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Introduction 

Academic learning is an expectation of the provision of education in schools. In reality, the 
results of education are more specifically achieved in classrooms within schools and the 
classroom is the nucleus where influences on student achievement and other results from 
their education are found. It is now well recognised that student and family background 
characteristics consistently explain a large proportion of the variance in student outcomes. 
These characteristics include sex of student, socio-economic background, prior ability, 
attitudes, aspirations, and beliefs about learning. Classroom influences include: the students’ 
opportunities to learn within the classroom; the instructional practices and beliefs of the 
teacher; the climate of the classroom; and teacher and peer relationships within the 
classroom. At the school level, the size of the school, the leadership and the school 
environment are factors that could influence student outcomes. 

Teachers and the instructional approaches they use are fundamental in building students’ 
understanding. Primary among their many duties and responsibilities, teachers structure and 
guide the pace of individual, small-group and whole-class work to present new material, 
engage students in learning tasks, and help deepen students’ grasp of the content and 
concepts being studied. There are many theories about instructional effectiveness and these 
differ in the amount of direction teachers should provide for children. For many years there 
has been an inference in educational literature that the environment at the school level is 
linked to student outcomes yet there has been no evidence to support this hypothesis. 
Previous research does indicates that teachers who have a good working environment, who 
feel empowered, supported and encouraged to be innovative, then teacher job satisfaction is 
improved and the suggestion is that this leads to improved student outcomes. 

This paper presents findings from a study of 57 Australian schools where data were 
collected in two stages. The Third International Mathematics and Science Study (TIMSS) 
data from 4,645 students in these schools were merged with subsequently collected school-
level environment data from 620 teachers in these schools. The study included an 
investigation of direct and indirect influences on student outcomes and included variables at 
the school level such as school-level environment, and the class level such as instructional 
practices. The discussion involves the implications of these influences for outcomes at the 
student level. 

  

 

 



Literature Review 

Student beliefs and attitudes 

Students’ attitudes about the value of learning mathematics can be considered as both an 
input and outcome variable, because attitudes towards the subject can be related to 
educational achievement in ways that reinforce higher or lower performance. That is, 
students who do well in mathematics generally have more positive attitudes towards the 
subject, and those who have more positive attitudes tend to perform better. Students’ beliefs 
in the way they learn influence achievement outcomes. In general, the stronger the feeling of 
‘self-efficacy’, the better the level of achievement . In addition, the learners feeling is 
influenced by the school attended and if the teachers hold positive views about ability and 
about their teaching, they are more likely to produce academic learning in their classrooms . 
Attribution theory is concerned with how we perceive causality and the consequences of our 
perceptions. In relation to learning, attribution theory illuminates how we understand and 
react to our achievement, whether we judge it to be the result of internal factors (ability and 
effort), or external factors (good or bad luck). In measuring student success attribution we 
are measuring the degree of perceived personal responsibility for success or failure . 

Instructional Practices 

During the last decade a blending of approaches to instructional effectiveness has taken 
place. In looking at research on instructional practices and the influence of these factors on 
student achievement, quality of instruction is high if students learn the material as rapidly as 
their abilities and levels of prior knowledge allow , and low quality curricula and /or 
instruction would result in the need for additional learning time. Keeves and Dryden (1992) 
described teaching and learning in the classroom from three general perspectives. Firstly 
there is the perspective of teaching involving imparting information, teacher-directed learning 
or transmission of knowledge (instruction). Secondly, there is the perspective of teaching as 
meeting the needs of the students, involving student participation (participation). Thirdly, 
there is the more scientific perspective in which the learning is seen as a process of 
investigation of practical work and open-ended inquiry learning (investigation). Brophy 
(1996) suggests integrating the principles of structured classroom management and the 
principles of self-regulated learning strategies for optimal outcomes. The characteristics of 
the teacher, their experiences and the way they deliver the curriculum all contribute to the 
learning environment of students, which in turn will have an effect on student outcomes 

School-Level Environment 

The environment at the school level can influence the behaviour of staff and students and 
their consequent success in teaching and in learning . Creemers (1994) , while studying 
classroom effects, observed that school-level environment factors influence education at the 
classroom level. While evidence can be found that schools with favourable environments are 
academically more successful with students, some writers have argued that conclusions 
about these relationships are premature because the data on school-level environments and 
student outcomes have been confounded by several other issues . 

Several studies have reported simple correlations between skills of students and the school 
environment , but no studies explicitly investigate and explain the effects of school-level 
environment at the class level and the student level and the influence on student outcomes. 

 

  



Concptual Framework 

The conceptual framework presented in Figure 1 summarises how the relationship between 
three groups of factors and student achievement is broadly theorised. This represents a 
simplified model for describing these relationships because the contributing factors and 
student achievement are presented as groups, and possible or likely relationships between 
individual contributing variables and achievement components are omitted. This model 
forms the basis for the following research questions posed in this study: 

• How does the school-level environment influence the way teachers deliver the 
curriculum? 

• How are student outcomes in mathematics influenced by instructional practices? 
• What is the relationship between instructional practices and student beliefs and 

attitudes about mathematics? 

 

Figure 1. Conceptual framework of student achievement. 

The model suggests that classroom-level factors can affect student achievement directly 
(e.g. different teaching practices suit some students better than others and can promote 
achievement) and indirectly through affecting student-level factors (e.g., teachers’ attitudes 
towards teaching can affect student beliefs about success and student attitudes toward 
mathematics which in return can effect achievement outcomes). School-level 
factors directly affect classroom-level factors (e.g., the school-level environment can affect 
teachers’ attitudes and influence teaching practices). School-level environment can affect 



student achievement indirectly (e.g. school size and socio-economic status can affect 
teaching practices). The model also suggests that some relationships between student-level 
factors and student achievement are recursive (e.g., achievement can influence attitudes as 
can attitudes influence achievement). 

  

Methodology 

Sample 

This study involved the collection of quantitative data in two stages. The first being data from 
the Third International Mathematics and Science Study which included student cognitive and 
affective data, student background information, classroom-level data, and school-level 
information from 57 Australian schools in all states and territories. The second stage 
involved the collection of school-level environment data of 620 teachers from the 57 
participating schools. The two data sets were merged prior to analysis and sample details 
are presented below in table 1. 

Table 1 

Number of Schools from each State/Territory 

State/Territory Schools Teachers Classes Students 

Australian Capital 
Territory 

3 28 9 265 

New South Wales 8 65 25 510 

Northern Territory 2 14 8 152 

Queensland 11 147 43 1024 

South Australia 7 68 29 627 

Tasmania 3 23 9 218 

Victoria 14 142 43 970 

Western Australia 9 133 37 879 

Total 57 620 203 4645 

Variables in the study 

Mathematics Achievement 

The dependent outcome measure in this study was mathematics achievement and was 
available with the TIMSS data. The overall mathematics results from TIMSS were 



summarized using an item response theory (IRT) scaling method. The mathematics tests 
consisted of 36 multiple choice and free response items and the scales were constructed 
using the IRT procedure, Rasch Modelling . This procedure scores the test items and then 
estimates the student’s ability on that test item as a function of the difficulty of the test item 
and the student responses to other test items. The purpose of the Rasch analysis was to 
make the achievement scores independent of the sample (student ability) and the item 
difficulty; some of the rotated test items may have been more difficult than other test items. 

Socio-economic status 

A family socio-economic index was calculated for each student as a composite of mother’s 
education, father’s education, English as a first language, number of books in the students 
home, and family size. 

Student Attitudes 

An overall attitude index was calculated for each student as a weighted composite of five 
items which asked students to state their level of agreement on a scale from strongly agree 
(4) to strongly disagree (1) about their view of the utility of mathematics, their enjoyment of 
mathematics and their perception of the importance of mathematics. 

Success Attribution 

Items in this scale were designed to indicate the extent to which students believe they need 
various attributes or activities to do well in mathematics. Students were asked to respond on 
a scale of strongly agree (4) to strongly disagree (1) indicating whether they needed lots of 
natural ability, good luck, lots of hard work studying at home or memorising the textbook or 
notes to do well in mathematics. The higher scores in this scale indicate that students 
believe that success in mathematics is due more to internal attributes. 

Instructional Practices 

Instructional practices in the classroom were measured as dimensional, weighted 
composites of ten items. Students were asked to say how often in their mathematics classes 
each of the items occurred from almost always happens (4) to never happens (1). Some 
items required reversing of the responses so that the higher scores consistently reflected the 
more Teacher Centred approach and the lower scores reflecting the Student Centred 
approach. 

School Level Environment 

The instrument selected to measure the school environment in the study described in this 
thesis, was the School Level Environment Questionnaire (SLEQ). The version of the SLEQ 
used included 56 items that produced eight scales (Student Support, Affiliation, Professional 
Interest, Mission Consensus, Empowerment, Innovation, Resource Adequacy, Work 
Pressure) and each scale consisted of 7 items as described in Chapter Two. Each of the 56 
items was scored on a five-point scale with responses of Strongly Disagree (1) to Strongly 
Agree (5). The development of the SLEQ and issues of reliability and validity have been 
documented in detail and this information is available from the author on request. A 
description of what each SLEQ scale is measuring is presented in Table 2. 

 



Table 2 

Description of the Scales in the SLEQ 

Scale Name Description of Scale Sample Item 

Student 
Support 

There is good rapport between teachers 
and students, students behave in a 
responsible self-disciplined manner 

There are many disruptive, 
difficult students in the 
school (-) 

Affiliation Teachers can obtain assistance, advice 
and encouragement, and are made to feel 
accepted by their colleagues 

I feel that I could rely on my 
colleagues for assistance if 
I should need it (+) 

Professional 
Interest 

Teachers discuss professional matters, 
show interest in their work and seek further 
professional development 

Teachers frequently 
discuss teaching methods 
and strategies with each 
other (+) 

Mission 
Consensus 

Consensus exists within the staff about the 
goals of the school 

Teachers agree on the 
school’s overall goals (+) 

Empowerment Teachers are empowered and encouraged 
to be involved in decision making 
processes 

Decisions about the 
running of this school are 
usually made by the 
principal or a small group 
of teachers (-) 

Innovation The school is in favour of planned change 
and experimentation, and fosters classroom 
openness and individualisation 

Teachers are encouraged 
to be innovative in this 
school (+) 

Resource 
Adequacy 

Support personnel, facilities, finance, 
equipment and resources are suitable and 
adequate 

The supply of equipment 
and resources is 
inadequate (-) 

Work 
Pressure 

The extent to which work pressure 
dominate school environment 

Teachers have to work 
long hours to keep up with 
the work load (+) 

  

Analysis 

The basic procedure used in this study was secondary analysis of the TIMSS data and in 
addition the analysis involves school-level environment data collected subsequently to the 
TIMSS data. Structural equation modelling was chosen as the method of analysis and is a 
technique that specifies the relationships among the hypothetical constructs as posited by 
theory and gave estimates to describe the direct and indirect influences on student 
outcomes by the variables of interest. These variables were all composite variables and 



were developed using a two-step approach to modelling involving confirmatory factor 
analysis. 

Table 3 

Fitted On-Factor Congeneric Models for Student and Class Scales 

Composit
e 

Variable 

c 2 d
f 

p RMS
EA 

GFI AG
FI 

Compos
ite 

Reliabili
ty rc 

Factor 
Loadin

g l^ 

Measurem
ent Error 

q ^ 

Socio-
economic 
Status 

8.96
0 

3 0.11
1 

0.029 1.00
0 

0.99
9 

0.895 0.895 0.031 

Attitudes 
Towards 
Mathemat
ics 

9.10
3 

3 0.09
8 

0.041 0.99
8 

0.99
5 

0.965 0.905 0.025 

Success 
Attributio
n 

3.24
0 

2 0.21
1 

0.001 1.00
0 

0.99
9 

0.873 0.876 0.010 

Instructio
nal 
Practices 

6.80
2 

7 0.14
1 

0.019 0.99
8 

0.99
6 

0.925 0.978 0.032 

RMSEA Root Mean Square Error of Approximation GFI Goodness of Fit Index 

NNFI Non-normed Fit Index AGFI Adjusted Goodness of Fit Index 

  

Table 4 

Fitted On-Factor Congeneric Models for School-Level Environment Scales 

Composite 
Variable 

c 2 d
f 

p RMS
EA 

GFI AG
FI 

Compo
site 

Reliabili
ty 

rc 

Factor 
Loadin

g l^ 

Measurem
ent Error 

q ^ 

Student 
Support 

3.1
86 

3 0.0
36 

0.043 0.9
79 

0.9
63 

0.931 0.571 0.031 



Affiliation 2.9
03 

3 0.1
47 

0.019 1.0
00 

0.9
98 

0.902 0.480 0.042 

Profession
al Interest 

3.2
66 

4 0.0
89 

0.040 0.9
45 

0.9
32 

0.925 0.539 0.020 

Mission 
Consensu
s 

6.2
01 

3 0.0
66 

0.006 1.0
00 

0.9
89 

0.899 0.483 0.025 

Empower
ment 

3.6
00 

4 0.1
72 

0.042 0.9
82 

0.9
73 

0.892 0.532 0.040 

Innovation 3.4
12 

4 0.2
83 

0.053 0.9
69 

0.9
51 

0.901 0.510 0.024 

Resource 
Adequacy 

9.8
01 

4 0.0
63 

0.009 1.0
00 

0.9
99 

0.929 0.489 0.041 

Work 
Pressure 

7.3
10 

3 0.0
49 

0.043 1.0
00 

0.9
98 

0.918 0.501 0.030 

RMSEA Root Mean Square Error of Approximation GFI Goodness of Fit Index 

NNFI Non-normed Fit Index AGFI Adjusted Goodness of Fit Index 

The results of the measurement models are presented in Table 3 for the variables at the 
class level and the student level and Table 4 for the school level. The detail of the 
confirmatory factor analysis procedures is beyond the scope of this paper and will be 
presented in an additional publication. These results indicate that all composite scales have 
acceptable reliability estimates ranging from 0.876 to 0.978 for the student and class scales 
and 0.892 to 0.931 for the school environment scales. The goodness of fit estimates indicate 
well fitting models and the combination of all these estimates demonstrates that the 
composite variables are all developed by items that are measuring the theorised underlying 
traits. 

Based on previous research, a hypothesised model (see Figure 2) of interaction between 
school, class and student variables, and student achievement was developed and tested. 
The model demonstrates the inclusion of the eight school level environment scales as a 
multidimensional construct. The model fit statistics for the estimated hypothesised model are 
also presented in Figure 2 and based on these estimates, a post hoc approach was adopted 
to identify the best fitting and most educationally meaningful model for student achievement. 



 

Figure 2. Hypothesised model of student achievement. 

  

The estimates produced by the initial modelling (full model estimates are not presented in 
this paper but are available on request) showed that for these data, Student Support (l 1 = 
0.012), Mission Consensus (l 4 = 0.023), and Resource Adequacy (l 7 = 0.101) were not 
significant in contributing to the overall school environment construct. Opportunity to learn 
and sex of student had non-significant estimates for the hypothesised paths. The direction 
and magnitude of the effects of success attribution and attitude toward mathematics required 
modification, as did the paths associated with instructional practices. The revised model of 
student achievement, showing all path estimates and goodness of fit statistics is presented 
in Figure 3. 

  

  



 

Figure 3. Revised model of student achievement. 

The revised model of student achievement is a good fit to the data indicated by the chi-
square (c 2 = 176.34, df 51, p = 0.21) and supporting fit statistics (RMSEA = 0.54; GFI = 
0.9576; AGFI = 0.978). The direct influences are indicated by unbroken paths, and indirect 
influences are indicated by broken paths. Although three of the school-level environment 
scales did not produce significant estimates these were kept in the model because the 
model fit was not improved by removing them. This results confirms the measurement 
model, which demonstrated that school-level environment is a multidimensional construct 
and should be treated as such in any analysis of educational data. 

Dicsussion 

The discussion of the results of these analysis will be presented to address each of the 
following posed research questions. 

1. How does the school-level environment influence the way teachers deliver the 
curriculum? 



The findings of this study demonstrate that, the way the teacher presents the 
curriculum, is directly influenced by how those teachers perceive the environment at 
the school level (g = 0.476). Those aspects of the school environment that are 
significant in influencing instructional practices include, Affiliation, Professional 
Interest, Empowerment, Innovation and Work Pressure. The more positive the 
environment with regards to these aspects the more teacher-directed instruction is 
presented in the classroom. 

  

2. How are student outcomes in mathematics influenced by instructional 
practices? 

Student outcomes in this study are primarily cognitive (achievement) but can also be 
seen as affective (attitude) and both are influenced by instructional practices. 
Students in more teacher-directed classroom environments have more positive 
attitudes towards mathematics as indicated by the direct effect of instructional 
practices on student attitudes (b = 0.518). Attitude toward mathematics has a direct 
effect on achievement (b = 0.564), however this is a recursive effect. Higher 
achieving students have a more positive attitude towards mathematics indicated by 
the direct effect of 0.310. These results still demonstrate that students’ attitudes are 
influences by the way the teacher delivers the curriculum and this in turn has an 
influence on achievement outcomes. 

3. What is the relationship between instructional practices and student beliefs 
and attitudes about mathematics? 

The final model presented in this study indicates a significant and positive effect of 
instructional practices on success attribution. How this is interpreted is not clear and in 
particular because there were no significant direct or indirect effects of success attribution to 
attitude or achievement, which was surprising due to the vast amount of literature that would 
support such influences. The path has been kept in the model because attempting to 
remove it adversely affected the fit of the data to the model. The outcomes indicate that the 
more teacher-centred classroom practices have a direct effect on those students who 
attribute success to mathematics to more internal influences such as ability and effort than 
those who attribute success to external influences such as good or bad luck. 

Recommendations for practice 

The results of this study provide evidence that the school-level environment does influence 
student achievement and to improve student outcomes both cognitive and affective changes 
at the school level will have a positive effect. Teachers who feel empowered, have a sense 
of affiliation and mission consensus in the school, who are given the opportunity to develop 
professionally and have an acceptable level of work pressure, are more likely to deliver the 
curriculum in a way that is supportive of student differences. Teachers can promote positive 
attitudes towards mathematics by delivering the curriculum in a way that meets the needs of 
the students and this results in better mathematics achievement. These results also suggest 
that as students achieve better they will be more likely to have better attitudes. These 
findings also support research that indicates students with different success orientations are 
receptive to different modes of teaching and on the basis of the findings of this research 
teachers can modify their teaching to provide an optimal learning environment for students. 
Teachers are unable to address issues of socio-economic status and other student 
background characteristics and so it is essential that evidence of best practice is available 



for teachers that is based on solid research and can be used for change at the classroom or 
the school level to promote the best learning environments for students. 
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