in each country.36  For comparability purposes, the target 

population specified all students enrolled in one of two adjacent grades that contained the 

largest proportion of 13 year-old student at the time of the testing (Martin, 2005).  This 

was intended to represent eight years of schooling, counting from the first year of 

primary schooling, which was the case in most countries. 

Instrumentation 

TIMSS 2003 was conducted under the auspices of the IEA, under the direction of 

the International Study Center at Boston College.  The International Study Center was 

responsible for the design, development, and implementation of TIMSS 2003, including 

the assessment framework, assessment instruments, and surveys.  The International Study 

Center ensured quality in data collection and analyzed and reported the study results 

(Martin, 2005).  

There were several methods used to develop and refine the survey instruments.  

First, draft instruments were sent to members of the Questionnaire Item Review 

Committee for review.   This Committee’s suggestions were implemented (Mullis et al, 

2003).  Second, a meeting in Spain in December 2001 of the National Review Committee 

was held to review the revised instruments (Mullis et al, 2003).  This Committee 

suggested a number of improvements to the questionnaires, which were implemented.  

Third, the instruments were field tested after they were translated into the respective 

national languages by the National Review Committees (Mullis et al, 2003).  In that way 

41 out of 48 countries participated in the eighth grade field testing (Mullis et al., 2003).  

                                                 
36 The fourth grade was also sampled by TIMSS 2003, but will not be used in this study. 
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Fourth, data from the field test was analyzed to see how particular items worked across 

countries and within individual countries.  Finally, another meeting of the National 

Review Committee was held to discuss the analysis of the field-testing.  Based upon 

discussions at this meeting, some items were either revised or deleted.   

After this meeting, the instruments were finalized and sent to the National Review 

Committee for translation and production.  Data was collected during September through 

November 2002 in southern hemisphere countries, and during February through July 

2003 in northern hemisphere countries (Mullis et al, 2003). 

The instruments that were used in this study include: mathematics achievement 

assessments, teacher and student surveys.37  The TIMSS 2003 eighth-grade mathematics 

achievement assessment contained 194 items, with a mixture of multiple choice and 

constructed response items. However, students responded to only a portion of these items 

because each test booklet contained only a subset of the mathematics items.  This was 

done to keep the testing burden on individual students low.  Because of this, TIMSS 2003 

used a sophisticated psychometric scaling technique, called item response theory scaling 

with conditioning, (Baker, 2001) and multiple imputation (Wayman, 2003) to derive 

estimates for the score each student would have received had they completed the entire 

assessment (Martin, 2005). In other words, the estimate for an individual student is drawn 

from a distribution of potential scale scores for all students in the sample who have 

similar characteristics and identical patterns of item responses.   TIMSS 2003 database 

contains five separate imputed estimates for each score.  The plausible values were not 

test scores for individuals, but can be used as intermediary computations for calculating 

                                                 
37 The data from these instruments was made available to the investigator by NCES during the TIMSS 2003 
training in the form of a DVD.   
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summary statistics for groups of students.  The first plausible value was used in the 

regression equations because all of the plausible values were highly correlated (.9 or 

higher).  Thus, similar results were expected if the other plausible values had been used.   

Data from two of the background surveys (teacher and student) were also utilized 

to answer the research questions.  The teacher survey collected information about the 

teachers’ preparation, professional development, and their pedagogical activities. The 

teacher survey items were used as variables for the characteristics of teaching 

preparation, experience, and math preparation, which the previous chapter indicated were 

related to student achievement.  The findings from the literature review were used to 

guide the selection of the TIMSS 2003 survey items, since the joined files from the 

teacher, student, and school surveys contained 711 variables.  These variables were 

reviewed to find the most relevant ones.  The search yielded twenty-nine survey items 

related to teaching preparation, subject-matter preparation, and experience.  TIMSS 2003 

variables related to teaching preparation include: teaching certification, level of formal 

education, and participation in professional development.  TIMSS 2003 variables related 

to subject-matter preparation include: content knowledge (e.g. self-assessment of 

readiness to teach mathematics content) and major in mathematics.  There was only one 

TIMSS 2003 variable related to experience, which was the number of years the teacher 

had taught.  

The student survey sought information about the students’ home background 

characteristics; however, it did not ask questions about socio-economic status or family 

income.  However, the survey contained a question about the highest level of education 
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completed by each of the parents.  Table 2 illustrates the instruments and variables that 

were utilized to answer each research question in this study. 

Table 2  
Alignment of Instruments and Variables for each Research Question 

 
 
Research Question Instrument TIMSS 2003 Variables 
   Type 
 
One   Teacher Questionnaire Teaching license 

Level of formal education 
Participation in professional 
development 
Mathematics major 
Readiness to teach mathematics 
Number of years teaching experience 

 
Two   Teacher Questionnaire Same as above 
   Student Questionnaire  Level of parental education 
 
Three   Teacher Questionnaire Same as above 
   Mathematics Assessment Mathematics Achievement  
       (Plausible Value) 
 
Four   Teacher Questionnaire Same as above 
   Student Questionnaire  Same as above 
   Mathematics Assessment Same as above 
 

There were eight TIMSS 2003 survey items depicting characteristics related to 

teaching preparation, twenty TIMSS 2003 survey items depicting characteristics related 

to subject-matter preparation, and one TIMSS 2003 survey item related to experience.  

Most of these variables were either dichotomous (e.g. yes or no) or ordinal. Ordinal data 

means it has order, but the intervals between scale points may be uneven (Garson, 2006).  

Some researchers have suggested that ordinal and dichotomous data may be used in 

procedures which assume interval data, since Jaccard & Wan (1996) indicated that it does 

not seem to affect Type I and Type II errors dramatically.  However, many of the ordinal 



 89

variables in this study have fewer values (e.g. less than five) than what is typically 

recommended, which may violate normality assumptions and also runs a heightened risk 

of confounding difficulty factors (Garson, 2006).  

Data Analysis 
 

This section discusses the variables and data analysis techniques and their 

assumptions for each research question.  There are three data analysis techniques that 

were used in this study: factor analysis (principal component analysis will be the method 

used to extract the factors from the data [Garson, 2007; Kim & Mueller, 1978]), 

correlation analysis (Chen & Popovich, 2002), and regression analysis (Cohen, Cohen, 

West & Aiken, 2003; Pedhazur, 1997; Green & Salkind, 2004).  Factor analysis was 

utilized for the first research question.  Correlation analysis was used with research 

question two, and regression analysis was used to answer research questions three and 

four. 

Research Question One 
 

As was previously mentioned, the first research question in this study asked: how 

does teacher quality as defined in this study (i.e. a composite of experience, teaching 

preparation, and subject-matter preparation) vary within and across the sample of 

countries, and how do these levels and variances differ across countries in the sample?  

This section of the chapter describes the data and subsequent sections discuss the method 

of analysis, the interpretation of the results, and the assumptions. 
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Data for Research Question One 
 

The twenty-nine TIMSS 2003 variables used in this research question included : 

• Years of teaching experience (btbgtaut)  

• Type of teaching certification (ordinal- 3 levels) (btbgtelc) 

• Level of formal education completed (ordinal- 6 levels) (btbgfedc) 

• Participation in professional development-critical thinking (dichotomous) 

(btbgpdct) 

• Participation in profession development- math content in the past two years 

(dichotomous) (btbmpdmt) 

• Participation in professional development-math pedagogy in the past two years 

(dichotomous) (btbmpdm) 

• Participation in professional development-math assessment in the past two years 

(dichotomous) (btbmpdm) 

• Participation in professional development-math curriculum in the past two years 

(dichotomous) (btbmpdmc) 

• Participation in professional development- math instructional technology in the 

past two years (dichotomous) (btbmpdit) 

• Mathematics major (dichotomous) (btbmpsma) 

• Mathematics education major (dichotomous) (btbmpsem) 

• Ready to teach number-decimals and fractions (ordinal- 3 levels) (btbmre01) 

• Ready to teach number- integers (ordinal- 3 levels) (btbmre02) 
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• Ready to teach algebra- patters (ordinal- 3 levels) (btbmre03) 

• Ready to teach algebra- simple equations (ordinal- 3 levels) (btbmre04) 

• Ready to teach algebra-equivalent representations (ordinal- 3 levels) (btbmre05) 

• Ready to teach algebra- attributes (ordinal- 3 levels) (btbmre06) 

• Ready to teach measurement- estimations (ordinal- 3 levels) (btbmre07) 

• Ready to teach measurement- computation (ordinal- 3 levels) (btbmre08) 

• Ready to teach measurement- measures (ordinal- 3 levels) (btbmre09) 

• Ready to teach measurement- precision (ordinal- 3 levels) (btbmre10) 

• Ready to teach geometry- Pythagorean theorem (ordinal- 3 levels) (btbmre11) 

• Ready to teach geometry-congruent figures (ordinal- 3 levels) (btbmre12) 

• Ready to teach geometry-cartesian plane (ordinal- 3 levels) (btbmre13) 

• Ready to teach geometry- translation (ordinal- 3 levels) (btbmre14) 

• Ready to teach data- sources of error (ordinal- 3 levels) (btbmre15) 

• Ready to teach data- data collection (ordinal- 3 levels) (btbmre16) 

• Ready to teach data- characteristics (ordinal- 3 levels) (btbmre17) 

• Ready to teach data- simple probability (ordinal- 3 levels) (btbmre18) 

As previously noted, these variables were selected on the basis of the findings of 

the literature review, which indicated that the characteristics of teaching preparation, 

subject-matter preparation, and experience were related to student achievement (Wayne 

& Youngs, 2003; King-Rice, 2003).    
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Data Analysis and Interpretation for Research Question  
 

To answer this question, a common measure of teacher quality across countries was 

needed.  Factor analysis was used to develop a consistent measure of teacher quality 

across countries, which in this analysis was teacher quality composite. For this study a 

large number of observed variables from TIMSS 2003 (i.e. 29 variables related to teacher 

characteristics of experience, teaching preparation, and subject-matter preparation) were 

used to represent teacher quality.   

Factor analysis was selected because it is a technique that permitted the reduction 

of a large number of overlapping measured variables to a smaller set of factors (Kim & 

Mueller, 1978; Green & Salkind, 2004), which in this case was one.  Moreover, “if the 

measures reflect different dimensions of a broader conceptual system, factor analyses can 

yield factors that represent these dimensions or latent constructs” (Green & Salkind, 2004 

p. 312), which in this case was a measure of teacher quality.  It should be understood that 

in this study factor analysis was not used to explore the underlying dimensions of the data 

(Kim & Mueller, 1978).  There are different methods of extracting the factors from a set 

of data.  The method used by this study was principal component analysis, since this was 

the default option in SPSS. 

There were three steps to calculate the teacher quality composite, which are depicted  

in Figure 3 below.   
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Figure 3. Process to Develop Teacher Quality Composite  
(Weighted Data with Aggregated File of All Countries in Sample) 
 

 

As Figure 3 indicates, the process involved both AM software and SPSS.  First, 

correlation analysis was conducted with AM Software with all the twenty-nine TIMSS 

2003 variables from the aggregated data file containing all countries in the sample.  The 

reason for using the aggregated data file with all countries in the sample was that a 

consistent “yardstick” across countries was needed, rather than measures for each 

country.  A correlation matrix of the TIMSS 2003 variables was generated based upon 

the population and design weights [matwgt (design weight), jkzone (stratum) and jkrep 

(cluster)] in AM software.  Then, the correlation matrix of the TIMSS 2003 variables was 

input into SPSS with Syntax (See Appendix A), which provided the component matrix 

and factor loadings.     

Finally, the teacher quality composite was calculated by multiplying the component 

matrix by the standardized value38 of the corresponding variable and summing these 

products.  This resulted in a teacher quality composite for each teacher in the aggregated 

data file of all countries.39   

The descriptive statistics (e.g. minimum, maximum, range, mean, standard 

deviation, and percentiles) of the teacher quality composite were analyzed across 

countries, particularly the mean composite score and its standard deviation.  Countries 

were grouped by how they related to the mean value for the sample (e.g. near, above or 

                                                 
38 The variables were standardized in SPSS which signifies the design weights in TIMSS 2003 were not 
employed during this calculation. 
39 For this study a minimum sample of 145 is needed to satisfy the requirement of five times the number of 
variables (Garson, 2006).  However, other researchers have suggested that when the communalities are low 
a larger sample is advised (Hatcher, 1994). 

Step 1: Used AM Software with sampling weights [matwgt (design weight), jkzone 
(stratum) and jkrep (cluster)] to generate a correlation matrix of TIMSS 2003 
variables. 
 
Step 2: Used SPSS Syntax with correlation matrix to generate loadings and the 
component matrix. 
 
Step 3: Used component matrix to develop the teacher quality factor score for each 
country.   

• Standardized the TIMSS 2003 variables in SPSS 
• Calculated the factor score for each teacher by using Compute 

function to multiply the component matrix by its standardized 
variable and summing these products.  
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below the mean).  Comparing the mean teacher quality composite in each country 

revealed which countries had high or low levels of teacher quality.  Comparing the 

standard deviation of the teacher quality factor score revealed the uniformity of teacher 

characteristics within countries.  A country with a small standard deviation in the teacher 

quality composite would imply uniformity of teacher characteristics within the country.  

In contrast, a country with a large variance would imply less uniformity of teacher quality 

characteristics within the country.   

The analysis conducted in this research question provided descriptive information 

which gave a sense of the level and variance of the teacher quality factor score across 

countries.  This provided important contextual information before examining the 

association of teacher quality and classroom socio-economic status, its effect upon 

classroom mathematics achievement, including interaction effects.  

Assumptions of Factor Analysis 

Two assumptions underlie factor analysis (Green & Salkind, 2004; Kim & 

Mueller, 1978).  The first assumption is that the measured variables are linearly related 

(Green & Salkind, 2004).  This is of particular importance when the items that were 

analyzed have very limited response scales (e.g. dichotomous variables), since this could 

violate this assumption and lead to the identification of spurious factors (Green & 

Salkind, 2004).  The second assumption is factorial causation, which means that observed 

variables are linear combinations of some underlying causal variables (Kim & Mueller, 

1978).  Factor analysis cannot create valid dimensions (factors), if none exists in the data    
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Research Question Two 
 

As was previously mentioned, the second research question asked: in each 

country in the sample, to what extent is teacher quality associated with students’ socio-

economic status (measured by parental level of education)?  How do these associations 

vary across countries?  This section of the chapter describes the data, while subsequent 

sections discuss the method of analysis, the interpretation of the results, and the 

assumptions. 

Data for Research Question Two 
 

There are two variables for this research question: (1) teacher quality composite 

and (2) mean classroom parental education.  As previously noted, parental education is 

being used as a proxy for socio-economic status, since TIMSS 2003 did not ask questions 

relating to parental income or other information about socio-economic status.  Mean 

classroom parental education was calculated by averaging the level of parental education 

for each student assigned to each teacher in the sample.  As previously noted, this 

variable was aggregated to the classroom level, in order to maintain a consistency with 

the teacher quality composite, since it was aggregated to the teacher level to not violate 

the independence assumption related to factor analysis.      

Data Analysis and Interpretation for Research Question Two 
 

To calculate the correlation between the teacher quality composite and mean 

classroom parental education, the teacher quality composite was recalculated.  This was 

done, since the composite utilized in the previous research question was already 
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calculated with the population and design weights. If the teacher quality composite from 

the previous research question had been utilized, the population and design weights 

would have been applied two times (i.e. once during the development of the factor score 

and again during correlation analysis).  So, an unweighted teacher quality composite was 

calculated so that the data analysis properly accounted for the weights of both variables.  

 The process used to calculate the unweighted teacher quality composite involved 

three steps, which were identical to the first research question, except for when the design 

and population weights were applied.  First, the correlation of the TIMSS 2003 variables 

for each country and all countries in the sample were calculated in SPSS.  This meant that 

the correlation matrix was not calculated with design and population weights.   Second, 

the correlation matrix of the TIMSS 2003 variables was input into SPSS with the Syntax 

Function, which generated the factor loadings and the component matrix. This was done 

for each country and all countries in the sample.  Third, each of the TIMSS 2003 

variables was standardized in SPSS. Finally, the Compute Function in SPSS was used to 

multiply the component matrix by the standardized variables and sum these products.  

Thus, SPSS was the only software that was utilized for this calculation, resulting in a 

score not employing the population and design weights.  The recalculated teacher quality 

composite was used for this research question and the subsequent ones. 

Once the unweighted teacher quality composite was generated, the data was input 

into AM software to calculate the correlations between the unweighted teacher quality 

composite and the mean classroom parental education, based upon design and population 

weights [matwgt (design weight), jkzone (stratum) and jkrep (cluster)].  This meant that 
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the design and population weights were applied to both variables during the calculation 

of the correlation coefficient.   

Correlations can vary from -1 to +1, with 0 indicating no relationship and 1 

indicating perfect relationship.  For this study a value of -1 would represent a perfect 

negative relationship between the teacher quality composite and mean classroom 

parental education.  This would mean that teacher quality was negatively related to mean 

classroom education, which would signify that higher levels of teacher quality were 

associated with lower levels of classroom parental education.  In other words, quality 

teachers were more associated with low socio-economic students.  A correlation of zero 

would signify no relationship or a random assignment of teachers and students.  A 

correlation of 1 would mean that the teacher quality composite was perfectly related to 

mean classroom parental education, implying that teachers with high composite scores 

were more associated with high levels of average parental education.   

The results were grouped into categories based upon significance (e.g. countries 

with significant40association and countries with no association).  This analysis provided 

important information about the relationship between teacher quality and classroom 

socio-economic status for each country.   

Assumptions of Correlation Analysis 

There are two assumptions underlying correlation analysis.  The first assumption 

is that the data represents a random sample from the population, and that the variables for 

one case are independent of other cases (Green & Salkind, 2004).  The second 

assumption is that the variables are bivariately normally distributed (Green & Salkind, 

                                                 
40 p values of less than .005 will be required for significance. 
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2004).  This is of particular importance if the purpose of the Pearson’s r is to infer the 

population (p) or to conduct null hypothesis tests (Chen & Popovich, 2002), which were 

the aim of this study.  Bivariately normally distributed means that each variable is 

normally distributed independently of the other variable, and each variable is normally 

distributed at all levels of the other variable (Chen & Popovich, 2002).  

Research Question Three 
 

As was previously mentioned, the third research questions asked:  how does teacher 

quality predict mathematics achievement in each country in the sample?  How do these 

relationships vary across countries?  This section of the chapter describes the data, while 

the subsequent sections discuss the method of analysis, interpretation of the results, and 

assumptions. 

Data for Research Question Three 
 

For the regression equation, there were two variables: the teacher quality 

composite calculated in the previous research question and average classroom 

mathematics achievement (i.e. first plausible value).  The unit of analysis of this research 

question continued to be the classroom.  This was done to maintain consistency with the 

teacher quality composite, and so mathematics achievement was also aggregated to the 

classroom (average mathematics achievement). 

As previously noted, TIMSS 2003 database contained five plausible values, which 

were separate imputed estimates for mathematics achievement.  NCES recommends 

using all of the plausible values in data analysis for the most accurate estimation.  

However, all of the plausible values were highly correlated (.9 or higher) with each other 
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and preliminary data analysis (i.e. regression analysis) revealed that similar results were 

obtained with each plausible value.  For ease of reporting, a decision was made to use 

only the first plausible value for this and the subsequent research questions.  Thus, it 

should be understood that when average classroom mathematics achievement is noted in 

the discussion, it means the first plausible value. 

Data Analysis for Research Question Three 
 

In order to answer this research question, both correlation and regression analyses 

were conducted.  To determine the association between the teacher quality composite and 

average classroom mathematics achievement, the correlation of these two variables were 

conducted for all countries and each country separately.  Then, simple regression was 

employed.   

Simple regression computes the coefficient of an equation based upon an 

independent and dependent variable (Cohen, Cohen, West & Aiken, 2003; Pedhazur, 

1997; Green & Salkind, 2004).  This means that the teacher quality composite was used 

to predict average classroom mathematics achievement, which revealed how significant 

teacher quality predicted average classroom mathematics achievement.  Regression was 

conducted for all countries aggregated and separately for each country.   

The correlation and regression analysis were computed by AM software since this 

software can conduct these analyses while accounting for the population and design 

weights. These procedures provided several statistics, including the correlation 

coefficient, R,2 Beta coefficients, t values, and p value.  These statistics provided 

information about the variance in average classroom mathematics achievement explained 

by the teacher quality composite and its significance.  This revealed if the teacher quality 
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composite had a consistent effect in predicting average classroom mathematics 

achievement across countries.   

Assumptions of Multiple Regression 
 

There are four assumptions for multiple regression analysis41 (Cohen, Cohen, 

West & Aiken, 2003).  The first assumption is proper specification of the form of the 

relationship between the independent and dependent variables (Cohen, Cohen, West & 

Aiken, 2003).  Regression generally assumes a linear relationship between the 

independent and dependent variables.   

The second assumption is correct specification of the independent variables in the 

regression model (Cohen, Cohen, West & Aiken, 2003).  If the theory being tested is 

valid, correct specification implies that all variables identified by the theory are included 

in the model and properly measured (Cohen, Cohen, West & Aiken, 2003). Based upon 

the information presented in Chapter two, it is reasonable to infer that the specification 

between the dependent (average classroom mathematics achievement) and independent 

(teacher quality composite) variables was correct. However, if important variables are 

excluded, or extraneous variables are included in the equation, the interpretability can be 

affected.  For this regression equation, this could mean that the true effect of teacher 

quality may not be accurately portrayed, since other important variables such as student 

or school characteristics that also impact student achievement were not included in the 

model.   

 The third assumption is perfect reliability, or no measurement error in the 

independent variables (Cohen, Cohen, West & Aiken, 2003).  This is particularly 
                                                 
41 The assumptions for simple regression and multiple regression are similar.  For this reason, the 
assumptions were reported here for multiple regression and was not repeated in the next research question. 
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important when there is only one independent variable, which is the case for this research 

question.  Finally, the fourth assumption is constant variance of residuals or 

homoscedasticity (Cohen, Cohen, West & Aiken, 2003).   

Research Question Four 

As was previously mentioned, the final research question asked: how does socio-

economic status moderate the effect of teacher quality on mathematics achievement 

within each country of the sample and how do these effects vary across countries?  This 

section of the chapter describes the data, while subsequent sections discuss the method of 

analysis and interpretation of the results.  The assumptions of multiple regression are not 

repeated, since they were described in research question three. 

Data for Research Question Four 

The variables that were used in this research question were: the unweighted 

teacher quality factor score, mean classroom parental education, interaction term (e.g. the 

product of the unweighted teacher quality factor score and mean classroom education), 

and the average classroom mathematics achievement.  Similar to the previous research 

questions, the unit of analysis for this research question was the teacher.   

Data Analysis for Research Question Four 
 

Multiple regression analysis was used to answer this question, since it is a 

technique that is employed to compute the percentage of variance in a dependent variable 

explained by independent variables, and thus it establishes their relative predictive 

importance (Cohen, Cohen, West & Aiken, 2003; Pedhazur, 1997; Green & Salkind, 

2004).  In addition, multiple regression can be utilized to assess an interaction effect 
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(Pedhazur, 1997, Holmbeck, 1997).  For this study, the interaction effect was the product 

of the teacher quality composite and mean classroom parental education, which was 

utilized to determine whether the teacher quality had a different effect upon average 

classroom mathematic achievement based upon the classroom’s socio-economic status.   

It is important to examine interaction terms, since they help to conceptualize and 

explain the influence of the independent variable on the dependent variable. Interaction 

terms are typically introduced when there is an unexpectedly weak or inconsistent 

relation between the independent and dependent variable (Holmbeck, 1997).  In this 

study, it was not clear if teacher quality had a greater impact upon the classroom 

mathematics achievement of those classrooms with higher or lower educated parents.  A 

depiction of the interaction within the regression model is shown in Figure 4 below. 

Figure 4. Representation of Regression Equation for Research Question Four 
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To test for an interaction effect, two regression equations were estimated in AM 

software, so that the analysis employed the population and design weights.  As shown in 

Figure 4, the first equation had the unweighted teacher quality composite42 and mean 

classroom parental education as the variables predicting average classroom mathematics 

achievement.  The second equation included the unweighted teacher quality composite, 

mean classroom parental education, and the interaction term of these variables to predict 

average classroom mathematics achievement.  An interaction term was added to 

incorporate the joint effect of these two variables on the dependent variable.  The 

interaction term was developed in SPSS using the Compute Function.   

To determine if the interaction effect was significant, the F-values of the two 

regression equations were examined.  If there was a significant difference in the F-values 

of these two equations, an interaction effect was present.  Similar to previous questions, 

this analysis was conducted based upon data that was aggregated for all countries in the 

sample and separately for each country.  The analysis helped determine if there was a 

consistent interaction effect across countries.   

Data Collection, Preparation, Handling and Human Subject 
Consideration 

 
This study used TIMSS 2003 data that was collected by the IEA through the 

International Study Center at Boston College.  The International Study Center was 

responsible for ensuring the quality of the data collection in each country.  To do this, it 

worked closely with National Research Coordinators, who had the ultimate responsibility 

for following internationally specification regarding data collection, preparation and 
                                                 
42 The unweighted teacher quality factor score that was computed in research question two was utilized so 
that AM software would properly account for the population and design weights of all of the variables in 
the equation. 
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handling.  TIMSS 2003 relied upon a series of tracking forms to implement and record 

the sampling of classes, teachers, and students.  Accuracy of these forms was essential to 

link teachers and students.  In addition, the forms provided information for the 

computation of sampling weights and for verifying the sampling procedures.   

In each school a School Coordinator was responsible for administering the 

TIMSS 2003 assessment.  The National Research Coordinator was responsible for 

ensuring that the School Coordinators were familiar with their duties. In addition, the 

National Research Coordinator was expected to establish a national quality control 

program according to international guidelines, with quality control monitors visiting a 10 

percent sample of TIMSS schools to observe the testing sessions and check compliance 

of the test administration with prescribed procedures.   

The International Study Center and National Research Coordinators ensured that 

the data was collected in a manner which did not directly or indirectly identify the 

subjects.  To do this the data was collected by assigning unique school, classroom, 

teacher, and student identification numbers.  This was essential to maintain the 

anonymity of the participants and to be able to link teachers and students.   

During the period immediately following the administration of the TIMSS 2003 

assessment, the National Research Coordinator retrieved and collated the materials from 

schools.  The data from the achievement tests and background questionnaires was then 

entered into computer files.  Files were checked with software provided by the 

International Study Center.  This process ensured that all the appropriate materials were 

received from every student and teacher listed on the Tracking Forms and was 

appropriately linked.  This data was then imported into sampling software (W3S).  When 
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data files passed the quality control checks, they were sent to IEA Data Processing Center 

in Hamburg for further checking and processing.  The IEA Data Processing Center used 

standard cleaning rules to verify the accuracy and consistency of the data and for 

documenting electronically any deviation from the international file structure (Mullis et 

al, 2003).  Queries were sent to national centers and modifications were made as 

necessary.  This process of editing the data, checking the reports and implementing 

corrections was repeated as many times as was necessary until all data were consistent 

and comparable within and between countries. 

To prepare for the creation of international database, the IEA Data Processing 

Center provided item statistics to national research centers with international univariate 

statistics.  This procedure was done so that national centers could examine their data from 

an international perspective.  This was helpful to correct any outliers across countries.  In 

these cases, the corresponding variable was either recoded or removed from the 

international database.   

Once the data was verified in the international file format, the sampling weights 

were calculated by Statistics Canada.  Finally, the files were sent to the IEA where IRT 

scaling was conducted for each student mathematics and science score.  All of these steps 

ensured that the TIMSS 2003 data was comparable across countries and of high quality. 

Conclusion 
 

This chapter presented a description of the three methods of analysis that were 

used in this study.  Samples, data sources, instruments, and research questions were 

reviewed.  The presentation of the analysis, results and findings are presented in the next 

chapter. 
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Chapter Four 

Data Analysis 
 

For decades policymakers have advocated teacher quality as the means to increase 

student achievement, since teachers are critical components in the learning process.  For 

this reason, there is a great interest in detecting the degree to which teacher quality affects 

student performance in the United States and other countries. Recent studies in the United 

States reveal that low income and minority students, as well as students in urban schools, 

are disproportionately placed with less experienced teachers (Loeb, 2001; Goe, 2002), 

which is one indicator of teacher quality.  However, the distribution of teacher quality in 

relation to students’ socio-economic status has been studied less extensively in other 

countries, so the literature has not been clear whether similar allocation concerns exist in 

them.  The purpose of this study was to examine educational equity in a sample of 

TIMSS 2003 countries by analyzing: the level of teacher quality, its association with 

students’ socio-economic status, and its impact upon mathematics achievement, including 

the interaction between teacher quality composite and mean classroom parental 

education. 

The previous chapter described the relevant TIMSS 2003 variables that were used 

to represent the teacher characteristics (i.e., experience, teaching preparation, and subject-

matter preparation) that comprise the measures of teacher quality.  Chapter three also 

discussed how the measure of teacher quality (i.e., the teacher quality composite score) 

would be used in each of the four research questions, to assess whether teacher quality 

had similar effects upon student achievement across countries, including its interaction 

with students’ socio-economic status, and whether there were differences in the level of 
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teacher quality across countries, and how it was associated with students’ socio-economic 

status.  All of these aspects have not been examined by previous cross-national studies. 

This chapter presents the results of the data analysis and is organized into six 

sections.  Data management procedures are presented in the first section.  Sections two, 

three, four, and five present the descriptions of the data analysis, how the assumptions 

were met and the results in the order the four research questions were asked in the study: 

1. How does teacher quality, as defined in this study (i.e. a composite of experience, 

teaching preparation, and subject-matter preparation) vary within and across the 

sample of countries?  In other words, what is the level and variance of teacher 

quality within each country in the sample? How do these levels and variances 

differ across countries in the sample?  

2. In each country in the sample, to what extent is teacher quality (as defined above) 

associated with students’ socio-economic status (measured by parental level of 

education)?  How do these associations vary across countries? 

3. How does teacher quality predict math achievement in each country in the 

sample?  How do these relationships vary across countries? 

4.  How does students’ socio-economic status moderate the effect of teacher quality 

on mathematics achievement in each country of the sample?  In other words, does 

teacher quality impact achievement differently, depending on students’ socio-

economic status?   In addition, how do these effects vary across countries?   

The final section concludes the chapter. 
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Data Management Procedures 
 

The first data management issue that was addressed was recoding.  Recoding was 

needed because TIMSS 2003 items were coded inconsistently.  With some of the 

variables the highest number was assigned to the lowest level of rating. For example, the 

highest level of parental education was coded with the smallest number by TIMSS 2003, 

rather than the largest one.  Conversely, in other variables the lowest level of rating was 

given the highest number, which was the case with the readiness variables.    Since the 

coding used by TIMSS 2003 did not consistently use bigger numbers to represent higher 

levels, this made it difficult to interpret the variables in the same manner. Therefore, the 

variables were recoded to obtain uniform direction in the data and its interpretation.  

Table 3 describes the TIMSS items, the names of the variables, how TIMSS 2003 coded 

each variable, and how each variable was recoded for this study. 

Table 3  
Initial Coding and Recoding of TIMSS 2003 Items 

Description of 
TIMSS Item(s) 
 

Item Name How  TIMSS Coded How it Was Recoded  

Degree in 
mathematics or 
mathematics 
education 
 

btbmpsma 
btbmpsem 
 

1= yes 
2= no 
9 = omitted 

1= no 
2= yes 
9= missing data 

Level of formal 
education 

btbgfedc 1= did not finish 
ISCED 3 
2= finished ISCED 3 
3= finished ISCED 
4B 
4= finished ISCED 
5B 
5= finished ISCED 
5A- first degree 
6= finished ISCED 
5A, second degree 
9= omitted 

9 = missing data  
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Number of years 
taught 
 

Btbgtaut 1-55 No recoding 

Type of 
certification 

Btbgtelc 1= full certification 
2= provisional 
certification 
3= emergency 
certification 
4= other 
6= non-applicable 
9= omitted 

1= emergency 
certification 
2= provisional 
certification 
3= full certification 
4= missing data  
6= missing data  
9= missing data 
 

Readiness to teach 
mathematics 
content 

btbmre01- 
btbmre18 
 

1= very ready 
2= ready 
3= not ready 
9= omitted 

1= not ready 
2= ready 
3= very ready 
9= missing data  
 

Participation in 
professional 
development 

btbgpdct 
btbmpdmt 
btbmpdm 
btbmpdm 
btbmpdmc 
btbmpdit 
 
 
 

1= yes 
2= no 
9= omitted 

1= no 
2= yes 
9= missing data  

Highest level of 
parental education 

Bsdgedup 1= finished university 
or higher 
2= finished post-
secondary 
vocational/technical 
3= finished upper 
secondary  
4= finished lower 
secondary  
5= no more than 
primary 
9= omitted 

1= no more than 
primary 
2= finished lower 
secondary 
3= finished upper 
secondary 
4= finished post-
secondary 
vocational/technical 
5= finished university 
or higher 
9= missing data  

(TIMSS 2003) 
 
As Table 3 indicated, twenty-nine variables were recoded in SPSS using the Transform 

Function.  The recoded variables were saved in data files for each country, as well as in a 

combined file with data with all fifteen countries. 
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The second issue was aggregation of data.  When the TIMSS 2003 surveys of 

teachers, students, and schools were combined, the teacher variables were repeated for 

each of their students.  In other words, when students were the unit of analysis, the 

corresponding teacher variables were repeated and thus, they were not independent 

observations.  A decision was made to aggregate the TIMSS data to the teacher level in 

each file.  This was needed to not violate the independence of observation assumption to 

conduct factor analysis.  It was also decided to maintain consistency in the aggregation of 

data across research questions.  This meant that it was not possible to analyze the data at 

the student level for any of the research questions.  Each country had 137 to 377 teachers, 

which is shown in Table 4.  Countries are arranged in descending order in Table 4 based 

on the number of teachers in the sample.43  

Table 4 
Number of Teachers and Students for All Countries in the Sample  

Country    Number of Students  Number of Teachers 
 
All Countries in sample  79,521    2925 
United States      8, 912    377 
Sweden     4, 537    285 
New Zealand      3, 825    259 
Australia      5, 097    246 
Chile       7, 055    215 
Slovakia      4, 215    179 
Serbia       4, 324    171 
Ghana      5, 253    153 
Malaysia      5, 314    150 
Romania     4, 104    150 
Botswana      5, 150    146 
Palestine      5, 357    145 
Hong Kong      4, 972    144 
Jordan       4, 489    140 
Philippines      6, 917    137 

                                                 
43 Countries were selected based upon the following criteria: adherence to TIMSS 2003 sampling 
guidelines, data available for all variables with minimal missing data, and having a positive definite 
correlation matrix.   
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The third data management issue was missing or incomplete data, which is often 

an issue in social science research.  It is often the case that respondents may leave 

particular items blank when completing a survey.  This may be due to fatigue, sensitivity 

of the information, or other factors.  This left me to decide whether to leave cases with 

missing data out of analysis when data for one of the twenty-nine TIMSS 2003 variables 

were missing or if these values should be replaced with an imputed value.  The problem 

with deleting missing data is not so much an issue of reduced sample size, but the 

possibility that the remaining data may be different and so deleting the cases could 

seriously bias the conclusions of the study (Byrne, 2001; Garson, 2007; Little & Rubin, 

1987).  The rationale for imputing data is that “it is a best guess attempt to present what 

choices respondents were likely to have made, given their responses on other items, 

which reduces the bias created by non-random missing values” (Garson, 2006, p.1; Little 

& Rubin, 1987).  For this reason, a decision was made to impute the missing data.   

SPSS supports five estimation methods: replacement of missing values with (1) 

series mean, (2) mean of nearby points, (3) median of nearby points, (4) linear 

interpolation between the adjacent valid values above and below the missing one, or (5) 

substitution of the linear trend value for that point.  This study utilized linear 

interpolation in SPSS.  Linear interpolation used either adjacent values, or linear 

regression trend values, to impute values to missing data, which is preferred over other 

estimation methods offered in SPSS that utilize mean or median substitution.  Mean or 

median substitution methods underestimate the variance (Garson, 2006).  This suggests 

that the results of regression analysis are impacted, since mean and median substitution 

methods lessen the reliability of the estimates of the relative importance of independent 
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variables.  Because of these noted limitations, linear interpolation was selected for this 

study.  Table 5 depicts the number of missing and existing data for each variable in the 

aggregated data file (N= 2925), before linear interpolation was conducted.  

Table 5 
Number of Available and Missing Data for All Countries Aggregated for each TIMSS 2003 Variables  

 
Description of TIMSS Item(s) 
 

 
Item Name 

 
N  

 
Missing  

 
Degree in mathematics 
 

 
btbmpsma 
 

 
2733 

 
192 

Level of formal education btbgfedc 2762 163 
Number of years taught btbgtaut 2719 206 
Type of certification btbgtelc 2443 482 
Readiness to teach mathematics content btbmre01 2699 226 
 btbmre02 2689 236 
 btbmre03 2684 241 
 btbmre04 2686 239 
 btbmre05 2682 243 
 btbmre06 2679 246 
 btbmre07 2694 231 
 btbmre08 2689 236 
 btbmre09 2685 240 
 btbmre10 2665 260 
 btbmre11 2691 234 
 btbmre12 2688 237 
 btbmre13 2685 240 
 btbmre14 2676 249 
 btbmre15 2677 248 
 btbmre16 2677 248 
 btbmre17 2683 242 
 btbmre18 2681 244 
Participation in professional development btbgpdct 2770 244  
 btbmpdmt 2760 165 
 btbmpdm 2753 172 
 btbmpdm 2763 162 
 btbmpdmc 2761 164 
 btbmpdit 2764 161 
Mean classroom parental education bsdgedup 2901 24  
Note: Measured at the classroom level. 
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 As Table 5 depicts, most of the variables had similar numbers of missing data.  

The variable with the least amount of missing data is mean classroom parental education, 

which had less than 5% of missing data.  The type of teaching certification had the most 

missing data.  This was due to the re-coding of the variable, since cases were coded as 

missing if the respondent entered Non-applicable or Other, because these options did not 

fit into full, provisional, or emergency certification.  As a result, 19% of the data was 

missing for this variable. It was not clear why TIMSS 2003 offered options such as Non-

applicable or Other.  However, there was no evidence to suggest that TIMSS 2003 

countries did not have certification requirements. 

As previously noted, linear imputation was conducted on each aggregated data 

file (i.e., teacher level), specifically the data file containing all countries in the sample 

and those for each individual country.  Descriptive statistics on the aggregated files 

showed no significant differences between the imputed and non-imputed files.  Because 

of this and the previously noted advantages, the imputed files were utilized for the data 

analysis.  

The fourth data management issue related to the complex sampling design of 

TIMSS 2003.  As previously mentioned, each country that was analyzed developed a 

representative national sample.  Samples were developed during a two-stage sampling 

design.  At the first stage each country selected at least 150 schools using probability-

proportional-to-size sampling (Martin, 2005).44  Countries could incorporate in their 

sampling design important reporting variables (e.g. school type or urban) as stratification 

variables.  At the second stage, one or two classes (one classroom if participating in 8th 

                                                 
44 With prior approval, countries were allowed to adapt the sampling design to local circumstances (Martin, 
2005). 
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grade assessment and two classrooms if participating in both 4th and 8th grade 

assessments) were randomly sampled in each school.  This meant that students from 

various categories were over sampled to ensure sufficient sample size for within group 

analysis and to achieve nationally representative student samples.  Because of this, it was 

necessary to employ population and design weights (i.e., matwght [mathematics teacher 

weight], jkzone [stratum], jkrep [cluster]) during data analysis (Martin, 2005).  This was 

done to avoid bias in the estimated analysis (Brogan, 1998) and to obtain nationally 

representative coefficient estimates from stratified survey data.  This was also done to 

properly account for the sample design, take into account any stratification or 

disproportional sampling of subgroups, and include adjustments for non-responders 

(Martin, 2005).  This meant that the various subgroups that constitute the sample were 

properly and proportionally represented in the computation of each country’s sample.   

Unfortunately, SPSS does not account for design and population weights during 

data analysis,45 which is needed when utilizing data from TIMSS 2003 because of the 

complex sampling design.  For this reason, AM software (Cohen, 2002), a statistical 

package created specifically for use with the National Center for Education Statistics’ 

(NCES) data sets,46 was used to employ the design and population weights during data 

analysis.  However, AM software does not offer all of the analytic techniques that were 

needed for this study.  Thus, it was necessary to utilize SPSS and AM software in 

combination for some of the research questions in order to appropriately analyze the data 

                                                 
45 SPSS 15 Complex Sampling Module accounts for sampling weights, but does not contain some of the 
data analysis procedures that are needed for this study, specifically correlation and factor analysis. 
46 Examples of NCES databases include: PISA, TIMSS, NAEP, and ECLS.  Information about AM 
software is available at http://am.air.org/.  
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for this study. Table 6 depicts the data analysis technique, software package(s) and 

weight utilized to answer each research question. 

Table 6 
Data Analysis, Weights and Software for each Research Question  

Question Data Analysis  Software Weight   Level of Analysis 
 
One                 Factor Analysis AM & SPSS Math Teacher Teacher 
     (matwght)   
Two                Correlation  AM & SPSS Math Teacher Teacher  
                                                                                    (matwght) 
Three  Linear Regression AM  Math Teacher Teacher 
       (matwght) 
Four  Multiple Regression AM  Math Teacher Teacher 
       (matwght)   

 

Three data analysis techniques were employed by this study, which are discussed 

in more detail in the subsequent sections of this chapter and are presented in order of each 

research question. It is important to note that the same weights and level of analysis were 

used in each research question to permit consistency in the analysis.   

Research Question One 

Question and Rationale 

The first research question in this study asked: how does teacher quality, as defined in 

this study, vary within the sample of countries, and how do the level and variance of 

teacher quality differ across countries in the sample?  This question was asked because 

research in the United States and other countries has found that teacher characteristics 

such as experience, teaching preparation, and subject-matter preparation are important for 

student achievement.  However, this research has lacked a systematic  

assessment of the level and variance of teacher quality within and across countries.   
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Explanation of Method to Answer Research Question One 

To answer this question, a common measure of teacher quality across countries was 

needed.  Factor analysis was used to develop a consistent measure of teacher quality 

across countries, which in this analysis was teacher quality composite. For this study a 

large number of observed variables from TIMSS 2003 (i.e. 29 variables related to teacher 

characteristics of experience, teaching preparation, and subject-matter preparation) were 

used to represent teacher quality.   

Factor analysis was selected because it is a technique that permitted the reduction of a 

large number of overlapping measured variables to a smaller set of factors (Kim & 

Mueller, 1978; Green & Salkind, 2004), which in this case was one.  Moreover, “if the 

measures reflect different dimensions of a broader conceptual system, factor analyses can 

yield factors that represent these dimensions or latent constructs” (Green & Salkind, 

2004, p. 312), which in this case was a measure of teacher quality.  It should be 

understood that in this study factor analysis was not used to explore the underlying 

dimensions of the data (Kim & Mueller, 1978).  There are different methods of extracting 

the factors from a set of data.  The method used by this study was principal component 

analysis, since this was the default option in SPSS. The next section discusses the 

assumptions of factor analysis, including how the assumptions were tested and any 

violations to them, since this discussion merely provided an overview of the statistical 

aspects of factor analysis. 

Assumptions of Factor Analysis 

Two assumptions underlie factor analysis (Green & Salkind, 2004; Kim & Mueller, 

1978). The first assumption is that the measured variables are linearly related (Green & 
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Salkind, 2004).  This is of particular importance when the items analyzed have very 

limited response scales (e.g. dichotomous variables), since this could violate this 

assumption and lead to the identification of spurious factors (Green & Salkind, 2004).  In 

this study, there were eight dichotomous variables (i.e. mathematics major, mathematics 

education major, and six items related to participation in professional development). The 

remaining 21 variables (i.e. level of education, years of teaching experience, type of 

certification, and eighteen items related to readiness to teach mathematics content) had 

more response options, but all of the variables were not continuous.  Thus, the available 

data did not meet this requirement and so this assumption was violated.   

The second assumption is factorial causation, which means that observed variables 

are linear combinations of some underlying causal variables (Kim & Mueller, 1978).  

Factor analysis cannot create valid dimensions (factors), if none exists in the data   If this 

assumption is not met, the generated factors are not comprehensible.  This assumption is 

met on the basis of other substantive knowledge about the data (Kim & Mueller, 1978).   

In the case of teacher quality, it is not clear whether this variable is latent or emergent.  In 

other words, some may consider that teacher quality is a result of experience, subject-

matter preparation, teaching preparation, and aptitude.  If this is correct, then teacher 

quality would be better represented as an emergent variable, rather than causal.  For this 

reason, it is not clear whether this assumption met or violated. Because of these noted 

concerns, caution should be used in interpreting the teacher quality composite. 

Variables for Data Analysis and Descriptive Statistics of the Variables 

As previously noted, the TIMSS 2003 variables that were used to develop the 

teacher quality composite were selected on the basis of the findings of the literature 
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review.  The variables were chosen because they were the best ones available from 

TIMSS 2003 to depict the characteristics of teaching preparation, subject-matter 

preparation, and experience.  However, TIMSS 2003 offered no variables which reflected 

teachers’ aptitude.  Because of this limitation in the data, my measure of teacher quality 

lacks an important characteristic, which the literature review indicated was strongly 

associated with student achievement (King-Rice, 2003; Wayne & Youngs, 2003).  

Frequencies of the TIMSS 2003 variables utilized in this study were calculated to 

determine the percentage of teachers in each country that possessed each of these 

variables displayed in Tables 7 and 8 
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Table 7 
Percentage of Teachers in each Country and All Countries in the Sample Containing each TIMSS 2003 Variable;  
Standard Deviation is noted in parenthesis for non-dichotomous variables 
______________________________________________________________________________________________________ 

TIMSS 2003 Variable  All Countries Australia  Botswana  Chile  Ghana Hong Kong Jordan Malaysia 

 
Three or more years of experience 88.0   89.1  76.9  96.6  69.8 87.2  86.3       85.8 
                                                             (11.08)  (9.67)  (4.76)  (10.70)  (8.24) (7.32)  (8.85) (8.32) 
Full certification  94.7   94.7  100.0  97.2  87.7 82.7  100.0 100.0 
  (0.91)  (0.67)  (0.50)  (0.34)  (0.84) (0.71)  (0.63) (1.30) 
Mathematics major  61.9  54.6   77.3   54.9  57.4 63.9  71.0 45.6 
 
Mathematics education major 46.1  53.1  51.5  37.8  52.0 56.6  28.8 48.3 
 
Level of education   76.4  92.0  8.9  95.6  7.1 84.5  78.3 53.7 
(college or higher)  (0.25)  (0.23)   (.00)  (0.33)  (0.27) (0.33)  (0.38) (0.0) 
Very ready to teach decimals  82.7  88.4  74.6  78.6  71.4 69.0  69.1 81.8 
  (0.40)  (0.32)  (0.50)  (0.41)  (0.43) (0.49)  (0.46) (0.39) 
Very ready to teach integers  86.6  90.2  80.5  85.9  84.8 69.7  71.9 84.5 
  (0.37)  (0.30)  (0.45)  (0.37)  (0.32) (0.39)  (0.46) (0.36) 
Very ready to teach  70.5   82.6  67.8   55.0  59.8 58.9  50.4 64.5 
Algebra patterns  (0.50)  (0.38)  (0.51)  (0.58)  (0.52) (0.54)  (0.51) (0.48) 
Very ready to teach   80.9  80.5  72.6  61.1  87.8 76.1  72.5 75.0 
Algebra equations  (0.44)  (0.43)  (0.49)  (0.59)  (0.28) (0.33)  (0.43) (0.47) 
Very ready to teach   74.5  81.8  61.2  58.3   67.9 58.6  78.1 53.4 
Algebra equivalences  (0.49)  (0.42)  (0.59)  (0.55)  (0.34) (0.49)  (0.51) (0.57) 
Very ready to teach   67.2  77.3   52.1  48.5  53.8 55.3  55.4 37.8 
algebra attributes  (0.56)  (0.46)  (0.67)  (0.64)  (0.52) (0.63)  (0.53) (0.65) 
Very ready to teach-   74.6  89.0  74.6  60.0  62.1 67.6  55.1 66.9 
Measurement  (0.48)  (0.31)  (0.46)  (0.52)  (0.50) (0.57)  (0.49) (0.47) 
Very ready to teach  71.0  87.2  65.0  59.6   41.7 66.9  55.8 46.3 
computation  (0.52)  (0.37)  (0.54)  (0.52)  (0.54) (0.65)  (0.47) (0.59) 
Very ready to teach  62.7  80.5  47.5  46.6  28.5 64.8  53.6 39.2 
Estimation methods  (0.60)  (0.49)  (0.68)  (0.63)  (0.57) (0.69)  (0.50) (0.64) 
Very ready to teach  63.8  82.7  47.0  48.8  40.9 57.7  55.5 50.3 
Estimation precision  (0.57)  (0.44)  (0.72)  (0.61)  (0.48) (0.58)  (0.53) (0.63) 
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Very ready to teach-  84.5  88.4  82.1  71.1  68.2 86.6  82.7 87.2 
Pythagorean Theorem  (0.43)  (0.34)  (0.49)  (0.50)  (0.19) (0.55)  (0.34) (0.33) 
Very ready to teach  80.4  83.6  69.2  73.0  81.7 76.8  76.1 80.5 
Congruent figures  (0.45)  (0.39)  (0.54)  (0.45)  (0.34) (0.46)  (0.42) (0.42) 
Very ready to teach  72.7  84.0  61.9  52.7  62.8 68.3  75.5 67.1 
Cartesian plane  (0.52)  (0.43)  (0.58)  (0.57)  (0.39) (0.60)  (0.47) (0.52) 
Very ready to teach  58.6  79.6  67.8  27.4  76.2 51.1  43.2 65.8 
Geometry translation  (0.62)  (0.47)  (0.56)  (0.68)  (0.63) (0.56)  (0.58) (0.54) 
Very ready to teach  44.5  73.5  28.7  32.3  49.2 48.9  22.5 28.9 
Sources of error  (0.66)  (0.54)  (0.67)  (0.68)  (0.67) (0.65)  (0.55) (0.68) 
Very ready to teach  53.5  84.5  40.5  50.2)  60.6 53.9  27.5 42.3 
Data collection  (0.63)  (0.41)  (0.65)  (0.57  (0.70) 0.60)  (0.53) (0.63) 
Very ready to teach  63.4  85.4  67.8  57.1  82.6 61.0  56.1 49.7 
Data characteristics  (0.58)  (0.37)  (0.49)  (0.56)  (0.48) (0.43)  (0.54) (0.61) 
Very ready to teach  58.8  78.8  52.5  34.2  72.7 61.7  56.8 28.2 
Simple probability  (0.63)  (0.47)  (0.71)  (0.66)  (0.49) (0.56)  (0.55) (0.70) 
Participation in PD-  64.5  65.2   40.0   76.6  51.1 60.8  46.4 67.1 
Critical thinking 
Participation in PD-  58.2  57.4   23.0  73.2  41.0 64.1  65.2 63.1 
Mathematics content 
Participation in PD-  58.3  71.8  17.1  45.6  40.6 62.0  43.9 64.9 
Mathematics pedagogy 
Participation in PD-  43.2  70.9  16.5  49.0  17.9 77.5  31.9 48.0 
Mathematics assessment 
Participation in PD  42.8  55.5  49.6  52.6  50.7 46.9  56.5 70.5 
Mathematics curriculum 
Participation in PD-  52.4  55.2  38.0  50.7  55.0 40.1  46.4 28.2 
Mathematics instructional technology 
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Table 8 
Percentage of Teachers in each Country and All Countries in the Sample Containing each TIMSS 2003 Variable 

 
TIMSS 2003 Variable   New Zealand Palestine  Philippines Romania   Serbia  Slovakia  Sweden       US 

 
Three or more years of experience 90.3  84.1  87.0  97.1  92.1 92.1  84.1             89.8 
  (9.85)  (8.24)  (8.48)  (11.51)  (11.97) (12.24)  (12.51)   (10.23) 
Full certification  87.7  92.2  100.0  100.0  90.4 93.1  100.0            95.3 
  (0.72)  (0.84)  (0.28)  (0.49)  (0.51) (0.53)  (0.89)         (0.49) 
Mathematics major  52.9  53.0  62.4  97.6  95.7 63.3  57.5        46.0 
  
Mathematics education major 24.1  39.0  53.0  23.2  59.7 57.3  52.8              53.6 
 
Level of education  83.1  81.9  100  75.3  29.0 98.9  91.9     100.0 
College or higher  (0.33)  (0.27)  (0.00)  (0.00)  (0.40) (0.25)  (0.00)         (0.27) 
Very ready to teach  90.4  75.9  80.5  92.4  76.9 83.7  84.2        95.1 
Decimals  (0.31)  (0.43)  (0.40)  (0.27)  (0.62) (0.37)  (0.38)     (0.22) 
Very ready to teach  92.1  88.2  86.9  94.8  80.3 87.8  86.8              95.1 
Integers  (0.32)  (0.32)  (0.34)  (0.22)  (0.61) (0.35)  (0.35)     (0.22) 
Very ready to teach  87.4  53.3  47.6  80.7  63.9 84.8  68.1              88.6 
Algebra pattern  (0.35)  (0.52)  (0.56)  (0.46)  (0.62) (0.36)  (0.52)         (0.33) 
Very ready to teach  87.0  91.2  71.5  97.7  81.6 90.1  71.5              90.7 
Algebra equations  (0.41)  (0.28)  (0.45)  (0.15)  (0.62) (0.30)  (0.50)         (0.30) 
Very ready to teach  86.2  86.8  62.1  95.9  77.0 76.5  64.0              88.5 
Algebra equivalences  (0.38)  (0.34)  (0.49)  (0.20)  (0.63) (0.44)  (0.55)         (0.35) 
Very ready to teach  86.5  63.5  50.8  95.2  77.0 74.7  60.7             82.7 
Algebra attributes  (0.37)  (0.52)  (0.53)  (0.21)  (0.66) (0.48)  (0.61)         (0.43) 
Very ready to teach   91.2  65.0  34.1  81.3  64.9 84.7  85.3             87.7 
Measurement Estimation  (0.30)  (0.50)  (0.59)  (0.41)  (0.64) (0.38)  (0.38)         (0.34) 
Very ready to teach  90.4  58.1  30.3  81.9  66.2 77.6  84.9       88.5 
Computation  (0.35)  (0.54)  (0.59)  (0.43)  (0.65) (0.45)  (0.37)        (0.32) 
Very ready to teach  86.2  57.4  13.2  68.0  60.5 74.3  80.5             74.1 
Estimation  (0.42)  (0.57)  (0.60)  (0.54)  (0.63) (0.47)  (0.46)         (0.52) 
Very ready to teach  87.9  70.4  22.7  73.1  60.3 58.5  69.6             76.7 
Estimation precision  (0.38)  (0.48)  (0.57)  (0.49)  (0.63) (0.57)  (0.51)         (0.49) 
Very ready to teach  91.6  96.4  59.8  98.2  80.4 92.4  79.7             90.1 
Pythagorean Theorem  (0.38)  (0.19)  (0.63)  (0.13)  (0.64) (0.27)  (0.49)        (0.38) 
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Very ready to teach  85.4  86.9   53.3  97.7  77.0 80.7  75.1              90.1 
Congruent Figures  (0.43)  (0.34)  (0.64)  (0.15)  (0.64) (0.41)  (0.48)         (0.35) 
Very ready to teach  83.7  84.6  61.0  91.8  74.3 59.8  64.1              82.7 
Cartesian plane  (0.44)  (0.39)  (0.57)  (0.27)  (0.63) (0.54)  (0.58)         (0.47) 
Very ready to teach  86.2  48.5  9.0  47.9  66.7 58.5  47.8              72.8 
Geometry  (0.41)  (0.63)  (0.56)  (0.58)  (0.62) (0.53)  (0.66)         (0.53) 
Very ready to teach  77.8  29.6  19.5  40.9  31.3 24.1  39.4              63.9 
Sources of error  (0.46)  (0.67)  (0.64)  (0.65)  (0.64) (0.56)  (0.66)         (0.56) 
Very ready to teach  80.3  39.4  21.3  57.3  34.0 26.9  48.1              75.5 
Data collection  (0.42)  (0.69)  (0.64)  (0.61)  (0.66) (0.59)  (0.60)         (0.45) 
Very ready to teach  88.3  77.4  40.3  42.9  38.5 22.9  51.1              90.4 
data characteristics  (0.40)  (0.48)  (0.65)  (0.69)  (0.67) (0.49)  (0.61)        (0.31) 
Very ready to teach  85.4  72.1  17.1  66.1  34.7 32.2  56.1              84.0 
Probability  (0.40)  (0.49)  (0.62)  (0.50)  (0.69) (0.53)  (0.62)        (0.39) 
Participation in PD  74.5  85.2  82.2  68.4  65.4 48.0  45.5              82.1 
Critical thinking 
Participation in PD  52.1  78.7  69.2  65.1  45.6 38.8  47.8              74.8 
Mathematics content 
Participation in PD  72.4  77.9  75.4  64.5  58.8 40.4  33.2              82.9 
Mathematics pedagogy 
Participation in PD  46.5  32.6  47.0  30.8  31.3 34.1  9.9                74.4 
Mathematics assessment 
Participation in PD  50.6  58.5  67.7  52.0  41.5 30.7  29.8              76.0 
Mathematics curriculum 
Participation in PD  75.4  64.5  61.7  75.0  43.4 31.8  27.9              72.6 
Mathematics instructional technology 
__________________________________________________________________________________________________________________________
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As Tables 7 and 8 show, the large differences between countries were related to 

the readiness to teach mathematics variables, rather than to the years of teaching 

experience, level of education, possessing a full certification or degree in mathematics, or 

participation in professional development.  For example, across most countries in the 

sample similar percentages of teachers had a degree in mathematics, which ranged from 

45.6% to 77%.  The United States (46.0%) and Malaysia (45.6%) were the countries with 

the lowest percentages.  Romania and Serbia had higher percentages than most countries, 

since their respective percentages were 97.6 and 95.7.   In contrast, there was greater 

variation across countries with the reporting of teachers’ readiness to teach mathematics.  

It should be understood that the readiness variables were the teachers’ self-assessment of 

how prepared they considered themselves to be able to teach mathematics content, which 

is not an objective measure of mathematics knowledge.  Teachers across countries were 

less confident with more complex mathematical content (i.e. data sources of error, 

geometry-translation, data collection, probability), while higher percentages of teachers 

reported being very ready to teach less complex mathematical content, such as decimals 

and integers.  However, in countries such as Australia, New Zealand, Romania, and the 

United States nearly all of their teachers reported being very ready to teach all 

mathematical content.  In contrast, most teachers in the Philippines reported not being 

very ready to teach mathematical content in nearly all areas, which is a concern since an 

understanding of mathematic principles is needed to be able to teach it.  

Most teachers in each country had a full teaching certification, taught for more 

than three years and completed college or higher.  However, across countries some 

differences were present.  For example, the African countries (i.e. Botswana and Ghana) 
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contained very few teachers who completed a college degree or higher (i.e. 8.9% and 

7.1%, respectively) in comparison to the others.  Because the typical measures of 

teachers’ mathematics knowledge (e.g. teaching certification and mathematics degree) 

had little variation across countries, the readiness variables seem to be the underlying 

measure of teachers’ subject-matter knowledge.  Because a self-assessment is not an 

objective measure of mathematics knowledge (Hill, Rowan & Ball, 2005; Hill, 2007), 

this limited the measurement of this characteristic. 

Findings from Research Question One 

Factor loadings. 

The factor loadings can be interpreted as the correlation coefficients between the 

TIMSS 2003 variables and the teacher quality factor.  The squared factor loading is the 

percent of variance in each variable explained by the factor (Garson, 2006).  To calculate 

the percentage of variance in all the variables accounted by each factor, one sums the 

squared factor loadings and divides by the number of variables.  In this study, the TIMSS 

2003 variables accounted for 34.68% of the variance in the factor.  The factor loadings of 

the TIMSS 2003 variables utilized in this study are presented in Table 9 below.  
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Table 9 
Factor Loadings of TIMSS 2003 Variables for All Countries in the Sample  

 

 
TIMSS 2003 Variable   Teacher Characteristic            Factor 
Loading47 
 
Years experience   Experience      .14 
Full certification   Teaching Preparation    .34 
Mathematics major   Subject-matter Preparation    .12 
Mathematics education major  Subject-matter Preparation    .18 
Level of education    Teaching Preparation    .0048 
Very ready to teach numbers-decimals Subject-matter Preparation    .64 
Very ready to teach numbers-integers Subject-matter Preparation    .67 
Very ready to teach algebra-pattern  Subject-matter Preparation    .75 
Very ready to teach algebra-equations Subject-matter Preparation    .72 
Very ready to teach algebra-equivalent Subject-matter Preparation    .77 
representations 
Very ready to teach algebra- attributes Subject-matter Preparation    .74 
Very ready to teach measurement-   Subject-matter Preparation    .74 
estimation 
Very ready to teach- computation  Subject-matter Preparation    .74 
Very ready to teach- estimation measures Subject-matter Preparation    .76 
Very ready to teach estimation- precision Subject-matter Preparation    .73 
Very ready to teach geometry-  Subject-matter Preparation    .69 
Pythagorean Theorem   
Very ready to teach geometry- congruent Subject-matter Preparation    .73 
figures 
Very ready to teach geometry-  Subject-matter Preparation    .70 
Cartesian plane 
Very ready to teach geometry- translation Subject-matter Preparation    .74 
Very ready to teach data- sources of error Subject-matter Preparation    .72 
Very ready to teach data collection  Subject-matter Preparation    .69 
Very ready to teach data characteristics Subject-matter Preparation    .72 
Very ready to teach data- simple probability Subject-matter Preparation    .76 
Participation in professional development- Teaching Preparation    .24 
critical thinking 
Participation in professional development- Teaching Preparation    .26 
mathematics content 
Participation in professional development- Teaching Preparation    .29 
mathematics pedagogy 
Participation in professional development- Teaching Preparation    .31 
mathematics assessment 
Participation in professional development- Teaching Preparation    .20 
mathematics curriculum 
Participation in professional development-    Teaching Preparation    .32 
mathematics instructional technology        

                                                 
47 Factor loadings of .3 or higher are bolded in Table 7.  There are differing criteria regarding what are high 
loadings.  Some consider .7 or greater an indication that the variable represents the factor, while others 
have suggested that lower values such as .4 or .25 are appropriate (Garson, 2006; Raubenheim, 2004).   
 
48 The actual value was .001. 
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Table 9 indicates that most of the variables with high factor loadings were 

readiness to teach mathematics content, which were related to the characteristic of 

subject-matter preparation.  This means that the level of teachers’ readiness to teach 

mathematics content was a strong indicator for the teacher quality composite, especially 

in the cases of more complex mathematics contents, such as geometry (.73), algebra (.77) 

and probability concepts (.76).  This also means that the main source of the teacher 

quality composite is teachers’ self-assessment, which provides a limited measure of 

knowledge or preparation.49   

Two other TIMSS items which had relatively high factor loadings (e.g. above .3 

see Garson, 2006) were the type of teaching certification and the participation in 

professional development related to instructional technology and mathematics 

assessment.  This implies that the readiness variables, the type of teaching certification, 

and participation in professional development related to instructional technology and 

mathematics assessment were the main variables comprising the teacher quality 

composite.   

In contrast, the other variables related to teaching preparation (i.e. level of 

education, participation in other types of professional development), experience (i.e. 

years of teaching) and mathematics preparation (i.e. mathematics major and math 

education major) had low factor loadings, implying that these latter variables accounted 

for little in the variance of the teacher quality composite.  This may be the case because, 

as depicted in Tables 7 and 8, the sample showed little variation in these variables.  The 

                                                 
49 As previously noted, TIMSS 2003 did not conduct an assessment of teachers’ aptitude or content 
knowledge. 
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literature is mixed about the effect that teacher characteristics, such as experience or level 

of education have upon student achievement (Hanushek, Rivkin, Kain, 2004; King-Rice, 

2003; Wayne & Youngs, 2003), so it may not be surprising that these variables had low 

factor loadings.   

As previously noted, the teacher quality composite was computed with the design 

and population weights, specifically the mathematics teacher weights, which was the 

recommended one to apply for this level of analysis (Martin, 2005).  One consequence of 

utilizing this weight is that countries with larger samples of teachers, such as the United 

States and New Zealand, dominated the sample and so were weighted more heavily in 

comparison to countries with smaller samples.  This may have influenced the results for 

correlation and regression analysis.  Because of this question, teacher quality composite 

were also computed for each individual country data file.  The factor loadings for each 

country are shown in Appendix B, which revealed that the same pattern existed for each 

country in the sample.  In other words, the readiness variables had high factor loadings in 

every country in the sample.  This means that using the mathematics teacher weight did 

not compromise the results of the factor analysis, since similar factor loadings were 

observed in each country in the sample.   

All of the TIMSS 2003 variables were utilized in computing the teacher quality 

composite, regardless of the factor loadings.  This was done since the literature review 

indicated that teacher quality was not based upon one characteristic.  In addition, it was 

necessary to have the same “yardstick” across countries to measure teacher quality, rather 

than having different variables composing teacher quality for each country. For this 

reason, a consistent and comprehensive measure across countries was needed, which was 
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done by including the same variables for all the countries, rather than dropping variables 

based on low factor loadings.  For this reason, measurement invariance was imposed 

across countries.  A consequence of this decision is that this study did not allow for the 

possibility of different measures of teacher quality across countries.  Examining teacher 

quality across countries without measurement invariance is an important topic that can be 

examined by future studies.  

Descriptive statistics of teacher quality composite. 

Descriptive statistics (i.e., mean, median, range, standard deviation, minimum, 

maximum, and percentile) and histograms of the teacher quality composite for each 

country were generated in SPSS.  To be able to understand the meaning of the teacher 

quality composite, it is necessary to explain what characteristics are represented by 

different values. For example, a teacher who received a teacher quality composite score 

of six, which as Table 10 discusses, is near the range of the maximum values (i.e., 6.18 to 

6.67) observed in each country.  A typical teacher with a teacher quality composite of six 

is one who had a bachelor’s degree, taught for five years, received a degree in 

mathematics education, possessed a full teaching certification, rated him/herself very 

ready to teach all types of mathematics content, and participated in nearly all types of 

professional development in the past two years.  Not all teachers in the sample had such 

high teacher quality composite values, some of them had negative ones.  An example of a 

teacher with a negative teacher quality composite (i.e. -20.60) was one who had taught 

for 20 years, had a high school degree, had a full teaching certification, rated him/herself 

not ready to teach most mathematics content, and did not participate in professional 

development in the past two years.  Thus, the main difference between teachers with 
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positive and negative values resides on how ready they were to teach mathematics 

content. This may not be surprising, since the readiness variables were the ones with high 

factor loadings in Table 7.     

Histograms of the teacher quality composite were generated for all countries and 

each country in the sample. Only selected histograms are displayed (Figures 5,6, and 7), 

since these graphs represent the two observed patterns across the sample of counties: 

negative skew (skew for all countries = -1.39) and less negatively skewed (skew for 

Ghana = -0.51).   (The remaining histograms are displayed in Appendix C.)  The first 

histograms, Figure 5, depicts the distribution of teacher quality composite across all 

countries in the sample. 

Figure 5. Histogram of Teacher Quality Composite for All Countries in 
Sample 
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 As Figure 5 indicates, the teacher quality composite corresponding to all the 

countries in the sample is negatively skewed.  Skewness is a measure of whether the peak 

in centered in the middle.  The skewness statistic for all countries (e.g. pooled data) was  

-1.39, which meant that the peak was off to the right, which is shown in Figure 5.  This 

means that most teachers in the sample had positive teacher quality composite, which is 

what one hopes would be the case.  The skewness statistics of countries with histograms 

that were negatively skewed were Australia (skew = -1.74), New Zealand (skew = -2.66), 

Palestine (skew = -1.02), Sweden (skew = -1.38), Romania (skew = -1.37), Serbia      

(skew = -1.68), Slovakia (skew = -1.30), and the United States (skew = -2.89).  As 

discussed in subsequent sections, this meant that a larger number of teachers with 

positive teacher quality composite were present in these countries and thus, suggesting 

higher level of quality.  It also means that the composite was subject to a ceiling effect, 

since a maximum value was observed.  Similar to the histogram for all countries, the 

teacher quality composite in Zealand was also negatively skewed (skew = -2.66), which is 

shown in Figure 6.  
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Figure 6. Histogram of Teacher Quality Composite for New Zealand 
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On the other hand, histograms for the remaining countries (i.e. Botswana, Chile, 

Ghana, Jordan, Malaysia, and Philippines) were less negatively skewed.  Figure 7 shows 

the histogram for Ghana, but the other countries in this grouping had similar histograms 

to Ghana’s.  For this reason, the discussion below relates not only to Ghana, but 

Botswana, Chile, Hong Kong, Jordan, Malaysia, and the Philippines. 
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Figure 7. Histogram of Teacher Quality Composite for Ghana   
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As Figure 7 indicates, Ghana and the other countries in this group (Botswana, 

Chile, Ghana, Jordan, Malaysia, and Philippines) had less negatively skewed distribution 

of the teacher quality composite.  The skewness statistic for Ghana was -0.51, which 

meant that the peak was off to the right, which is shown in Figure 7.  The skewness 

statistics of countries with histograms that were less negatively skewed were Botswana 

(skew = -0.72), Chile (skew = -0.61), Ghana (skew = -0.51), Hong Kong (skew = -0.68), 

Jordan (skew = -0.99), Malaysia (skew = -0.69), and Philippines (skew = -0.62).  This 

means that most teachers in these countries had negative values for the teacher quality 

composite, which is what one does not want to be the case.  As discussed in subsequent 

sections, this meant a lower level of quality in these countries.    
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Table 10 displays the descriptive statistics for the teacher quality composite for 

each country.  Countries are arranged in descending order based upon their mean teacher 

quality composite and those with mean values above the mean of all countries are bolded. 

Table 10 
Descriptive Statistics of Teacher Quality Composite for Countries in Sample 

 
Country  N Range Minimum Maximum      M Median       SD 
New 
Zealand 

259 
23.97 -17.37 6.60 3.90 5.97 4.86 

United 
States 

377 
28.59 -21.97 6.62 3.70 5.66 4.80 

Australia 246 24.91 -18.29 6.62 2.96 5.96 5.75 
Romania 178 22.16 -15.65 6.51 2.42 3.44 3.92 
Palestine 145 24.24 -17.81 6.43 0.61 1.96 5.25 
All Countries 
In sample  2925 

37.79 -31.17 6.62 0.50 2.77       6.72 

Slovakia 179 29.03 -22.48 6.55 0.10 1.62 5.43 
Sweden 285 34.41 -27.79 6.62 0.07 2.35 6.84 
Hong Kong 144 19.87 -13.28 6.59 -0.39 1.46 6.75 
Ghana 153 22.02 -15.84 6.18 -1.33 -0.83 5.70 
Serbia 171 37.66 -31.17 6.49 -1.69 2.04 9.15 
Jordan 140 30.40 -23.86 6.54 -2.03 -0.80 7.79 
Malaysia 150 28.07 -21.60 6.47 -2.06 -1.57 6.59 
Botswana 146 26.00 -19.76 6.24 -2.37 -1.93 7.10 
Chile 215 27.86 -21.37 6.49 -2.70 -1.01 7.58 
Philippines 137 31.23 -24.71 6.51 -4.71 -3.41 6.70 
 
Note: Countries with mean values above the mean of all countries are bolded.  
Calculation based on weighted data. 
 

Table 10 provides information about the level and variation of the teacher quality 

composite within each country in the sample.  The mean and median values of the 

teacher quality composite were used as a gauge of the level of teacher quality, with the 

mean of all countries being used to compare each country.  Countries were grouped into 

three categories: high, middle and low, based upon the mean teacher quality composite. 

Countries with high mean teacher quality composite were New Zealand (the highest), the 

United States, Australia, and Romania.  Countries with teacher quality composite in the 
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middle were Slovakia, Palestine, Sweden, Serbia, and Hong Kong.  In contrast, countries 

with low mean teacher quality composite were Botswana, Chile, Ghana, Jordan, 

Malaysia, and the Philippines, which were the same ones with histograms which were 

less negatively skewed.   This implies that the low mean values in these countries were 

related to the large number of teachers with low scores in the composite. 

Table 10 also revealed that every country in the sample had large dispersions in 

the teacher quality composite, as measured by the standard deviation.  Countries with 

higher composite scores had smaller standard deviations than those with lower scores.   

In other words, in countries where the composite was higher, teachers possessed quality 

characteristics more uniformly.  Thus, it appears that across countries the level and 

variance of teacher quality were related.   

The dispersion of the teacher quality composite within each country is also 

illustrated by other descriptive statistics such as the minimum, maximum, range and 

quartiles. As Table 10 indicated, every country had similar maximum values, since every 

country had values over 6.0 (i.e. range was 6.18 to 6.62).  Table 8 also revealed that 

every country in the sample contained low values, since every country had teachers who 

received negative values.   

The range depicts the spread of the data between the lowest and highest teacher 

quality composite in each country.  Countries with the smallest dispersion between the 

lowest and highest composite scores were Australia; Ghana; Hong Kong; New Zealand; 

Palestine; and Romania.  However, the range does not reveal the level of teacher quality 

within and across countries, since these values are extreme.  As a result, quartiles for each 

country were prepared to determine the dispersion of teacher quality, which are presented 
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in Table 11.  Countries are arranged in descending order based upon the country with the 

highest teacher quality composite at the 25th percentile. 

Table 11 
Quartiles of Teacher quality composite in Each Country 

 

 
 

 
 

 

 

 

 

 

 

Note: Calculation based upon weighted data. 

Table 11 indicates that there were large differences across countries in the 25th 

and 50th percentiles, while more similarities in the teacher quality composite were 

observed with the 75th percentile.  New Zealand, the United States, Australia, and 

Romania were the only countries with positive teacher quality composite at the 25th 

percentile, which were also the same countries with high mean and median values.  As 

previously mentioned, a teacher with a negative value was one who rated him/herself not 

ready to teach most mathematics content, completed high school, was fully certified, and 

had taught for more than five years.   So, it is concerning that teachers with negative 

composite values were observed at the 25th percentile in countries such as Slovakia, 

Palestine, Sweden, Serbia, and Hong Kong and at the 50th percentile in Botswana, Chile, 

Country 25 Percentile 50 Percentile 75 Percentile 
New Zealand 4.03 5.97 6.29 
United States 3.23 5.66 6.41 
Australia 2.66 5.96 6.38 
Romania 0.12 3.44 5.84 
Slovakia              -2.01 1.62 3.94 
Palestine              -2.37 1.96 4.87 
Sweden              -3.02 2.35 5.63 
Serbia -3.56 2.04 5.22 
Ghana -5.27 -0.83 3.57 
Jordan -5.70 -0.80 4.37 
Malaysia -5.71 -1.57 3.50 
Hong Kong -5.88 1.46 5.75 
Botswana              -7.17 -1.93 4.06 
Chile -7.51 -1.01 4.35 
Philippines -9.41 -3.41 -0.66 
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Ghana, Jordan, and Malaysia.  Even more concerning is that within the sample in the 

Philippines negative teacher quality composite values were still observed at the 75th 

percentile.  Based upon all of the descriptive statistics presented from my measure of 

teacher quality, there were large numbers of teachers with negative composite values in 

Botswana, Chile, Ghana, Jordan, Malaysia, and the Philippines.   

Summary of Research Question One 

 Based on the descriptive statistics discussed, the overall picture that emerged was 

that countries with high mean values of the teacher quality composite (i.e., Australia, 

New Zealand, Romania, and United States) had less dispersion in their sample, taking 

into consideration that the data was negatively skewed. Conversely, countries with low 

mean values of the teacher quality composite had more dispersion.  However, these 

results should be interpreted cautiously, since there were violations to the assumptions to 

conduct factor analysis.    

Research Question Two 

Question and Rationale 
 

The second research question asked: in each country in the sample, to what extent is 

teacher quality associated with students’ socio-economic status (measured by classroom 

parental education), and how do these associations vary across countries?  Recent studies 

in the United States have documented substantial disparities in teacher characteristics 

across schools and districts (Loeb, 2001; Goe, 2002).  The evidence in the United States 

suggests that minority students, lower income students and urban schools are 

disproportionately placed with teachers with less experience, which is one of the 
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indicators of teacher quality.  However, the topic of teacher quality distribution has been 

studied less in other countries.  For this reason, it is not clear whether teacher quality is 

distributed more equitably in other countries, or similar distributional concerns related to 

students’ socio-economic status also exist.   

Explanation of Method to Answer Research Question Two 

To answer this question, correlation analysis between the teacher quality composite 

and the mean classroom parental education was conducted for each country, and also for 

all countries in the sample.  Correlation analysis was selected since it provides a measure 

of the association or strength of two variables (Chen & Popovich, 2002).  Pearson 

product-moment correlation can be used for many purposes.  For this study, it was used 

to describe the association between the teacher quality composite and mean classroom 

parental education.  

The correlation coefficient is an index of effect size, varying from -1 to +1 (Green & 

Salkind, 2004).  For this study, a value of -1 represented a perfect negative relationship 

between teacher quality and mean classroom parental education.  This would mean that 

teacher quality was perfectly negatively related to mean classroom parental education, 

which would signify that higher levels of teacher quality would be associated with 

classrooms with lower parental education.  Conversely, a correlation of 1 would mean 

that teacher quality was perfectly related to mean classroom parental education, implying 

that teachers with high composite values would be more associated with classrooms with 

higher level of parental education. 
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Assumptions of Correlation Analysis 

There are two assumptions underlying correlation analysis.  The first assumption 

is that the data represents a random sample from the population, and that the variables for 

one case are independent of other cases (Green & Salkind, 2004).  As previously noted, 

TIMSS 2003 utilized a complex random sample design to represent a national sample, 

and so this assumption was met.  To ensure independence of other cases, the data was 

aggregated to the classroom level for each country.  Thus, the assumption was not 

violated, which was a necessary condition to compute correlation significance test (Green 

& Salkind, 2004).   

The second assumption is that the variables are bivariately normally distributed 

(Green & Salkind, 2004).  This is of particular importance if the purpose of the Pearson’s 

r is to infer the population, p, or to conduct null hypothesis tests (Chen & Popovich, 

2002), which were the aim of this study.   

Bivariately normally distributed means that each variable is normally distributed 

independent of the other variable, and each variable is normally distributed at all levels of 

the other variable (Chen & Popovich, 2002).  If this assumption is met, the only 

relationship that can exist between the two variables is linear.  If a nonlinear relationship 

exists, the assumption is violated.  To test this assumption, a scatterplot between teacher 

quality composite and mean classroom parental education from the aggregated countries 

data (N = 2925) file was examined.  (See Appendix D.)  This revealed that the data was 

linear and bivariate normally distributed, and so this assumption was not violated.  
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Variables for Data Analysis and Descriptive Statistics of the Variables 

As previously noted, there are two variables for this research question: (1) 

unweighted teacher quality composite and (2) mean classroom parental education.  As 

previously discussed, classroom parental education is being used as a proxy for socio-

economic status, since TIMSS 2003 did not ask questions relating to parental income or 

other information about socio-economic status.  This variable can be a proxy for socio-

economic status, since income is related to one’s level of education (Ciponelle, 1991).  

Mean classroom parental education was calculated by averaging the level of parental 

education for each student assigned to each teacher in the sample. 

To provide background information about the level of parental education for each 

country, as measured at the classroom level, the mean of each country was calculated 

which is shown in Table 12.  Countries are arranged in descending order from the highest 

mean classroom parental education.   
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Table 12 
Mean Teacher Quality, Mean Classroom Parental Education and Number of Teachers for each Country 

 
Country Teacher Quality (M)  Class Parental Education  

(M) 
N 

All Countries                           0.50 3.44 2925 

United States                            3.70 4.03 377 
Serbia                            -1.69 3.95 171 
Sweden  0.06 3.89 285 
Slovakia 0.19 3.72 179 
New Zealand                              3.90 3.71 259 
Australia 2.97 3.58 246 
Jordan  -2.03 3.51 140 
Palestine 0.61 3.35 145 
Romania  2.42 3.27 178 
Philippines  -4.71 3.24 137 
Chile                           -2.70 3.20 215 
Malaysia  -2.06 2.82 150 
Hong Kong -0.40 2.80 144 
Ghana -1.33 2.71 153 
Botswana -2.36 2.33 146 

Calculation based upon weighted data. 
 

As Table 12 shows, the United States had the highest mean classroom parental 

education (M = 4.03), which reflects finishing post-secondary vocational or technical, but 

not university or higher.  Ghana had the lowest mean classroom parental education (M = 

2.71), which reflects finishing lower secondary.  The remaining countries had mean 

classroom parental education reflective of finishing upper secondary.   

Serbia, Sweden, and Slovakia were countries with the next highest mean 

classroom parental education after the United States.  One may be surprised with the 

high mean values for Serbia and Slovakia, since the statistics presented in the previous 

chapter (See Table 1) showed a much lower tertiary enrollment in these countries in 

comparison to Sweden, New Zealand, Australia, and the United States.    
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Findings from Research Question Two 

As described in the previous chapter, the correlation between mean classroom 

parental education and the teacher quality composite was conducted in AM software 

using a recalculated teacher quality composite (i.e. unweighted teacher quality 

composite). Significant correlations were determined by testing the hypotheses (i.e. Ho: 

 = 0.0), which related to the population parameters. The null hypothesis specified that no 

correlation was present at the alpha level at .05.  Table 13 displays the Pearson 

correlation coefficients between the teacher quality composite and mean classroom 

parental education for each country and all countries in the sample.  Significant 

correlations are noted in bold and countries are arranged in descending order of the 

magnitude of the correlation coefficient.  

Table 13  
Correlation coefficient between Teacher Quality Composite and Mean Classroom Parental 
Education 

Country Correlation (r)   N 

Chile 0.35 ** 215 
All Countries 0.25 ** 2925 
United States 0.25 ** 377 
Ghana 0.22 * 153 
Philippines  0.21 *  137 
Slovakia 0.20 *  179 
Palestine 0.18  145 
Botswana 0.13   146 
Hong Kong 0.13   144 
Malaysia  0.13  150 
Jordan  0.12  140 
Serbia  0.12  171 
Australia 0.11   246 
Romania  0.07   178 
Sweden  0.06   285 
New Zealand  -0.05   259 

** Correlation is significant at the .01 level (2-tailed) 
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*Correlation is significant at the .05 level (2-tailed) 
 

Table 13 indicates that 10 of 15 countries had statistically non-significant 

correlation coefficients at the .05 level.  Countries with statistically non-significant 

associations were Australia   ( r(245) = .11), Botswana ( r(145) = .13),                       

Hong Kong ( r(143) = .13), Jordan ( r(139) = .14), Malaysia ( r(149) = .13),               

New Zealand ( r(258) = -.05), Romania ( r(177) = .07), Serbia ( r(170) = .12), and 

Sweden ( r(284) = .06).  This means that teacher quality was not significantly related to 

classroom socio-economic status (as measured by mean parental education) in most 

countries in the sample.   

Table 13 shows that the direction of the correlation was positive across 14 of 15 

countries in sample. This means that across countries higher teacher quality tended to be 

associated with higher classroom socio-economic status, except for the three countries 

(i.e. Romania, Sweden, and New Zealand), which had near random association. 

Table 13 also indicates that 5 of 15 countries had statistically significant 

associations, which were Chile (r(214) = .35), Ghana ( r(152) = .22),                             

the United States ( r(376) = .25), all countries aggregated ( r(2924) = .25), the Philippines 

(r(136) = .21), and Slovakia. Thus, the null hypothesis was unlikely to be correct and so 

the alternative hypothesis (H1: 0) was accepted as a more likely.  Chile had the highest 

correlation coefficient.  While these correlation coefficients were significant, it should be 

understood that social scientists typically interpret correlation coefficients below .5 as 

having a low association (Hinkle, Wiersma, & Jurs, 2003).  However, a .5 correlation 

coefficient was not expected for this study, and so that standard may be too high. 
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To further examine the relationship between mean classroom parental education 

and the teacher quality composite, scatterplots were generated for each country.  The 

scatterplots illustrated that most countries in the sample there was no association between 

mean classroom parental education and the teacher quality composite.  Scatterplots from 

New Zealand, Sweden, Jordan, Malaysia, Serbia, Botswana, Hong Kong, Palestine, 

Ghana, Philippines, and Slovakia illustrated near random assignment between classrooms 

with high and low levels of parental education.  On the other hand, the distribution in the 

scatterplots of Chile and the United States, which had more significant correlation 

coefficients showed less randomness.  Selected scatterplots illustrating these patterns are 

depicted and discussed below beginning with the scatterplot for the United States.  

(Scatterplots for the remaining countries can be seen in Appendix D.) 

Figure 8. Scatterplot between Mean Classroom Parental Education and 
Teacher Quality Composite for United States  
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 As Figure 8 illustrates, the sample from the United States is mainly comprised of 

teachers with positive values.  The tendency in the sample in the United States is for 

those with negative teacher quality composite values to be with classrooms which have 

parents with less education.   It was rare for classrooms with higher levels of parental 

education to have teachers with negative teacher quality composite values. 

 The next scatterplot is from Chile and is depicted in Figure 9 below. 

Figure 9. Scatterplot between Mean Classroom Parental Education and 
Teacher Quality Composite for Chile 
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 As Figure 9 illustrates, Chile mainly has teachers with negative values.  The 

distribution is more uniform, in comparison to the United States. (See Figure 8.)  The 

next scatterplot is for New Zealand and is depicted in Figure 10 below. 
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Figure 10. Scatterplot between Mean Classroom Parental Education and 
Teacher Quality Composite for New Zealand 
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 Figure 10 shows no discernible pattern, since the distribution seemed close to 

random  As previously noted, the remaining countries had distributions similar to New 

Zealand’s, since they were random.  (See Appendix D.) 

Summary of Research Question Two 
 

Based upon the correlation analysis and scatterplots, there was a statistically non-

significant association between mean classroom parental education and the teacher 

quality composite in 10 of 15 countries in the sample.  Countries with statistically 

significant associations were Chile, Ghana, Philippines, Slovakia, the United States, and 

all countries aggregated (i.e. pooled data).  However, the scatterplots between teacher 

quality composite and mean parental education showed no association between these 

variables in all of the countries in the sample, except the United States. Thus, the 
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association between the teacher quality composite and mean classroom parental 

education was not homogenous across countries, but most of the countries in the sample 

did not have statistically significant relationships.   

Research Question Three 

Question and Rationale 
 

The third research questions asked:  how does teacher quality predict math 

achievement in each country in the sample?  How do these relationships vary across 

countries?  Policy makers have been concerned with improving student outcomes.  Since 

teachers are critical component in the learning process, many researchers have advocated 

improving the quality of teachers as a means to improve student outcomes.  Research in 

the United States and other countries indicate that characteristics such as experience, 

teaching preparation and subject-matter preparation are associated with student 

achievement.  However, these studies have used different datasets, constructs, and 

variables to measure teacher quality, typically relying on limited indicators.  In addition, 

a recent cross-national study explored the relationship between teacher quality and 

national achievement, but did not examine the effect teacher quality exerted in each 

country (Akiba, LeTendre & Scribner, 2007).  Thus, it was not known how much 

variance in mathematics achievement was explained by teacher quality within each 

country and whether its effect was consistent across countries. 

Explanation of Method to Answer Research Question Three 
 
 Regression analysis was used to answer this question, since it is a technique that 

is employed to compute the variance of a dependent variable explained by an 
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independent variable(s) (Cohen, Cohen, West & Aiken, 2003; Pedhazur, 1997; Green & 

Salkind, 2004).  Regression analysis can also establish the relative predictive importance 

of the independent variable(s).  This dissertation employed simple regression for this 

research question.  

Assumptions of Multiple Regression Analysis 

 There are four assumptions for multiple regression analysis50 (Cohen, Cohen, 

West & Aiken, 2003).  The first assumption is proper specification of the form of the 

relationship between the independent and dependent variables (Cohen, Cohen, West & 

Aiken, 2003).  Regression generally assumes a linear relationship between the 

independent and dependent variables.  When the form of the relationship between the 

independent and dependent variables is not properly specified, problems may arise such 

as regression coefficients and standard errors may be biased.  To determine if there was 

evidence of nonlinearity, the residuals and predicted values were plotted, which revealed 

that a linear relationship was present.  (See Appendix E.) 

The second assumption is correct specification of the independent variables in the 

regression model (Cohen, Cohen, West & Aiken, 2003).  If the theory being tested is 

valid, correct specification implies that all variables identified by the theory are included 

in the model and properly measured (Cohen, Cohen, West & Aiken, 2003). Based upon 

the information presented in Chapter two, it is reasonable to infer that the specification 

between the dependent (average classroom mathematics achievement) and independent 

(teacher quality composite) variables was correct. However, if important variables are 

excluded, or extraneous variables are included in the equation, the interpretability can be 
                                                 
50 The assumptions for simple regression and multiple regression are similar.  For this reason, the 
assumptions were reported here for multiple regression and was not repeated in the next research question. 
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affected.  For this regression equation, this could mean that the true effect of teacher 

quality may not be accurately portrayed, since other important variables such as student 

or school characteristics that also impact student achievement were not included in the 

model.   

 The third assumption is perfect reliability or no measurement error in the 

independent variables (Cohen, Cohen, West & Aiken, 2003).  This is particularly 

important when there is only one independent variable, which is the case for this research 

question.  Because of the noted violations to conduct factor analysis, the teacher quality 

composite contains measurement error.  If there is measurement error, this will 

commonly lead to biases in the estimates of the regression coefficients and their standard 

errors, as well as incorrect significance tests and confidence intervals (Cohen, Cohen, 

West & Aiken, 2003).    

The fourth assumption is constant variance of residuals or homoscedasticity 

(Cohen, Cohen, West & Aiken, 2003).  To check for homoscedasticity, the residuals and 

the independent variable, teacher quality composite, and the predicted value were 

graphed. These graphs suggested no significant departures from constant variance, 

implying that the assumption of homoscedasticity was met.  Since one of the assumptions 

was violated (i.e. no measurement error), the standard errors, significance tests, and 

confidence intervals may not be accurate (Cohen, Cohen, West & Aiken, 2003) and so 

caution should be used in interpreting the results. 
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Descriptive Statistics of the Variables Used in the Data Analysis for Research 

Question Three 

This research question involved two variables: unweighted teacher quality 

composite and average classroom mathematics achievement.  Since descriptive statistics 

of the teacher quality composite were already described, this section is devoted to a 

discussion of the other variable used in this question: average classroom mathematics 

achievement.   

TIMSS 2003 database contained five plausible values, which were separate 

imputed estimates for mathematics achievement.  NCES recommends using all of the 

plausible values in data analysis for the most accurate estimation.  However, all of the 

plausible values were highly correlated (.9 or higher) with each other and preliminary 

data analysis (i.e. regression analysis) revealed that similar results were obtained with 

each plausible value.  For ease of reporting, a decision was made to use only the first 

plausible value for this and the subsequent research questions.    Thus, it should be 

understood that when average classroom mathematics achievement is noted in the 

discussion, it means the first plausible value. 

Descriptive statistics were prepared for average classroom mathematics 

achievement for each country in the sample to determine the range and variance across 

countries.  The mean values for each country were based upon classroom averages. 

Countries are arranged in descending order based upon average classroom mathematics 

achievement scores and are shown in Table 14.  The international TIMSS benchmarks are 

also noted in Table 14 to provide information of the relative scores for each country.  It 
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should be noted that TIMSS considered country scores above 550 to be high, scores 

above 450 to be intermediate, while scores below 450 were low (Martin, 2005). 

Table 14 

Mean of Classroom Mathematics Achievement and TIMSS 2003 Benchmark 
(Range and SD) 

 

Country  M  Range  SD TIMSS 2003 Benchmark  
Hong Kong  578.95  296.13  59.39  High   
Slovakia  517.09  296.92  59.66  Intermediate  
Malaysia  507.20  245.20  55.23  Intermediate 
United States  500.00  335.94  63.34  Intermediate 
Australia  494.36  386.24  57.58  Intermediate 
New Zealand  487.40  316.98  59.28  Intermediate 
Sweden  481.63  288.80  56.08  Intermediate 
Serbia   476.15  183.54  36.77  Intermediate 
Romania  475.66  288.95  56.51  Intermediate 
Jordan   421.95  244.49  45.82  Low 
Chile   407.10  307.55  70.99  Low 
Palestine  391.47  223.97  41.26  Low 
Philippines  380.86  328.59  63.73  Low 
Botswana  367.40  234.61  32.96  Low 
Ghana   275.48  271.59  55.77  Low 
 
Calculation based on weighted data measured at the classroom level 
 

As Table 14 indicates, there is a large range in average classroom mathematics 

achievement across countries, with 303.47 points separating the highest (Hong Kong) and 

lowest (Ghana) countries.  Despite the differences in average classroom mathematics 

achievement across countries, most countries had similar ranges and standard deviation in 

their scores.  Countries with high mean achievement values such as the United States, 

Australia and New Zealand had large dispersion in their scores.  Similarly, countries with 

low mean achievement values such as Ghana and the Philippines also had large 
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dispersion in their scores.  This suggests that there was no relationship between the mean 

and standard deviation values.   

All of the countries which have been classified as high or intermediate in terms of 

average classroom mathematics achievement based upon TIMSS 2003 Benchmark were 

also those with high and middle overall teacher quality, except for Malaysia which was 

categorized as low.  In comparison, countries classified as low in terms of average 

classroom mathematics achievement based upon TIMSS 2003 Benchmark, were those 

with low overall teacher quality (as measured by mean teacher quality composite).  

Before discussing the results of the regression analysis, this section examines 

whether there was a relationship between teacher quality and average classroom 

mathematics achievement. To determine this, correlation analysis was conducted between 

the teacher quality composite and average classroom mathematics achievement, which 

are presented in Table 15. 
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Table 15 
Correlation between Teacher Quality and Average Classroom Mathematics Achievement 

 
 
Country  Correlation (r)   N   Level of TQ 
 
All Countries  0.39**    2029   
Chile   0.37**    138  Low 
United States  0.27**    375  High 
Jordan   0.27**    139  Low 
Botswana  0.23*    146  Low 
Sweden  0.23*    285  Middle 
Romania  0.17*    178  High 
Palestine  0.17*    143  Middle 
Hong Kong  0.15    144  Middle 
Ghana   0.10    151  Low 
Slovakia  0.04    149  Middle 
New Zealand  0.03    259  High 
Philippines  0.02    111  Low 
Malaysia             0.00    144  Low 
Australia            -0.02    245  High 
Serbia             -0.03    170  Middle 
** Correlation is significant at the .01 level (2-tailed) 
*   Correlation is significant at the .05 level (2-tailed) 
Note: Level of Teacher Quality is based on Mean TQ Factor Score. Weighted Data 
Measured at the Classroom Level. Table contains number of teachers.  

 
 As Table 15 displays, there was a positive association between the teacher quality 

composite and average classroom mathematics achievement in all of the countries in the 

sample, except in Australia and Serbia. This means that in 13 of 15 countries in the 

sample higher teacher quality was associated with higher mathematics achievement.   

 Table 15 indicates that the relationship between the teacher quality composite and 

average classroom mathematics achievement was not consistent across countries.  

Countries where the correlation coefficient was significant included countries with high 

level of teacher quality (i.e., United States and Romania), middle level of teacher quality 

(i.e., Sweden and Palestine), and low level of teacher quality (i.e., Jordan, Botswana, 

Chile).  In the remaining countries (i.e., Hong Kong, Ghana, Slovakia, New Zealand, 
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Philippines, Malaysia, Australia, and Serbia) the correlation coefficient was either non-

significant or near zero, implying no association between teacher quality and average 

classroom mathematics achievement.    

Findings from Research Question Three 

For this research question, the independent variable was the unweighted teacher 

quality composite, which was computed in the previous research question, and average 

classroom mathematics achievement was the dependent variable.   The regression 

analysis was calculated with AM software, since it employed population and design 

weights.  

Table 16 displays the regression coefficient, standard error, significance and 

amount of variance in average classroom mathematics achievement explained by the 

teacher quality composite for each country in the sample and all countries.  Significance 

was determined by testing the hypotheses (i.e. H0: Β1 = 0), which stated that the slope of 

the regression line was equal to zero, implying no linear relationship between the teacher 

quality composite and average classroom mathematics achievement.  The null hypothesis 

indicated that no relationship was present at the alpha level of .05. Countries are 

presented in descending order based upon the magnitude of the R2. 
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Table 16  
Regression Equations for Research Question Three 

________________________________________________________________________ 
 
                           Estimates51                                   Significance 
 
Country  Variables        Coefficient                 SE            t-value   Signifiance     R2 

 

All Countries 
(N=15) 

Constant 
TQ 

218.32 
9.83 

21.62 
0.84 

10.10 
11.75 

.00 

.00 
.15** 

 
 

Chile Constant 
TQ 

238.31 
5.68 

28.33 
1.06 

8.41 
5.35 

.00 

.00 
.13** 

 
 

United States Constant 
TQ 

341.25 
5.77 

37.58 
1.38 

9.08 
4.18 

.00 

.00 
.07** 

 
 

Jordan Constant 
TQ 

342.82 
3.28 

26.52 
1.10 

12.93 
3.00 

.00 

.00 
.07** 

 
 

Sweden Constant 
TQ 

387.08 
3.40 

24.31 
0.88 

15.93 
3.90 

.00 

.00 
.05** 

 
 

 
Botswana 

Constant 
TQ 

316.16 
2.53 

18.40 
0.93 

17.18 
2.72 

.00 

.01 
.05** 

 
 

Palestine Constant 
TQ 

327.28 
3.67 

26.48 
1.46 

12.36 
2.51 

.00 

.01 
.03** 

 
 

Romania Constant 
TQ 

361.83 
6.10 

42.88 
2.38 

8.45 
2.57 

.00 

.01 
.03** 

 
 

Hong Kong Constant 
TQ 

509.79 
2.48 

44.08 
1.65 

11.56 
1.51 

.00 

.14 
.02    

 
 

Ghana Constant 
TQ 

227.61 
2.59 

42.26 
2.61 

5.35 
0.99 

.00 

.33 
.01 

 
 

Philippines Constant 
TQ 

372.37 
0.498 

45.53 
2.40 

8.18 
0.21 

.00 

.84 
.00 

 
 

Slovakia Constant 
TQ 

486.14 
0.80 

41.90 
1.72 

11.60 
0.47 

.00 

.64 
.00 

 
 

                                                 
51 AM Software only provided the regression coefficients, but not the standardized values. 
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Malaysia Constant 
TQ 

508.86 
-0.08 

35.47 
1.72 

14.35 
-0.05 

.00 

.96 
.00 

 
 

Serbia Constant 
TQ 

478.64 
-0.14 

15.39 
0.47 

31.09 
-0.30 

.00 

.77 
.00 

 
 

Australia Constant 
TQ 

509.47 
-0.39 

47.03 
1.44 

10.83 
-0.27 

.00 

.79 
.00 

 
 

New Zealand Constant 
TQ 

477.80 
0.44 

45.87 
1.36 

10.41 
0.32 

.00 

.75 
.00 

 
 

Dependent Variable: Average classroom mathematics achievement  
** Significant at the .01 level (2-tailed) 
 

As Table 16 indicates, the impact of the teacher quality composite upon average 

classroom mathematics achievement was not homogenous across countries.  As would be 

expected, the correlation coefficients in Table 15 between the teacher quality composite 

and average classroom mathematics achievement were also not homogenous across 

countries. Regression analysis improved this result, since this analysis explored the 

amount of variance explained by teacher quality and its effect upon average classroom 

mathematics achievement.  

Based upon the results of the regression analysis, one sees that the null hypothesis 

was rejected and so the alternative hypothesis Ha: Β1 ≠ 0 was accepted.  Countries were 

grouped into two categories: teacher quality composite having statistically significant or 

statistically non-significant effect upon mathematics achievement.  Countries where the 

teacher quality composite had a statistically significant effect upon average classroom 

mathematics achievement included Botswana (p = .008), Chile (p = .000), Jordan (p = 

.004), Palestine (p = .014), Romania (p = .012), Sweden (p = .000), United States (p = 

.000), and all countries in the sample (i.e. pooled sample) (p = .00).  As would be 



 156

expected, these same countries also had statistically significant correlation coefficients in 

Table 15. The regression equation for all countries (e.g. pooled data) in the sample was:  

 

Model Implied Average Classroom Mathematics Achievement = 9.83 (Teacher Quality 

Composite) + 218.32.   

 

This means that across countries if teacher quality increased by one unit (e.g. from 3 to 

4), average classroom mathematics achievement would increase by 9.83 points. 

The amount of variance explained by the teacher quality composite in the 

countries where the composite was statistically significant ranged from approximately 

three to fifteen percent, with Chile (R2 = .132) and all countries in the sample (R2 = .153) 

having the largest R-squares.  In the United States, the teacher quality composite 

accounted for seven percent of the variance in average classroom mathematics 

achievement.  Therefore, the results of this analysis are consistent with previous research 

in the United States, which indicated that teachers explain approximately 7.5 percent of 

the variance in student achievement (Hanushek, Kain, & Rivkin, 1998; Nye, 

Konstantopoulos & Hedges, 2004).   

On average the effect that the teacher quality composite had upon average 

classroom mathematics achievement ranged from 2.53 in Botswana to 6.10 in Romania.  

This means that a one unit increase (i.e. from 3 to 4) in the teacher quality composite is 

associated with increasing average classroom mathematics achievement by 2.53 points in 

Botswana or 6.10 points in Romania. In other words, using the value for each country 

from Table 14, on average a one unit increase in the teacher quality composite would be 
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associated with an increase from 367.40 to 369.93 in Botswana or from 475.66 to 481.76 

in Romania, which is a small increase.    

Despite having a positive effect in some of the countries in the sample, the 

teacher quality composite did not explain average classroom mathematics achievement in 

many of the countries, since the p values were greater than .05 in the following countries: 

Australia, Ghana, Hong Kong, Malaysia, New Zealand, Philippines, Serbia, and Slovakia.  

In countries where the composite was not statistically significant the R-square ranged 

from zero to .02 and the size of the effect of teacher quality ranged from 2.59 to -0.39.  

Thus, in half of the countries in the sample, teacher quality predicted mathematics 

achievement in a modest way, but its effect was not observed in all countries.  The 

sample composed of all countries (e.g. pooled data) indicated that teacher quality did 

exert an effect upon average classroom mathematics achievement.   

The results across research questions were examined to determine if any patterns 

emerged.  Countries are arranged by groupings of significance in relation to the teacher 

quality composite’s effect on average classroom mathematics achievement and its 

association with mean classroom parental education.  The first group of countries 

consists of those where the teacher quality composite had a statistically significant effect 

upon average classroom mathematics achievement and was also associated with mean 

classroom parental education.  The last group of countries includes those where the 

teacher quality composite had statistically non-significant effect upon average classroom 

mathematics achievement and was not associated with mean classroom parental 

education.  Countries in between these two groups were those where the teacher quality 
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composite had a statistically significant effect in one of the previously noted areas, but 

not both. 

Table 17 
Analysis of Results across Research Questions 

 
  RQ3   RQ1  RQ2 
Country TQ Effect   Overall  TQ association 
  on Math Ach  Level TQ w/Class Parental Ed  
Chile   Sig  Low  Sig  
United States  Sig  High  Sig 
 
Jordan   Sig  Low  Non 
Botswana  Sig  Low  Non 
Sweden  Sig  Middle  Non 
Romania  Sig  High  Non   
Palestine  Sig  Middle  Non 
 
Ghana   Non  Low  Sig 
Slovakia  Non  Middle  Sig 
Philippines  Non  Low  Sig 
 
New Zealand  Non  High  Non 
Australia             Non  High  Non 
Hong Kong  Non  Middle  Non 
Serbia              Non  Middle  Non 
 

Table 17 indicates that no patterns emerged across research questions.  In 

addition, reviewing the results across research questions, there appeared to be no 

explanation why the teacher quality composite had a statistically significant effect upon 

average classroom mathematics achievement in some countries, but not in others. It did 

not appear to be related to the mean value of the teacher quality composite or its 

association with classroom socio-economic status. 

Summary of Research Question Three 
 

In about half of the countries in the sample, there was a statistically non-

significant relationship between the teacher quality composite and average classroom 
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mathematics achievement.  However, in the remaining countries in the sample, teacher 

quality had a statistically significant effect upon average classroom mathematics 

achievement, but the effect was small.  Thus, across countries the effect of teacher quality 

was not homogenous.  Analysis of results across research questions found no discernible 

pattern to explain why the teacher quality composite was a determinant in average 

classroom mathematics achievement in some countries, but not in others.  This may mean 

that other, omitted variables, such as student background characteristics are important 

determinants of student achievement. The results should be interpreted cautiously, since 

there were violations to some of the assumptions to conduct regression analysis. 

Research Question Four 

Question and Rationale 

 
As previously mentioned, the fourth research question asked: how does socio-

economic status moderate the effect of teacher quality on mathematics achievement 

within each country of the sample, and how do these effects vary across countries? For 

this study, the moderation effect is examined by the interaction term (i.e. product term of 

mean classroom parental education and teacher quality composite) to see if the 

interaction term changed the effect teacher quality had upon average classroom 

mathematics achievement.  It is important to examine interaction terms, since they help to 

conceptualize the influence of the independent variable on the dependent variable.  

Studies in the United States and other countries have documented an association 

between teacher quality and student achievement.  The previous research question 

examined the direct effect that teacher quality had upon student achievement, and it was 

found that the percentage of variance explained was modest and that this effect was not 
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consistent across countries.  However, from past research it was not clear whether socio-

economic status interacted with teacher quality, since conflicting results were found by 

past studies.  Therefore, the question that still remained for this study to answer was 

whether the interaction term had a significant and consistent effect across countries. 

Explanation of Method to Answer this Research Question 
 
Multiple regression analysis was used to answer this question, since it is a 

technique that is employed to compute the percentage of variance in a dependent variable 

explained by independent variables and establishes their relative predictive importance 

(Cohen, Cohen, West & Aiken, 2003; Pedhazur, 1997; Green & Salkind, 2004).  In 

addition, multiple regression can be utilized to assess an interaction effect (Pedhazur, 

1997, Holmbeck, 1997).  For this study, the interaction effect was the product of the 

teacher quality composite and mean classroom parental education, which was utilized to 

determine whether the teacher quality had a different effect upon average classroom 

mathematic achievement based upon classroom socio-economic status      

Assumptions of Multiple Regression Analysis 

 The assumptions for multiple regression analysis were discussed during the 

previous research question.  For this reason, this section only describes how the 

assumptions were tested for the data for this research question.   

To determine if there was evidence of nonlinearity, the residuals and predicted 

values were plotted for the variables in this research question.  This revealed that there 

were not any large deviations from the lowess fit line and the 0-line, which meant a linear 

relationship was present.  To check for homoscedasticity (Cohen, Cohen, West & Aiken, 
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2003), the residuals and the independent variables (i.e. teacher quality composite, mean 

classroom parental education and the interaction term), and predicted value were 

graphed. These graphs suggested no significant departures from constant variance, 

implying that the assumption of homoscedasticity was met, which implies that the 

standard errors, significance tests, and confidence intervals will be correct (Cohen, 

Cohen, West & Aiken, 2003).  Finally, histograms of the residuals were prepared, which 

indicated normal distribution of the residuals.  (See Appendix F for these new plots.) As 

noted in the previous research question, measurement error was present in the teacher 

quality composite. For this reason, an assumption to conduct multiple regression analysis 

was violated.     

Discussion of Data Analysis 

 To test for an interaction effect, two regression equations were estimated in AM 

software so that the analysis employed the population and design weights.  The first 

equation had the unweighted teacher quality composite and mean classroom parental 

education as the variables predicting average classroom mathematics achievement.  The 

second equation included the unweighted teacher quality composite, mean classroom 

parental education, and the interaction term of these variables to predict average 

classroom mathematics achievement.  An interaction term was added to incorporate the 

joint effect of these two variables on the dependent variable, which would determine if 

teacher quality impacted the learning differently for students based upon socio-economic 

status, as measured by mean classroom parental education.  The interaction term was 

developed in SPSS using the Compute Function.   
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To determine if the interaction effect was significant, the F-values of the two 

regression equations were examined.  If there was a significant difference in the F-values 

between these two equations, an interaction effect was present.     

Findings from Research Question Four 

The two regression equations discussed are depicted in Table 18, which displays 

the coefficients, standard errors, significance levels, t-values, the R2 and changes in R2 

and the F-value of both equations, for each country and all countries in the sample.  

Countries are arranged alphabetically and significant variables are bolded.  The only 

country, Botswana, with a significant interaction term and significant F-value (p = .000) 

of the change between equation one and two, is noted with asterisks. 
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Table 18 
Regression Equations for Research Question Four  

 

 

Country 

 
 

Equation 

 
 

Variable 

Estimate Significance Significance 

 
Coefficient 

 
 

SE 

 

 
t-value 

 
Significance 

 
R2 

 
Change 

R2 

 
Significance 

      F-value 

All Countries One Constant          134.57     17.60       7.65  .00 .44 
 

0 . 
1.00 

  TQ Factor Score            4.360       0.69       6.30 .00    

 Class Parent 
Education 

           61.39       2.89     21.25 .00    

Two Constant          204.30     62.14      3.29 .00 .44   

 TQ Factor Score              1.67       2.48       0.67 .50    

 Class Parent 
Education 

           40.37     18.65       2.17 .03    

 Interaction              0.80 0.73 1.10 .27 
 

  
 

 

Australia 
 

One Constant          370.73     43.82       8.46 .00 .26 .01 .069 

 TQ Factor Score            -2.02     1.178      -1.72 .09    

 Class Parent 
Education 

           53.28       9.54       5.59 .00    

Two Constant           -56.63   276.32      -0.21 .84 .27   

 TQ Factor Score            10.92 8.47 1.29 .20    

 Class Parent 
Education 

         177.76 85.11 2.09 .04    

 Interaction             -3.76 2.60 -1.45 .15 
 

  
 

 

Botswana One Constant         273.31 18.01 15.18 .00 .42 .05 .000** 
 TQ Factor Score            1.20 0.76 1.574 .12    
 Class Parent 

Education 
         29.95 4.86 6.16 .00    

Two Constant 431.21 46.57 9.26 0 .47   
 TQ Factor Score -5.98 2.36 -2.54 .01    
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 Class Parent 
Education 

-39.83 21.15 -1.89 .06    

 Interaction 3.15 1.04 3.03 .00 
 

  
 

 

Chile One Constant          183.91 21.20 8.67 .00 .76 0 1.00 
 TQ Factor Score              1.43 0.83 1.72 .09    
 Class Parent 

Education 
           58.26 3.36 17.35 .00    

Two Constant 126.53 64.86 1.95 .06 .76  . 
 TQ Factor Score 3.52 2.43 1.45 .15    
 Class Parent 

Education 
79.19 22.85 3.47 .00    

 Interaction -0.75 0.83 -0.90 .37 
 

  
 

 

Ghana One Constant          114.35 38.46 2.97 .00 .39 
 
 
 

0 1.00 
 
 
 

 TQ Factor Score             -1.12 2.11 -0.53 .60   
 Class Parent 

Education 
           64.92 8.4 7.73 .00   

Two Constant 232.05 157.65 1.47 .15 .39  
 TQ Factor Score -8.329 9.45 -0.88 .38   
 Class Parent 

Education 
20.26 55.67 0.36 .71   

 Interaction 2.72 3.30 0.82 .41 
 

  
 

Hong Kong One Constant          414.62 50.01 8.29 .00 .16 0 1.00 
 TQ Factor Score              1.29 1.36 0.95 .35    
 Class Parent 

Education 
         45.74 8.47 5.40 .00    

Two Constant 337.20 157.27 2.14 .04 .16   
 TQ Factor Score 4.16 5.65 0.74 .46    
 Class Parent 

Education 
74.27 54.56 1.36 .18    

 Interaction -1.05 2.00 -0.53 .60 
 

  
 

 

Jordan One Constant          229.30 31.12 7.37 .00 .32 .01 .157 
 TQ Factor Score              2.42 0.79 3.09 .00    
 Class Parent            38.31 7.96 4.82 .00    
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Education 
Two Constant 285.06 130.96 2.18 .03 .33   

 TQ Factor Score 0.248 5.217 0.05 .96    
 Class Parent 

Education 
21.90 35.65 0.61 .54    

 Interaction 0.64 1.41 0.45 .65 
 

  
 

 

Malaysia One Constant 388.60 32.11 12.10 .00 .35 0 1.00 
 TQ Factor Score -0.79 1.37 -0.58 .57    
 Class Parent 

Education 
48.02 5.19 9.26 .00    

Two Constant 366.79 112.59 3.26 .00 .35   
 TQ Factor Score 0.29 5.48 0.05 .96    
 Class Parent 

Education 
56.16 37.84 1.48 .14    

 Interaction -0.40 1.85 -0.22 .83 
 

  
 

 

New Zealand One Constant          305.96 42.44 7.21 .00 .19 .01 .075 
 TQ Factor Score             0.73 1.01 0.73 .47    
 Class Parent 

Education 
           43.75 7.84 5.59 .00    

Two Constant 33.69 256.52 0.13 .90 .20   
 TQ Factor Score 8.52 7.31 1.17 .25    
 Class Parent 

Education 
117.01 72.14 1.62 .11    

 Interaction -2.10 2.05 -1.02 .31 
 

  
 

 

Palestine One Constant 216.02 27.69 7.80 .00 .24 0 1.00 
 TQ Factor Score 2.21 1.28 1.72 .09    
 Class Parent 

Education 
41.24 5.56 7.42 .00    

Two Constant 86.28 172.61 0.50 .62 .24   
 TQ Factor Score 9.63 9.61 1.00 .32    
 Class Parent 

Education 
81.14 54.46 1.49 .14    

 Interaction -2.28 3.03 -0.75 .45 
 

  
 

 

Philippines One Constant          182.97 30.51 6.00 .00 .48 .01 .149 
 TQ Factor Score             -1.33 1.55 -0.86 .39    
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 Class Parent 
Education 

           68.15 6.01 11.34 .00    

Two Constant 68.94 139.24 0.50 .62 .49   
 TQ Factor Score 4.73 7.51 0.63 .53    
 Class Parent 

Education 
104.08 45.31 2.30 .03    

 Interaction -1.90 2.41 -0.79 .43 
 

  
 

 

Romania One Constant 264.32 43.97 6.01 .00 .25 0 1.00 
 TQ Factor Score 4.22 2.32 1.82 .07    
 Class Parent 

Education 
42.00 8.23 5.09 .00    

 Constant 113.17 319.09 0.36 .72 .25   
Two TQ Factor Score 12.69 18.13 0.70 .49    

 Class Parent 
Education 

91.13 94.68 0.96 .34    

 Interaction -2.749 5.37 -0.51 .61 
 

  
 

 

Serbia One Constant          247.45 23.96 10.33 .00 .43 0 1.00 
 TQ Factor Score             -0.34 0.34 -1.01 .32    
 Class Parent 

Education 
           60.66 5.60 10.83 .00    

Two Constant          115.47 107.85 1.07 .29 .43   
 TQ Factor Score              3.74 3.58 1.04 .30    
 Class Parent 

Education 
           93.94 26.93 3.49 .00    

 Interaction             -1.03 0.89 -1.15 .26    

Slovakia One Constant          321.34 38.00 8.46 .00 .32 0 1.00 
 TQ Factor Score             -1.34 1.68 -0.80 .43    
 Class Parent 

Education 
           60.01 7.02 8.55 .00    

Two Constant 333.76 394.61 0.85 .40 .32   
 TQ Factor Score -1.84 15.53 -0.12 .91    
 Class Parent 

Education 
56.51 114.39 0.49 .62    

 Interaction 0.14 4.48 0.03 .98 
 

  
 

 

Sweden One Constant          274.82 29.08 9.45 .00 .21 0 1.00 
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 TQ Factor Score              2.90 0.88 3.29 .00    
 Class Parent 

Education 
           32.99 5.39 6.12 .00    

Two Constant 215.46 136.96 1.57 .12 .21   
 TQ Factor Score 5.06 5.08 1.00 .32    
 Class Parent 

Education 
48.15 36.50 1.32 .19    

 Interaction -0.55 1.34 -0.41 .68 
 

  
 

 

United States One Constant          156.39 37.74 4.14 .00 .44 .01 .009 
 TQ Factor Score              2.52 1.68 1.51 .14    
 Class Parent 

Education 
           67.98 6.13 11.09 .00    

Two Constant          449.16 204.90 2.19 .03 .45   
 TQ Factor Score             -8.34 7.24 -1.15 .25    
 Class Parent 

Education 
          -11.66 61.51 -0.19 .85    

 Interaction              2.94 2.16 1.36 .18    
a Dependent Variable: average classroom mathematics achievement 
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As Table 18 shows, when mean classroom parental education was entered into 

the equation, the teacher quality composite no longer had a statistically significant effect 

upon average classroom mathematics achievement in nearly all countries in the sample, 

except Jordan (p = .00), Sweden (p = .00) and all countries aggregated (p = .00).  The 

regression equation for all countries in the sample was: 

 

Model Implied Average Classroom Mathematics Achievement = 4.36 (Teacher Quality 

Composite) + 61.39 (Mean Classroom Parental Education) + 134.57. 

 

With the inclusion of mean classroom parental education, the amount of variance 

(R2) in average classroom mathematics achievement explained by the equation ranged 

from .16 to .76.  This is much higher than what was found when only the teacher quality 

composite was utilized in the previous research question.  What is also striking is the 

homogenous effect that mean classroom parental education had in every country in the 

sample, which means students’ background characteristics, such as classroom parental 

education, is the larger determinant of average classroom mathematics achievement than 

the teacher quality composite.   

The effect that mean classroom parental education had upon average classroom 

mathematics achievement ranged from 29.95 in Botswana and 68.15 in the Philippines.  

This means that a one unit increase (i.e. from 3 -finished upper secondary to 4 -finished 

post-secondary) in mean classroom parental education is associated with increasing 

average classroom mathematics achievement by 29.95 points in Botswana or 68.15 

points in the Philippines.  In other words, using the value from Table 14, on average a 
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one unit increase in mean classroom parental education would be associated with an 

increase from 367.40 to 397.35 in Botswana or from 380.86 to 449.01 in the Philippines, 

which are large increases.  

Adding the interaction term did not improve the R2 of equation two with respect 

to equation one.52  The interaction term was not statistically significant in any of the 

countries in the sample, except Botswana.  With respect to Botswana, mean classroom 

parental education was statistically significant when only teacher quality composite was 

utilized.  When the interaction term was added, mean classroom parental education was 

statistically non-significant, but the teacher quality composite became significant.  The F-

value of the change between equation one and equation two was statistically significant 

(p =.000).  This means there was an interaction between teacher quality and classroom 

socio-economic status.  In other words, teacher quality had a greater effect upon average 

classroom mathematics achievement when mean classroom parental education was 

higher.   

Since the interaction term and F-value between change in equation one and two 

was not statistically significant in the remaining countries in the sample, this suggests that 

mean classroom parental education did not interact with the teacher quality composite.  

Given that the teacher quality composite was not statistically significant in most countries 

in equation one, it would not be expected that the interaction term would be statistically 

significant in equation two. So, the effect of the teacher quality composite was not 

statistically different for classrooms with high and low levels of parental education.  

                                                 
52 The difference in R2  between equation one and two ranged from zero to five percent.  This difference 
was only significant in Botswana.. 
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However, these results should be interpreted cautiously, since there were some violations 

to the assumptions to conduct multiple regression analysis.   

The main finding of this analysis was the significant effect that mean classroom 

parental education had upon average classroom mathematics achievement in every 

country.  This finding is consistent with studies in the United States (Coleman et al., 

1972), other countries (in Chile see McEwan, 2002; in Canada see Ma & Klinger, 2000) 

and cross-national (Organization for Economic Cooperation and Development [OECD], 

2001), which have also demonstrated that socio-economic status is the major determinant 

in student achievement and that school characteristics exerted much smaller influence in 

comparison.  The difficulty of schools to overcome the disadvantage of less educated 

home backgrounds seems to be a cross-country reality.  Children from higher socio-

economic status backgrounds come to school with more skills and have parents that 

support their learning and so are more prepared to learn than children from lower classes 

(Rothstein, 2004).   

Summary of Research Question Four 
 

These results identified no interaction between mean classroom parental 

education and the teacher quality composite in any country, except in Botswana, which 

means that the effect of the teacher quality composite was not statistically different for 

classrooms with high and low levels of parental education (except in Botswana).  

However, mean classroom parental education exerted significant statistically significant 

effects in all countries.  The results of this analysis were consistent with previous 

research which found that students’ background characteristic explained more of the 
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variance in student achievement than is attributable to school characteristic (Rothstein, 

2002).   

Conclusion 

This chapter presented a review and analysis of the data.  Descriptive statistics 

were provided for the teacher quality composite of each country in the sample.  It was 

found that there were large differences across countries, as measured by the mean and 

median of the teacher quality composite.  In addition, countries with higher teacher 

quality composite had less variance in their sample, taking into consideration that the data 

was negatively skewed. 

Correlation analysis indicated that teacher quality composite were not statistically 

significantly related to classroom socio-economic status in Australia, Botswana, Hong 

Kong, Jordan, Malaysia, New Zealand, Palestine, Romania, Serbia, and Sweden.  

However, the teacher quality composite was statistically significantly related to 

classroom socio-economic status in Chile, Ghana, Philippines, Slovakia, and the United 

States, and all countries aggregated (e.g. pooled data).   

The effect of the teacher quality composite upon average classroom mathematics 

achievement was modest, since it accounted for .03 to .13 of the explained variance 

within Chile, Jordan, Palestine, Romania, Sweden, and the United States, but was not 

statistically significant in the other countries in the sample.  Thus, the effect of the 

teacher quality composite upon average classroom mathematics achievement was not 

homogenous across countries. 

Finally, the results of the final regression equations (See Table 18) indicated the 

teacher quality composite and the interaction term were not statistically significant in 
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nearly all countries, but in every country mean classroom parental education statistically 

significantly explained average classroom mathematics achievement.  The lack of change 

between the R2 of the two models meant that students’ socio-economic status did not 

interact with the teacher quality composite in any country in the sample, except 

Botswana.  That is, the effect of the teacher quality composite on average classroom 

mathematics achievement was not statistically different for classrooms with higher and 

lower educated parents.  In Botswana teacher quality impacted the learning more for 

classrooms with higher levels of parental education, rather than lower.  Mean classroom 

parental education exerted a statistically significant effect upon average classroom 

mathematics achievement in every country.  All of the results reported in this chapter 

should be interpreted cautiously, since there were violations to the assumptions to 

conduct the data analysis. 
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Chapter Five 

Interpretations, Conclusions, and Recommendations 

Summary of Dissertation 

 
This dissertation has developed a composite of teacher quality across countries.  It 

has examined educational equity in a sample of TIMSS 2003 countries, specifically the 

level and variance of teacher quality, its association with students’ socio-economic status, 

and its impact upon mathematics achievement, including interaction effects in relation to 

students’ socio-economic status.  Fifteen TIMSS 2003 countries comprised the sample: 

Australia, Botswana, Chile, Ghana, Hong Kong, Jordan, Malaysia, New Zealand, 

Palestine, Philippines, Romania, Serbia, Slovakia, Sweden, and the United States.   

Research Questions 
 
The research questions this study sought to answer were: 

1. How does teacher quality, as defined in this study (i.e. a composite of experience, 

teaching preparation, and subject-matter preparation) vary within and across the 

sample of countries?  In other words, what is the level and variance of teacher 

quality within each country in the sample? How do these levels and variances 

differ across countries in the sample?  

2. In each country in the sample, to what extent is teacher quality (as defined above) 

associated with students’ socio-economic status (measured by parental level of 

education)?  How do these associations vary across countries? 

3. How does teacher quality predict math achievement in each country in the 

sample?  How do these relationships vary across countries? 



 174

4.  How does students’ socio-economic status moderate the effect of teacher quality 

on mathematics achievement in each country of the sample?  In other words, does 

teacher quality impact achievement differently, depending on students’ socio-

economic status?   In addition, how do these effects vary across countries?   

Summary of Literature Review 
 

Research from both the United States and other countries indicates that the teacher 

characteristics of experience, teaching preparation, mathematics preparation, and aptitude 

impact student achievement (in the United States, see Wayne & Youngs, 2003 and King-

Rice, 2003; for evidence regarding Finland, France, Luxembourg see Reynolds, 2000; for 

developing countries see Fuller, 1986; see Velez, Schiefelbein & Valenzuela, 1993 for 

Latin America).  However, this research has used different datasets, different constructs 

and variables to measure teacher characteristics.  Thus, there is a need for this 

dissertation, which has examined teacher quality using consistent and comprehensive 

measures across countries, to assess the level, variance, association with students’ socio-

economic status, and effect upon mathematics achievement, both direct and through the 

its interaction with classroom parental education.   

Past research has shown that some students do not have access to quality teachers, 

specifically it has identified substantial disparities in teacher characteristics across 

schools and districts in the United States (Loeb, 2001; Goe, 2002).  There is a need to 

examine the association of teacher quality in relation to students’ socio-economic status 

across countries, since the topic of teacher quality distribution has been studied less 

outside the United States, we have not known whether teacher quality has been 

distributed more equitably in other countries.   
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Methodology Used in this Dissertation 
 

Teacher quality, socio-economic status, and mathematics achievement were the 

constructs examined in this study through the use of factor analysis, correlation analysis, 

and regression analysis.  Factor analysis was utilized for the first research question, since 

a comprehensive and consistent measure of teacher quality was needed to compare the 

level and variance of teacher quality across countries.  Factor analysis reduced the 

twenty-nine TIMSS 2003 variables representing teacher characteristics of experience, 

teaching and subject-matter preparation into a consistent composite of teacher quality 

across countries.  The second research question examined the association between teacher 

quality (as measured by the composite) and students’ socio-economic status (as measured 

by mean classroom parental education).  Correlation analysis was used to assess the 

strength of the relationship between these variables within each country.  Finally, 

regression analysis was used to answer research questions three and four, since these 

questions explored the amount of variance in average classroom mathematics 

achievement explained by teacher quality, including an interaction effect (i.e. product 

term of mean classroom parental education and teacher quality composite) within each 

country.   

Main Findings of Dissertation 

1. This dissertation has developed a consistent measure of teacher quality and 

examined its level and variance across countries.  Not surprising, the level and 

variance was not homogenous across countries.  Developing this composite across 

countries, required the imposition of measurement invariance and aggregation of 

data to the teacher level.  The characteristics which largely comprised this 
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measure were mathematics and teaching preparation, rather than the characteristic 

of experience.  

2. The teacher quality composite appeared to be susceptible to a ceiling effect.  

Moreover, the composite was negatively skewed across countries, suggesting 

many of the observed values were clustered around higher values.  In addition, 

across countries the mean value of the teacher quality composite was not 

homogenous; a range of values was observed.  Countries with higher mean 

teacher quality composite (i.e., New Zealand, Australia, United States, and 

Romania) tended to have less variance, than those with lower mean values (i.e., 

Botswana, Chile, Ghana, Malaysia, Jordan, Philippines). 

3. The teacher quality composite was not statistically significantly associated with 

mean classroom parental education in ten of fifteen countries (i.e., Australia, 

Botswana, Hong Kong, Jordan, Malaysia, Palestine, Romania, New Zealand, 

Serbia, and Sweden), implying an equitable allocation of teacher quality in 

relation to classroom socio-economic status.  The teacher quality composite was 

statistically significantly associated with mean classroom parental education in 

five of fifteen countries in the sample (i.e., Chile, Ghana, Philippines, Slovakia, 

and the United States), implying an inequitable allocation of teacher quality in 

relation to classroom socio-economic status.  The direction of the association 

between teacher quality composite and mean parental education was positive in 

every country in the sample except New Zealand. 

4. In seven countries (i.e. Botswana, Chile, Jordan, Palestine, Romania, Sweden, and 

the United States), the teacher quality composite had a statistically significant, but 
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small effect upon average classroom mathematics achievement.  The regression 

coefficient values ranged from 2.53 to 9.83 (in these seven countries) and R2 

values ranged from .03 to .15.  Moreover, the effect of the teacher quality 

composite upon average classroom mathematics achievement was not 

homogenous across all countries.  The regression coefficient values ranged from  

-0.39 to 9.83 for the entire sample. 

5. In every country in the sample, mean classroom parental education had a 

statistically significant effect upon average classroom mathematics achievement.  

The β coefficient values ranged from 29.95 to 68.15. 

6. In every country in the sample, except in Botswana, there was not a statistically 

significant effect on average classroom mathematics achievement from the 

interaction between teacher quality composite and mean classroom parental 

education (as indicated by the p values ranging from .15 to .98 across the sample, 

except in Botswana the p value = .00)   This meant that the impact of the teacher 

quality composite was not statistically different for classrooms with high and low 

levels of parental education in all countries of the sample, except in Botswana.  In 

Botswana the teacher quality composite increased average classroom 

mathematics achievement more in classrooms with higher levels of parental 

education than in those with lower levels. 

The subsequent section of this chapter discusses the main findings, their 

interpretation and compares them with prior research to provide a broader context of the 

results.  The chapter concludes with recommendations for future research. 
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Interpretation and Conclusions 
 

This section of the chapter discusses the findings, their interpretation and 

contrasts them with the results of previous research, especially cross-national studies.  It 

also notes cases when other research has not explored a finding or interpretation that has 

emerged from this dissertation. The final section summarizes the overall conclusions of 

this dissertation. 

Teacher Quality in Sample of TIMSS 2003 Countries 
 

This section discusses the first and second findings, specifically this dissertation’s 

measurement of teacher quality, the characteristics comprising it, and the lack of 

homogeneity across countries in the value of the composite.  Then, the implications of the 

results are described.  Finally, the section concludes by comparing these findings with 

previous research. 

It is challenging to develop a measure of teacher quality, since there is no 

agreement regarding its definition or the characteristics that comprise it (Goe, 2007). To 

overcome this difficulty, the literature presented in this dissertation was used to select the 

teacher characteristics which had a significant association with student achievement.  

This dissertation has shown that it is possible to develop a consistent composite of 

teacher quality, assuming measurement invariance across all countries with 29 TIMSS 

variables.   

In this dissertation the mean teacher quality composite of all countries was used 

to examine teacher quality across countries in the sample.  Using this measure of teacher 

quality, there were differences across countries, the level of teacher quality varying. 

Overall, countries with higher mean teacher quality composite had less variance (i.e. 
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New Zealand, United States, Australia, and Romania), with a large number of 

observations clustered around the high values.  Table 19 shows the teacher quality 

composite arranged in descending order based upon the country with the highest value at 

the 25th percentile (i.e., New Zealand). 

Table 19 
Quartiles and Mean Teacher Quality Composite in each Country  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As displayed in Table 19, countries such as New Zealand, United States, 

Australia, and Romania had positive values at the 25th, 50th, and 75th percentile, which 

suggests more uniformity in the samples in these countries.  In contrast, in the remaining 

countries there was greater variation in the values of the teacher quality composite from 

the 25th to the 75th percentile.  Thus, the uniformity of teacher quality (as measured by the 

composite) was not homogenous across countries in the sample, suggesting quality 

teachers largely comprised the sample in some countries, but not all of them. 

Before comparing the results from this dissertation with previous research, the 

measure of teacher quality, the data comprising it, and its limitations are discussed, along 

Country 25 Percentile 50 Percentile 75 Percentile Mean 
New Zealand 4.03 5.97 6.29           3.90 
United States 3.23 5.66 6.41 3.70 
Australia 2.66 5.96 6.38 2.96 
Romania 0.12 3.44 5.84 2.42 
Slovakia              -2.01 1.62 3.94 0.10 
Palestine              -2.37 1.96 4.87 0.61 
Sweden              -3.02 2.35 5.63 0.07 
Serbia -3.56 2.04 5.22 -1.69 
Ghana -5.27 -0.83 3.57 -1.33 
Jordan -5.70 -0.80 4.37 -2.03 
Malaysia -5.71 -1.57 3.50 -2.06 
Hong Kong -5.88 1.46 5.75 -0.39 
Botswana              -7.17 -1.93 4.06 -2.37 
Chile -7.51 -1.01 4.35 -2.70 
Philippines -9.41 -3.41 -0.66 -4.71 
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with implications for the findings.  First, measurement invariance was imposed across 

countries.  This meant that the same characteristics across countries were utilized, and did 

not allow for different combinations of variables of teacher quality across countries.  In 

other words, it may be the case that experience is associated with mathematics 

achievement in some countries, while teaching preparation is in other countries.  It could 

also be the case that the TIMSS 2003 items did not have equal meaning to the teachers 

across countries because of cultural differences.  For example, teachers in one country 

may be equally ready to teach mathematics as those in another country, but they may 

differ in the way they rate themselves.  Measurement invariance ignored these potential 

differences.   

Second, the composite was largely composed of the characteristics of teaching 

preparation (i.e., type of teaching certification and participation in professional 

development related to instructional technology and mathematics assessment) and 

mathematics preparation (i.e., readiness to teach mathematics content, especially more 

complex content), rather than experience.  TIMSS 2003 contained no data related to 

teacher aptitude and so this characteristic was not part of the composite.  As a result, only 

two of the characteristics that the literature review indicated were associated with student 

achievement comprised the measure.  And so, another more complete data set (containing 

measures of teachers’ mathematics knowledge and/or aptitude) may find different results.  

Thus, the composite did not fully capture teacher quality, as discussed in the literature 

review.   

Third, using the teacher weight (matwgt) from TIMSS 2003 meant that countries 

with larger samples such as the United States and New Zealand dominated the pooled 
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data and so were weighted more heavily in comparison to countries with smaller samples 

(i.e., Philippines and Jordan).  This may have influenced the results.  Still, it should be 

noted that similar factor loadings across countries were found regardless of sample size 

(See Appendix B). 

Despite these noted limitations, it may be informative to contrast the 

characteristics comprising (and not comprising) teacher quality in the dissertation, with 

what previous research has found.  However, it should be understood that the composite 

cannot pinpoint the specific importance of individual characteristics, since no regression 

analysis was performed expressing student performance as a function of individual 

characteristics.  However, the factor loadings in the composite give an indication of the 

relative importance of each variable.  The limitations of TIMSS 2003 are also discussed, 

since this affected the measurement of teacher quality, which may have also impacted the 

results of the dissertation.    

In the United States the evidence regarding the impact that teaching certification 

has upon student achievement is mixed, but the evidence is positive and stronger when 

the certification is content related (e.g. mathematics) (Goldhaber & Brewer, 1997; 

Golhaber & Brewer, 1998).  Similarly, for this study possessing a full certification was a 

variable with relatively high factor loadings in the teacher quality composite.  

Certification played a relatively prominent role in the computation of the composite.  

Unfortunately, TIMSS 2003 only explored whether the teacher had a full, provisional, or 

emergency certification, which provided a limited measure of teaching preparation.  

Moreover, TIMSS 2003 did not ask about mathematics certification and its requirements 
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in each country.  So, it is not clear whether a measure of mathematics certification is 

present in the sample of TIMSS 2003 countries.  

Past research in the United States has indicated that teachers’ professional 

development influenced classroom practices and improved student achievement: it has 

been found that when teachers’ professional development is related to higher-order 

thinking skills, diversity, hands-on learning, and higher-order thinking skills, it was 

positively associated with achievement (Wenglinsky, 2002; 2000).  TIMSS 2003 only 

collected data on the participation in particular topics of professional development, and 

did not assess the conditions, content, effectiveness, and application of the professional 

development.  In this dissertation, participating in professional development related to 

instructional technology or mathematics assessment were variables with moderate factor 

loadings in the teacher quality composite or relatively prominent variables used in the 

computation of the composite.  

In the United States advanced degrees in content areas such as mathematics has a 

more significant impact upon student achievement than an advanced degree in education 

(Goldhaber & Brewer, 2000; Johnson, 2000).  In other countries, the evidence is positive 

regarding higher levels of teacher education, but it is difficult to compare since the formal 

levels of education vary between countries (Ingersoll, 2007).  However, research has not 

found a consistent level which is optimally related to student achievement across 

countries.  In developing countries there is evidence that both teachers’ secondary and 

tertiary education levels are related to student achievement (Fuller, 1986; Avalos, 1980; 

Velez, Schiefelbein & Valenzuela, 1993).  Contrary to what would be expected, in this 

dissertation the level of teacher education had low factor loadings for the teacher quality 
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composite and thus, were less prominent variables used in the computation of the 

composite. 

Mathematics teachers’ need to understand mathematics processes, concepts, and 

procedures, as well as the connections among them (NCTM, 1996).  So, it is not 

surprising that several studies in the United States found that teachers’ mathematics 

knowledge was related to students’ mathematics achievement (Wenglinsky, 2002; 

Goldhaber & Brewer, 2000; Monk & King, 1994; Hill, Rowan & Ball, 2005; Greenberg, 

Rhodes, Ye & Stancavage, 2004).  In this dissertation, mathematics knowledge was 

represented by teachers’ possessing a mathematics degree and by ratings of their 

readiness to teach mathematics content.  Possessing a mathematics major did not have a 

high factor loading in the teacher quality composite, which may be contrary to what 

would have been expected.  It is not clear why a higher factor loading was not found.  On 

the other hand, teachers’ assessment of their readiness to teach mathematics content had 

high factor loadings.  Unfortunately, TIMSS 2003 provided no objective measures of 

teachers’ mathematics knowledge, which have been utilized in other studies (Hill, Rowan 

& Ball, 2005; Hill, 2007).   

United States studies came to mixed conclusions about the relationship between 

teaching experience and student achievement: in some studies it was associated with 

achievement, and in others it was not  This may be because this relationship is complex, 

since teachers in the first two to three years are the least effective ones (Murnane & 

Phillips, 198; Darling-Hammond, 2000; Clotfelter, Ladd & Vigdor, 2006), but teachers 

do not continue to increase their effectiveness in a linear manner with each subsequent 

year.  However, a study in the United States has suggested that teachers with more 
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experience (over 13 years or more) were significantly related to student achievement, 

especially at the high school level (Clotfelter, Ladd & Vigdor, 2006).  Because of the 

mixed conclusions found by past research, it may not be surprising that in this 

dissertation teaching experience had a low factor loading in the teacher quality 

composite. 

In sum, the previous teacher quality research was consistent in broad terms, but it 

used different datasets, different constructs and variables to measure teacher quality, and 

so there was a need for this dissertation which used a common measure across countries.  

For the purposes of this dissertation, teacher quality was measured by the composite 

which reflected readiness to teach mathematics content, type of teaching certification and 

participation in professional development related to instructional technology and 

mathematics assessment.  Future studies with refined data and improved methodology 

may arrive at a different composite of teacher quality reflecting the importance of other 

variables.   Future studies may also find different results regarding the relationship 

between teacher quality and mathematics achievement. 

While the limitations of this dissertation should be understood, it should also be 

recognized that this dissertation has improved upon the measurement of teacher quality 

from studies in the United States (Darling-Hammond, 2000; Clotfelter, Ladd, Vigdor, 

2005) and in one of cross-national nature (Akiba, LeTendre & Scribner, 2007).  Some of 

the studies in the United States used only one indicator, such as certification (Darling-

Hammond, 2000) or one characteristic such as experience (Clotfelter, Ladd, Vigdor, 

2005).  Akiba and his colleagues measured teacher quality with only three variables: 

certification, mathematics major, and years of experience, which did not adequately 
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reflect the multi-dimensional characteristics of teacher quality, as discussed in the 

literature review of this dissertation.  Moreover, these authors aggregated the data to the 

national level, thus losing much of the variance across students and classrooms. 

Allocation of Teacher Quality in relation to Classroom Socio-Economic Status 
 

This section discusses the third finding, specifically the allocation of teacher 

quality in relation to classroom socio-economic status.  Then, the implications of the 

results are described.  Finally, the section concludes by comparing this finding with 

previous research. 

Data analysis in the previous chapter revealed that the teacher quality composite 

was statistically significantly associated with mean classroom parental education in 

Chile, Ghana, the Philippines, Slovakia, and the United States, with a positive association 

in all of them.  This suggests that teacher quality was allocated in relation to classroom 

socio-economic status, demonstrating an inequitable distribution of teacher quality in 

these countries.  In comparison, a statistically significant association was not present in 

the remaining countries in the sample (i.e., Australia, Botswana, Hong Kong, Jordan, 

Malaysia, Palestine, Romania, New Zealand, Serbia, and Sweden).  This suggests that 

teacher quality was not allocated in relation to classroom socio-economic status, 

indicating an equitable distribution of teacher quality in these countries, at least in 

relation to socio-economic status.  Thus, the relationship between the teacher quality 

composite and mean classroom parental education was not homogenous across countries 

in the sample.  The United States (and a few other countries in the sample) had an 

inequitable allocation of teacher quality, which was not observed within all the countries 

in the sample. 
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Consistent with the results of this dissertation, research in the United States 

(Loeb, 2001; Goe, 2002; Betts, Rueben & Danenberg, 2000; Lankford, Loeb & Wyckoff, 

2002; Provasnik & Young, 2003; Greenberg, Rhodes, Ye & Stancavage, 2004) and in 

some Africa countries (in Mauritius see Kulppoo & Soonarane,  2005; in Namibia see 

Shaningwa, 2005; across Africa see Zhang, 2005) has also revealed that teacher quality 

was statistically significantly associated with students’ socio-economic status.  Akiba and 

his colleagues examined the opportunity gap in access to qualified teachers in TIMSS 

2003 countries (Akiba, LeTendre & Scribner, 2007).  They defined the opportunity gap 

as the difference between the percentages of high and low socio-economic status students 

who were taught by qualified teachers.  Countries were ranked based upon this definition 

of opportunity gap.  The United States, Chile, Syria, and Taiwan had the largest 

opportunity gap in the sample of 39 countries.  In comparison, Ghana, Malaysia, 

Moldova, New Zealand, Morocco, Iran, and the Philippines had the smallest opportunity 

gap in the sample of 39 countries.  Thus, there were areas of agreement and disagreement 

between the findings of this dissertation and Akiba and his colleagues cross-national 

study of teacher quality.  Both studies found that teacher quality in the United States and 

Chile was associated with students’ socio-economic status.  However, some of the 

countries where this dissertation found the existence of statistically significant 

associations between the teacher quality composite and mean classroom parental 

education were not found by Akiba, LeTendre & Scribner (2007) to have these 

associations.53  The contradictory findings may be the result of the difference in how this 

dissertation and their study measured teacher quality, the level of analysis, and the 

methodology employed to assess its association with students’ socio-economic status.   
                                                 
53 These countries included Philippines, Ghana, and Slovakia. 
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Effect of Teacher Quality upon Mathematics Achievement  
 

This section discusses the fourth, fifth, and sixth findings, specifically the effect 

of teacher quality upon mathematics achievement, including interaction effects in relation 

to classroom socio-economic status.  Then, the implications of the results are described.  

Finally, the section concludes by comparing these findings with previous research. 

The previous chapter showed that the teacher quality composite had a statistically 

significant effect upon average classroom mathematics achievement in seven of the 

countries in the sample (i.e., Botswana, Chile, Jordan, Palestine, Romania, Sweden, the 

United States, and all countries54), but the effect was small, as indicated by the regression 

coefficient values, which ranged from 2.53 to 9.83.  In addition, the amount of variance 

explained by the teacher quality composite in these countries ranged from approximately 

three (i.e. Palestine and Romania) to thirteen percent (i.e. Chile).  In the United States, 

the teacher quality composite accounted for seven percent of the variance in average 

classroom mathematics achievement.  However, the teacher quality composite had a 

statistically insignificant effect upon average classroom mathematics achievement in 

Australia, Ghana, Hong Kong, Malaysia, New Zealand, Philippines, Serbia, and Slovakia. 

The regression coefficient values ranged from -0.39 to 2.59.  The amount of variance 

explained by the teacher quality composite in these countries ranged from zero to 

approximately two percent. Thus, across countries the effect of teacher quality upon 

average classroom mathematics achievement was not homogenous. 

Mean classroom parental education exerted a statistically significant effect upon 

average classroom mathematics achievement in every country.  The regression 

                                                 
54 The sample comprising all countries was based upon pooled data. 
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coefficient values ranged from 29.95 to 68.15.  Moreover, the R2 in the regression 

equations containing mean classroom parental education ranged from .16 to .76, which 

was much higher than the R2 in the equation with only the teacher quality composite. 

In addition to the impact that teacher quality had upon mathematics achievement, 

this study also tested whether the effect of teacher quality differed based upon classroom 

socio-economic status.  This dissertation found that the interaction term (i.e., product 

term of teacher quality composite and mean classroom parental education) was not 

statistically significant in any of the regression equations estimated for the countries in 

the sample.  The regression coefficient values for these countries ranged from -3.76 to 

2.94, except in Botswana the regression coefficient value was 3.15.  This signifies that 

the impact of the teacher quality composite was not statistically different for classrooms 

with high and low levels of parental education in all countries of the sample, except 

Botswana.  In Botswana the teacher quality composite increased average classroom 

mathematics achievement more in classrooms with higher levels of parental education 

than in those with lower levels.  It is not clear why an interaction effect was found in 

Botswana, but not in the remaining countries in the sample.  

These results focus attention on teacher quality, a topic which has received much 

attention from policymakers, researchers, and practitioners.  Some policymakers advocate 

teacher quality as the means to increase student achievement (National Commission on 

Mathematics and Science Teaching for the 21st Century, 2000; Darling-Hammond, 1997). 

A report from the National Commission on Mathematics and Science Teaching for the 

21st Century suggested (2000): 

The most direct route to improving mathematics and science achievement for all 
students is better mathematics and science teaching…The evidence for the effect 
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of better teaching is unequivocal.  The most consistent and most powerful 
predictors of higher student achievement in mathematics and science are: full 
certification of the teacher and a college major in the field being taught.  
Conversely, the strongest predictors of lower student achievement are new 
teachers who are uncertified, or who hold less than a minor in their teaching field 
(p. 18). 
 
However, the results from this dissertation indicate that teacher quality (as 

measured by the composite) had a statistically significant, but small effect upon average 

classroom mathematics achievement in only seven countries, and statistically 

insignificant effect in the remaining countries in the sample.  Moreover, no interaction 

effect between teacher quality and classroom parental education was found in any of the 

countries, except Botswana. This suggested that under certain conditions teacher quality 

mattered for student achievement and its effect did not vary based upon classroom socio-

economic characteristics.  In comparison, students’ background characteristics (as 

measured by classroom parental education) were a large determinant of average 

classroom mathematics achievement in every country in the sample.  This implies that the 

effect of teacher quality may not match the rhetoric suggested by policymakers, since 

simply improving teacher quality without addressing the social and economic causes of 

low achievement may not result in increased achievement of all students.    

How do the results from this dissertation compare with previous research?  

Research in the United States has found that teachers account for approximately 7.5 

percent of the variance in student achievement (Hanushek, Kain, & Rivkin, 1998; Nye, 

Konstantopoulos & Hedges, 2004).  Therefore, the findings of this analysis were 

consistent with previous research in the United States, finding a modest impact.  The one 

cross-national study of teacher quality conducted by Akiba and his colleagues did not 

examine the effect that teacher quality had in each individual country in the TIMSS 2003 
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sample (Akiba, LeTendre, & Scribner, 2007).  Instead, Akiba and his colleagues assessed 

the relationship between teacher quality and national achievement using national level 

data pooled from 29 countries.  They concluded that countries where higher percentages 

of eighth graders were taught by fully certified teachers, by teachers with a mathematics 

education major, and by teachers with at least 3 years of teaching experience, achieved 

significantly higher national average mathematics score than the other countries.  Since 

no other cross-national study has examined this aspect, this dissertation may be one of the 

first to provide estimates of the impact of teacher quality upon mathematics achievement 

across a sample of countries. 

The studies in the United States which have examined whether student 

characteristics interact with teacher quality have come to opposite conclusions.  In one 

study, teachers with stronger credentials were more effective in raising the achievement 

of more economically advantaged students (Clotfelter, Ladd & Vigdor, 2006).  Similarly, 

Monk & King (1994) found that students with high-pretest scores in mathematics were 

more adversely affected by variability in the preparation level of their teachers than were 

students with low pretest scores.  This could mean that students with higher test scores 

need teachers with high levels of subject matter knowledge in order to continue to make 

achievement gains.  However, Rowan, Chiang and Miller found that teacher effects 

varied as a function of the ability context of the school (1997).  Rowan and his colleagues 

concluded that teachers’ ability was substantively important in schools with high 

percentages of low achieving students, which implied a need for quality teachers in these 

schools.  Thus, evidence in the United States is conflicting regarding how student 

characteristics interact with teacher quality and international and cross-national studies 
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have not examined this aspect.  So, it is difficult to say whether these findings are 

consistent with past research.   

The final comparison between the results of this dissertation and previous studies 

relates to the influence of student background characteristics.  Studies in the United 

States (Coleman et al., 1972), other countries (in Chile see McEwan, 2002; in Canada see 

Ma & Klinger, 2000) and cross-national (Organization for Economic Cooperation and 

Development [OECD], 2001) have also found that socio-economic status is a major 

determinant in student achievement and that school characteristics exerted much smaller 

influence in comparison.  For example, an international reading survey of 15 year olds, 

conducted in 2000 found a strong relationship in almost every nation between parental 

occupation and student literacy (OECD, 2001).  The gap between literacy of children of 

the highest and lowest status workers within a country varied, with the United States 

having a smaller gap than countries such as Germany and the United Kingdom, but larger 

than Scandinavian countries and Korea (OECD, 2001).  Thus, the inability of schools to 

overcome the disadvantage of less educated home backgrounds seems to be a cross-

country reality.  Children from higher socio-economic status backgrounds come to school 

with more skills and are more prepared to learn than children from lower classes 

(Rothstein, 2004).   

Within educational comparative literature, it has been accepted that the lower the 

income of the country (as measured by GDP), the weaker the influence of pupils’ social 

status on achievement, which is known as the Heyneman Loxley [HL] Effect (Heyneman 

& Loxley, 1983).  Heyneman & Loxley (1983) found that the proportion of achievement 

variance due to school factors was 22-27% for developed countries and 81-90% for 
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developing countries.  For this reason, it was believed that in less developed countries the 

effect of school variables on academic achievement in primary school was comparatively 

greater.  In this dissertation mean classroom parental education was found to exert a 

significant effect upon average classroom mathematics achievement in every country, 

regardless of level of development (i.e., regression coefficient values ranged from 29.95 

to 68.15).  Thus, the results of this dissertation contradict the HL Effect, since the 

regression coefficients did not differ based on their level of economic development.  

Similar results were obtained by Baker, Goesling, & LeTendre (2002) who analyzed the 

HL Effect with data from TIMSS 1995, utilizing OLS and HLM to compare the relevant 

influence of school-quality and family-background characteristics on student 

achievement.  Baker and his colleagues reported that the HL effect was diminishing, 

since the relative effect of school resources and family background on achievement 

within countries was no longer associated with national level of income of the country in 

the way originally found.  In other words, less developed countries did not show stronger 

school effects, and the amounts of variance attributable to family background were 

similar across countries regardless of their national income.  My findings support the 

vanishing HL Effect reported by Baker and his colleagues (2002).   

One reason why family background characteristics may have a consistent effect 

upon student achievement, regardless of the country’s level of development is, as 

suggested by Baker and his colleagues (2002), the fact that since 1970 there has been 

increased investment in education in developing countries.  There is evidence that as 

educational resources as a percentage of GDP increase, the educational indicators also 

improve (Caceres, 2007). The additional educational resources may have resulted in 
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similar minimum levels of curricula, teaching, and resources across countries. This means 

that additional investments in education by the less developed countries may have 

reduced the large differences in school resources between developed and developing 

countries.    

Another reason my findings may suggest a disappearing HL Effect is that over the 

past few decades parents across countries have become more educated.  More educated 

parents have higher earnings and are thus able to invest additional resources in their 

children’s schooling and provide an educationally enriching environment, which supports 

their children’s learning.  In contrast, a family’s low socio-economic status and education 

translate into fewer learning opportunities (Saxe, Guberman, & Gearheart, 1987).   

Overall Conclusions of the Dissertation 
 

Based upon this discussion, there are three overall conclusions to this dissertation: 

1. The teacher quality composite was statistically significantly related to average 

classroom mathematics achievement in seven countries (i.e., Botswana, Chile, 

Jordan, Palestine, Romania, Sweden, the United States, and all countries), with 

the regression coefficient values ranging from 2.53 to 9.83 and the R2 ranged 

from .03 to .15.  However, the teacher quality composite was not statistically 

significantly related to average classroom mathematics achievement in the 

remaining countries (i.e., Australia, Ghana, Hong Kong, Malaysia, New Zealand, 

Philippines, Serbia, and Slovakia), with the regression coefficient values ranging 

from -0.39 to 2.59.   Therefore, the influence of teacher quality (as measured by 

teacher quality composite) upon mathematics achievement (as measured by 
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average classroom mathematics achievement) was not homogenous across 

countries. 

2. Teacher quality (as measured by teacher quality composite) was not statistically 

significantly associated with mean classroom parental education in ten countries 

in the sample, but it was statistically significantly associated with mean classroom 

parental education  in Chile, Ghana, Philippines, Slovakia, and the United States.  

This suggests that in these countries the allocation of quality teachers was related 

to classroom socio-economic status (as measured by parental education) and was 

not uniformly distributed. 

3. It was not possible to perfectly represent and measure teacher quality, with 

respect to the theoretical perspectives presented in the literature review, because 

the data contained in TIMSS 2003 suffers from serious limitations.  Efforts should 

be undertaken to improve future cross-national data collection so that surveys 

contain objective measures of teachers’ aptitude and mathematics knowledge.  

Surveys should also solicit information related to teachers’ preparation, 

professional development, and instructional practices. Until improved data is 

available, the measurement of teacher quality will not advance. 

Recommendations for Future Research 
 

  As previously noted, there is no agreed upon definition of teacher quality and the 

characteristics that comprise it.  This dissertation cannot resolve this issue.  Advances in 

defining and measuring teacher quality may occur when improved data is available.  

Thus, the recommendation that comes from this dissertation is related to future research, 

specifically (1) changes to future cross-national data collection, (2) methodological 
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improvements for the measurement of teacher quality, and (3) future teacher quality 

research.  Before the discussing these recommendations, the limitations to this study and 

TIMSS 2003 are described. 

Limitations with TIMSS 2003 
 

As previously noted, TIMSS 2003 data had many limitations, particularly notable 

absent areas of data.  For example, there were no data on family income, parents’ 

occupational status, family size, family structure, race, and ethnicity.  There was also no 

data about the type or location of schools, which would have been useful for examining 

the allocation of teacher quality. 

The data that was utilized in this study for teacher quality only related to 

measurable teacher characteristics (i.e. years of experience, certification, participation in 

professional development, and level of education) and teachers’ self-assessment of their 

readiness to teach mathematics.  It did not include data about instructional practices, 

measure of mathematics knowledge, teaching preparation, or measure of teachers’ 

aptitude, which are important for teacher quality and have been shown to be related to 

student achievement (King-Rice, 2003; Wayne & Youngs, 2003).  TIMSS 2003 also did 

not explore teaching certification requirements in each country, which would have 

provided important contextual information to know how comparable a teaching 

certification is across all the countries in the sample. 

Improvements in Future Cross-National Data Collection 
 
 Future cross-national data collection efforts must become more refined if we want 

to understand teacher quality and the characteristics that compose it.  The data collection 
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must be designed to include deeper and more detailed data about teacher characteristics, 

teaching behaviors, instructional practices, subject-matter knowledge, preparation, and 

aptitude.  For example, TIMSS 2003 asked teachers whether they had attended 

professional development in the past two years.  Yet, professional development appears 

to be most effective when it is embedded within the curriculum and context of how 

students learn, uses active learning opportunities (e.g. reviewing student work, reviewing 

lessons and obtaining feedback on teaching), and is on-going and in-depth (Desimone, et 

al., 2002; Garet, et al., 2001).  TIMSS 2003 did not assess the conditions, content, 

effectiveness, and application of the professional development.  These aspects would 

provide important information to link training with teaching practices and its relation 

with student achievement. 

In addition, TIMSS 2003 did not collect data regarding teachers’ aptitude or 

measure subject-matter knowledge, which the literature shows are characteristics most 

strongly related to student achievement (Hanushek & Rivkin, 2004; Monk & King, 

1990). Objective measures of teachers’ content knowledge (Hill, Rowan & Ball, 2005; 

Hill, 2007) have been utilized in past research and would enhance future large-scale 

assessments.  These measures could be incorporated into future data collection efforts, 

which would improve a significant limitation within the current data.  Finally, future 

cross-national data collection efforts should explore teaching behavior so that direct links 

between teacher characteristics, behavior, and student outcomes can be examined. 

To do this, experts within the field of teacher quality must play a greater role in 

the design and development of survey items for future data collection efforts. The 

previously noted gaps in the data have limited TIMSS 2003 usefulness for addressing 
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questions that are of central concern to policymakers and researchers about teacher 

quality.  Thus, advancements in defining and measuring teacher quality, its 

characteristics, and effects upon mathematics achievement will only be possible when 

better data is collected (and then analyzed). 

 
 

Methodological Limitations with this Dissertation’s Measurement of Teacher 
Quality 
 

As previously noted, there have been limitations in the methodology, as well as 

violations to some of the assumptions to conduct the data analysis.  First, to compute the 

factor score using principal component analysis, it was necessary to aggregate the data to 

the classroom level to avoid violating the independence of observation assumption.  As a 

result, the variables related to parental education and mathematics achievement also had 

to be aggregated to the classroom level, which meant that the variances in the classroom 

were not properly modeled.  Moreover, as data is aggregated to higher levels, there is 

concern of finding more positive effects than when it is measured at the student level 

(Hanusheck et al, 1996).  Second, the data analysis techniques used in this study have not 

appropriately accounted for the type and level of data, since some variables were 

dichotomous.  Third, in this dissertation measurement invariance was imposed in order to 

obtain a consistent measure across countries.  Fourth, the data analysis was complicated 

by the complex sampling design of TIMSS 2003.  

Methodological Improvements to Measure Teacher Quality 
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Future research can improve upon the previously noted limitations by using 

Ordinal Indicator Confirmatory Factor Analysis (OICFA) (Jöreskog, 2002), which would 

permit the use of various types of variables (i.e. continuous, ordinal, categorical). 

Moreover, Ordinal Indicator Confirmatory Factor Analysis can address multi-level data 

and so it would not be necessary to aggregate the data.  Moreover, this technique is more 

accurate than factor analysis using principal component analysis, since measurement 

error is minimized.  Future studies should utilize Mplus, a multivariate software, which 

has the capability to conduct Ordinal Indicator Confirmatory Factor Analysis and 

integrate design and population weights into its analysis, which is needed with databases 

such as TIMSS 2003, which have complex sampling designs.  A future study utilizing 

this methodology and software would address the limitations noted in this study. 

Future Teacher Quality Research 
 
 Future research can explore additional topics related to teacher quality, which this 

dissertation did not address.  For example, it would be helpful to conduct an in-depth 

study of countries which my analysis has revealed had a high level of teacher quality and 

had no association with students’ socio-economic status.  As well, a study which 

examines the policies pursued and the role of the government to achieve equity in the 

distribution of teacher quality would provide useful information to policymakers in the 

United States and other countries.  It would be helpful to learn what policies were 

employed to attract and retain high quality teachers in low performing schools, especially 

in countries with competitive labor markets.  Data analysis indicated that countries such 

as Australia, New Zealand and Sweden, which have decentralized educational systems, 
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uniformity of teacher quality, and had no association between teacher quality and 

classroom socio-economic status, would be ideal countries to analyze in more detail.    

This study did not explore the possibility of measuring teacher quality without 

imposing measurement invariance.  This topic would help to reveal if different variables 

comprise teacher quality in different countries.  In addition, it would be helpful to 

compare the effect of teacher quality to other school resources, to examine the relative 

importance of various inputs to the learning process.  This could advance the debate of 

what matters for student achievement: school or student characteristics.   

Final Implications of Dissertation 

By tapping into the full range of variation in teacher quality provided by international 

data, this dissertation was able to answer some questions that would not have been 

possible to answer solely by examining data from the United States.  Before this 

dissertation, little was known cross-nationally about the level of teacher quality, its 

association with students’ socio-economic status, and impact upon mathematics 

achievement, including interaction effects.  This study was able to shed new light into 

this topic, by confirming and contradicting findings from past cross-national studies.  In 

order to conclude this dissertation, final reflections about the findings and their 

implications are discussed.   

This study developed a composite of teacher quality based upon 29 TIMSS 2003 

variables.  The composite was largely composed of self-assessments of teachers’ 

readiness to teach mathematics content, type of certification, and participation in 

professional development related to instructional technology and mathematics 

assessment.  While these measures reflect teaching and mathematics preparation, they 
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may not be the best indicators of these characteristics.  For example, self-assessment 

measures may not reflect teachers’ actual level of readiness or familiarity with 

mathematics content.  Moreover, self-assessment data is subject to bias, since teachers 

may overstate (or understate) their skills, knowledge or ability. 

As well, the other TIMSS 2003 variables comprising the composite did not examine 

what teachers know and do.  TIMSS 2003 only collects information related to 

certification, years of experience, participation in professional development, and level of 

education.  Yet, it is not the number of years of teaching experience that makes teachers 

effective, but their knowledge and skills.  Unfortunately, TIMSS 2003 did not provide 

information about teaching behavior and mathematics knowledge.  Direct measures 

related to teachers’ behavior and knowledge may offer more promise for capturing 

teacher quality, than the characteristics that have been utilized in this dissertation. 

Because of limitations with the data and the previously noted methodological 

limitations, this study measured teacher quality imperfectly.  However, the composite in 

this dissertation is an improvement in the measurement of teacher quality from previous 

studies in the United States (Darling-Hammond, 2000; Clotfelter, Ladd, Vigdor, 2005) 

and in one of cross-national nature (Akiba, LeTendre & Scribner, 2007).  Some of the 

studies in the United States used only one indicator, such as certification (Darling-

Hammond, 2000) or one characteristic, such as experience (Clotfelter, Ladd, Vigdor, 

2005).  Akiba and his colleagues measured teacher quality with only three variables: 

certification, mathematics major, and years of experience, and aggregated the data to the 

national level, thus losing much of the variance across students and classrooms. 
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Based on the composite used in this dissertation, teacher quality was not homogenous 

across countries.  In some countries such as the United States, New Zealand, Australia, 

and Romania, most of the sample had high composite scores, suggesting more uniformity 

within these countries.  In contrast, most of the sample in Chile, Botswana, Ghana, 

Jordan, Malaysia, and Philippines had low composite values and large variances, 

suggesting a lack of uniformity of teacher quality characteristics in these countries.  This 

may not be surprising when you consider differences across countries related to training, 

professional development, and resources devoted to the educational system. The overall 

level of funding for education across countries continues to be substantially large (Baker, 

Goesling, LeTendre, 2002).  More developed countries such as the United States provide 

more training and have higher entry requirement into the teaching field (Akiba, 

LeTendre, Scribner, 2007), in comparison to less developed countries. Wider variations 

in school quality have been noted in less developed countries (Fuller, 1986), so it seems 

plausible to infer that wide variation may also exist in teacher quality across countries, 

which may be the result of the ability of some countries to better fund education and 

teacher development than others.   

The topic of teacher quality distribution in relation to student socio-economic status 

has been studied less outside the United States.  So, before this dissertation we have not 

known whether teacher quality has been distributed more equitably in other countries 

than has been in the United States.  This dissertation found that teacher quality was 

allocated equitably in relation to classroom socio-economic status in most countries in the 

sample, except in the United States, Chile, Ghana, Philippines, and Slovakia.  
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Some have found that the retention of quality teachers in the United States is difficult 

in high-poverty schools (Darling-Hammond, 2000; Clotfelter, Ladd & Vigdor, 2006; 

Darling-Hammond & Sykes, 2003).  Others have suggested that high-poverty schools in 

the United States tend to have less favorable working conditions (Lui, Moore-Johnson & 

Peske, 2004), giving rise to limited support for teachers (Johnson, Kardos, Kauffman, Liu 

& Donaldson, 2004), student behavior problems (Barmby, 2006) and high teacher 

turnaround (Guarino, Santibanez & Daley, 2006).  I could not find studies of working 

conditions in the countries that this dissertation found to have an inequitable allocation of 

teacher quality in relation to classroom socio-economic status (i.e., Chile, Ghana, 

Philippines, or Slovakia).  Thus, future research should explore the working conditions 

across countries to determine whether their working conditions have the same effect as in 

the United States. 

In this dissertation teacher quality had an inconsistent effect upon mathematics 

achievement across countries.  This may be due to this dissertation’s imperfect 

measurement of teacher quality.  Better data may provide a more accurate measure of 

teacher quality and hence, its effects upon mathematics achievement.  So, the limitation 

in the composite may be one possible reason for the modest and inconsistent effect that 

teacher quality had upon mathematics achievement in this dissertation. 

Another possible explanation is that teacher quality has a less determinant effect 

upon mathematics achievement, in comparison to student characteristics.  As my data 

analysis and other studies have shown, family education and socio-economic status is a 

strong predictor of achievement (in Pakistan see Behrman et al, 1997; in South Africa see 

Case & Deaton, 1999; in Ghana see Glewwe & Jacoby, 1994).  This suggests that teacher 
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quality alone will not narrow the achievement gap between high and low income students 

(Akiba, LeTendre & Scribner, 2007).  Perhaps, an implication of this study is the need to 

recognize that one particular school input such as teachers, while important, cannot offset 

or counteract the many varied disadvantages that accrue to children from low income 

families (Coleman, 1990; Laureau, 2003).  For this reason, additional compensatory 

policies targeted to low socio-economic students that address the socio-economic 

disadvantages and improve student learning should be considered.   
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Appendix A 
Syntax for Teacher Quality Factor Score for All Countries in Sample 

 
matrix data variables = btbgta_1 btbgfe_1 btbmps_1 btbmps_2 btbgte_1 btbmre_1 btbmre_2 btbmre_3 btbmre_4 btbmre_5 btbmre_6 btbmre_7 btbmre_8 btbmre_9 
btbmr_10 btbmr_11 btbmr_12 btbmr_13 btbmr_14 btbmr_15 btbmr_16 btbmr_17 btbmr_18 btbmpd_1 btbmpd_2 btbmpd_3 btbmpd_4 btbgpd_1 btbmpd_5  /n =  2029. 
begin data. 
1  
0.076 1    
0.015 -0.054 1   
-0.021 0.013 0.046 1   
0.161 0.027 -0.033 0.062 1   
0.069 0.232 -0.005 0.057 -0.002 1   
0.081 0.176 0.066 0.102 -0.019 0.709 1   
0.092 0.258 0.09   0.127 -0.014 0.523 0.508 1   
0.022 0.124 0.109 0.164 0.028 0.544 0.546 0.595 1   
0.088 0.22   0.115 0.108 -0.038 0.503 0.555 0.634 0.728 1   
0.114 0.259 0.136 0.113 0.008 0.431 0.463 0.574 0.607 0.695 1   
0.113 0.205 0.043 0.088 0.009 0.491 0.488 0.549 0.481 0.529 0.522 1   
0.124 0.275 0.045 0.078  0.048 0.468 0.483 0.507 0.458 0.535 0.522 0.71 1   
0.175 0.274 0.023 0.078 -0.004 0.376 0.413 0.519 0.451 0.502 0.59 0.629 0.669 1   
0.18   0.217 0.022 0.101 0.027 0.379 0.439 0.486 0.458 0.515 0.58 0.596 0.589 0.707 1   
0.094 0.156 0.151 0.098 0.003 0.437 0.507 0.466 0.507 0.481 0.413 0.482 0.446 0.473 0.439 1   
0.097 0.163 0.098 0.129 -0.011 0.499 0.539 0.529 0.531 0.503 0.456 0.531 0.466 0.537 0.501 0.707 1   
0.049 0.185 0.157 0.186 -0.046 0.382 0.453 0.474 0.517 0.565 0.527 0.442 0.408 0.474 0.468 0.559 0.601 1  
0.102 0.161 0.081 0.123 0.034 0.364 0.373 0.553 0.455 0.462 0.484 0.534 0.536   0.597 0.56 0.494 0.588 0.526 1  
0.036 0.231 0.132 0.142 0.007 0.334 0.346 0.502 0.404 0.463 0.5   `0.479 0.489   0.542 0.52 0.367 0.399 0.472 0.589 1  
0.044 0.237 0.047 0.116 -0.065 0.347 0.337 0.476 0.382 0.448 0.441 0.479 0.476 0.505 0.454 0.376 0.41 0.404 0.518 0.752 1  
-0.002 0.266 0.019 0.16 -0.061 0.38 0.402  0.51 0.435 0.474  0.42  0.464 0.473 0.482 0.456 0.464 0.513 0.487 0.539 0.610 0.653 1 
0.089 0.322 0.096 0.106 0.022 0.363 0.4     0.512 0.437 0.521 0.52 0.521 0.592 0.572 0.512 0.441 0.485 0.45 0.589 0.633 0.638 0.694 1 
0.031 0.086 0.045 0.075 0.023 0.117 0.171 0.099 0.127 0.137 0.129 0.065 0.102  0.109 0.091 0.19  0.122 0.112 0.111 0.118 0.107 0.135 0.12 1 
0.00  0.096 0.063 0.119 0.045 0.112 0.135  0.138 0.116 0.145 0.125 0.05  0.096 0.116 0.107 0.184 0.112 0.167 0.132 0.180 0.160 0.143 0.114 0.508 1 
0.043 0.164 0.028 0.115 0.052 0.139 0.179 0.151 0.146 0.19   0.163 0.099 0.167 0.168 0.136 0.191 0.116 0.136 0.135 0.145 0.116 0.157 0.165 0.475 0.502 1 
0.069  0.189   0.067  0.137  -0.019  0.15   0.125 0.19 0.168 0.178 0.16 0.146 0.172 0.153 0.131 0.17 0.134 0.147 0.201 0.220 0.203 0.25 0.236 0.325 0.333 0.406 1 
0.028 0.095 0.008 -0.003 -0.039 0.085 0.094 0.077 0.084 0.107 0.095 0.046 0.067 0.089 0.108 0.094 0.071 0.063 0.102 0.157 0.151 0.135 0.104 0.371 0.412 0.351 0.361 1 
0.100 0.146  0.109  0.077 -0.002  0.087 0.148 0.183 0.154  0.225 0.233 0.111 0.151 0.190 0.181 0.174 0.111 0.154 0.147 0.206 0.21 0.195 0.219 0.428 0.406 0.401 0.326 0.489 1 
end data. 
factor 
/matrix=in (cor=*) 
/analysis = btbgta_1 btbgfe_1 btbmps_1 btbmps_2 btbgte_1 btbmre_1 btbmre_2 btbmre_3 btbmre_4 btbmre_5 btbmre_6 btbmre_7 btbmre_8 btbmre_9 btbmr_10 btbmr_11 
btbmr_12 btbmr_13 btbmr_14 btbmr_15 btbmr_16 btbmr_17 btbmr_18 btbmpd_1 btbmpd_2 btbmpd_3 btbmpd_4 btbgpd_1 btbmpd_5 / print=default fscore  
/plot=eigen /criteria=factors (1) /extraction=pc. 
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Appendix B 
Factor Loadings for each Country in Sample 

 
 

 
TIMSS 2003 Variable   Australia Botswana Chile  Ghana 
 
Years experience   .34  .26  -.30  -.08 
Full certification   .03  .18   .24   .14 
Mathematics major   .38  .02   .30   .12 
Mathematics education major  .25  -.01  .51  .14 
Level of education    .19  .00  -.11  -.02 
Very ready to teach numbers-decimals .81  .53  .70  .44 
Very ready to teach numbers-integers .59  .60  .52  .61 
Very ready to teach algebra-pattern  .88  .51  .75  .67 
Very ready to teach algebra-equations .88  .64  .78  .34 
Very ready to teach algebra-equivalent .87  .69  .79  .58 
representations 
Very ready to teach algebra- attributes .88  .76  .76  .67 
Very ready to teach measurement-   .78  .59  .72  .52 
estimation 
Very ready to teach- computation  .76  .70  .73  .64 
Very ready to teach- estimation measures .79  .76  .71  .73 
Very ready to teach estimation- precision .74  .68  .72  .70 
Very ready to teach geometry-  .75  .53  .72  .45 
Pythagorean Theorem   
Very ready to teach geometry- congruent .83  .69  .74  .39 
figures 
Very ready to teach geometry-  .82  .74  .76  .57 
Cartesian plane 
Very ready to teach geometry- translation .81  .52  .65  .50 
Very ready to teach data- sources of error .77  .71  .73  .58 
Very ready to teach data collection  .83  .66  .74  .53 
Very ready to teach data characteristics .80  .73  .73  .59 
Very ready to teach data- simple probability .80  .73  .70  .65 
Participation in professional development .20  .15  .19  .19 
critical thinking 
Participation in professional development .18  .15  .25  .20 
mathematics content 
Participation in professional development .27  .21  .28  .30 
mathematics pedagogy 
Participation in professional development .26  .19  .19  .17 
mathematics assessment 
Participation in professional development- -.03  .11  .14  .08 
mathematics curriculum 
Participation in professional development- .17  .09  .32  .25 
mathematics instructional technology 
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TIMSS 2003 Variable  Hong Kong Jordan  Malaysia New Zealand 
 
Years experience   .10  -.10  -.04  .31 
Full certification   .26   .23  .13  .00 
Mathematics major   .05   .00  .10  .25 
Mathematics education major  .07   .17  .01  .18 
Level of education    -.12 -.10  -.12  .43 
Very ready to teach numbers-decimals .82   .71  .67  .82 
Very ready to teach numbers-integers .83   .77  .63  .76 
Very ready to teach algebra-pattern  .72   .63  .67  .79 
Very ready to teach algebra-equations .79   .83  .73  .84 
Very ready to teach algebra-equivalent .75   .81  .76  .84 
representations 
Very ready to teach algebra- attributes .76   .76  .74  .81 
Very ready to teach measurement-   .69   .66  .64  .69 
estimation 
Very ready to teach- computation  .84   .71  .68  .74 
Very ready to teach- estimation measures .74   .67  .66  .82 
Very ready to teach estimation- precision .77   .71  .73  .73 
Very ready to teach geometry-  .65   .74  .65  .73 
Pythagorean Theorem   
Very ready to teach geometry- congruent .75   .72  .61  .86 
figures 
Very ready to teach geometry-  .71   .81  .68  .82 
Cartesian plane 
Very ready to teach geometry- translation .66   .79  .60  .80 
Very ready to teach data- sources of error .73   .63  .67  .70 
Very ready to teach data collection  .78   .65  .54  .67 
Very ready to teach data characteristics .77   .82  .66  .75 
Very ready to teach data- simple probability .75   .80  .67  .82 
Participation in professional development .12   .06  .08  -.02 
critical thinking 
Participation in professional development .04  -.06  .11  .09 
mathematics content 
Participation in professional development .10   .14  .08  .14 
mathematics pedagogy 
Participation in professional development .23   .15  .06  .08 
mathematics assessment 
Participation in professional development- .05  -.07  .02  -.01 
mathematics curriculum 
Participation in professional development- .20   .10  .13  .19 
mathematics instructional technology 

 
______________________________________ 
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TIMSS 2003 Variable  Palestine Philippines Romania Serbia 
 
Years experience   .27 -.05  .07  -.15 
Full certification   .11 .11  .09  .36 
Mathematics major   -.06 .06  .31  -.03 
Mathematics education major  .27 .13  -.04  -.04 
Level of education    .02 -.14  .10  .14 
Very ready to teach numbers-decimals .71 .64  .60  .92 
Very ready to teach numbers-integers .33 .56  .62  .91 
Very ready to teach algebra-pattern  .55 .50  .60  .82 
Very ready to teach algebra-equations .51 .72  .69  .93 
Very ready to teach algebra-equivalent .44 .66  .55  .94 
representations 
Very ready to teach algebra- attributes .71 .55  .66  .93 
Very ready to teach measurement-   .51 .72  .67  .89 
estimation 
Very ready to teach- computation  .78 .70  .68  .88 
Very ready to teach- estimation measures .72 .73  .66  .84 
Very ready to teach estimation- precision .76 .55  .70  .79 
Very ready to teach geometry-  .03 .68  .67  .93 
Pythagorean Theorem   
Very ready to teach geometry- congruent .45 .73  .54  .92 
figures 
Very ready to teach geometry-  .58 .68  .59  .92 
Cartesian plane 
Very ready to teach geometry- translation .61 .77  .47  .90 
Very ready to teach data- sources of error .72 .66  .65  .33 
Very ready to teach data collection  .62 .64  .55  .35 
Very ready to teach data characteristics .65 .74  .46  .41 
Very ready to teach data- simple probability .72 .68  .57  .38 
Participation in professional development .21 .15  .20  .32 
critical thinking 
Participation in professional development .30 .144  .215  .31 
mathematics content 
Participation in professional development .27 .10  .19  .26 
mathematics pedagogy 
Participation in professional development .25 .09  .23  .24 
mathematics assessment 
Participation in professional development- .11 .15  .31  .27 
mathematics curriculum 
Participation in professional development- .21 .12  .28  .25 
mathematics instructional technology 
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TIMSS 2003 Variable   Slovakia Sweden United States 
 
Years experience   .12  .02  .26 
Full certification   -.11  .19  .29 
Mathematics major   -.07  .41  .24 
Mathematics education major  .01  .33  .30 
Level of education    -.06  .00  .02 
Very ready to teach numbers-decimals .69  .76  .54 
Very ready to teach numbers-integers .72  .74  .66 
Very ready to teach algebra-pattern  .68  .74  .80 
Very ready to teach algebra-equations .63  .77  .75 
Very ready to teach algebra-equivalent .74  .78  .81 
Representations 
Very ready to teach algebra- attributes .72  .78  .77 
Very ready to teach measurement-   .68  .79  .78 
estimation 
Very ready to teach- computation  .63  .82  .76 
Very ready to teach- estimation measures .68  .83  .72 
Very ready to teach estimation- precision .58  .73  .70 
Very ready to teach geometry-  .65  .82  .77 
Pythagorean Theorem   
Very ready to teach geometry- congruent .74  .79  .75 
figures 
Very ready to teach geometry-  .69  .79  .77 
Cartesian plane 
Very ready to teach geometry- translation .60  .74  .78 
Very ready to teach data- sources of error .59  .64  .69 
Very ready to teach data collection  .53  .61  .69 
Very ready to teach data characteristics .52  .63  .83 
Very ready to teach data- simple probability .57  .63  .78 
Participation in professional development .10  .257  .32 
critical thinking 
Participation in professional development .15  .15  .36 
mathematics content 
Participation in professional development .29  .19  .23 
mathematics pedagogy 
Participation in professional development .02  .11  .24 
mathematics assessment 
Participation in professional development- .16  .11  .16 
mathematics curriculum 
Participation in professional development-.21  .20  .32 
mathematics instructional technology 
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Appendix C 
Histograms of Teacher Quality Composite 
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Teacher Quality Composite
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Teacher Quality Composite
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Teacher Quality Composite
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Teacher Quality Composite
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Teacher Quality Composite
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Teacher Quality Composite
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Teacher Quality Composite
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Appendix D 
Scatterplot Composite and Mean Classroom Parental 

Education  
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Botswana
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Hong Kong
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Malaysia
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Romania
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Slovakia
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Appendix E 
Scatterplots Standardized Predicted and Residual Values 
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Scatterplot for Australia
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Scatterplot for Botswana
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Scatterplot for Chile
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Scatterplot for Ghana
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Scatterplot for Hong Kong
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Scatterplot for Jordan

Avg Classroom Mathematics Achievement

Regression Standardized Predicted Value

210-1-2-3

R
eg

re
ss

io
n 

S
ta

nd
ar

di
ze

d 
R

es
id

ua
l

3

2

1

0

-1

-2

-3

 



 240

Scatterplot for Malaysia
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Scatterplot for New Zealand
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Scatterplot for Palestine

Avg Classroom Mathematics Achievement

Regression Standardized Predicted Value

210-1-2-3-4

R
eg

re
ss

io
n 

S
ta

nd
ar

di
ze

d 
R

es
id

ua
l

4

3

2

1

0

-1

-2

-3

 

Scatterplot for Philippines
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Scatterplot for Romania
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Scatterplot for Serbia
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Scatterplot for Slovakia
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Scatterplot for Sweden
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Scatterplot for the United States
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Appendix F 
Scatterplots Standardized Predicted and Residual Values  

 

Scatterplot for All Countries
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Scatterplot for Australia
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Scatterplot for Botswana
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Scatterplot for Chile
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Scatterplot for Ghana
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Scatterplot for Hong Kong
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Scatterplot for Jordan

Avg Classroom Mathematics Achievement

Regression Standardized Predicted Value

3210-1-2-3

R
eg

re
ss

io
n 

S
ta

nd
ar

di
ze

d 
R

es
id

ua
l

3

2

1

0

-1

-2

-3

 



 249

Scatterplot for Malaysia
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Scatterplot for New Zealand
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Scatterplot for Palestine
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Scatterplot for Philippines
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Scatterplot for Romania
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Scatterplot for Serbia
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Scatterplot for Slovakia
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Scatterplot for Sweden
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Scatterplot for the United States
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