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Executive Summary 

TIMSS – the Third International Mathematics and Science Study – was a massive 
international project.  Internationally, more than half a million students from over 30 000 
classes in more than 15 000 schools in 45 countries participated.  In Australia, the sample 
consisted of more than 29 000 students at three grade levels.  This report is based on data 
obtained from the younger two cohorts: those at grade 4/5 (approximately 12 500 students) 
and those at grade 8/9 level (approximately 14 500 students).  Its focus is on understanding 
the factors that influence achievement in mathematics and science. 

Framework 

The conceptual framework underlying TIMSS centres on four basic questions: 

��what are students expected to learn? 

��who delivers the curriculum? 

�� how is instruction organised? 

��what have students learned? 

In order to provide information about each of these, students, teachers and schools completed 
questionnaires.  Together with the achievement tests, these questionnaires provide us with a 
range of variables with which to explore student achievement in mathematics and science. 

The Report 

Results for each population have been reported previously, however in each, separate 
analyses were conducted from the data for students, teachers and schools.  However, 
outcomes of schooling are likely to be related to a range of factors operating at each of these 
levels and interacting in complex ways.  In order to explore these interactions, multivariate 
and multilevel analyses are required.  The focus of this book is on building the multilevel (or 
hierarchical) models needed to examine properly the independent effects of student 
background factors, teacher or classroom factors, and school factors, that play a part in 
students’ achievement in mathematics and science.  This is necessary due to the hierarchical 
nature of the data: students are clustered within classrooms and classrooms are clustered 
within schools.  In Australia, data were collected for two mathematics classes in each school, 
allowing the development of a three-level model.  Students were surveyed in intact 
mathematics classes.  However in general they spread out rather more widely for science 
classes, and as a result of smaller numbers, the classroom and school data for science have 
had to be combined as a single level.  

Previous Perspectives 

A review of related studies produced ample evidence that a multitude of factors influence 
mathematics and science achievement.  Large-scale studies in particular were reviewed, 
particularly those with a similar purpose to TIMSS – to identify factors pertaining to 
schooling that ‘make a difference’ as far as learning outcomes for students are concerned.  
Clusters of variables similar to those featured in TIMSS were a focus, as were those large-
scale studies examining variables at different levels of the hierarchy of schooling.  The 
consistent thread running through the studies reviewed is that student-level factors are the 
most powerful in accounting for achievement differences.  Some studies successfully 
identified teacher or classroom-level factors as having an influence on achievement, but the 
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effects of these factors were relatively small compared with the effects of student-level 
factors.  The same was true for school-level factors.  Nevertheless, using multilevel 
modelling techniques, some schools can be identified as having more ‘value-added’ effect 
than others, allowing factors to be identified that may be able to be manipulated to achieve 
better outcomes for students. 

An overview of results from the Australian TIMSS reports provided information about which 
variables were related to mathematics and science achievement for the data which was being 
used for this study, in order to identify the variables that were likely to be useful in the 
secondary analyses. For primary school students (population) 1, the main findings from those 
reports were: 

�� achievement in mathematics and science is most strongly related to socioeconomic and 
sociocultural factors such as status of parents’ occupation  and the number of books in 
the home; 

�� students from larger families and those who spoke a language other than English at home 
at least some of the time achieved lower scores in all areas than those from smaller 
families and those from families who only spoke English (although the relationships with 
achievement were not as strong as those for scoieconomic influences). 

For junior secondary school students (population 2), the most important influence on 
achievement in mathematics and science was the educational level to which the student 
aspired.  Again, socioeconomic and sociocultural factors such as mother’s or father’s 
occupation, mother’s or father’s education, number of books in the home and number of 
possessions in the home were all positively associated with achievement.   

Another finding of note from the correlational analysis was that perceived importance of 
doing well in mathematics and science was important for the secondary school students but 
not for the primary students, particularly the importance of mathematics or science for getting 
a job or getting into a post-school course.  It was, however, important for achievement for 
students to like mathematics and science, and to have confidence in their ability to do well, 
with those who found these subjects boring and those with the least confidence most likely to 
be those who were achieving at the lowest levels.   

For both groups of students, the most significant negative correlations were between 
achievement and belief in external factors (such as good luck) as the source of success in 
mathematics and science. 

Potential Influences 

Multivariate analysis of the data was conducted to examine the independent effects of the 
variables on mathematics and science achievement.  The overwhelming picture of the results 
of all four analyses is one of similarity rather than difference in the findings.  

Student influences 

Word knowledge, as a surrogate for developed verbal ability, was an overridingly strong 
predictor of achievement in both mathematics and science, at both grade levels.  While this 
probably says something about the nature of the TIMSS tests, there is no doubt that modern 
approaches to teaching mathematics or science with a contextual basis mean that merely 
testing algorithms or abstract algebraic systems would be regarded as not useful.  Thus, the 
current approaches to teaching and assessment mean that verbal skills and the ability to 
communicate one’s reasoning in constructed, written responses are essential to making 
progress at school in most subject areas, including mathematics and science.  
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The level of relationship found with socio-cultural variables in these analyses is similar to 
that which pervades the research literature in western societies.  Those with greater access to 
resources, be it financial or cultural, such as number of books in the home, achieve at higher 
levels than those who do not, even holding constant developed verbal ability. 

Teacher influences 

Teachers play an important role in students’ learning of mathematics and science, partly 
because of their pedagogical knowledge and partly because of their attitudes and beliefs 
about teaching their subject matter.  Initial analyses of the teacher data found that the greatest 
proportion of both primary and secondary level teachers were aged between 40 and 49 years.  
At the primary level, almost three-quarters of the teachers in the TIMSS sample were female, 
while just under one-half of the mathematics and science teachers at secondary level were 
female.  About 15 per cent of the primary teachers, and a little over one-quarter of the 
secondary mathematics and science teachers held postgraduate qualifications.  

For the primary teachers, six underlying factors were derived from the items posed to 
teachers about teaching and learning their subject matter for underlying constructs: 

• Problem-solving approach to teaching (ie responses to items about the frequency with 
which students are asked to explain their reasoning, work in small groups); 

• Traditional approach to teaching (ie responses to items about the frequency that 
students practice computational skills, work together as a class with the teacher 
teaching); 

• Importance of student understanding (ie responses to items about the teachers’ 
perceptions about the importance of students understanding how mathematics is used, 
importance that students think creatively); 

• Mathematics as a structured, real-world representation (ie responses to items about 
whether mathematics is primarily a practical and structured guide for addressing real 
situations); 

• Mathematics as a set of rules and procedures (ie responses to items about whether 
mathematics should be learnt as sets of algorithms or rules that cover all 
possibilities); and 

• Teaching as a profession (ie whether teachers believe that students and society 
appreciate their work, and whether they would change jobs if given the opportunity). 

For the secondary school mathematics teachers, five underlying constructs were derived, 
matching those for the primary teachers other than factors 3 and 4 that were combined into a 
single factor.  For the secondary level science teachers, five underlying constructs were also 
derived, again very similar to those already described for primary teachers.   

School influences 

Principals were asked to respond to a survey that asked about the location of the school, the 
number of students, and the school’s climate, intellectual capital and provision of resources.   

The largest problem in secondary schools was found to be with student lateness to school, 
which occurred on a daily basis in almost 60 per cent of schools, although only amongst 
small groups of students. Student absenteeism was also found to be a problem in secondary 
schools, with a little over 40 per cent of schools reporting that it was a problem on a daily 
basis, although again with only a small proportion of students.  The largest problem in 
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primary schools was with lateness, although this was a problem of a much smaller order than 
for secondary schools. 

While there are clearly some relationships between some school climate variables with 
mathematics and science achievement, it is likely that there are complex interactions between 
these variables and those at the student level and the classroom level.  As such, a better 
picture can be obtained by considering each group simultaneously as clusters of variables. 

Findings 

To eliminate problems caused by different grade levels, a common grade level was chosen for 
these analyses: Year 4 for primary schools and Year 8 for secondary schools.  The clusters of 
variables that were entered into the models of mathematics achievement represented: 

• Student background variables (sex, number of books in the home, family size, 
ethnicity, socioeconomic status); 

• Student mediating variables (word knowledge score, student’s attitude towards 
mathematics, student’s perception of the importance of mathematics); 

• Classroom composition variables (class-level mathematics attitude, class-level word 
knowledge score); 

• Classroom teacher variables (age, sex, educational qualifications, years teaching, 
factor scores on the six [five for secondary students/teachers] underlying factors); 
and  

• School level variables (school size, amount of time spent on mathematics, school 
location, and school average socioeconomic status). 

To examine the effects of different variables on mathematics achievement, a model was built 
by successively adding blocks of variables.  In the primary school sample, 70 per cent of the 
explained variance in mathematics achievement was associated with differences among 
students within classrooms, 12 per cent with differences between classrooms, and 18 per cent 
with differences between schools.  In the secondary sample the corresponding proportions 
were 57 per cent, 32 per cent and 11 per cent.  In other words, there were greater differences 
between schools at primary than secondary level, but at both levels most of the variation was 
among individual students (and a large proportion of that was explained by developed verbal 
ability).  

Students 

The expected influence of student social background (socioeconomic status, books in the 
home and family size) on achievement in both mathematics and science was found.  
However, this influence was much reduced when the Word Knowledge score was included in 
the analysis.  In other words social background influences achievement both through its effect 
on developed ability (reflected in Word Knowledge) and through its direct effects.  Lower 
socioeconomic status is associated with lower scores on the Word Knowledge test and this is 
in turn reflected in lower levels of achievement.  

The analyses also showed a small but significant difference between males and females in 
mathematics achievement in population 1 but not in population 2.  This appeared larger after 
allowance was made for differences in Word Knowledge scores.  In other words females had 
higher scores on the Word Knowledge test than males but this was not reflected in their 
mathematics achievement in primary school, but in secondary school the opposite was 
apparent.  Initially there was a gender difference but when allowance was made for Word 
Knowledge, this difference became non-significant.  This means that males and females with 
similar levels of developed ability scored similarly on the mathematics test.   In science the 
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gap between males and females in achievement was wider than in mathematics, and evident 
at both primary and secondary school.   

There was no effect of language background other than English on achievement in 
mathematics and only a very weak effect in science. 

Having positive attitudes to mathematics or science was found to result in higher 
achievement in that area, even after allowing for the influence of developed ability.  This was 
evident at both primary and secondary school level but was stronger at secondary school 
level.  Although this is a student-level influence it has relevance for curriculum and teaching.  
It suggests that it is important to foster positive attitudes to mathematics and science if higher 
achievement outcomes are to be attained.  An additional conclusion is that the influence of 
developed ability (word knowledge) is smaller at secondary level than primary school for 
mathematics, suggesting that mathematics is a more distinctive domain of achievement at this 
level of schooling and reflects school arrangements for more specialised teaching in that 
subject.  The influence of developed ability was, however, stronger in science for secondary 
school than for primary school.   

Schools and classrooms 

School and classroom factors also influence mathematics achievement.  At primary school 
level 30 per cent of the variation in achievement was associated with differences among 
schools or classrooms and at secondary school level the corresponding percentage was 43 per 
cent.  For science the corresponding figures were 21 per cent at both primary and secondary 
school level.  At both primary and secondary level the composition of classrooms (in terms of 
social background and developed ability) was an important influence on achievement.  In the 
case of secondary schools, if the class was one with a high mean level of developed ability 
(higher class average Word Knowledge scores), mathematics and science achievement was 
higher.  From a social learning perspective this is consistent with an interpretation that the 
resources that students bring to the classroom influence the learning that takes place and 
achievement.  From a policy perspective it presents a dilemma: achievement can be enhanced 
for some but at the expense of others. 

In the multilevel analyses it was not possible to detect any overall influences of differences in 
either teacher background or approaches to teaching mathematics.  In part this may be 
because it is hard to capture the detail of what happens in classrooms from teachers’ answers 
to survey questions.  It may also result from the form of variable-focused analysis typically 
employed.  In the more detailed studies of unusually effective (and ineffective) classrooms it 
was suggested that features of schools related to student management (less lateness, absence, 
misbehaviour) may be associated with higher levels of achievement.  Those issues remain to 
be investigated further in more focused studies concerned with the clusters of classroom 
characteristics associated with different patterns of achievement. 

States 

State differences were also explored in a four-level multilevel analysis, with state as a fourth 
level.  This was only possible for the five larger states.  The analysis showed clearly that 
while there were state differences, differences within states were far greater than those 
between states, particularly after taking into account prior verbal ability and socioeconomic 
status.  There are, however, particular factors that appear to affect student achievement in 
mathematics across all states. These are prior verbal ability, positive attitudes to mathematics, 
and at grade 8 level, socioeconomic status and sociocultural background. 
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Conclusions 

There are many influences on student achievement in mathematics and science.  Ideally the 
search to identify those influences should utilise longitudinal data so that characteristics of 
students, classrooms and schools could be related to changes in achievement. This 
investigation utilised cross-sectional data but focused specifically on mathematics and 
science achievement by making allowance for differences in students’ verbal abilities and 
their social backgrounds. 

The investigation reveals that most of the variation in mathematics and science achievement 
arises from differences among students rather than their classrooms or schools. The sources 
of this variation include verbal ability, socioeconomic and sociocultural background and 
interest. Even though interest in mathematics and science is conceptualised as a characteristic 
of individuals it can be shaped by the ways mathematics and science are taught. The sources 
of interest may be individual and therefore attention to the interests of individuals within 
classrooms may be important to nurture understanding and achievement. 

Much of the difference among classrooms and schools in mathematics and science 
achievement is a reflection of the composition of the school or classroom. If the class is one 
with high average levels of developed verbal ability mathematics and science achievement is 
higher.  Resources that students bring to the classroom influence the learning that takes place.  
This represents a dilemma in that achievement can be enhanced for some at the expense of 
others.  The study did not identify any effects of teacher background or approaches to 
teaching mathematics on achievement.  It is hard to capture the detail of what happens in 
classrooms from teachers’ answers to survey questions.  However, in the more detailed 
studies of unusually effective (and ineffective) classrooms, it was found that issues of student 
management (less lateness, absence, misbehaviour) might be associated with higher levels of 
achievement. These findings are consistent with those from other countries that participated 
in TIMSS. Home and school influences on student achievement are closely interwoven. 
Schools that draw their students from affluent communities are also likely to have more 
experienced and better-qualified staff and disentangling the contributions of these interactive 
influences is difficult. This study has shown that it is important to consider not just what 
teachers contribute to the learning process but what students also contribute. 

 

 



Introduction 

In the mid 1990s, Australia joined more than 40 other countries, from most regions of the 
world, in taking part in the Third International Mathematics and Science Study (TIMSS).  
The study was initiated by the International Association for the Evaluation of Educational 
Achievement (IEA), a large, non-governmental association of educational research centres 
which has been carrying out international achievement surveys since the early 1960s.  The 
IEA’s headquarters are currently in Amsterdam.  According to its own brochures, the 
association’s main aim is ‘to conduct comparative studies focusing on educational policies 
and practices in order to enhance learning within and across systems of education’. 

As the TIMSS name indicates, there have been two previous international studies of 
mathematics and science achievement.  The earlier ones differed from TIMSS in that the two 
subject domains were investigated in separate studies.  The first and second mathematics 
studies took place in 1964 and 1980-82.  Corresponding dates for the first and second science 
studies were 1970-71 and 1983-84.  Numbers of countries taking part and world regions 
represented in the first and second studies were limited in comparison with TIMSS, which is 
by far the largest and most comprehensive study undertaken to date.   

Australia participated in all of the mathematics and science surveys except the second 
international mathematics study.  For timing reasons, instead of waiting for the development 
of new tests for the second international study, which was subject to delayed schedules, the 
1964 tests were used again in Australia in 1978.  Changes over this 14-year time period were 
therefore able to be studied in relation to the same tests, and have been described by Rosier.1  
There have been several international reports and one or more national Australian reports 
produced from each of the first and second studies, which are listed in a separate 
Bibliography as an appendix to this book.  There have also been several published reports of 
results from TIMSS, which are included in the Bibliography and also in the References 
section, as relevant. 

Benefits of international studies 

Countries differ in the ways their school education is organised, in the curricula they offer, in 
the preparation required of their teachers, in the styles their teachers use to present the 
curricula, in their expectations of students, and in many other factors potentially related to 
effective teaching and learning.  The researchers who established the IEA wanted to study 
organisational and curriculum-related issues that could not easily be investigated in a single 
school system or country.  They believed that naturally occurring differences from country to 
country in the ways that education is organised and delivered would provide a ready-made 
‘laboratory’ for studying relationships of such factors with student achievement. 

Different countries probably have different purposes for participating in studies such as 
TIMSS.  A range of purposes is both possible and justifiable from the nature of the data.  
Possible purposes include: determining what are reasonable upper limits to expect of their 
students; understanding their students’ achievements in an international context; examining 
the effects of a major curriculum reform; gauging where reform might be needed; stimulating 
the allocation of more funds for education; and monitoring where the areas of greatest 
educational need lie in their own country.  IEA studies have become increasingly rigorous in 
their design and standardisation of procedures, necessary for making valid inferences from 
their results.  TIMSS had by far the most rigorous quality control procedures of any IEA 
study to date,2 thereby offering an excellent source of data for investigating questions related 
to purposes such as those listed here.       



2 Lessons from TIMSS 

With funding becoming more scarce and the need for better educated populations, countries 
around the world are becoming more and more concerned about how to achieve best value 
for their education spending. The underlying challenge for a study such as TIMSS will 
always be to determine more about effective teaching and learning.  Making use of the 
Australian (and some international) TIMSS data, this book is another step towards providing 
some answers about effective teaching and learning of mathematics and science in Australian 
primary and secondary schools. 

Organisation of the book 

To set the context, an overview of TIMSS and Australian primary and secondary students’ 
achievement is provided in Chapter 1.  A review of literature about earlier studies which 
have investigated a wide range of school, teacher and student factors in relation to 
mathematics or science achievement is presented in Chapter 2, to set the boundaries for the 
analyses and results that form the main part of this book.  The review focuses on large-scale 
studies.  The decision was taken not to attempt to review literature about the myriad of 
smaller studies, investigating one or two variables at a time in relation to achievement.  For 
one thing, this would have been a never-ending task, and, for another, it would have been 
unlikely to reveal more than has already been reported from the larger-scale studies about 
variables that are separately related to achievement. 

In the context of the more sophisticated analyses that form the main part of the present work, 
it is, however, useful to bear in mind the results from the analyses of one or two variables at 
a time that have already been carried out with the Australian TIMSS data for the initial 
Population 1 and Population 2 reports.3  Results of the most relevant of these analyses are 
presented in Chapter 3 of this book. 

The material presented from Chapter 4 onwards is new, and contains the results of the 
secondary analyses undertaken for this book.  Chapter 4 deals with the derivation of 
composite variables from the student questionnaire data and contains the results of regression 
analyses undertaken to identify the most useful clusters of student variables in terms of 
accounting for differences in mathematics and science performance.  In Chapter 5, 
multivariate procedures were carried out to identify useful clusters of variables related to 
teachers, their beliefs about mathematics and science, and their beliefs about mathematics 
and science teaching.  Chapter 6 contains some descriptive information about the TIMSS 
schools but also identifies clusters of variables for use in the multilevel analyses of the 
interplay of the many contextual variables that operate at different levels in relation to 
students’ schooling.  The results of the multilevel analyses of achievement in relation to 
clusters of variables identified in Chapters 4 to 6 are presented and discussed in Chapter 7. 
Chapter 8 provides a summary and some conclusions with policy implications. 

                                                 

Notes 

1  M. J. Rosier, Changes in Secondary School Mathematics in Australia, 1964-1980. Australian Council for 
Educational Research, Melbourne, 1980. 

2  M. O. Martin & I. V. S. Mullis (eds), Third International Mathematics and Science Study: Quality Assurance 
in Data Collection.  Boston College, Chestnut Hill, Massachusetts, 1996. 

3  J. Lokan, P. Ford, & L. Greenwood, Maths and Science on the Line: Australian Junior Secondary Students’ 
Performance in the Third International Mathematics and Science Study.  TIMSS Australia Monograph No. 1, 
Australian Council for Educational Research, Melbourne, 1996; and 

 J. Lokan, P. Ford, & L. Greenwood, Maths and Science on the Line: Australian Middle Primary Students’ 
Performance in the Third International Mathematics and Science Study.  TIMSS Australia Monograph No. 2, 
Australian Council for Educational Research, Melbourne, 1997.   



3 Lessons from TIMSS 

Chapter 1 

TIMSS in a Nutshell 

Scope 

With students from five grade levels from a total of 45 countries taking part, and 
achievement in two major curriculum areas assessed, TIMSS was a massive project.  In total, 
more than half a million students from more than 30 000 classes in more than 15 000 schools 
provided data.  Not only were comprehensive mathematics and science tests developed for 
the study, there were questionnaires responded to by the students, their teachers and their 
school principals.  Prior to the development of the tests, an extensive analysis of textbooks 
and curriculum documents was carried out.  Mathematics and science curriculum experts 
from each country also completed questionnaires about the placement of and emphasis on a 
wide range of mathematics and science topics in their country’s curricula.  There is thus an 
unprecedented range of contextual variables to examine in relation to the TIMSS 
mathematics and science achievement measures.  

Target student populations 

Three target population levels were specified for TIMSS participation: 

 Population 1:   the two adjacent grade levels containing the largest proportion of 
nine-year-old students at the time of testing; 

 Population 2:  the two adjacent grade levels containing the largest proportion of 
thirteen-year-old students at the time of testing; 

 Population 3:   the final year of secondary schooling (some specialist sub-groups 
were also defined at this level). 

 
For Populations 1 and 2, the original TIMSS design specified a minimum of 150 randomly-
selected schools per population per country, with two classes randomly selected to 
participate from each of the adjacent grade levels within each selected school.  Many 
countries were concerned about the cost of collecting data from samples of this size.  The 
design was therefore modified to two classes at the upper grade and one at the lower.  In 
practice, most countries also backed away from this compromise position.  The USA, 
Australia and Cyprus were the only countries which selected and tested more than one class 
per grade level per school. 

To be a member of TIMSS, a country had to participate in the Population 2 component.  In 
most countries this involved testing students in grades 7 and 8.  Participation in the other 
population components was optional.  Just over half of the countries took part in each of the 
Population 1 and Population 3 data collections, with only partial overlap in the groups of 
countries participating at these levels.  The countries which took part in the Population 1 and 
Population 2 components can be seen in the tables of results later in this chapter.  Results 
from the Population 3 component are not presented because the further analyses undertaken 
for this book pertain to Populations 1 and 2 only. 



4 Lessons from TIMSS 

Research model 

Curriculum aspects and other educational indicators 

TIMSS continued the practice begun in the second IEA mathematics study of focusing 
attention on three levels of the curriculum, all considered in relation to the context in which 
they occur.  The three curriculum levels are: 

• the intended curriculum—the curriculum as specified at national or system level; 

• the implemented curriculum—the curriculum as interpreted and delivered by classroom 
teachers; and 

• the attained curriculum—that part of the curriculum which is learned by students, as 
demonstrated by their attitudes and achievements. 

The relationship of the curriculum levels to their relevant contexts and the range of TIMSS 
instruments is illustrated in Figure 1.1. 
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Local, Community,
and School

Contexts
Personal Background
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Curriculum

Implemented
Curriculum
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3. International item
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1. Teacher
    questionnaire

1. Achievement
    instruments
2. Performance
    assessment tasks

School
Questionnaire

Student
Questionnaire

System-Level
Questionnaires

 

Figure 1.1 Relationship of the TIMSS Instruments to the Curriculum Aspects1 

TIMSS has also been influenced by the literature on educational indicators,2 which tends to 
view the complex interactions of teaching and learning in terms of ‘inputs’ and ‘outputs’.  In 
this literature inputs have a strong fiscal focus as well as pedagogical foci.  One framework 
which had some impact on the overall model of educational opportunity developed for 
TIMSS is shown in Figure 1.2. 
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Figure 1.2 An Input-Process-Output Model of an Education System3 

Major research questions guiding TIMSS 

Four main general research questions arising from the above and similar models guided the 
development of TIMSS.4  Each of these questions suggests a large number of more specific 
questions; some of these are addressed in this report, others form the basis of earlier reports 
and still others must wait for later reports.  The four general questions centre around the 
following areas: 

1 The intended curriculum 

  What are mathematics and science students around the world expected to 
learn?  How do countries vary in their intended goals, and what 
characteristics of education systems, schools and students influence the 
development of these goals? 

2 The implemented curriculum 

  What opportunities are provided for students to learn mathematics and 
science?  How do instructional practices in mathematics and science vary 
among countries, and what factors influence these variations? 

3 The attained curriculum 

  What mathematics and science concepts, processes and attitudes have 
students learned?  What factors are linked to students’ opportunity to 
learn, and how do these factors influence students’ achievements? 

4 Relationships of curricula to social and educational contexts 

  How are the intended, implemented, and attained curricula related with 
respect to the contexts of education, the arrangements for teaching and 
learning, and the outcomes of the educational process? 
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Combining the research questions into TIMSS’ model of educational opportunity 

The four main research questions were combined in the model of educational opportunity 
developed for TIMSS, shown here as Figure 1.3.  The model shows the four questions across 
the bottom and the range of contextual variables at home, school system, school and class 
level as columns corresponding to the appropriate research question.  The right-most column 
depicts the ‘outcomes of the educational process’ that is, student achievement. 
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Figure 1.3 TIMSS’ Conceptual Framework for Educational Opportunity5 

Summary of Population 1 and Population 2 instrument coverage 

Achievement tests 

Wide coverage of topics and processes in the TIMSS mathematics and science tests was 
achieved through a design in which the items were grouped into 26 clusters of from 10 to 18 
items each per population, and the clusters were rotated through eight test booklets per 
population.  Some items appeared in all eight booklets, some were included in half the 
booklets, down to some which were included in only one booklet.  The booklets within a 
population were created to be of about equal difficulty and to be answered in 90 minutes at 
Population 2 and 64 minutes at Population 1.  Each student did only one test booklet and 
each booklet contained a mixture of mathematics and science items.  About 15 items in each 
of mathematics and science were common to some of the test booklets across populations. 

The written achievement tests were each made up of multiple choice items (about 70 per cent 
of the items) and items requiring either short or extended constructed responses.  There were 
also some hands-on performance assessment tasks, requiring use of equipment, administered 
to subsamples of about 500 students per population.  This component of TIMSS is not 
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discussed further in this book, as the student samples were too small for the kinds of analyses 
that form the focus of the book to be carried out on the performance assessment data.  

Mathematics coverage 

Altogether there were 107 and 157 mathematics items spread across the Populations 1 and 2 
tests, respectively.  Items in ‘Whole numbers’, ‘Fractions and proportionality’ and 
‘Measurement, estimation and number sense’, each represented about equally, made up two-
thirds of the Population 1 test.  Items in ‘Geometry’, ‘Data representation, analysis and 
probability’ and ‘Patterns, relations and functions’, also represented about equally, made up 
the remaining third of the test.  At Population 2, items in ‘Fractions and number sense’ 
comprised a third of the test, another half was made up of items in ‘Geometry’, ‘Algebra’ and 
‘Data representation, analysis and probability’, each represented about equally, and the 
remainder was made up of items in ‘Measurement’ and ‘Proportionality’. 

Each item was also categorised according to the main skill required to answer it successfully.  
At Population 1, two-fifths of the items emphasised basic knowledge, two-fifths required 
carrying out routine or complex procedures, with a slightly greater emphasis on the latter, 
and one-fifth required investigating and/or problem solving.  At Population 2, a third of the 
items required investigating and/or problem solving and the other three performance 
categories were represented about equally in the other two-thirds of the items. 

Science coverage 

In science, there were altogether 101 and 140 science items spread across the Populations 1 
and 2 tests, respectively.  The Population 1 test had ‘Life science’, with two-fifths of the 
items, as its main area of emphasis.  Items in ‘Physical science’ and items in ‘Earth science’ 
made up a further third and a further fifth of the test, respectively.  A smaller percentage of 
items focused on ‘Environmental issues and the nature of science’.  At Population 2, items in 
‘Life science’ and ‘Physics’ each made up a little under a third of the test, items in ‘Earth 
science’ and ‘Chemistry’ each made up almost a sixth, and again there was a small 
percentage of items in ‘Environmental issues and the nature of science’. 

In terms of skills required, almost half of the Population 1 science items emphasised 
understanding of simple information, another thirty per cent emphasised understanding of 
complex information, and about a fifth required higher level processes such as analysing and 
solving problems.  A small percentage of items required use of routine procedures and 
science processes.  Understanding of simple or complex information were also the major 
emphases of the Population 2 science items, though to a slightly lesser extent than at 
Population 1.  About a quarter of the Population 2 items required higher level processes such 
as theorising, analysing and solving problems, or investigating the natural world.  There were 
also a few items requiring use of routine procedures and science processes. 

Questionnaires 

The questionnaires developed for TIMSS were based on a thorough review of the school, 
teacher and student factors which had been shown in previous research to be related to 
student achievement.  Separate questionnaires were developed for principals, mathematics 
teachers, science teachers and students.  Without consideration of the economic, cultural and 
educational contexts in which student achievement occurs, it would not be possible to draw 
conclusions from the achievement data that would be of use to education policy makers 
interested in initiating or evaluating reforms.  Altogether, TIMSS collected responses to 
about 1500 contextual questions, many of which were included in the analyses presented and 
discussed in later chapters of this book. 
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Briefly: 

• the School Questionnaire sought information about school characteristics (location, size, 
year levels catered for, and so on), resources, time for collaborative planning, and 
curriculum offerings; 

• the Teacher Questionnaires asked about teacher qualifications and preparation, how 
teachers organise and carry out instruction in mathematics or science both in general and 
with reference to a particular lesson, use of homework, use of textbooks and other 
resources, and views on current issues in mathematics or science education; and 

• the Student Questionnaire collected demographic information, data on how students 
spend their time both in and out of school, and their own and their parents’ expectations 
and attitudes towards mathematics and science. 

The major focus of this book is on identifying the most influential of the contextual factors in 
relation to student achievement.  The variables derived from the questionnaires are 
elaborated in the chapters describing the analyses in which they were used. 

Achieved samples 

Almost 29 000 Australian students took part in the TIMSS testing in the final term of 1994 
and the third term of 1995.  Testing of Populations 1 and 2 students took place in 1994 in 
southern hemisphere countries, about five months ahead of the northern hemisphere testing.  
For Population 3, the reverse occurred in that the Australian final year secondary school 
sample was tested from August to October 1995, about five months after the northern 
hemisphere testing. 

In Australia, about 12 500 students were sampled from Population 1, about 14 500 from 
Population 2 and about 4000 from Population 3.  About 11 250, 13 700 and 3200 responded 
to the tests in these populations, respectively.  Schools in each sample were selected 
randomly, with probability proportional to their enrolment size within their state or territory, 
from all education systems throughout the country.  The students came from more than 450 
schools.  Whole classes were sampled randomly within schools at Populations 1 and 2, while 
individual students were sampled randomly at Population 3. 

At Populations 1 and 2, the populations of interest for this book, over 330 principals 
responded to the School Questionnaire and about 1500 teachers responded to Teacher 
Questionnaires.  The distributions of student respondents by state and territory are presented 
in Table 1.1. 

Table 1.1 Distributions of Student Respondents by State and Territory 

Sample NSW VIC QLD SA WA TAS NT ACT AUS 

Population 1          

Actual N 1937 1345 2405 1593 1603 978 607 780 11 248 

Weighted N 3701 2685 2091 766 1134 445 174 252 11 248 

Population 2          

Actual N 2227 2258 2542 2061 2316 1228 534 538 13 704 

Weighted N 4297 3387 2517 1004 1328 538 220 429 13 704 
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Summary of Australian Population 1 and Population 2 results 

TIMSS reporting scales 

TIMSS used Item Response Theory (IRT) methods to create reporting scales in each of 
mathematics and science for each population separately.  Internationally, these scales were 
given the arbitrary mean value of 500 and standard deviation of 100 for the upper and lower 
grade levels combined in each of Populations 1 and 2.  Over all countries at Population 2, 
there was a difference of 29 scale points in mathematics (from 485 to 514) and 37 scale 
points in science (from 481 to 518) between the upper and lower grade means.  At Population 
1, the corresponding lower to upper grade achievement differences were 59 for mathematics 
(from 470 to 529) and 51 for science (from 473 to 524) over all countries.  The Population 1 
differences indicate achievement change between grades of half a standard deviation or more 
at the middle primary level, while the Population 2 differences indicate achievement 
increments between grades of only about a third of a standard deviation at lower secondary 
level. 

The Australian results summarised here are reported in detail in the first two national TIMSS 
reports.6  Readers who wish to know more of the international results should consult the 
Population 1 and Population 2 international reports.7 

Results on total tests by upper and lower grade in Australia  

Table 1.2 presents a summary of the Australian and the international Population 1 results on 
the total mathematics and total science tests.  The Australian results were significantly higher 
than the international results in all instances.  The overall international mean of 500 and 
standard deviation of 100 were determined for the upper and lower grades combined.  The 
table shows that, within either the upper or the lower grade, the spread of scores (as indicated 
by the standard deviation) was a little less than that for the grade levels combined.  

Table 1.2 Australian and International Achievement Results, Population 1 

 Australia International 

Subject area Mean SD Mean SD 

Mathematics, upper grade 546 92 529 97 

Mathematics, lower grade 483 90 470 91 

Science, upper grade 562 93 524 95 

Science, lower grade 510 98 473 95 

 

Table 1.3 shows the analogous results for Population 2.  Australia’s results in science were 
significantly higher than the international results.  In mathematics, our results were only one 
scale score point below the level required for a significant difference from the international 
mean at the upper grade and two scale score points below the level required at the lower 
grade. 
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Table 1.3 Australian and International Achievement Results, Population 2* 

 Australia International 

 Mean SD Mean SD 

Mathematics, upper grade 530 98 514 ** 

Mathematics, lower grade 498 92 485 ** 

Science, upper grade 545 106 518 ** 

Science, lower grade 504 103 481 ** 

* These results are weighted and are based on the scores of the Australian students included in the international 
data set (see Table 1.1). 

** The international standard deviations were not included in the international reports.  From the country by 
country values reported, the international values would be expected to be a little less than 100, as they were for 
Population 1. 

Australia’s results in relation to other countries’ results - Total Tests 

Population 1 

Twenty-six countries participated in mathematics and 24 participated in science at 
Population 1.  At the upper grade, only six countries performed better than Australia in 
mathematics and only two countries performed better in science on the total tests.  At the 
lower grade, our students acquitted themselves even better, with only four countries 
performing at a significantly higher level in mathematics and only one doing so in science.  
Details of achievement by country are given for the upper grade in Table 1.4 and for the 
lower grade in Table 1.5.  These tables also show the countries that achieved significantly 
higher than, at the same level as, and significantly lower than Australia. 
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Table 1.4 Results by Country, Population 1 Upper Grade

 

 Mathematics 

 Country Average 

 Singapore 625  

 Korea 611 

� Japan 597 

 Hong Kong 587 

 Netherlands* 577 

 Czech Republic 567 

 Austria* 559 

 Slovenia* 552 

 Ireland 550 

 Hungary* 548 

= Australia* 546 

 USA 545 

 Canada 532 

 Israel* 531 

 Latvia* 525 

 Scotland* 520 

 England* 513 

 Cyprus 502 

� Norway 502 

 New Zealand 499 

 Greece 492 

 Thailand* 490 

 Portugal 475 

 Iceland 474 

 Iran, Islamic Rep. 429 

 Kuwait* 400 

 

 Science 

 Country Average 

 Korea 597 

� Japan 574 

 USA 565 

 Austria* 565 

= Australia* 562 

 Netherlands* 557 

 Czech Republic 557 

 England* 551 

 Canada 549 

 Singapore 547 

 Slovenia* 546 

 Ireland 539 

 Scotland* 536 

 Hong Kong 533 

 Hungary* 532 

 New Zealand 531 

� Norway 530 

 Latvia* 512 

 Israel* 505 

 Iceland 505 

 Greece 497 

 Portugal 480 

 Cyprus 475 

 Thailand* 473 

 Iran, Islamic Rep.  416 

 Kuwait* 401 

 
* These countries did not meet one or more of the international sampling criteria. 
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Table 1.5 Results by Country, Population 1 Lower Grade 

 Mathematics  Science 

 Country Result 

 Korea 561 

� Singapore 552 

 Japan 538 

 Hong Kong 524 

 Czech Republic 497 

 Netherlands* 493 

 Slovenia* 488 

 Austria* 487 

= Australia* 483 

 USA 480 

 Hungary* 476 

 Ireland 476 

 Canada 469 

 Latvia* 463 

 Scotland* 458 

 England* 456 

 Thailand* 444 

 New Zealand 440 

� Cyprus 430 

 Greece 428 

 Portugal 425 

 Norway 421 

 Iceland 410 

 Iran, Islamic Rep. 378 

 Country Result 

� Korea 553 

 Japan 522 

 USA 511 

= Australia 510 

 Austria 505 

 England 499 

 Netherlands 499 

 Czech Republic 494 

 Canada 490 

 Singapore 488 

 Slovenia* 487 

 Scotland* 484 

 Hong Kong 482 

 Ireland 479 

 New Zealand 473 

� Latvia* 465 

 Hungary* 464 

 Norway 450 

 Greece 446 

 Iceland 435 

 Thailand* 433 

 Portugal 423 

 Cyprus 415 

 Iran, Islamic Rep. 356 

 
* These countries did not meet one or more of the international sampling criteria. 

Population 2 

Results analogous to those shown for Population 1 in Tables 1.4 and 1.5 are shown for 
Population 2 in Tables 1.6 and 1.7.  Forty-one countries participated in the Population 2 
upper grade testing and 39 took part in the lower grade testing.  As for Population 1, these 
tables show the countries that achieved significantly higher than, at the same level as, and 
significantly lower than Australia.  It can be seen that at the upper grade, eight countries 
performed better than Australia in mathematics but only four countries performed better in 
science on the total tests.  At the lower grade, seven countries performed at a significantly 
higher level than Australia in both mathematics and science, though not always the same 
countries. 
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Table 1.6 Results by Country, Population 2 Upper Grade 

 

 Mathematics 

 Country Result 

 Singapore 643 

 Korea 607 

 Japan 605 

� Hong Kong 588 

 Belgium (Flemish)* 565 

 Czech Republic 564 

 Slovak Republic 547 

 Switzerland* 545 

 Netherlands* 541 

 Slovenia* 541 

 Bulgaria* 540 

 Austria* 539 

 France 538 

 Hungary 537 

 Russian Federation 535 

= Australia* 530 

 Ireland 527 

 Canada 527 

 Belgium (French)* 526 

 Thailand* 522 

 Israel* 522 

 Sweden 519 

 Germany* 509 

 New Zealand 508 

 England* 506 

 Norway 503 

 Denmark* 502 

 USA* 500 

 Scotland* 498 

 Latvia* 493 

 Spain 487 

� Iceland 487 

 Greece* 484 

 Romania* 482 

 Lithuania* 477 

 Cyprus 474 

 Portugal 454 

 Iran, Islamic Rep. 428 

 Kuwait 392 

 Colombia* 385 

 South Africa 354 

 

 Science 

 Country Result 

 Singapore 607 

� Czech Republic 574 

 Japan 571 

 Korea 565 

 Bulgaria* 565 

 Netherlands* 560 

 Slovenia* 560 

 Austria* 558 

 Hungary 554 

 England* 552 

 Belgium (Flemish)* 550 

= Australia* 545 

 Slovak Republic 544 

 Russian Federation 538 

 Ireland 538 

 Sweden 535 

 USA* 534 

 Germany* 531 

 Canada 531 

 Norway 527 

 New Zealand 525 

 Thailand* 525 

 Israel* 524 

 Hong Kong 522 

 Switzerland* 522 

 Scotland* 517 

 Spain 517 

 France 498 

 Greece* 497 

� Iceland 494 

 Romania* 486 

 Latvia* 485 

 Portugal 480 

 Denmark* 478 

 Lithuania* 476 

 Belgium (French)* 471 

 Iran, Islamic Rep. 470 

 Cyprus 463 

 Kuwait 430 

 Colombia* 411 

 South Africa 326 

 

* These countries did not meet one or more of the international sampling criteria. 
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Table 1.7 Results by Country, Population 2 Lower Grade 

 

 Mathematics   Science 

 Country Result   Country Result 

 Singapore 601   Singapore 545 

 Korea 577   Korea 535 

 Japan 571   Czech Republic 533 

� Hong Kong 564  � Japan 531 

 Belgium (Flemish)* 558   Bulgaria* 531 

 Czech Republic 523   Slovenia* 530 

 Netherlands* 516   Belgium (Flemish)* 529 

 Bulgaria* 514   Austria* 519 

 Austria* 509   Hungary 518 

 Slovak Republic 508   Netherlands* 517 

 Belgium (French)* 507   England* 512 

 Switzerland* 506   Slovak Republic 510 

 Hungary 502   USA* 508 

 Russian Federation 501  = Australia* 504 

 Ireland 500   Germany* 499 

 Slovenia* 498   Canada 499 

= Australia* 498   Hong Kong 495 

 Thailand* 495   Ireland 495 

 Canada 494   Thailand* 493 

 France 492   Sweden 488 

 Germany* 484   Russian Federation 484 

 Sweden 477   Switzerland* 484 

 England* 476   Norway 483 

 USA* 476   New Zealand 481 

 New Zealand 472   Spain 477 

 Denmark* 465   Scotland* 468 

 Scotland* 463   Iceland 462 

 Latvia* 462   Romania* 452 

 Norway 461  � France 451 

� Iceland 459   Greece* 449 

 Romania* 454   Belgium (French)* 442 

 Spain 448   Denmark* 439 

 Cyprus 446   Iran, Islamic Rep. 436 

 Greece* 440   Latvia* 435 

 Lithuania* 428   Portugal 428 

 Portugal 423   Cyprus 420 

 Iran, Islamic Rep. 401   Lithuania* 403 

 Colombia* 369   Colombia* 387 

 South Africa 348   South Africa 317 

* These countries did not meet one or more of the international sampling criteria. 



  TIMSS in a Nutshell 15 

 

Australia’s results in relation to other countries’ results - Test Parts 

At Population 1, Australia performed particularly well in Geometry and ‘Environmental 
issues and the nature of science’ in comparison with other countries.  At Population 2, 
Australia’s performance was high in relation to that of students in other countries in ‘Data 
representation, analysis and probability’, Algebra, Physics and ‘Environmental issues and the 
nature of science’.  Our students performed consistently poorly on questions requiring 
computation beyond addition of two numbers, for example on multiplication and division of 
fractions, simple division of decimals and computations involving more than two steps.  
Examination of their test papers revealed that their relatively poor performance on some of 
the problem solving items was mostly due to incorrect computations rather than to 
misunderstanding the problems or not knowing how to go about solving them.  The 
computational demands of the items were not excessive, as evidenced by the high 
performance of students from more than half the participating countries. 

Variation among the Australian states and territories 

As has been the case in earlier IEA studies, differences in achievement were found among 
the Australian states and territories.  The highest achieving group of states in each case was 
on a par with the highest achieving TIMSS countries.  Even the lowest achieving of the 
Australian states were, in each case, at a level equivalent to the international average. 

Previous Australian TIMSS reports 

Full accounts of the basic Australian TIMSS results in both international and national 
perspective have been given in three reports, one per population.8  These reports describe the 
schools, teachers and students who participated in the study; give detailed breakdowns of 
results on the test components as well as showing illustrative examples of test items with 
commentary about relevance to the Australian national profiles;9 present and discuss 
achievement differences both internationally and between the Australian states and 
territories; and examine some of the context variables one by one in relation to achievement.  

Results showing the relationships of selected context variables to achievement are reviewed 
in this report, both from TIMSS and from other studies, as a first step in the consideration of 
variables which are most likely to prove useful in explaining variance in achievement in 
more complex analyses.  A digest of the most pertinent results from the separate Australian 
Population 1 and Population 2 reports is presented in Chapter 3, following the literature 
review in Chapter 2. 

Need for extended analyses 

In order to achieve timely publication of the basic findings, all the results presented in the 
previous Australian TIMSS reports were derived from separate analyses of data from 
students, teachers and schools.  Such analyses do not do justice to the richness of the TIMSS 
data, however.  Education is a complex phenomenon, with outcomes of schooling likely to be 
related to factors operating at all of these levels and interacting in complex ways. 

In addition to the examination of correlation coefficients and/or mean achievement for 
various categories of a variable to show simple associations, some of which are illustrated in 
Chapter 3, there was clearly a need to use more sophisticated analysis techniques to obtain a 
perspective on the ‘bigger picture’ of variables interacting together and at different levels.  
Some of these techniques have become available relatively recently, post-dating the IEA 
second international mathematics and science studies, for example.  Later chapters of this 
monograph report the results of both multivariate analyses, in which many variables were 
considered simultaneously, and multilevel analyses, in which school-, teacher- and student-
level data were combined. 
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Chapter 2 

Review of Related Studies 

Background 

Reasons for achievement in mathematics and science (as in any area of school learning) are 
complex, involving a multitude of factors other than number of years of schooling.  This 
secondary analysis of Australian TIMSS data investigated the influence of a range of student, 
teacher, and school variables on student achievement in mathematics and science, both 
individually and collectively. Several different statistical techniques, including hierarchical 
linear modelling (HLM) (also known as multilevel modelling), were used.   

The student, teacher and school factors were chosen because of their potential as predictors 
in more complex analysis than has been carried out on these data in the past.  The selection of 
factors was based partly on findings of prior research, representative examples of which are 
reviewed in this chapter.  The review makes no claim to be exhaustive, as there are a great 
many studies of factors related to mathematics achievement or science achievement that have 
been carried out in a more limited way.  Rather, the review focuses on large-scale studies in 
which factors at several levels (for example, school, class, student) have been measured, and 
in which some kind of multivariate analyses (that is, of variables acting in combination) have 
been done. 

It is only in the past 10 to 15 years that computer programs have become readily available to 
carry out, in an efficient way, the analyses that take into account the hierarchical nature of 
data collected in institutions such as schools.  The process of education usually involves 
students and teachers working together within classrooms within schools.  In their turn, 
schools function within systems.  Just as there is usually wide variability in student and 
teacher characteristics and behaviours, there is also variability between schools and between 
education systems.  There are many variables at different levels of this hierarchy that have 
the potential to affect the outcomes of education, and typically do so.  It is appropriate, in fact 
advantageous, to provide for the level at which variables have been measured to be taken into 
account in analyses of factors contributing to educational outcomes.  A brief introduction for 
non-specialist readers to the development and use of multilevel techniques of data analysis is 
included below, following the discussion of student-level variables. 

Student background variables 

The importance of family background variables in the context of student achievement has 
been studied by researchers for at least 50 years.  Different emphases have been pursued by 
different groups of researchers, resulting in a very large volume of literature.  A 
comprehensive review of the work up to the late 1970s is provided by Marjoribanks.1  This 
review commonly reports correlations in the range .25 to .35 of socioeconomic status, as 
evidenced by parents’ education, father’s occupation and family income, with achievement. 
The correlations became higher when certain ‘environmental press’ variables (for example, 
parents’ expectations for the child; family involvement in educational activities) were 
considered in conjunction with socioeconomic status.  An Australian review published in 
1995 by Ainley, Graetz, Long and Batten2 substantiated similar levels of correlation between 
indices of socioeconomic status and educational achievement as those reported 16 years 
earlier by Marjoribanks.  
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The importance of the student’s home background was reinforced by Burstein, Fischer, and 
Miller, who noted in 1980: 

When viewed at the individual pupil level, measures of family background can reflect 
differences between pupils in a given school.  When aggregated over the pupils who attend a 
given school, measures of family background can describe community characteristics such as 
economic, social class, and ethnic mixture.3  

Further, a feature of the TIMSS analyses reported for 41 countries in the main international 
reports was the similar relationship of achievement with aspects of home background (for 
example, number of books in the home) that held across all countries.4   

Several student background variables were available for analysis in the TIMSS data. These 
included gender, age, ethnicity, mother’s and father’s occupations and levels of education, 
number of books in the home, number of items in the student’s home (such as dictionary, 
computer, own wardrobe) and family size.  The relationship of these variables to mathematics 
and science achievement has been addressed in studies over many years.  Of most relevance 
to the present context are studies which considered these kinds of variables in a composite 
way, several of which are reviewed here. 

In their 1973 analysis of the science component of the Six Subject Survey sponsored by the 
International Association for the Evaluation of Educational Achievement (IEA), Comber and 
Keeves set up a block of variables, Home Circumstances, comprising father’s occupation, 
father’s education, mother’s education, use of dictionary, books in the home, and family size.  
Regression analysis was carried out on data from three populations of students, Populations I, 
II, and IV.  Population I consisted of students from 10:0 to 10:11 years at the time of testing; 
Population II of students aged from 14:0 to 14:11 at the time of testing; and Population IV of 
students who were ‘in the terminal year of those full-time secondary education programs 
which were either pre-university programs … or programs of the same length’ (pp. 9-10).  
Populations II and IV included Australian students.  Within Population II the mean 
percentage of variance in student achievement accounted for by the variable Home 
Circumstances across all countries was 16% (also 16% for Australia). Across all countries in 
Population IV the mean percentage of variance in student achievement accounted for by 
Home Circumstances was 14% (13% for Australia).5   

Larkin and Keeves, using path-analysis techniques,i reported moderately strong between-
classes correlations in 1984 as follows: 

�� father’s occupation and student’s occupational aspirations, .34;  

�� father’s occupation and student’s educational aspirations, .33;  

�� student’s prior achievement and student’s educational aspirations, .52; and  

�� student’s prior achievement and educational aspirations, .64.   

However these authors commented that ‘in the absence of prior achievement [father’s] 
occupational status was not a good predictor of student achievement’.6  This result may 
indicate the presence of a mediating variable such as home educational level which is 
strongly associated with prior achievement but weakly associated with occupational status 
per se.   

                                                 
i  ‘Path’ analyses are similar to regression analyses, and allow pathways of relationships from antecedent to 

outcome variables to be hypothesised and checked for validity.  Some examples are presented for Australian 
students in Chapter 4.   
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In 1985, Bourke investigated classroom context and teaching practice variables at the Year 5 
level in Australia using multiple linear regression and path analysis techniques.7  The variable 
Student Characteristics was drawn from the IEA Classroom Environment Study8 and 
comprised:  

• age;  

• sex;  

• aspirations for further education;  

• general attitude towards school;  

• initial achievement; and  

• initial attitude towards the subject matter being taught.   

Bourke estimated a path coefficient from Student Characteristics to Achievement of .626, and 
from Student Characteristics to Enjoyment of .414.  Although family socio-economic status 
was not a component of the variable Student Characteristics it may nevertheless underlie 
items (3) to (6) above.   

The 1986 study of De Graaf is of interest in this context.  De Graaf investigated the 
relationships between student socioeconomic status, family cultural resources, and student 
achievement in Dutch primary and secondary schools over an extended period.  
Socioeconomic status comprised father’s and mother’s education and father’s occupational 
prestige score.  Cultural resources were defined in terms of the frequency of family visits to 
libraries, the theatre, museums, and historical buildings plus hours of serious reading per 
week.   

De Graaf’s concern was to test the claims, made in the 1970s and early 1980s, of Bourdieu, 
Collins and Passeron9 that student achievement is strongly determined by parents’ cultural 
resources (as distinct from financial resources alone) by comparing two distinct periods of 
school education in the Netherlands.  In 1950 the Dutch government took over funding of all 
primary and secondary education in the Netherlands, whether in state or private schools.  
From 1950 onwards, therefore, a family’s financial resources might be expected to contribute 
less to student achievement than before 1950.   

In order to gauge the contribution of cultural resources to student achievement, De Graaf 
surveyed two cohorts of former students.  Members of the first cohort had completed their 
schooling before 1950 and members of the second had started their schooling in 1950 or 
after.  He concluded from his study that a family’s cultural resources did not in fact constitute 
a good predictor of student achievement.  In contrast, student socioeconomic status was 
found to be a strong predictor.  He noted that: 

the correlation between social background [i.e. socioeconomic status] and formal culture  
[i.e. family cultural resources] is .65 for the older cohort and .59 for the younger cohort, 
which clearly illustrates the strong relationship between educational and occupational 
characteristics and participation in formal culture.10  

The strength of these correlations led De Graaf to reject the hypothesis that family cultural 
resources predict educational attainment:  

The strong associations between formal culture climate and family educational attainment  
(r = .44 for the older cohort and r = .41 for the younger cohort) … are completely spurious.  
The social background variable predicts both the lifestyle and the educational attainment of 
the family.11  

In fact, it appears that De Graaf obtained similar findings to those highlighted by 
Marjoribanks in his 1979 review: that prediction of achievement is enhanced when aspects of 
the home educational environment are considered together with socioeconomic status.  
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Another 1986 study, that of ‘Parental Involvement, Homework, and TV Time: Direct and 
Indirect Effects on High School Achievement’ carried out by Keith and colleagues, posited 
the variable Family Background which comprised father’s occupational status, mother’s and 
father’s educational attainment, family income, and possessions in the home.  Path 
coefficients relevant to the present section of this study were:  

�� family background and achievement, .115;  

�� family background and ability, .297; and  

�� ability and achievement, .597.12   

Marjoribanks continued working in the area of family background and achievement for many 
years.  In a 1987 study of the mathematics performance of 11-year-old Australian children in 
relation to a range of family variables, he reported a single correlation of .22 between social 
status (defined as an equally weighted composite of father’s occupation and the education 
level of both parents) and mathematics achievement.13  This level of relationship seems low 
in comparison with that found in most studies.    

The IEA Classroom Environment Study investigated a variable called Home, comprising 
father’s occupation and, depending on the participating country, one or more of the following 
variables: father’s education, mother’s education, and similarity of the student’s home 
language with the language used in the school.  Surprisingly, Home was not found to 
contribute significantly to student achievement: 

Interestingly, HOME does not directly affect either POSTTEST [the amount of learning 
acquired by the student in the course of the study] or POSTATTSUBJ [the student’s attitude 
towards the target subject at the conclusion of the study], nor does it directly influence 
PREATTSUBJ [attitude towards the target subject at the beginning of the study] or ATTSCH 
[attitude towards school]. Rosier & Banks (1990)14  

More typically, the following studies found a significant relationship between variables based 
on students’ home environment and their educational achievement.  In the Second 
International Science Study (SISS) done in Australia in the early 1980s, Rosier and Banks 
found that the variable Socio-Educational Level (SEL), consisting of a combination of 

�� father’s occupation;  

�� father’s and mother’s secondary education;  

�� father’s post-secondary education;  

�� number of books in the home; and  

�� home use of a dictionary 

correlated well with students’ Combined Science Test Score: .30 for Population 1, (10-year-
olds), and .36 for Population 2, (14-year-olds).  There was also a strong correlation between 
SEL and a variable which Rosier and Banks call Ability.  This variable was constructed on the 
basis of student performance on a word knowledge test and on a mathematics test. For 
Population 2 the path coefficient for SEL and Ability was .37, for Ability and science 
achievement .54, and for SEL and science achievement .12.  A variable, also named SEL, was 
constructed in an analogous way for TIMSS by Lokan et al., and similar relationships with 
achievement in both mathematics and science at Populations 1 and 2 were found.15 

As studied by Young and Fraser in 1993, the variable Home Background consisted of: 

�� father’s occupation; 

��mother’s occupation;  

�� father’s education; 

��mother’s education;  

�� family size; and  

�� use of dictionary 
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These authors found the correlation of Home Background with student science achievement 
to be .298.16  Also in 1993, Schmidt and Burstein noted that ‘In the absence of a pretest 
control, social class status is correlated with prior achievement in most systems [in the IEA 
second mathematics study] and, as a result, was found to be significantly related to the post 
test results’.17   

Thus, 

it becomes clear that the well established relationship of social class to achievement portends 
only an indirect effect and that once its understood impact on achievement is controlled for at 
the outset of the school year (i.e., the pretest), it has little or no direct effect on the growth in 
achievement realized during the … year.’18  

In some preliminary analyses of TIMSS data in 1996, Zabulionis, as reported by Brekke, 
Kjarnsli, Lie and Zabulionis, developed a partial least squares model to compare the degree 
to which different background factors influenced the achievement of Population 2 
mathematics students in the Czech Republic, Lithuania, and Norway.  Since science is taught 
as a single, unified subject in Norway, whereas it is split into distinct subjects in the Czech 
Republic and Lithuania, Zabulionis was also able to model the influence of background 
factors on the science achievement of Population 2 students in Norway.  A variable HSOS 
was defined, based on:  

�� home possessions indicating a high degree of disposable family income,  

�� nationality of family, and  

�� parent status (student living with both parents).   

Interestingly, this variable did not correlate with either mathematics or science achievement 
for any of the countries in the study.  However, another variable, HEDP, did show a weak 
positive correlation with mathematics achievement in all three countries and with science 
achievement in Norway.  HEDP reflected the educational environment of the home, and was 
defined as a composite of the students’ perceptions of the importance their mothers attached 
to education, the number of books in the home, and the number of education-directed 
possessions in the home. In the final model used in the study the path coefficient for HEDP and 
mathematics achievement for the Czech Republic was .140, for Lithuania .170 and for 
Norway .132. For science in Norway the path coefficient for HEDP and achievement was 
.145.19 

In a recent secondary analysis of the TIMSS Population 2 (age 13) mathematics data, Bos and 
Kuiper (1999) presented results across ten education systems, namely: Belgium (Flemish), 
Belgium (French), the Czech Republic, Denmark, England, Germany, Lithuania, the 
Netherlands, Norway, and Sweden.  These authors used the number of books in the student’s 
home as a proxy for the educational level of the student’s mother and father.  Owing to 
missing data on other variables, this variable, which is designated Home Educational 
Background, was the only student background variable included in their study.  Path 
coefficients for Home Educational Background and mathematics achievement obtained in the 
ten countries varied from .11 in Flemish Belgium to .31 in Germany and .32 in England.  
Most were between .20 and .26.20 

Zabulionis (1997) examined factors affecting the mathematics achievement of Grade 8 
students in nine Central and Eastern European countries that had taken part in TIMSS: 
Bulgaria, the Czech Republic, Hungary, Latvia, Lithuania, Romania, the Russian Federation, 
the Slovak Republic, and Slovenia.  The correlation across these nine countries between the 
variable Home Educational Background, comprising: 
��mother’s education; 

�� father’s education;  

�� and 

�� number of books in the home, 

and mathematics achievement was found to be .31.21 
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There is thus abundant evidence that students’ home backgrounds do predict the success that 
students have at school.  Personnel at all levels of the schooling enterprise share the belief 
however that schools and teachers can influence students’ learning outcomes.  There are 
other reasons why societies establish schools, but, given the beliefs that young people need to 
be educated and persons trained to impart knowledge and skills will succeed in doing so, the 
main reason is that it is more efficient to group students formally for instruction than to rely 
on informal methods.  Researchers and policy makers have been eager for many years to 
discover the factors related to school structures and teaching practices which would add to 
(or counteract) students’ home backgrounds in improving the outcomes of schooling for 
students.  The next section begins with reference to one of the most significant pieces of 
research in this respect – significant largely through its unexpected results and its consequent 
impact on research methodology.  

Multilevel analyses 

In 1966 the report of the Equality of Educational Opportunity study, now commonly referred 
to as ‘the Coleman report’, appeared in the United States.  The study was initiated in 
response to the Civil Rights Act of 1964 and the researchers’ brief was to report on ‘the lack 
of availability of equal educational opportunities for individuals by reason of race, color, 
religion, or national origin in public educational institutions’ (Civil Rights Act of 1964, 
Section 402).  The study was expected to serve as a basis for educational and, more generally, 
social reform.  However, the study arrived at a surprising conclusion: it appeared that schools 
had little effect on student achievement.  What really counted, it appeared, was the student’s 
socio-economic background.22 The Coleman study thus seemed to cast doubt on the 
possibility of improving student achievement through reforms to schooling. 

It was soon realised that the analysis methods used in the Coleman study, where data were 
aggregated at school level, suppressed much information that might have been useful in 
helping to account for student achievement.  Researchers and data analysts were prompted to 
re-examine a number of methodological assumptions and practices.  This program of re-
examination led to a number of advances in statistical methodology, in particular the 
development of techniques for taking into account the various levels of hierarchy in 
education systems and schools, when studying factors related to achievement. 

Put simply, it was recognised that models were needed that could specify how effects at each 
level of the hierarchy (system, school, class, student, with country added to the list if an 
international study) influence processes occurring at the other levels.  Even if schools or 
teachers provided exactly the same learning circumstances for all their students, individual 
student responses, and hence class responses, would vary.  The same teacher in the same 
school teaching the same subject to two classes would probably vary the teaching in response 
to differences in rapport established between the teacher and the classes, or in response to 
differences in students’ ability.  As stressed by Bryk and Raudenbush, two of the ‘prime 
movers’ in the debate, it is methodologically erroneous to ‘disaggregate’ school or teacher 
variables to students in a single level analysis as though the school experience was identical 
for all students in the school.23  Many of the studies considering student, teacher/class and 
school variables that have been reviewed so far suffered from this lack of appropriate 
methodology.  

The other reason for recognising the multilevel structure of schooling is a technical one, that 
of ensuring that standard errors of the estimates of effects derived from statistical analyses 
are calculated appropriately, as explained in 1991 by Paterson.  Ordinary regression 
techniques give error terms that are misleadingly small when used with multilevel data.  The 
important consequence of this is that confidence intervals for testing the significance of 
results are deceptively small, which can lead to errors of over-interpretation of effects.  With 
each level of analysis, extra levels of uncertainty are introduced which are ignored in single-
level analyses.  Paterson gives the example of two students with the same SES, but attending 
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different schools.  There will be a genuine association of SES with achievement for these 
students, but also unknown factors that could be influential as a result of differences between 
the schools.  In any analysis that ignores schools, the effects of unmeasured influences would 
be under-stated.24 

Thus, the need for models to explain (i) how student-level variables influence outcomes, and 
(ii) interaction effects across levels, was recognised.  During the 1980s computer programs 
for hierarchical analysis began to appear, though they were initially not user-friendly and 
hence were not widely used.  Advances in programming in the past decade have led to wider 
availability of software that is easier to use, though a fair degree of expertise is still needed to 
set up the analyses and interpret the results.  It should be noted that multilevel models are still 
not a solution to all the data analysis problems in educational research, because they are 
based on assumptions about the data that might not be met in the real world (for example, 
normality of distributions).25  Further, they allow only one outcome variable to be examined 
at a time.  Nevertheless they represent a large advance on single-level analyses with 
disaggregated data because of the increased statistical precision in estimating error variance.   

For interest, results pertaining to student background from a few studies in which multilevel 
techniques were used are summarised here.  In a very early study using multilevel techniques, 
Burstein, Fischer, and Miller found a between-schools correlation of student achievement 
with father’s occupation of .610 in the USA, .601 in England, and .221 in Sweden, leading 
them to observe that: 

the US, which allows local officials the greatest discretion in decision-making and finance, 
has strong between-schools effects for father’s occupation … our best indicator of the wealth 
of the local community.  At the other extreme, the Swedish system seeks to equalize school 
resources through administrative centralization; thus between-schools differences associated 
with social class are virtually non-existent.26 

In 1990, Bosker, Kremers, and Lugthart developed and tested a multilevel instructional and 
school effects model of pupil achievement, using large-scale data from the Netherlands.  
They noted that: 

It appears that the higher the educational level of the parents, the better the achievement of 
the pupils on the tests [biology, English, Dutch, and mathematics].  This trend can be seen for 
each subject, if we take the results from all school types together.  This trend is caused by the 
unequal participation of certain pupils in the higher valued general secondary school types.  
In the Dutch education system these pupils’ parents tend to have a high level of education 
themselves. 

Within school types we do not see this trend.  There is no systematic relation between the 
level of education of the parents and the achievement on the tests.27  

Multilevel analyses of the Australian data from single-sex boys schools that took part in the 
Second International Science Study, as reported by Kotte, showed a similar result to that 
found in the Netherlands: home background was not related to achievement in science at age 
14, within school type.  The same did not hold for single-sex girls schools, where home 
background operated through an aptitude variable to influence achievement.28     

In a 1991 study, Garner and Raudenbush presented a more complex picture.  These authors 
used HLM techniques to estimate the ‘direct effect of living in a socially deprived area over 
and above other factors of influence, such as individual ability, family circumstances, and 
schooling’, on the educational attainment of 2500 young people who left school between 
1984 and 1986 in a particular Scottish school district.  After controlling for pupil ability 
(based on a verbal reasoning test and a reading ability test); family background (father’s 
occupation, level of parental education, family size, one-parent family status, and father’s 
employment status); and type of schooling, ‘a significant negative association between 
deprivation in the home neighbourhood and educational attainment’ was found.29 
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Student mediating variables  

Several student-level variables that can be considered as likely to mediate relationships of 
home background to achievement are briefly reviewed here. 

‘Gender’ is not a mediating variable in the same sense as the attitudinal and belief variables 
included in this section.  However it is also different from the socioeconomic and educational 
environment of the home variables that formed the focus of the early part of this chapter.  In 
several of the studies reviewed already, gender of student was one of the variables included 
in a student background composite.  In many other studies, gender has been the focus of 
interest.  No attempt is made here to review that literature in full, as it could easily occupy a 
whole book.  One very comprehensive study is of particular interest however, given that it 
was based on IEA data and utilised path analysis methods similar to those employed in 
several of the studies already reviewed.  This was the study published in 1992 by Kotte, in 
which gender was examined in the context of home background, teaching emphasis and 
school facilities variables in predicting science achievement and attitudes.  Kotte carried out 
separate path analyses for ten countries, including Australia.  Gender was found to have a 
direct negative relationship with achievement, indicating higher results for boys, in seven of 
the ten countries.  The largest coefficients were obtained for the Netherlands and Thailand.  
The three countries with no significant path for gender were Finland, Japan and Sweden.30 

Student verbal ability is likewise different from attitudinal variables, but is an important 
variable in relation to achievement.  The Word Knowledge test was developed for IEA 
studies by Thorndike to provide a control variable on verbal ability.31  A major aim in 
devising the test was translatability into languages other than English.  The test presents the 
student with a number of word pairs and requires the student to decide whether the words in 
each pair are (near) synonyms or (near) antonyms.  It was used in the First and Second 
International Science Studies (FISS and SISS) and appears as a useful variable in the reports 
of those studies.32  It was also used in studies reported by Bourke and Keeves in 197733 and 
by Burstein, Fischer, and Miller in 1980.34  Bourke and Keeves reported correlations of .51 
and .55 between word knowledge and numeracy achievement at ages 10 and 14, respectively, 
and of .59 and .67 between word knowledge and reading score for the same age groups.  
Rosier and Banks reported correlations of similar magnitude, around .55, between word 
knowledge and science achievement for both the 10-year-old and the 14-year-old Australian 
samples in SISS.    

Slightly modified versions of Thorndike’s original tests were included in the TIMSS Student 
Questionnaires in Australia because of the increasingly verbal nature of the mathematics and 
science achievement tests.  Inclusion of a ‘control’ variable for verbal ability seemed to be as 
important for TIMSS as it was for FISS and SISS, although this was not done internationally.  
The results from TIMSS Populations 1 and 2 in Australia are reviewed in Chapter 3 of this 
book. 

In their report of the first science study, Comber and Keeves established a block of student 
mediating variables designated Kindred Variables.  The constituents of this block varied 
somewhat according to which population was being examined. For Population I (age 10) the 
constituents of the Kindred Variables block were:  

�� liking of school;  

�� school motivation;  

��whether parents helped with homework;  

�� hours TV watched per day; and  

�� hours reading for pleasure. 

The Kindred Variables block for Populations II (age 14) and IV (Year 12) contained more 
variables and variables of a more specific kind (for example, time spent reading science and 
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technical books).  Regression analysis showed the mean contribution of Kindred Variables to 
total variance across the countries in Population I to be 6% with a range of 10. The mean 
contribution of the Population II block to total variance was 5% with a range of 10; and the 
mean contribution of the Population IV block to total variance was 5% with a range of 19.35  

Larkin and Keeves obtained the following path coefficients for science achievement 
regressed on  

�� student’s occupational aspirations, .10;  

�� educational aspirations, .14; 

�� academic motivation, .06;  

�� liking of  school, .05; and  

�� participation in maths/science activities, .05 (p. 43).  

It can be seen from these coefficients that the relationships of such variables with 
achievement, from the work of both the above studies, are quite low, though in the expected 
positive direction. 

Keith, Reimers, Fehrmann, Pottebaum and Aubey used path analysis techniques to 
‘determine the direct and indirect influences of parental involvement, homework, and TV 
time on seniors’ achievement while controlling for other relevant influences’.  The variable 
Parental Involvement was based on students’ responses to five questions measuring student 
perception of parental involvement (for example, ‘My parents … almost always know where 
I am and what I am doing’).  The direct path coefficient from homework to achievement was 
.141, that from Parental Involvement to homework was .158, while that from Parental 
Involvement to achievement was -.005. The direct path coefficient from Parental Involvement 
to TV time was .044; and from TV time to achievement was -.056.36  

In the IEA Classroom Environment Study, Anderson and colleagues found that the variable 
Aspiration, based on students’ aspirations for further education, had a positive effect on their 
pretest attainment; for example, the direct path coefficient for Australian students was .26 
and the median path coefficient for all countries was .28.  The corresponding path 
coefficients for pretest to post-test were .67 and .48, respectively.37  Keeves examined cross-
national studies of science achievement from 1970 to 1984.  He commented in his 1992 
report that: 

the science attitudes and values held by individual students influence the level of achievement 
of those students in science, after other factors such as the home background and aptitude of 
the students are taken into account.  Likewise, the average levels of attitudes and values held 
by the classroom group of students also have an influence to change the level of achievement 
on science of the classroom group after allowances are made for home background and 
aptitude effects.38 

In preliminary analyses of TIMSS data, Brekke, Kjarnsli, Lie and Zabulionis reported that a 
construct Attitudes to Mathematics had been set up, consisting of positive student responses 
to five attitude items, for example, ‘I like learning mathematics’ and ‘Mathematics is boring’.  
For the final model, the direct path coefficient for this construct and achievement was .181 
for the Czech Republic, .181 for Lithuania, and .175 for Norway.  The variance explained by 
this was 18.2%, 35.8%, and 29.3% respectively.  Because of the nature of science education 
in Norway, it was possible to establish a construct Attitudes to Science specific to Norway; 
the path coefficient of the composite variable and science achievement was .175 and the 
explained variance was 33.5%.39 

In Bos and Kuiper’s analysis of TIMSS data from ten European countries, the construct 
Attitude towards Mathematics was based on student responses to five questions relating to 
enjoyment of mathematics and five relating to students’ perceptions of the importance of 
mathematics.  Path coefficients for Attitude towards Mathematics and mathematics 
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achievement were not significant for England and Germany.  For the other education systems 
they ranged between .12 for the Netherlands and Lithuania and .22 for Norway.40  

Zabulionis, analysing TIMSS data from nine central and Eastern European countries, 
developed two constructs: Like Math, based on five enjoyment/interest variables; and 
Importance of Math, based on students’ perception of the importance of mathematics for 
work, for securing a job, and for life.  For the final regional model (that is, for all nine 
countries), the path coefficient for Like Math and mathematics achievement was .16 and the 
path coefficient for Importance of Math and mathematics achievement was .02.41 

In summary, the student-level variable of word knowledge is likely to be much more highly 
related to achievement than attitudinal/motivational variables such as some of those reviewed 
in this section.  Word knowledge, of course, is also related to SES and educational 
environment of the home.  The multivariate and multilevel analyses carried out on the 
Australian data for this book shed some light on the complex inter-relationships between the 
various student background and mediating factors included in the Australian TIMSS data 
sets.  As Kotte’s study showed, gender was an important variable in explaining achievement 
differences in SISS for some countries, not so for others.  Gender differences in achievement 
were reported for many countries in TIMSS, but were almost non-existent in the Australian 
data.42    

Teacher factors 

Data on some 20 teacher variables, covering the areas of gender, age, training, workload, 
access to facilities, and opportunities for professional development, were collected in the first 
international science study.  Regression analysis was carried out for Populations I, II, and IV 
using a selection of these teacher variables within a block designated Learning Conditions in 
the School.  The components of this block varied according to the population under 
consideration and the block contained classroom factors as well as teacher factors.  
Consequently, the results of the regression analysis are discussed in the following section of 
this report, Classroom factors.    

Some research findings of Martin, who studied teacher effectiveness in small-group 
instruction in the late 1970s, were discussed by Burstein in an article published in 1980.  The 
significance of Martin’s study from the perspective of research on TIMSS is methodological, 
as a pioneering application of multilevel analysis ideas in research on teacher effectiveness.  
Reanalysing data from the Texas First Grade Reading Group Study, Martin: 

estimated the regressions of posttest on pretest, teacher behavior, and the interaction of 
pretest and teacher behavior at three levels: between-class, reading-group-within-class and 
student-within-reading-group.43  

Teacher behaviours included selection variables (how students were selected to give 
information) and feedback behaviours.     

In an extensive review of research into teacher behaviour and learning outcomes published in 
1980, Centra and Potter proposed a structural model of the influence of school and teacher 
variables on student learning outcomes.44  Most of the categories within this model had 
appeared as variables in an earlier report by McDonald and Elias.45  Teacher characteristics 
in the Centra and Potter model were: 

�� qualifications; 

�� experience; 

�� aptitudes; 

�� knowledge of subject; 

�� knowledge of teaching; 

�� values and attitudes; 
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�� expectations; and 

�� social class. 

A problem highlighted by Centra and Potter was lack of correspondence in teacher variables 
across studies: 

Thus, comparison of … studies requires careful scrutiny of both the definition and the 
measurement of the teacher behavior variables in question; this equivalence cannot be 
assumed and is generally difficult to measure.46  

On the positive side, however, Centra and Potter observed that:  

if several investigators, working in different subject areas, with different measures of teacher 
behavior, have studied variables that are conceptually similar, and have found significant 
correlations between particular categories of teacher behavior variables and student 
achievement (however defined and measured), these categories of teacher behavior are 
worthy of further investigation and should be measured in any comprehensive study of 
classroom processes.47  (p. 282) 

Among the key findings of McDonald and Elias, noted by Centra and Potter, were these: 

��Teachers do make a difference; 

��There are no single teaching-performance variables which in themselves correlate so 
highly with student achievement that they should be considered critical for effective 
teaching.  In fact, relatively few teaching-performance variables, when considered alone, 
were found to be significantly related to student growth; and 

��Differences in patterns of teaching performance accounted for difference in student 
learning.  

A wide range of teacher variables was included in Larkin and Keeves’ 1984 study, but no 
results relating these to achievement were reported – the study’s purpose was to investigate 
the effect of class size on student achievement.48  Bourke’s 1985 study, on the other hand, 
investigated the effects on student achievement of the variable Teacher Characteristics, taken 
from The IEA Classroom Environment Study and broadly similar in content to the set of 
teacher variables in Larkin and Keeves.  It comprises sex, age, years of teaching experience, 
type of certification, training in subject matter, and workload.   

Bourke found a path coefficient for Teacher Characteristics and the variable Classroom 
Context of .222 and a path coefficient between Classroom Context and enjoyment of 
mathematics of .324.  No significant path coefficient was found for Teacher Characteristics 
and student achievement, however.  Several classroom variables that did correlate 
significantly with both student achievement and enjoyment were identified (r ��������	
���
these was a variable which may also be considered a teacher variable, namely teacher job 
satisfaction.49  Internationally, a correlation of .297 between Teacher’s Years of Experience 
and student achievement was found.50  A rather puzzling and inconclusive finding by Bosker, 
Kremers, and Lugthart in 1990 was that teacher job satisfaction correlated positively with the 
mathematics achievement of boys in Dutch schools (.18) but negatively (-.33) with the 
mathematics achievement of girls.51   

Schmidt and Burstein found, in relation to the Second International Mathematics Study, that 
‘variables describing teachers, classroom instruction, and schools’ make up a complex 
picture.  For example, these variables ‘are in general more predictive of achievement 
differences within the United States than they are for the other seven educational systems’ 
covered in the study.  Further: 

although only nine of these [teacher, classroom, and school] characteristics are statistically 
significantly related to growth in achievement in some subtest area for at least one system, no 
variable that is statistically related to achievement is replicated in more than two instances in 
a consistent direction.52 
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The teacher-specific variables examined in this study were Years of Experience in teaching 
mathematics to Population A (basically Year 8) students and Teacher’s Degree of 
Specialization, that is, the number of periods spent teaching mathematics divided by total 
number of teaching periods. 

Classroom factors 

Blocks of classroom-related variables were included in many of the studies cited so far.  An 
example is provided by Comber and Keeves in the report of the first science study, in which 
three distinct blocks of classroom variables were investigated.  Each block was designated 
Learning Conditions in the School.  The block for Population I (students aged 10) contained 
the following variables: 

�� teaching methods: use of audio-visual materials; 

�� grade level of students in the sample; 

�� size of class; 

�� students have regular science lessons; 

�� students have a textbook for science; 

�� students make observations and do  experiments; and  

�� students make up own experiments and design experiments. 

The mean contribution of this block, from between-school regression analysis, to the total 
variance of student achievement in Population I was 15%.  Chile ranked highest at 36%, and 
England and Japan lowest at 2%.  The mean contribution from between-student regression 
analysis was 8%.  Belgium (French) ranked highest at 21% and Japan lowest at 1%.   

For Population II (students aged 14) the components of Learning Conditions in the School 
were: 

�� percentage of school teaching staff who are male; 

�� number of laboratory assistants; 

�� sex of science teachers in sample; 

�� opportunity to learn items tested;  

�� school behaviour scale; 

�� homework in science (a composite variable); and 

�� study in science (composite variable: currently taking science, total study of science in 
years, total hours current study of science). 

The mean contribution of these variables to total variance from between-school regression 
analysis for Population II was 15%, Sweden ranking highest at 44% and Scotland lowest at 
3%. From between-student regression analysis the mean contribution was 9%; Thailand 
ranked highest at 23% and Japan lowest at 4%.   

Finally, for Population IV (Year 12),  Learning Conditions in the School consisted of:  

�� total enrolment; 

�� percentage of teachers male and teaching science (composite variable); 

�� sex of science teachers in sample; 

�� number of ancillary staff (composite); 

�� teacher training (composite); 

�� teaching methods; 

�� opportunity to learn items tested; 
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�� homework per week; 

�� total science homework per week; and 

�� study of science (composite). 

The mean contribution of these variables to total variance (between-school regression 
analysis) for Population IV was 18% with Sweden highest at 30% and France lowest at 6%.  
Mean contribution to total variance (between-school regression analysis) was 17%; Scotland 
was the highest at 34% and Iran the lowest at 4%.53 

In their study of the effects of class size, Larkin and Keeves investigated 44 classroom 
variables.  When student mathematics achievement, controlled for father’s occupational 
status, was regressed on these variables, just over half of the correlations obtained were of no 
practical significance (less than .10).  The variables with the highest positive correlation were 
Total Time on Mathematics, .19, and Invitation to Inquire, also .19.54   

In reporting the Australian component of the IEA Classroom Environment Study, Bourke 
presented a number of correlations of classroom variables with mathematics outcomes at the 
Year 5 level, among them the following: use of textbooks was positively correlated with 
achievement (r = .32) and negatively correlated with enjoyment (-.22).  Use of worksheets, 
concrete materials and curriculum packages were positively correlated with enjoyment 
(respectively, r = .26, .28, and .23).  Teacher’s perception of class ability correlated 
positively with achievement (r = .53), but negatively with enjoyment (r = -.20).  Average 
group size was positively related to achievement (r = .41) and negatively related to 
enjoyment (r = -.24).  In classes where comprehension of concepts was emphasised student 
achievement was higher (r = .22), but in classes where students were expected to follow rules 
student enjoyment was greater (r = .21).55  

In the same study internationally, Anderson, Ryan, and Shapiro considered a substantial 
number of classroom variables.  These included: 

�� typical use of grouping; 

�� observed use of grouping; 

�� use of types of materials;  

�� lesson emphasis; 

�� lesson objective; 

�� class size; 

�� number of adults per classroom; 

�� student attendance; 

�� teacher perceptions of relative class ability; 

�� teacher perceptions of percent of students needing remediation; 

�� amount of homework; 

�� opportunity to learn; 

�� allocating time; 

�� instructional time; 

�� specifying objectives; 

�� reviewing content; and 

�� about 50 items involving teacher-student interaction in class. 

For Australia the meaningful correlations with residualised post-test scores were as follows: 

�� laboratory seatwork, -.242; 

�� silence, .286; 

�� discipline, -.285; 
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�� years of teaching experience, .297; and 

�� opportunity to learn rating, .352.56 

Reviewing findings from the 1992 US National Assessment of Educational Progress (NAEP), 
Silver, Strutchens and Zawojewski reported significant associations with mathematics 
achievement of several instructional variables operating at class (or school) level.  Among 
these variables were opportunity to learn, reflected in course-taking patterns; easy access to 
instructional resources; instructional time; amount of homework assigned; and classroom use 
of textbooks, calculators and computers.57 

As noted in the previous section, Bosker, Kremers, and Lugthart found a surprising negative 
correlation between the variable Classroom Climate (that is, teacher’s job satisfaction) and 
girls’ achievement.  Commenting on the study as a whole, the authors stated: 

The results show that it is hard to distinguish instructional and teacher effects from school 
effects and that there are complicated cross-level interactional effects on achievement.58 

In general, the findings of this study need to be interpreted in light of the stratification of the 
Dutch secondary education system, in which the main school types are senior grammar, 
senior secondary, and junior secondary (the two largest subgroups within this last category 
being technical and domestic science schools).  Bosker, Kremers and Lugthart noted ‘a 
remarkable gap between the level of student achievement from junior vocational schools and 
general secondary schools: the first group achieves much less than the second group’.59 

Rosier and Banks did not find strong correlations in SISS for Population 1 (10-year-olds) 
between any of the variables Practical Work, Teacher Initiated Activities, or Student Initiated 
Activities and student achievement.  For example, Practical Work was unrelated to 
achievement in all States and Territories except South Australia, where a low but significant 
negative path coefficient was found (-.09).  For Population 2 the variable Time was positively 
related to student achievement in five of the eight states/territories, with the highest path 
coefficient obtained in Tasmania (.18).  Practical Work was positively related to achievement 
in three states/territories, the ACT having the highest path coefficient at .15, and not related 
in the rest.  The variable Teacher Support had a low, positive relationship with achievement 
in Queensland alone and the variable Recapitulation had a low, negative relationship with 
achievement in NSW alone.  On the other hand, the variable Student Initiated Activities 
correlated quite strongly, but negatively, with achievement for seven of the eight 
states/territories (ranging from -.09 in Western Australia to –.21 in the Australian Capital 
Territory).60 

For SIMS, Schmidt and Burstein determined between-group coefficients for the following 
classroom variables: 

�� hours spent doing homework; 

�� proportion of class in bottom third nationally; 

�� hours mathematics allocated to content in specified subtest areas; 

�� class hours of mathematics per week; 

�� implemented coverage (‘Opportunity to Learn’ – OTL); 

�� hours of homework in all subjects; and 

�� class size. 

As noted in the ‘Teacher factors’ section of this review, Schmidt and Burstein found that 
student characteristics related more closely to growth in achievement than to characteristics 
of classroom instruction, schools, or teachers.  The variable Opportunity to Learn was the 
only classroom or school variable significantly related to achievement growth in more than 
one system after controlling for other student and school variables.  However, ‘even for OTL 
the results are spotty and inconsistent’.61 
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Brekke and colleagues defined the following variables for their preliminary TIMSS analysis: 

�� School and Class Climate, a construct based on students’ responses to questionnaire 
items concerning prevalence of theft and injury at the school, and students’ readiness to 
skip classes; 

��Homework; and 

�� Teacher-dominated style.  

They obtained the following final model path coefficients for these variables and student 
achievement: 

��Czech Republic, mathematics: positive school and class climate, .146; homework, 0; 
teacher-dominated style, -.49; 

��Lithuania, mathematics: positive school and class climate, .106; homework, .063; 
teacher-dominated style, .57; 

��Norway, mathematics:  positive school and class climate, .055; homework, .083; teacher-
dominated style, .119; and 

��Norway, science: positive school and class climate, .060; homework, .057; teacher-
dominated style, .074.62 

Zabulionis considered the variables Classroom Climate (briefly characterised as: students 
neglect schoolwork, students are quiet in lessons, students do as teacher says) and Teaching 
Style (teacher-dominated/student-centred) in the nine-country European analysis, but these 
dropped out of the final model through having non-significant relationships with 
achievement.63 

��The Bos and Kuiper study for ten European countries examined the following classroom 
variables:  

�� homework;   

�� Teaching style (teacher-/student-centred); 

��Class Climate: students neglect schoolwork; students are orderly and quiet; students do 
exactly as teacher says;  

�� Instructional Formats: extent of cooperative learning; 

�� class size; 

�� effective learning time; 

��Assessment: degree to which teacher assesses and bases decisions on results of 
assessment; and 

�� teacher expectation. 

These researchers found that in the majority of cases the path coefficients for the classroom 
variables and student achievement in mathematics were not significant.  They concluded: 

Considering the low R2 of the three endogenous latent variables class climate, effective 
learning time and instructional formats plus the low or non-significant path coefficients from 
these latent variables towards achievement in mathematics ... one can conclude that these 
factors cannot be kept in the model unless better indicators (manifest variables) ... can be 
found in the TIMSS data.64  

School Variables 

A thorough review of literature on school-level characteristics associated with school 
effectiveness was provided by Banks in 1992.65  Three general dimensions of schools were 
identified: academic press; staff and parent engagement; and school ecology.  The first two 
are largely under the control of schools and therefore of interest to policy makers, the third 
generally not open to decision making at local level (for example, school size and collective 
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attributes of the student body).  Banks found that mean science class time was not correlated 
with achievement in science.  A weak negative effect of class size was found for primary 
schools but a moderately strong positive effect on science scores was found for secondary 
schools.  Amount of science homework had a positive effect on science achievement.  Banks 
also concluded that: 

Academic Press was generally an important and positive influence on student performance in 
the cognitive outcomes of schooling and therefore, this aspect of schools may be described as 
a value-adding factor in the dynamics of schools.66 

Banks found that greater levels of Academic Press were associated with larger or smaller 
learning gaps, depending on the intake characteristic and the outcome measure.  The ‘staff 
and parent engagement’ measures showed only very slight value-adding effects, and in 
inconsistent directions.  School size showed a weak, positive influence on achievement in 
primary schools but not in secondary schools. 

To examine the effects of school variables, Comber and Keeves established the block of 
variables Type of School.  This block was based partly on the type of program offered by the 
school (academic, vocational, general, or unclassified) and partly on other variables that had 
been found to function as stratifying variables within countries.  Among such variables were 
the following: 

�� number of students; 

�� student/teacher ratio; 

�� urban-suburban location; 

�� percentage of male teachers; 

�� total ancillary staff; 

�� variety of courses; 

�� single sex; 

�� has PTA; and 

�� position on school behaviour scale. 

For Population I the mean variance explained by this block of variables was 1%; for 
Population 2, 6% (7% for Australia); and for Population IV, 7% (3% for Australia).67   

In their 1977 study of Australian schools Bourke and Keeves set up the following blocks: 
School Location (metropolitan, non-metropolitan), Type of School (Government, Catholic, 
Independent), and State (State or Territory).  These blocks of variables were analysed as 
predictors for mean school word knowledge.  At the 10-year-old level the amount of variance 
explained by the three blocks was 12.9%; at the 14-year-old level it was 34.3%.68 

Centra and Potter, in their 1980 review of school and teacher effects studies, observed that:  

between-schools studies have not been successful in identifying school (or district) 
characteristics that are highly related to how much students learn.  Although schools 
apparently do make some difference, most of the variability in student achievement is related 
to student social class or to within-school factors.69 

The variables investigated by Centra and Potter, and which gave rise to the comment that 
studies have not been successful in identifying school characteristics related to achievement, 
were: 

�� school or School District conditions; 

�� sex of student; 

��word knowledge; 

�� father’s occupation; 

�� books in home; 
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�� years of study; 

�� science instruction; 

�� instructional approach. 
  
Within-School Conditions: 

�� administrative organisation; 

�� instructional organisation: 

- tracking; 
- team teaching; 
- open vs. traditional; 

�� student peer group influences; 

�� class size; 

�� quantity of schooling; and  

�� environment or ambience. 

In the mid 1980s, Lee and Bryk investigated a range of complex attitude, achievement, and 
school indicators in their study of single-sex versus coeducational schooling in the USA. 
Using the US High School and Beyond project as its basis, this study took a random sample 
of 1 807 students in Catholic high schools, 45 of which were single-sex.  Lee and Bryk 
stated: 

We compared the effects of these two types of school organization on the nature of students’ 
engagement in school life in terms of their social and academic attitudes, school-related 
behaviors, and courses of study.  We also investigated the impact of single-sex education on 
students’ academic achievement, educational aspirations, self-concept, and views of adult sex 
roles.70 

The conclusions of Lee and Bryk, broadly speaking, were that single-sex education appeared 
to be of benefit to students and that further research into the question was warranted.  
Although these conclusions are not in themselves directly relevant to the purpose of the 
present study, the range of school variables considered by Lee and Bryk is given below. 

�� boys only;  

�� coeducational; 

�� girls only; 

�� school size; 

�� student/faculty ratio; 

�� diversity of curricular offerings; 

��% female faculty; 

��% faculty with advanced degrees; 

��% annual faculty turnover; 

��% faculty at school 10 years or more; 

�� first salary step, BA; 

�� annual tuition; 

�� per-pupil expenditure; 

�� perceived quality of teaching; 

�� general school rating; and 

��% religious order. 
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Anderson, Ryan, and Shapiro, in the IEA Classroom Environment Study, also investigated 
the variables School Location, School Type¸Grade Levels, School Size, and Subject Hours.  
However, these variables did not appear in their Core Model as contributing to 
achievement.71  

In another study based on the High School and Beyond data, Lee and Bryk conducted a 
complex investigation of student achievement in US Catholic and public schools, concluding 
tentatively that the ethos of the former tends to encourage academic achievement, especially 
among minority groups.  The quantitative aspects of this study are not amenable to a brief 
summary; however, the substantive conclusion of the study was that: 

a distribution of achievement that maintains a high average level, as well as being socially 
equitable, is more likely to arise when the average level of academic course taking is high and 
the differences among students’ programs of study are small.72 

The school variables considered in their study were as follows: 

�� school composition: 

- average school social class; 
- percentage of high-minority schools; 
- average academic background; 

�� teacher quality: 

�� teacher interest; 

�� staff problems; 

�� perceived quality of instruction; 

�� social climate: 

�� disciplinary climate; 

�� percentage of students who feel safe; 

�� perceptions of authority as  fair and effective; 

�� academic climate: 

�� average hours a week on homework; 

�� attitude toward academics; 

�� average lack of academic press;   

�� curricular communality: 

�� average number of mathematics courses; 

�� standard deviation of mathematics courses; and 

�� percentage of students in the academic track. 

Bosker and Scheerens, reporting a study in the Netherlands in the late 1980s, found that 11% 
of the variance in mathematics achievement was accounted for by the schools that the pupils 
attended.73  It should be noted, however, that the generalisability of this finding is 
problematic, given the particular stratified characteristics of schooling in the Netherlands. 

Mandeville and Kennedy, in their 1991 study of reading and mathematics achievement in 
9700 South Carolina students as they progressed from Grade 1 to Grade 3, examined a range 
of school-level predictor variables, including size of school, level of teacher education, 
socioeconomic background variables, retention rates and school climate.  They found that no 
clear links could be established between these variables and student achievement: 

Reading trends were effectively constant across schools and, therefore, not predictable based 
on school characteristics.  The linear parameters for mathematics did exhibit true variation, 
accounting for about 25% of the total variation.  Unfortunately, our 13 school level variables 
proved to be virtually unrelated to this variation with none of the 13 significant.74    
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Burstein, for the Second International Mathematics Study, considered the variables: 

�� school enrolment; 

�� class size; 

�� urban/rural; 

�� hours of mathematics per year; and 

�� school days per year. 

The first four of these were generally found not to be significant across countries and the fifth 
dropped out of the analysis altogether.75  

In the nine-country European analysis of TIMSS data, Zabulionis considered: 

�� community (urban/rural); 

�� school size; and 

�� school climate: theft, skipping class, injury. 

In the final Regional Model, for all nine central and Eastern European countries combined, 
the path coefficient from Community to Size was .50, from Size to student achievement, .03,  
from Size to School Climate, -.16, and from School Climate to student achievement, .13.  
School Climate was thus potentially a more influential factor in students’ achievement than 
was school size.  

In a recent local study, Afrassa and Keeves examined factors influencing the performance of 
students in Years 3 and 5 in South Australia on the annual Basic Skills Test.  A wide range of 
school level variables was considered, including mean age, gender composition, ethnic 
background composition, socioeconomic background variables, and numeracy and literacy 
levels, and concluded that: 

If variables are to be identified that have a consistent influence at the school level on the 
performance of students within the school in both Literacy and Numeracy and at both Year 3 
and the Year 5 grade levels from the 20 variables examined, only two are found to have 
consistently significant effects.  These two variables are: 

(a) proportion of Aboriginal and Torres Strait islanders in the school, and  
(b) proportion of school card holders in the school,76 

the latter being an index of socioeconomic disadvantage. 

Summary and discussion 

This chapter has reviewed a small but targeted number of studies with a similar purpose to 
that of the secondary analyses of TIMSS – to identify factors pertaining to schooling that 
‘make a difference’ as far as learning outcomes for students are concerned.  Clusters of 
variables similar to those featured in TIMSS were a focus, as were large-scale studies 
examining variables at different levels of the hierarchy of schooling.  The need to take 
account of this hierarchy, that is, of students within classrooms, classrooms within schools 
and schools within education systems, led in the 1980s to the development of computer 
programs to enable the effects of variables operating at the different levels to be separated out 
and estimated appropriately.  The chapter includes a brief discussion of Hierarchical Linear 
Modeling (HLM), the method chosen for the secondary analyses of the Australian TIMSS 
data. 

The review, together with the results of the primary analyses reported in the next chapter, 
informs the selection of variables for further investigation in the secondary analyses that form 
the main focus of this book.  The consistent thread running through the studies reviewed is 
that student-level factors are the most powerful in accounting for achievement differences.  
Some studies successfully identified teacher- or classroom-level factors as having an 
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influence on achievement, but the effects of these variables were typically relatively small 
compared with the effects of student-level factors.  The same was true for school-level 
factors.  Nevertheless, using the methods such as those employed by Banks, some schools 
have been and can be identified as having more ‘value-added’ effect than others, and it will 
be worth further examination of these schools in the quest for factors that can be manipulated 
to achieve better outcomes for students.   
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Chapter 3 

Some Pertinent Results from the Main Australian 
TIMSS Reports 

To set the context for the secondary analyses of the TIMSS data that form the major part of 
this book, some key results at student level from the main Australian Population 1 and 
Population 2 reports are presented in this chapter.  The variables for which results are shown 
here were partly suggested by the literature review in the previous chapter and partly by the 
actual TIMSS results. 

In addition to the mathematics and science achievement variables, data on a large number of 
student characteristics and home background variables, attitudes and aspirations were 
collected.  In order to release the main Australian TIMSS reports at the same time as the 
international reports, the student-level variables were mostly examined only one at a time in 
relation to achievement (as they also were in the main international reports).  Results of such 
analyses prepare the way for the more complex analyses undertaken for this book, but can be 
overinterpreted without consideration of the way the many variables act together in relation 
to achievement. 

Table 3.1 lists the main clusters of student-level variables on which data were collected.  
Most were included in the questionnaires at both populations, but the Population 2 
questionnaire was a little longer and probed some areas in more detail.   

As a first step in examining these many variables, the correlations between each of them and 
the outcome variables of mathematics and science achievement were computed.  As 
expected, an inspection of the resulting correlations indicated the variables likely to be of use 
in further analyses and those that seemed unlikely to be so, but more definitive work in this 
vein was not undertaken at that stage.  In the main TIMSS reports, only a small number of 
composite variables from the many possibilities were formed: namely, an index of socio-
educational level of the home (to be consistent with earlier IEA studies of mathematics and 
science in Australia);1 a composite of time on non-academic activities; a composite of time 
on academic activities; a composite ethnic and language background variable; and ‘like 
mathematics’/’like science’ variables.   

In the next chapter of this book, the work of creating meaningful composites from the myriad 
of separate questionnaire items is extended well beyond that addressed in the main reports, as 
well as assembling the more detailed work into a series of inter-connected models predicting 
achievement.  For information, the tables of basic correlations from the main reports are 
repeated here. 
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Table 3.1 Student-level Variables Included in Population 1 and Population 2 TIMSS 
Questionnaires 

Cluster Items, Population 1 Items, Population 2 

Characteristic   

 Gender Gender 

 Age Age 

 Indigenous status Indigenous status 

 Verbal ability Verbal ability 

Home background   

 Family composition Family composition 

 Language, ethnicity Language, ethnicity 

 Education resources Education resources 

 Socioeconomic status Socioeconomic status 

  Parental education 

 Parental valuing of 
mathematics/science 

Parental valuing of 
mathematics/science 

Behaviours   

 Out-of-school time in academic 
activities 

Out-of-school time in academic 
activities 

  Time in paid work 

 Out-of-school time in non-
academic activities 

Out-of-school time in other non-
academic activities 

Attitudes   

 Engagement with learning Engagement with learning 

 Importance of 
mathematics/science 

Importance of mathematics/science 

 Enjoyment of 
mathematics/science 

Enjoyment of mathematics/science 

 Internal–external control beliefs Internal–external control beliefs 

 Self-assessment of abilities Self-assessment of abilities 

Aspirations   

  Plans for future education 

Perceptions of their 
teaching 

  

 Activities during 
mathematics/science lessons 

Activities during 
mathematics/science lessons 

Achievement   

 Mathematics Mathematics 

 Science Science 

 

Correlational analysis 

Achievement measures 

The TIMSS mathematics and science tests, as mentioned in Chapter 1, had wide coverage of 
topics and skills considered to be important worldwide.  About three-quarters of the items in 
each test were multiple choice and the remainder required either short written answers or, in 
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a few cases, extended written responses.  The items were assembled into eight booklets in a 
complicated design, with some parts of each booklet occurring in other booklets and some 
parts unique.  Each booklet contained a mixture of mathematics and science items and each 
student responded to only one booklet.  Population 2 students each answered about 70 items 
and Population 1 students each answered about 50 items.  All but a small percentage of 
students were able to finish their booklet. 

To make maximum use of the complex, linked design of the test booklets, Item Response 
Theory (IRT) methods were used to analyse the achievement data and create a mathematics 
score and a science score for each student.  In effect, this methodology allows each student to 
be assigned a score as if he or she had attempted all of the test items.  Measurement errors are 
minimised because the methodology takes into account large amounts of information, 
utilising the students’ responses to the questionnaire items as well as to the test items.  These 
methods have been used in the US National Assessment of Educational Progress (NAEP) 
since the early 1980s, and are ideal for a study like TIMSS where the main goal was to 
produce the most accurate estimates of achievement for populations.  

Responses to questionnaire items 

The TIMSS Student Questionnaires (one at each population level) gathered important 
background information about students and asked them a number of questions about their 
perceptions of learning mathematics and science.  For ease of marking and data entry the 
possible responses were categorical.  Examples include yes or no; strongly agree, agree, 
disagree or strongly disagree; and almost always, pretty often, once in a while or never.  The 
responses were then coded numerically.  By way of illustration, strongly agree was originally 
scored as a ‘1’, agree was scored as a ‘2’, disagree was scored as a ‘3’ and strongly disagree 
was scored as a ‘4’.   

For ease of interpretation, student responses on scale-type items were uniformly recoded so 
that positive opinions or occurrences such as strongly agree or almost always received the 
highest scores and negative opinions or occurrences received the lowest scores.  The 
categorical values were reversed so that strongly agree, for example, was recoded from ‘1’ to 
‘4’ and the other categories treated accordingly.  Thus, for example, in the seventh row of 
Table 3.2, the positive correlation (0.27) between the higher of mother’s/father’s occupation 
and mathematics achievement indicates that those students who have a parent with a high 
level of education were more likely to score well in the mathematics test than those in their 
cohort with less well-educated parents.  Likewise, a negative correlation such as that between 
the number of people living in the home and the mathematics score (-0.14) indicates that, in 
general, students who have a greater number of people living at home tended to score less 
well in the mathematics test.  

Items that were answered on a ‘yes’ or ‘no’ basis were also recoded so that interpretation was 
more intuitive.  Therefore positive correlations such as that of 0.27 between the student 
having a calculator at home and mathematics achievement would imply that students with 
access to a calculator at home are more likely to be those who score higher on the 
achievement measures.  However these correlations should be interpreted in light of the 
survey results showing that 86 percent of the Population 1 respondents and 98 percent of the 
Population 2 respondents answered that they did have a calculator in their home.  

For ease of viewing, the cells containing correlation coefficients of 0.10 or greater are 
highlighted in bold.  Following common practice, probabilities are shown only for those 
correlations that are statistically significant. 
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Statistical significance and educational importance 

One of the consequences of analysing relatively large data sets is that seemingly quite small 
influences assume statistical significance. Many of the Pearson product-moment correlations 
in Table 3.2 are statistically significant yet the practical importance of some of these factors 
is minimal.  For example a correlation of -0.14, as described previously for the relationship 
between number of people living in the home and mathematics achievement, represents only 
about two per cent of shared variance.i It is worth noting here that the correlations reported in 
this study between variables usually taken as indicators of socioeconomic status are of the 
order found in many Australian studies.2 

Discretion is also required when interpreting the results of simple tests of aggregated data 
because the tests do not take account of the multilevel nature (e.g. students within classes 
within schools) of the information collected in the study, and, as noted earlier, erroneous 
conclusions may be drawn.  Furthermore, tests of statistical significance are not substitutes 
for a thorough knowledge of the variables under investigation, nor are they able to establish 
the practical importance of any differences observed.  

Correlations between student background variables and achievement measures 

Tables 3.2 and 3.3 provide correlations and level of significance for the student background 
variables considered to be important for mathematics and science achievement for 
Populations 1 and 2, respectively. In these tables the correlation of each of the student 
background variables with ‘Word knowledge’ is also shown for information (even though 
word knowledge is used later, as a surrogate for verbal ability, in predicting mathematics and 
science achievement).ii  

Table 3.2 Correlations between TIMSS Population 1 Student Background Variables 
and Achievement in Mathematics, Science and Word Knowledge 

  
Mathematics 

  
Science 

 Word 
knowledge 

Variable label r p  r p  r p 

Student’s gender .00   -.03 **  .05 *** 

Student born in Australia .00   -.02   -.02  

Speak English at home .09 ***  .16 ***  .13 *** 

Number of people living in the home -.14 ***  -.17 ***  -.13 *** 

Mother’s occupation .22 ***  .22 ***  .22 *** 

Father’s occupation .23 ***  .24 ***  .22 *** 

Higher of mother’s/father’s occupation .27 ***  .27 ***  .26 *** 

Mother born in Australia .02   -.01   .00  

Father born in Australia .00   -.02   -.02  

Number of books in student’s home .18 ***  .21 ***  .18 *** 

Calculator in student’s home .27 ***  .27 ***  .24 *** 

Computer in student’s home .16 ***  .15 ***  .11 *** 

Number of items in student's home .27 ***  .27 ***  .25 *** 

** p < .01, *** p < .001 

                                                 
i  This means that only about 2 per cent of the variability seen in students’ achievement scores can be explained 

by the variance in family size.  Ninety-eight per cent is left to be explained by other variables.  Therefore even 
though the correlation is statistically significant, there is some question as to its practical significance. 

ii  The Word Knowledge measure was included in the Australian TIMSS questionnaires because of the tendency 
of the mathematics and science tests to draw on verbal ability. 
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The variables, ‘higher of mother’s/father’s occupation (both populations) and ‘higher of 
mother’s/father’s education (Population 2 only as this was not asked in the Population 1 
questionnaire) were constructed to reduce the impact of missing data. 

For Population 1 students the highest positive correlations can be seen between achievement 
in mathematics and science and possessing a calculator, total number of possessions in the 
home (from a given list) and higher of parents’ occupations.  Number of books in the home 
and mother’s occupation and father’s occupation separatelyi were also correlated more highly 
than the other variables with mathematics and science achievement, and also with verbal 
ability as measured by word knowledge.  There are weaker correlations, shown between 
achievement in all areas and family size (in a negative direction) and with language 
background measured as the extent to which English is spoken at home.  Students from larger 
families and students who spoke a language other than English at home at least some of the 
time achieved lower scores in all areas than those from smaller families and those who 
always or almost always spoke English at home.   

For Population 2 (as shown in Table 3.3) the highest correlations overall can be seen between 
achievement in mathematics, science and word knowledge and the educational level to which 
the student aspired.  The next highest correlations with mathematics and science achievement 
were found for higher of mother’s/father’s occupation; higher of mother’s/father’s education 
level; number of books; and the combined number of possessions in the student’s home.  
These variables were also significantly correlated with word knowledge, but at a somewhat 
lower level.  Such variables are frequently combined to form a measure of socioeconomic or 
socio-cultural status. 

Table 3.3 Correlations between TIMSS Population 2 Student Background Variables 
and Achievement in Mathematics, Science and Word Knowledge 

  
Mathematics 

  
Science 

 Word 
knowledge 

Variable r p  r p  r p 

Student’s gender -.01   .06 ***  -.04 *** 

Student born in Australia .02   -.03 **  -.02 * 

Speak English at home .06 ***  .13 ***  .10 *** 

Number of people living in the home -.10 ***  -.11 ***  -.08 *** 

Mother’s occupation .24 ***  .23 ***  .17 *** 

Father’s occupation .29 ***  .26 ***  .19 *** 

Higher of mother’s/father’s occupation .30 ***  .29 ***  .20 *** 

Mother’s highest education level .24 ***  .23 ***  .18 *** 

Father’s highest education level .28 ***  .26 ***  .19 *** 

Higher of mother’s/father’s education level .30 ***  .28 ***  .21 *** 

Student’s expected highest education level .33 ***  .27 ***  .27 *** 

Mother born in Australia .01   -.03 **  -.01  

Father born in Australia .01   -.04 **  -.02  

Number of books in student’s home .27 ***  .28 ***  .19 *** 

Calculator in student’s home .13 ***  .13 ***  .08 *** 

Computer in student’s home .15 ***  .16 ***  .08 *** 

Number of items in student's home .25 ***  .23 ***  .16 *** 

* p < .05, **p < .01, *** p < .001 

                                                 
i  These variables considered separately each had about 20 per cent of missing data. 
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For both Population 1 and Population 2, relatively strong correlations can be seen between 
achievement measures and the number of books in the home, generally a measure of the 
“cultural capital” of the household.  It is interesting to note the very high proportions of 
Australian students who said they had a calculator in their home (86 per cent at Population 1 
and 98 per cent at Population 2) and the moderately high proportions with a computer in the 
house (63 per cent for Population 1 and 72 per cent for Population 2).  The proportions for 
computers at home were lower only than those for England and Scotland, of all the TIMSS 
countries.  

Correlations between other variables and mathematics and science achievement 

This section presents a summary of the correlations obtained between a wide range of other 
variables included in the Student Questionnaires and achievement in mathematics and 
science.  The topics of the variables are listed in Table 3.4.  The correlations computed 
(Pearson product–moment coefficients) assume linear relationships between the pairs of 
variables.  Some of the correlations obtained were low partly because this assumption was 
not always valid for the TIMSS data.  This shows, for example, in some of the relationships 
illustrated following the summary table. 

Points worthy of note concerning the information in Table 3.4 are that: 

�� achievement was negatively correlated with whether students had extra lessons in 
mathematics and science, possibly indicating that it is the weaker students who do extra 
work outside class (these data might also indicate that there were other factors than time 
spent in practising mathematics or science that were in effect, such as motivation and 
interest in the subject, as well as the perceived worth of the subject); 

�� perceived importance of doing well in mathematics or science had a very low correlation 
with achievement for the Population 1 students; 

��more aspects of perceived importance were asked of the Population 2 students, and most 
correlations were in the range of around .10 to .20 (though some showed no relationship); 
highest correlations were for the importance of learning mathematics or science to get 
one’s desired job or to get into a particular post-school course; 

�� of attributes that students believe are important to do well in mathematics or science, 
including both internal (natural talent) and external (good luck) factors, the students 
whose achievement was poor in each of mathematics and science had relatively strong 
beliefs that good luck is necessary for success, and, to a lesser extent, memorisation of 
notes also; these results highlight that the students who were not achieving well perhaps 
looked to external reasons for success, such as “It takes good luck to do well” or “You 
have to memorise notes to do well”; 

�� a corresponding belief on the part of better achievers that their success was due to hard 
work was unexpectedly not found at Population 2, and the association was only weak at 
Population 1; 

�� for both populations, correlations ranging roughly between .10 and .20 were found 
between doing well in mathematics or science, liking these subjects and achieving well in 
them, and negative correlations of the same order indicated that students who found these 
subjects boring were generally those who were not achieving well; and 

�� a perception that one usually performed well in mathematics or science was correlated 
the highest of all of the attitudinal variables with achievement at Population 2, though 
correlated at a lower level at Population 1. 
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Table 3.4 Summary of Correlations between Student Questionnaire Items and 
Achievement in Mathematics and Science 

Variable Population 1 Population 2 

Time outside school hours 

Time spent having extra lessons in 
mathematics or science 

 

Negative; around -.15 to -.20 

 

Negative; around -.10 

Time spent studying mathematics or 
science 

Negative; around -.10 Negative; around -.03 

Importance of maths/science 

Student thinks important to do well 
in mathematics or science 

 

Positive; around .02 to .08 

 

Positive; around .14 to .18 

Student thinks mother thinks 
important to do well in mathematics 
or science 

n/a Positive; around .10 to .17 

Beliefs about science 

Student thinks science important in 
life* 

 

n/a 

 

Positive; around .14 

Student would like a job involving 
science* 

n/a Positive; around .16 

Student needs to do well in science 
to please self* 

n/a Positive; around .16 

Beliefs about maths/science 

Student needs to do well in 
mathematics or science to get 
desired job 

 

n/a 

 

Positive; around .17 to .23 

Student needs to do well in 
mathematics or science to get into 
post-school course 

n/a Positive; around .18 

Attributes for success 

Belief natural talent needed to do 
well in mathematics or science 

 

Zero 

 

Negative; around -.10 

Belief good luck needed to do well 
in mathematics or science 

Negative; around -.30 to -.33 Negative; around -.25 to -.28 

Belief hard work needed to do well 
in mathematics or science 

Positive; around .10 Positive; around zero to .05 

Belief memorising notes needed to 
do well in mathematics or science 

Negative; around -.10 Negative; around -.08 to -.15 

Enjoyment of maths/science 

Student likes/enjoys learning 
mathematics or science 

 

Positive; around .08 to .13 

 

Positive; around .20 

Student thinks mathematics or 
science is boring 

Negative; around -.18 Negative; around -.15 

Student perceives self good at 
mathematics or science 

Positive; around .15 to .27 Positive; around .30 to .36 

�� * Correlation for corresponding mathematics items around zero 
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Achievement levels by response category 

To conclude this chapter, graphs for a cross-section of the Student Questionnaire variables in 
relation to achievementi are presented to give visual meaning to the relationships summarised 
in Table 3.4.  Some of the graphs shown are for Population 1 and some are for Population 2 
(in general, relationships were similar in the two populations).  In considering these graphs it 
is important to remember that the relationships might change when clusters of (for example) 
student characteristics variables are analysed together, because the variables can interact in 
ways that do not show in the simple relationships shown in the following figures.  How the 
relationships changed for the Australian TIMSS students, and which relationships, is shown 
in Chapter 4.  

One of the stronger relationships, between achievement and parental occupation, is shown in 
Figure 3. 1.  There is a clear increase in achievement for each increment of the occupations in 
terms of their social prestige.  
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Figure 3.1 Achievement and Parental Occupation, Population 1 

A similar degree of relationship is shown in Figure 3.2, for mathematics achievement at 
Population 1 in relation to the number of possessions, from a list provided, that the students 
said they had in their homes.  These included a dictionary, a computer, the student’s own 
desk for study purposes, the student’s own room, and so on, intended to be indicators of 
family wealth, but also partly of the educational environment of the home.  It is not illustrated 
here, but the relationship of achievement to number of books in the home was very similar to 
that for possessions. 

                                                 
i  As a reminder, achievement for each of mathematics and science and within each population level was scaled 

internationally to a mean of 500 and standard deviation of 100. 
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Figure 3.2 Mathematics Achievement and Number of Key Possessions, Population 1 

Figure 3.3 shows that achievement clearly increases in association with increased educational 
qualification of parents.  This variable is an indication of the level of education in the 
student’s home environment and also of likely parental expectations for the student’s 
performance. 
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Figure 3.3 Achievement by Parental Education Level, Population 2 

Figure 3.4 is the first graph illustrating a negative relationship, at least over part of its range.  
Family size above five people is associated with lower achievement.  Very likely the 
relationship is due to other factors that go with larger family size rather than with size as 
such.  
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Figure 3.4 Achievement in Relation to Number of People in the Home,  
Population 1 

The next figure, Figure 3.5, shows the relationships at Population 2 of achievement and 
language background.  The background categories represent varying degrees of ‘Englishness’ 
of the student’s environment, in terms of a combination of where the student and his or her 
parents were born, and whether English was spoken in the home.  It is interesting to see that 
for science, higher achievement was associated with more English in the student’s 
background throughout the range, whereas for mathematics a higher extent of English beyond 
‘some’ was not associated with improved results. 
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Figure 3.5 Achievement in Relation to Language Background, Population 2 
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The amount of time spent by Population students (mostly boys) in playing computer games 
was negatively associated with achievement in both mathematics and science.  The same was 
true at Population 2, but to a slightly lesser extent.  Figure 3.6 shows the relationship for 
mathematics at Population 1. 

No time < 1 1-2 3-4 > 4
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Figure 3.6 Mathematics Achievement and Daily Time Spent Playing Computer Games, 
Population 1 

A similar pattern was also found, however, for time spent studying mathematics and science, 
shown in Figure 3.7.  This suggests that it was most likely the weaker students who were 
spending more out-of-school time in studying.  There was only a small percentage of students 
in the category claiming to do more than four hours’ study a day.  
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Figure 3.7 Achievement and Hours per day Studying Mathematics/Science, Population 1  
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The relationship between enjoyment of the subject and achievement is shown for Population 
2 mathematics and science in Figure 3.8.  There appears to be a stronger relationship between 
enjoying science and achieving well in it than there appears to be for mathematics. 
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Figure 3.8 Achievement in Relation to Enjoyment of Subject, Population 2 

The final relationships illustrated are for the self-estimates of performance in mathematics 
and science, displayed by gender for each of mathematics and science at Population 1 in 
Figures 3.9 and 3.10. 
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Figure 3.9 Mathematics Achievement in Relation to Self-estimate of Performance, 
Population 1, by Gender 
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Figure 3.10 Science Achievement in Relation to Self-estimate of Performance, 

Population 1, by Gender 

These graphs are interesting because there is no clear gender effect suggesting a lack of 
confidence on the part of girls in their ability to do mathematics, at least at mid-primary level.  
At lower secondary level (Population 2) the girls’ self-estimated performance was actually 
slightly higher than the boys’.  A gender effect in this respect is often cited in the research 
literature, but with girls supposedly less confident in their own abilities.  The pattern for 
science illustrated in Figure 3.10 is also interesting.  Overall there was no difference in the 
self-estimates of performance by gender, but the graph suggests a slightly higher confidence 
among the lower achieving girls than the lower achieving boys, with the reverse occurring for 
the higher achieving students. 

Summary 

This chapter examined the relationships between the student-level variables individually and 
mathematics and science achievement for Population 1 and Population 2 students, with a 
view to identifying the variables likely to be useful in the secondary analyses.  The chapter 
has also paved the way for the analyses of variables in combination that are described and 
discussed in the next chapter.  

The most significant positive correlations were found between mathematics and science 
achievement and 

• Parents’ occupation; 

• Parents’ education level; 

• Number of books in the student’s home; 

• Total number of key items in the home; 

• Students’ verbal ability; 

• Self-estimates of performance in mathematics and science; 

• Belief in the importance of mathematics or science (measured for Population 2 only), 
particularly to get into the student’s desired job or post-secondary school course of 
study; and 

• Attitudes to mathematics and science, measured by liking of the subject, enjoyment 
in learning it, thinking it is not boring and belief in whether or not it is easy. 
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For both populations, the most significant negative correlations were between achievement 
and belief in external factors as the source of success in mathematics and science. 

Some typical relationships between the above variables individually and achievement in 
mathematics and science were shown graphically, to give visual meaning to the degrees of 
association reported in the tables earlier in the chapter.  
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