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While understanding statistics is essential, teaching this content is challenging. There is an
increased need to improve teaching practices to achieve positive outcomes in mathematics and
statistics education. Improved mathematics teaching in schools is essential to motivate more
students to undertake Science, Technology, Engineering and Mathematics (STEM)-related courses
at University given the demand for STEM skills. Data on school students in Qatar was analysed to
compare the effectiveness of different teaching methods on mathematics exam performance.
Students performed better when cognitive-based approaches to teaching were used. Findings from
this study can supplement existing teaching practices used in the teaching of mathematics in
schools and can carry across to teaching undergraduate courses.
INTRODUCTION
Understanding statistics is essential for addressing the relative shortfall of adequately
skilled individuals for the Big Data age (Manyika et al., 2011), and mathematical skills may be
considered a requisite skill. The ability to apply both multivariate and univariate approaches, as
well as to effectively use statistical concepts such as multilevel linear regression, random
coefficient models, among others, is paramount for the effective analyses of data (Hedeker &
Gibbons, 2006; Snorrason, 2012). Teaching this content, however, is challenging and teaching the
next generation requires suitable teaching practices to motivate and better support learners
(Howley, 2008; Stojanovski, 2015a). However, the attitudes of students towards statistics subjects
can be negative as students can lack engagement with statistics (Howley, 2008; Howley, 2009;
Stojanovski, 2015b). This can be due to the quality of previous exposure to statistics or
mathematics in school and having poor mathematics foundations.
There is an increased need to develop teaching practices to achieve positive outcomes in
statistics education. Improved mathematics teaching in schools is essential with the intention to
motivate more students to undertake Science, Technology, Engineering and Mathematics (STEM)related courses at University given the demand for analysts (Manyika et al, 2011). Effective
teaching is also integral in providing the required knowledge and skills in statistics.
An examination of teaching practices that instructors employ and their effects in terms of
support and motivation to learners is essential (Lamy and Steve, 2016). For the present study, an
assessment of mathematics teaching practices in relation to mathematics performance is conducted.
The relationship between students’ anxiety and math performance is also examined as it has been
identified that anxiety towards mathematics is an important barrier that limits students undertaking
further studies in mathematics post-secondary schooling (Tyson et al., 2007; Winkelman, 2009).
METHODOLOGY
Data from 10,966 secondary school students participating in the Programme for
International Student Assessment (PISA) 2012 study in Qatar were analysed. The PISA measures
the performance of 15 year olds in reading, mathematics, and science literacy (OECD, 2013).
Various measures were also collected at the student level relating to demographics (including
measures of socio economic status and parents’ education levels) as well as measures that impact
on the capacity of students to learn (such as different teaching strategies) (OECD, 2013). Teaching
strategies used for teaching mathematics were assessed in terms of mathematics exam performance
to determine whether teaching strategies have an effect on performance in this population.
Mathematics exam performance was measured using a score out of 35 representing the proportion
of administered questions that were answered correctly. Final scores were standardised.
Demographic information was also collected including measures such as the highest education
levels (measured on a scale from 0-6 ranging from no formal education to postgraduate
qualifications) of the students’ mother and father and a measure of socio-economic status which
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was made up of items pertaining to quality of living standards (a higher measure indicated a higher
socio-economic status).
Nine teaching strategies were assessed. Each strategy is measured using a subscale
comprising several items, which was administered to students as part of a student questionnaire. A
brief description of each teaching strategy follows. Attributions to Fail: is a measure of the quality
of teacher explanation and ability of teacher to keep students engaged; Maths Teaching: measures
teacher interest and provision of additional help; Teacher support: encourages hard working
students with provision of additional help. Formative Assessment: provides feedback for
improvement of work; Teacher-Directed Instructions: measures clarity and understanding of
learning goals; Student Orientation: measures assignment of complex projects and encourages
group work. Cognitive Activation: encourages reflections of problems, presents problems in
different contexts requiring students to think and encourages learning from mistakes, applying
learnt material. Disciplinary Climate: a focus on discipline and a measure of disorder in classroom;
Student-Teacher Relations: fair teacher listens to students.
Multilevel models were applied as data were collected for the PISA study at the student
level within a sample of schools from the population of schools in Qatar. Multilevel models permit
the existence of hierarchies in the data, here school level data, recognising the possibility that
students within a school are likely to be more highly correlated compared with the correlation
between students from different schools. As such, schools were identified in the models as random
effects. These models were used to assess the relationship between: teaching strategies and
mathematics performance score.
RESULTS
The results of fitting the model of each teaching subscale separately against math exam
performance demonstrated that each of the ten teaching strategies were significantly related to
exam performance. To test for potential multicollinearity between the teaching subscale measures,
correlations between teaching strategy subscales were assessed. All correlations were of magnitude
0.6 or less, indicating that multicollinearity was not of major concern for the proposed analyses. All
subscales were consequently considered for inclusion in the adjusted model as predictors. The
result of including all subscales as predictors with exam performance as the outcome is displayed
in Table 1.
Table 1. Model with Math Performance score as outcome and each teaching strategy as predictors.
Effect
Intercept
Attributions to Fail
Teacher Directed
Maths Teaching
Student Orientation
Formative Assessment
Cognitive Activation
Teacher Support
Disciplinary Climate
Student Teacher Relations

Estimate
0.20
0.10
0.02
0.10
-0.04
-0.01
0.02
0.01
0.01
0.01

Standard
Error
0.02
0.01
0.0002
0.01
0.0004
0.0001
0.0002
0.0001
0.0001
0.0001

P-value
0.02
0.46
0.02
0.39
0.01
0.01
0.02
0.03
0.01
0.02

After adjusting for all the teaching strategies, the strategies that remained statistically significant
were considered within a reduced model, the results of which are reported in Table 2.
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Table 2. Reduced Model with Math Performance score as the outcome and the reduced set of
teaching strategies as the predictors.
Effect
Intercept
Teacher Directed
Student Orientation
Formative Assessment
Cognitive Activation
Teacher Support
Disciplinary Climate
Student Teacher Relations

Estimate
0.18
0.02
-0.04
-0.00
0.02
0.01
0.02
0.01

Standard
Error
0.01
0.0002
0.0001
0.001
0.001
0.0001
0.0001
0.0001

P value
<0.01
<0.01
<0.01
0.32
<0.01
<0.01
<0.01
0.08

Teacher Directed instructions, Student Orientation, Cognitive Activation, Disciplinary
Climate, and Teacher Support remain statistically significant predictors of exam performance in
this reduced model while Formative assessment and Student Teacher Relations are no longer
significant predictors of exam performance and as a result were removed from the model.
As further adjustment variables, socio economic status and parent’s education level are
also considered as additional predictor variables in the model as it is well recognised that these are
important predictors of school student’s success in education. All teaching subscales remain
statistically significant (p<0.01) and level of mother and father education are also statistically
significant predictors of math score (p=0.004 and <0.001 respectively) with higher scores
indicating a higher math exam performance score. However, socio economic status is not
significant (p=0.08).
CONCLUSION
In summary, students performed better when teacher-directed instructions were provided,
when student orientation was the focus and when cognitive activation was used. All share
important characteristics of the steer towards cognitive based approaches to teaching mathematics.
Disciplinary teaching approaches were also significant, although the effect was not as strong
compared with the other cognitive approaches to teaching. While the notion of cognitive learning
strategies leading to improved math performance is supported, there is a need for further scrutiny
on how the teaching component may be balanced out with other teaching approaches to enhance
student performances in mathematics. The generalisability of the results is however limited by the
country-specific nature of the data employed.
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