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Abstract

Despite growing interest in the role of non-cognitive skills in academic achievement in the international literature, limited
studies on this topic for South Africa exist. For this article, we used data on Grade 9 learners from the 2019 South African
Trends in International Mathematics and Science Study (TIMSS) to investigate the relationship between extrinsic motivation
and mathematics achievement. We used multivariate regression analysis where we controlled for a range of learner, home,
teacher and school characteristics, and we tested the robustness of our results to using teacher and school fixed effects models.
We found a positive association between extrinsic motivation and mathematics scores, and although it was not as large as the
association between intrinsic motivation and mathematics scores, it remained strong and statistically significant in all our
models. We also found that the strength of the relationship varied across school types and was stronger in poorly-resourced
and remote rural schools, suggesting that extrinsic motivation could compensate to some degree for the disadvantage that these
learners experience. This is an important finding as extrinsic motivation is potentially amenable to external influences.

Keywords: extrinsic motivation; intrinsic motivation; mathematics achievement; non-cognitive skills; school resources; South
Africa; TIMSS

Introduction

Education has been widely acknowledged as a key input into economic development (Psacharopoulos &
Woodhall, 1985). The South African government has recognised the importance of education in achieving its goals
of reducing poverty and inequality by the year 2030, as outlined in the country’s National Development Plan
(NDP) (National Planning Commission, 2012). Despite this recognition, outcomes remain poor for most learners,
with South African participants ranking near the bottom of international education quality assessments such as the
Trends in International Mathematics and Science Study (TIMSS). Studies also show that South Africa performs
worse in comparison to other African countries that have lower gross domestic product (GDP) per capita and
spend less per pupil on education (Van der Berg, Taylor, Gustafsson, Spaull & Armstrong, 2011).

Unsurprisingly, a large body of literature has emerged in South Africa in the economics of education field
seeking to understand the correlates of learners’ academic achievement. Most of these studies focus on aspects of
the home, classroom and school as well as the broader institutional factors that affect academic success. An area
that has received far less attention is the influence of non-cognitive skills, such as motivation, self-control or
perseverance, despite the widespread recognition that these skills are important in determining life outcomes,
including academic achievement (Garcia, 2014; Heckman, 2006; Heckman & Corbin, 2016; Kautz, Heckman,
Diris, Ter Weel & Borghans, 2014; Organisation for Economic Co-operation and Development [OECD], 2015,
among many others).

Much of the work investigating the association between non-cognitive skills and academic achievement is
concentrated in high-income countries. In her extensive review, Hofmeyr (2022) summarises four key findings
from this literature: 1) non-cognitive skills are a strong predictor of years of schooling completed and test scores,
2) the correlation between non-cognitive skills and academic performance is independent of intelligence,
3) non-cognitive skills are mostly formed in early childhood and are strongly influenced by the home environment,
and 4) non-cognitive skills can be cultivated through targeted interventions.

The results from studies conducted in high-income settings, however, may not be generalisable to South
Africa and other emerging economies, where the institutional framework and learner environment are vastly
different. Hofmeyr (2022:2) questions whether any benefit is to be derived from being motivated and persevering
when one’s school lacks textbooks or one’s teacher lacks content knowledge. There is a small (but growing) body
of literature on the relationship between non-cognitive skills and academic achievement in South Africa, but the
results are mixed. In some studies, a positive and significant association between non-cognitive skills and
academic achievement is observed, while in others, no significant association is found. As the more detailed
review of this literature in the next section shows, many of these studies have relied on small-sample surveys and
have been conducted in quite specific contexts (such as specific universities, areas or groups of schools). While
valuable, the data may not reflect the larger national picture and do not allow for robust, sub-group analyses.

With this article, we attempt to broaden the South African literature by investigating the relationship between
an important type of non-cognitive skill — motivation — and learner achievement, using nationally representative
data from the 2019 South African Trends in Mathematics and Science Study (TIMSS). Extrinsic motivation —
performing an action to obtain some separable outcome — can be distinguished from intrinsic motivation —
performing an action out of enjoyment and interest (Ryan & Deci, 2000). As is discussed below, various degrees
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of extrinsic motivation exist (Deci & Ryan, 1985).
We have chosen to focus on the more autonomous
form of extrinsic motivation where a learner reports
being personally motivated by various perceived
external benefits (such as access to university or a
job) as opposed to being motivated by a parent’s
insistence that they succeed in a particular subject,
for example (Ryan & Deci, 2000). We focus on this
more stringent form of extrinsic motivation because
it has been found to have a stronger association with
academic achievement than less stringent forms of
extrinsic motivation (Zhao, Niu, Hou, Zeng, Xu,
Peng & Yu, 2018), and because it is more amenable
to policy manipulation than intrinsic motivation
(Reeve, 2009).

Our main research question, therefore, is
whether a significant relationship exists between
autonomous extrinsic motivation and academic
achievement among learners in South African
schools — after controlling for intrinsic motivation
and a range of other correlates of achievement. To
answer this question, we used the data on Grade 9
mathematics scores from the 2019 TIMSS as well as
the extensive contextual information in the survey
on learner, teacher and school characteristics. In our
multivariate regression analysis, we employed both
ordinary least squares (OLS) and fixed effects (FE)
models, the latter accounting for unobservable
teacher- and school-level characteristics. Although
the focus of the study is on extrinsic motivation, we
also discuss the results on intrinsic motivation and
the other correlates of achievement relative to the
main variable of interest.

Given the vast disparities in the schooling
system in South Africa (Chisholm, 2012; Seekings
& Nattrass, 2008; Spaull, 2019), we further explored
whether the relationship between motivation and
achievement varies across different school contexts.
To this end, we performed sub-group analyses by
school quality (proxied by a school resources index)
and by school location (i.e., remote rural, small
town/village, medium city/large town, suburban, or
urban). This allowed us to comment on whether the
relationship  between  autonomous  extrinsic
motivation and achievement scores is stronger in
poorly-resourced schools (helping to compensate for
other disadvantages) or in better-off schools
(potentially exacerbating these disadvantages).
Therefore, while we focussed on expanding the
South African literature, the results may be of
relevance to other emerging countries with weak
educational outcomes and a high degree of
educational inequality.

In the next section we review the literature with
a focus on intrinsic and extrinsic motivation and
clarify the concepts and terminology used. We then
describe the data and methods and present the results
of the multivariate regression analysis, both for the
full sample of learners and by sub-groups. Finally,
we discuss the implications of the findings for the

broader education landscape in South Africa and
reflect on the limitations of the study and data as
well as possible avenues for future research.

Literature Review

Non-cognitive skills can be defined as the “broad
range of personal attributes, skills and
characteristics representing one’s attitudinal,
behavioural, emotional, motivational and other
psychosocial dispositions” (Lee & Stankov,
2018:50). In the education literature, studies have
explored the influence on academic achievement of
skills as wide-ranging as academic self-concept,
self-efficacy, motivation, conscientiousness and grit,
to name a few. The literature is too expansive to
review here,’ therefore, we focus on the role of
motivation, the subject of this article. We begin by
defining the concept of motivation and how it can be
measured, we discuss the empirical evidence on its
influence in educational outcomes, and we
summarise the findings from the South African
research.

Motivation can be defined as “an internal state
that activates, energizes, or drives action or
behaviour and determines its intensity and direction”
(Hagger & Chatzisarantis, 2005:100). Motivation
can be distinguished as intrinsic motivation —
performing an action out of enjoyment and interest
— and extrinsic motivation — performing an action to
obtain some separable outcome, with amotivation
being a lack of both extrinsic and intrinsic
motivation, resulting in non-action (Ryan & Deci,
2000). Intrinsic motivation has been found to be
more  strongly associated with  academic
achievement than extrinsic motivation (Lemos &
Verissimo, 2014), as intrinsic motivation more
strongly satisfies the human need for autonomy in
self-motivation (Ryan & Deci, 2000). Autonomy, in
the context of education, is the feeling that one
chooses to learn rather than being under the
influence of another person, and it has generally
been  associated with  stronger academic
achievement (Chirkov, 2009; Le6n, Nufiez & Liew,
2015; Ryan & Deci, 2000).

Extrinsic motivation is often viewed as a
non-autonomous form of motivation, however in
reality, extrinsic motivation manifests on a spectrum
of autonomy (Chandler & Connell, 1987; Ryan &
Deci, 2000; Vallerand, 1997). For example, a learner
can do homework because they recognise the
importance thereof for their future -career
development or because their parents tell them to.
These are both examples of extrinsic motivation, as
the learner is not doing homework out of enjoyment
or interest in the subject material (intrinsic
motivation), but because of external influences.
However, these two examples vary in their level of
autonomy. In the first scenario, the learner
experiences a greater level of autonomy as the
external factor is consciously valued and accepted as
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personally important. In the second scenario, the
learner acts in conformity with the external
command of their parent and does not necessarily
accept it as their own but acts to avoid guilt or
punishment (Ryan & Deci, 2000).

In the empirical literature, the different types of
extrinsic motivation have been found to have
differing relationships with academic achievement.
In a study of Chinese schools, Zhao et al. (2018)
found that learners who exhibited more autonomous
forms of extrinsic motivation possessed higher
levels of grit and a “growth mindset”, which were
associated with higher academic achievement
compared to learners who were less autonomously
extrinsically motivated. Karlen, Suter, Hirt and
Maag Merki (2019), in a study of 1,215 secondary
school learners in Switzerland, found that extrinsic
motivation was negatively correlated with other
non-cognitive skills that lead to higher academic
achievement, where the construct of extrinsic
motivation used involved low autonomy.

Intrinsic motivation has generally been shown
to have a stronger association with academic
achievement than extrinsic motivation (Karlen et al.,
2019; Lemos & Verissimo, 2014; Lepper, Corpus &
Iyengar, 2005). However, not all tasks that are
needed for learning, such as homework and
following rules, may be inherently interesting, and
this is where extrinsic motivation is of great
importance (Reeve, 2009). As explained by Reeve
(2009), extrinsic motivation is susceptible to
influence from external factors, and teachers can
instil a sense of autonomous extrinsic motivation in
learners by providing explanatory rationales for
uninteresting tasks. This helps learners to see the
value in the tasks that they must do, and why the
benefits are worth the costs, externally transforming
these tasks into something that learners personally
see value in.

In South Africa, Sikhwari (2014) investigated
the relationship between motivation and academic
achievement using examination results of a simple
random sample of 193 second-year students at a
university in the Limpopo province. Although the
researcher did not elaborate on the construction of
the motivation variable, it was found that motivation
had a positive relationship with academic
achievement.

Pleace and Nicholls (2022) investigated the
relationship between grit, motivation and university
grades in a first-year cohort of 420 students at the
University of Pretoria. The authors found that
neither intrinsic nor extrinsic motivation was a
significant determinant of academic performance,
but that intrinsic motivation was highly correlated
with grit (the sustained pursuit and passion for a
long-term goal in the face of adversity), and that
students with a higher level of grit performed
significantly better than their peers.

Pretorius, Jackel-Visser and Malan (2024)
found, in a study of 395 Grade 9 learners in
disadvantaged communities in the Western Cape,
that motivation to learn was positively and
significantly related to cognitive engagement
(learner investment and interest in their learning),
which in turn had a positive and statistically
significant relationship with learner performance
measured across four school subjects. The items
used to construct the learning motivation variable
were not specified in the study.

Fourie and Shepherd (2019) found a positive
association between extrinsic motivation and
academic achievement using the 2015 South African
TIMSS dataset. The composite index constructed in
their study contained a combination of attributes
pertaining to autonomous and non-autonomous
forms of extrinsic motivation. For example, included
in this index were learners’ level of agreement with
statements such as “I need to do well in mathematics
to get the job I want”, aligning with more
autonomous extrinsic motivation, and statements
such as “My parents think mathematics is
important”, aligned with less autonomous and more
externally regulated extrinsic motivation. i

While motivation was not studied specifically,
Hofmeyr (2021), in a study on 2,383 learners across
60 township and rural schools in South Africa, found
that learners with higher levels of grit performed
significantly better, and that there was a larger return
to having higher levels of grit in better-resourced
schools. This finding has important implications as
it shows that non-cognitive skills interact with the
external environment, and that relationships
between non-cognitive skills and academic
achievement may differ in varying circumstances.

With the exception of Fourie and Shepherd
(2019), a common thread in these studies, which
might account for the mixed findings, is that they
were based on small-scale surveys conducted in
quite specific samples, such as a particular
university, region, or set of schools. In this study, we
aimed to expand the literature on non-cognitive
skills and academic achievement in South Africa by
using recent national-level data to focus on the role
of autonomous extrinsic motivation, which is more
amenable to policy targeting and teaching practices
than either less autonomous forms of extrinsic
motivation or intrinsic motivation. Furthermore,
given the high levels of schooling inequality in
South Africa and evidence in the literature that
relationships can vary across school types, we added
to the literature by performing sub-group analyses to
test whether the relationship between extrinsic
motivation and learner achievement held across
schools with varying resources and in different
locations. This sheds some light on whether the
development of non-cognitive skills, such as
extrinsic motivation, can go some way to bridging
the inequalities in schooling in South Africa.
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Data and Methods

In this study we used data on Grade 9 learners from
the 2019 South African TIMSS. TIMSS is an
international study conducted every 4 years (since
1995) by the International Association for the
Evaluation of Educational Achievement ([IEA]
Mullis, Martin, Foy, Kelly & Fishbein, 2020).
Except for 2007, South Africa has participated in the
assessments since the study’s inception. TIMSS
provides an internationally comparative assessment
of learners’ achievement in mathematics and science
in Grade 4 and Grade 8 (Grade 5 and Grade 9 for
South Africa), with learners being assessed based on
what they should know given the respective
curricula in their country of residence.

In addition to data on learner achievement, the
TIMSS dataset contains learner, home and
school-level contextual data gathered from surveys
completed by learners, teachers, and school
principals. The 2019 data cover a nationally
representative sample of 20,892 Grade 9 learners
from 520 schools with 519 principals and 543 and
537 mathematics and science teachers, respectively.
The empirical analysis below uses the learner
weights provided in the data to account for the
sampling design.!

Learner achievement scores from the TIMSS
assessments are reported on a scale of 0—1,000, with
the centre point of 500 being the mean of the
combined achievement distribution. Achievement
scores are classified into four international
benchmarking categories with “Low” representing a
score of above 400, “Intermediate” for a score above
475, “High” for a score above 550, and “Advanced”
for a score above 625. In the 2019 assessment for
mathematics, the mean score for the South African
Grade 9 cohort was 389, or in other words, the
average South African Grade 9 mathematics learner
scored below the “Low” international benchmark
(Reddy, Winnaar, Arens, Juan, Harvey, Hannan &
Isdale, 2022). To put this into context, the IEA
describes a learner in this category as having only
“... some knowledge of whole numbers and basic
graphs” (Mullis et al., 2020:173).

To investigate the relationship between
extrinsic motivation and mathematics achievement
scores, we used multivariate regression analysis to
estimate a typical education production function,
commonly used in the (economics of) education
literature (Hanushek, 2020). The output of the
education production function is usually some
measure of learner achievement, and this is related
to various inputs, both those that can be directly
influenced by policymakers, such as the
characteristics of schools and teachers, and other
inputs which cannot be as easily controlled by
policy, such as the characteristics of the learners,
family and peers (Hanushek, 2020).

The equation was first estimated using OLS
with heteroskedasticity-robust standard errors and
took the following form:
mscore; = ag + BExt; + ByInt; + yX; + 55 + t;

+ a; + € i (1)

where mscore; represents the learner’s mathematics
assessment score, a, represents the intercept, and
Ext; represents the learner’s (autonomous) extrinsic
motivation, with [; being the main estimated
coefficient of interest. In addition, we controlled for
the learner’s intrinsic motivation Int; and X;, a
vector of learner, home, teacher and school
covariates (which are included in stages in the
regression estimations). s;, t;, and a; represent
unobservable characteristics (or fixed effects)
related to school j, teacher &, and learner i,
respectively, and €; represents the error term.

The dependent variable, mscore;, is the first
“plausible value” of the mathematics achievement
score provided in the TIMSS dataset. The questions
asked in the TIMSS assessments are drawn from a
wider pool of questions, so no two learners were
administered the same test. TIMSS uses item
response theory (IRT) to construct a series of five
plausible values (PVs) — scores which “represent a
range of abilities a student might reasonably have,
given the student’s item responses” (Wu, 2005:115).
Regression analysis with PVs entails performing a
regression analysis individually with each PV and
averaging the obtained coefficients (OECD, 2009).
While this is possible using a specially designed,
user-written package in STATA (Macdonald, 2008),
due to the limited functionality of the package for
post-estimation analysis and more advanced
econometric modelling, we estimated the
regressions using standard OLS on the first plausible
value of the mathematics score. Research shows that
estimation using the first plausible value typically
recovers population parameters (Wu, 2005), and this
approach has been adopted frequently in other
research using data from TIMSS (e.g. Gustafsson,
Nilsen & Hansen, 2018; Lorah, 2018)."

The main explanatory variable of interest,
Ext;, autonomous extrinsic motivation (hereon
simply referred to as extrinsic motivation), is a
composite index constructed using the learners’
level of agreement with the following series of
statements in the TIMSS learner context
questionnaire: (1) I think mathematics will help me
in my daily life, (2) I need to do well in mathematics
to get into the university of my choice, (3) I need to
do well in mathematics to get the job I want, (4) It is
important to learn about mathematics to get ahead in
the world, and (5) Learning mathematics will give
me more job opportunities when I am an adult.
These statements were chosen as they correspond
with the more autonomous form of extrinsic
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motivation, where the locus of control is with the
learner. As such, we excluded statements such as
“My parents think mathematics is important”, asked
in the same section of the questionnaire, which
represent a less autonomous form of extrinsic
motivation (where the locus of control lies more
with the parent, for example). The response options
to the above statements ranged from “Disagree a lot”
to “Agree a lot” on a 4-level Likert-type scale. The
composite index was constructed using multiple
correspondence  analysis’ (MCA) and was
standardised to have a mean of zero and a standard
deviation of 1.

The measure of a learner’s intrinsic motivation
for mathematics, Int;, was constructed using a
similar approach, where MCA was used to create a
composite index based on learners’ level of
agreement with the following statements: 1) I enjoy
learning mathematics, 2) I wish I did not have to
study mathematics, 3) Mathematics is boring, 4) I
like mathematics, 5) I like any schoolwork that
involves numbers, and 6) I like to solve mathematics
problems. Four response options were available
ranging from “Disagree a lot” to “Agree a lot” with
statements (2) and (3) reverse coded so that “Agree
a lot” was the lowest category."!

Included in X; is a series of learner and home
characteristics (reported in the learner context
questionnaire), teacher-level variables (from the
teacher questionnaire) and school-level variables
(from the principal questionnaire). The choice of
variables was informed by the availability of
information in the TIMSS questionnaires as well as
a review of similar analyses in the South African
literature (see Chisholm, 2012; Spaull, 2019; Taylor
& Yu, 2009; Townsend, Flisher, Chikobvu, Lombard
& King, 2008; Van der Berg et al., 2011; Zulu &
Visser, 2018).

The learner-level variables include learner
gender (a dummy variable equal to 1 if female),
learner age, the frequency of the learner speaking the
test language at home, and an index representing the
severity of bullying experienced by the learner
(Townsend et al., 2008). Home-level variables
include the number of books in the home, mother’s
and father’s education levels, and a home
socio-economic status index based on whether
learners had access to a series of resources in the
home (a computer/tablet, their own study desk, their
own room, an internet connection, their own mobile
phone, a dictionary, electricity, running water and a
hot water geyser) (Taylor & Yu, 2009). Teacher-level
variables include the mathematics teacher’s level of
education, their gender (again where female is equal
to 1) and their years of experience. The school-level
variables include the school’s location and a school
resources index based on the principal’s answers to
a series of questions about the adequacy of 19

different school resources, including buildings,
instructional material, information and
communication technology (ICT) facilities, and
appropriately trained staff. A more detailed
description of the construction of each of these
variables is presented in Table Al in Appendix A.

In the OLS estimations described above we
attempted to include as many controls as possible to
account for differences among learners, teachers and
schools that might be related to achievement scores.
However, the fixed effects terms, s;, t, and a;, in
equation (1) above recognise that there may be
unobservable factors specific to each learner, teacher
or school that were not measured in our data but
could also affect learner achievement (and extrinsic
motivation). Examples include innate talent in the
case of a learner, a specific pedagogical style in the
case of a teacher, or a unique management style in
the case of a principal of a particular school.
Although we could not control for learner-level
fixed effects in our analyses as we draw on cross-
sectional data (and panel data that follow the same
learners over time are needed), we could estimate
the relationship between extrinsic motivation and
mathematics achievement controlling for school and
teacher fixed effects. Following the methodology of
Woessmann and West (2006), the regression took the
form:

mscore; = ag + [1Ext; + [,Int; + §Ds + nD;
+]/Xl +a; + €; (2)
where D; and D, represent vectors of school and
teacher dummies respectively, which control for all
school and teacher fixed effects. "

Finally, to investigate heterogeneity in the
relationship between extrinsic motivation and
mathematics achievement across different types of
schools, we performed two sets of sub-group
analyses. Firstly, we split the estimation sample into
five quintiles based on the school resources index
described above (using a similar approach to
Hofmeyr, 2021) and estimated equations (1) and (2)
using OLS and fixed effects regressions respectively
for each quintile. Secondly, we estimated the
regressions after splitting the sample by the school’s
location, i.e., whether the school was situated in a
remote rural area, a small town/village, a medium
city/large town, a suburban area, or an urban area.
While the school resources index is probably the
more reliable measure of school quality, the location
of the school is likely also a useful proxy, as schools
in these different geotypes are known to differ
substantially (Chisholm, 2012).

The summary statistics for the dependent and
independent variables are presented in Table 1. The
sample for which non-missing data were available
on both the dependent variable (the mathematics
score) and all the explanatory variables was 18,764
learners.
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Table 1 Summary statistics

Variable Observations M SD? Minimum Maximum
Mathematics score 20,829 401.17 77.45 155.16 743.72
Extrinsic motivation 20,439 0.00 1.00 -4.68 0.68
Intrinsic motivation 20,552 0.00 1.00 -2.59 1.27
Learner speaks test language at home

-Never 20,690 0.06 0.24 0 1
-Sometimes 20,690 0.57 0.50 0 1
-Most of the time 20,690 0.36 0.48 0 1
Female learner 20,786 0.53 0.50 0 1
Learner age 20,584 15.55 1.06 9.83 19
Bullying index 20,657 0 1.00 -1.29 3.13
Books in home

-Low 20,649 0.43 0.50 0 1
-Medium 20,649 0.50 0.50 0 1
-High 20,649 0.07 0.25 0 1
Mother’s education

-Pre-matric 20,829 0.17 0.37 0 1
-Matric 20,829 0.29 0.46 0 1
-Post-secondary, non-tertiary 20,829 0.15 0.36 0 1
-Degree 20,829 0.11 0.31 0 1
-Unknown 20,829 0.28 0.45 0 1
Father’s education

-Pre-matric 20,829 0.11 0.32 0 1
-Matric 20,829 0.22 0.42 0 1
-Post-secondary, non-tertiary 20,829 0.15 0.35 0 1
-Degree 20,829 0.13 0.33 0 1
-Unknown® 20,829 0.39 0.49 0 1
Home socio-economic status (SES) index 20,829 0 1.58 -4.05 2.43
Mathematics teacher education

-Non-tertiary 20,829 0.01 0.09 0 1
-Tertiary 20,829 0.91 0.28 0 1
-Unknown 20,829 0.08 0.27 0 1
Mathematics teacher female 20,539 0.47 0.50 0 1
Mathematics teacher experience 20,297 14.07 10.09 1 48
School resources index 20,829 0 1 -2.33 1.94
School location

-Remote rural 20,364 0.21 0.41 0 1
-Small town 20,364 0.28 0.45 0 1
-Medium city 20,364 0.13 0.33 0 1
-Suburban 20,364 0.16 0.37 0 1
-Urban 20,364 0.22 0.42 0 1

Note. The data are weighted. 2SD: Standard Deviations. "There were many missing values on mother’s and father’s education,
therefore, dummy variables for education “unknown” were included in the regressions to avoid dropping these learners from

the sample.

Results

The regression results are presented in Table 2.
Columns 1 to 4 show the OLS regressions which
include the main variable of interest — extrinsic
motivation — and controls for intrinsic motivation

and learner, home, teacher, and school-level
characteristics added in stages. Column 5 shows the
fixed effects regression which controls for
unobserved teacher and school characteristics.™
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1) 2) 3) “) (5)
OLS OLS OLS OLS Fixed effects
Extrinsic motivation 6.16%** 5.63%%* 5.6%%* 5.04% %% 5.03 %%
(0.99) (0.92) (0.90) (0.79) (0.55)
Intrinsic motivation 2.99%*%* 4 52%** 4 58%** 6.36%** 10.72%**
(0.88) (0.80) (0.81) (0.77) (0.61)
Female learner -9.07%** -5.76%** -5.86%** -6.52%%* -8.60%**
(1.60) (1.47) (1.43) (1.32) (1.07)
Learner age -19.63*** -17.79%** -17.79%%* -17.19%%* -15.04%***
(0.94) (0.87) (0.87) (0.83) (0.59)
Speaks test language at home
-Sometimes 14.95%** 10.48%** 9.95%*%* 7.14%%% 7.50%**
(2.84) (2.67) (2.66) (2.62) (2.19)
-Most of the time 64.03%*%* 45.74%** 44.02%** 35.40%** 17.45%**
(4.79) (3.78) (3.77) (3.55) (2.51)
Bullying index -15.66%** -13.86%** -13.75%%* -11.90%** -6.96%**
(0.92) (0.82) (0.82) (0.75) (0.53)
Books at home
-Medium 1.70 1.21 -0.03 -1.23
(1.41) (1.38) (1.36) (0.98)
-High 24 .97%** 24.,02%** 22.88%** 5.75%%*%
(3.95) (3.79) (3.50) (1.96)
Mother’s education
-Matric -4 .27%* -4 11%* -5.48%** -5.45% %k
(1.96) (1.95) (1.89) (1.62)
-Post-secondary, non-tertiary 1.36 1.23 -0.61 -4.93%*
(2.59) (2.57) (2.45) (2.10)
-Degree 13.07%** 13.14%** 9.93 %% -2.21
(3.05) (3.07) (2.95) (2.22)
-Unknown 1.41 1.27 -0.44 -5.93%**
(2.33) (2.30) (2.21) (1.84)
Father’s education
-Matric 0.38 0.47 0.63 2.02
(2.27) (2.29) (2.28) (1.90)
-Post-secondary, non-tertiary 0.91 1.16 0.91 0.62
(2.49) (2.54) (2.62) (2.04)
-Degree 7.38%* 7. THEE 7.16%** 2.44
(2.86) (2.83) (2.670) (2.15)
-Unknown 9.48%*** 9.75%%* 8.04%** 4.93%**
(2.24) (2.28) (2.18) (1.74)
Home SES index 10.28%** 9.82%%** 7.41%%* 0.15
(0.71) (0.67) (0.65) (0.40)
Mathematics teacher education
-Tertiary 21.43%* 33.9]%**
(10.25) (10.04)
-Unknown 15.26 32.40%**
(11.09) (11.15)
Female mathematics teacher 9.14%** 8.38%*
(3.51) (3.46)
Mathematics teacher experience 0.23 0.18
(0.18) (0.18)
School resources index 3.72%*
(1.83)
School location
-Small town 11.26**
(4.50)
-Medium city 29.60%**
(7.40)
-Suburban 42 40%**
(5.66)
-Urban 31.33%**
(5.21)
Constant 675.93 %% 646.45%*%* 619.3]%** 588.11%** 601 %***
(17.14) (15.89) (18.26) (18.81) 9.57)
Observations 18,764 18,764 18,764 18,764 18,764
R? 0.27 0.34 0.34 0.38 0.59
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1 3) 4) (5)
OLS OLS OLS OLS Fixed effects
School and teacher fixed effects No No No No Yes

Note. Regression coefficients are shown with robust standard errors in parentheses. The regressions are weighted. The omitted
categories are male, learner never speaks the test language at home, none or very few (0—10) books at home, mother’s/father’s
highest level of education is pre-matric, mathematics teacher’s highest level of education is non-tertiary, mathematics teacher
is male, and remote rural school location. *p < 0.1., **p < 0.05, ***p <0.01.

In all the regressions, a positive and
statistically significant relationship between the
mathematics score and extrinsic motivation was
observed. The size of the coefficient on extrinsic
motivation became somewhat smaller as more
controls were added. However, the coefficient
remained positive and statistically significant at the
1% level in the full specification (5.04) and barely
changed when teacher and school fixed effects were
added in the final column (5.03).

The results also show a positive and
statistically ~ significant relationship  between
intrinsic motivation and mathematics achievement
across all specifications in the table. The size of the
coefficient on intrinsic motivation became larger
with the addition of the control variables, and in
Column 4, when a full set of controls was included,
it was larger than the coefficient on extrinsic
motivation (6.36 vs 5.04). The difference between
the two coefficients increased further in Column 5 in
the fixed effects regression (10.72 vs 5.03).

The results on the other control variables were
generally as expected. Learners who spoke the
language of the test more often at home, who had
more books in their household, whose mother or
father held a degree,* and whose household scored

higher on the socio-economic status index, achieved
higher mathematics scores than their peers. In
contrast, girls, older learners, and learners who
experienced bullying more often, achieved lower
mathematics scores. Learners who were taught by
female and more educated mathematics teachers
achieved better mathematics scores, as did learners
who attended schools with a higher level of
resources and those situated in more urbanised areas
relative to remote rural areas.™

We performed sub-group analyses and tested
whether the relationship between extrinsic
motivation and academic achievement varied across
school types. The results are presented in Tables 3
and 4. Firstly, the learners were split into five
quintiles according to their distribution in the school
resources index, with Quintile 1 representing those
learners in schools with the lowest level of school
resources and Quintile 5 the highest. The upper
frame of Table 3 shows the OLS regressions and the
lower frame of the table shows the fixed effects
regressions for each quintile. For convenience,
Column 1 replicates the results for the full sample
for comparison, while Columns 2 to 6 show the
results across the quintiles.
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Table 3 Multivariate regressions of the relationship between extrinsic motivation and mathematics scores across school resource quintiles

1) ) 3) “) (%) (6)
OLS Full sample Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
Extrinsic motivation 5.04%%% 5.67%%* 2.51** 4.63%%* 1.64 1.44
(0.79) (1.08) (1.09) (1.10) (1.12) (1.07)
Intrinsic motivation 6.36%** 8.76%** 7.76%** 8.25%** 7.33%%* 9.91**%*
0.77) (1.08) (1.04) (1.06) (1.07) (1.15)
Constant 588.11%** 553.57*** 656.41%** 600.65%** 640.65%** 557.73%**
(18.81) (18.87) (17.58) (18.53) (19.96) (19.55)
Observations 18,764 3,742 3,743 3,766 3,747 3,766
R? 0.38 0.30 0.30 0.32 0.33 0.60
School and teacher fixed effects No No No No No No
1) (2) 3) ) (5) (6)
Fixed effects Full sample Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
Extrinsic motivation 5.03%** 4.26%** 3.08%** 3.69%** 3.64%%* 2.70%**
(0.55) (0.93) (0.94) (0.95) (0.95) (0.88)
Intrinsic motivation 10.72%** 10.51%** 10.87%** 12.30%** 9.64%** 14.82%**
(0.61) (0.94) (0.93) (0.93) (0.93) (0.96)
Constant 601 *** 560.95%** 651.24%%%* 611.45%** 649.50%** 607.29%%*%*
(9.57) (15.19) (18.75) (15.59) (16.96) (17.10)
Observations 18,764 3,742 3,743 3,766 3,747 3,766
R? 0.59 0.52 0.52 0.53 0.55 0.76
School and teacher fixed effects Yes Yes Yes Yes Yes Yes

Note. Regression coefficients are shown with robust standard errors in parentheses. The regressions are weighted. A full set of controls is included in the OLS regressions as in column 4 of Table 2.

p < 0.1, **p < 0.05, ***p < 0.01.
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The OLS results suggest that the relationship
between extrinsic motivation and mathematics
scores is stronger among learners in lower-resourced
schools than in better-resourced schools. The size of
the coefficient declined across the quintiles from
5.67 and strongly significant for Quintile 1 to 1.64
and 1.44 and no longer statistically significant for
Quintiles 4 and 5 respectively. This pattern held in
the lower frame of the table when the fixed effects
model was used, although it was somewhat less
pronounced; the coefficient on the extrinsic
motivation variable fell from 4.26 for Quintile 1 to
2.70 for Quintile 5 and remained statistically
significant. In contrast, the coefficient on the
intrinsic motivation variable remained large and
statistically significant across the quintiles and was
even larger among learners in Quintile 5. This held
for both the OLS and fixed effects regressions. The
coefficient on the intrinsic motivation variable
hovered around 7 to 8 points for Quintiles 1 to 4
increasing to 9.91 for Quintile 5 in the OLS
regressions, while for the fixed effects regressions it
ranged from 10 to 12 points for Quintiles 1 to 4,
increasing to 14.82 for Quintile 5.

Secondly, we performed the same exercise but
using school location as a proxy for school quality

instead of the school resources index. The results are
shown in Table 4 and suggest a consistent picture. In
the OLS regressions, there was a very strong,
positive relationship between extrinsic motivation
and mathematics achievement for learners in remote
rural schools (a coefficient of 10.55), a positive, but
smaller, association for learners in schools in small
towns or villages (a coefficient of 2.30), but no
statistically significant associations for those in
schools situated in medium cities/large towns,
suburban areas or urban areas. In a similar vein, in
the fixed effects regressions, the association was
largest for learners in remote rural schools (a
coefficient of 7.08), with much lower associations
for those in schools in the other area types
(coefficients hovered around 2 to 3 points). The
relationship between intrinsic motivation and
mathematics scores remained positive and
significant for learners across locations but was
lowest for those in remote rural schools (6.02 in the
OLS regression and 8.68 in the fixed effects
regression) and largest for those in urban schools
(9.62 for the OLS regression and 12.50 for the fixed
effects regression).
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€)) () 3) “) (%) (6)
Small town/
OLS Full sample Remote rural village Medium city Suburban Urban
Extrinsic motivation 5.04%%% 10.55%** 2.30%* 0.39 -0.34 -0.98
(0.79) (0.97) (0.93) (1.53) (1.32) (1.02)
Intrinsic motivation 6.36%** 6.02%** 7.60%*** 9.36*** 8.68%** 9.62%**
0.77) (1.03) (0.92) (1.51) (1.25) (1.01)
Constant 588.11%** 574.11%%* 634.20%** 711.39%** 692.49%** 700.86%**
(18.81) (15.77) (13.58) (26.66) (23.88) (17.37)
Observations 18,764 3,888 5,212 2,325 3,056 4,283
R? 0.38 0.26 0.25 0.39 0.37 0.42
School and teacher fixed effects No No No No No No
1 (2) 3) ) (5) (6)
Small town/
Fixed effects Full sample Remote rural village Medium city Suburban Urban
Extrinsic motivation 5.03%** 7.08%** 1.64** 2.94%* 3.06%** 2.84% %%
(0.55) (0.92) (0.80) (1.17) (1.03) (0.84)
Intrinsic motivation 10.72%** 8.68*** 12.16%** 12.11%%* 12.43%** 12.50%**
(0.61) (0.98) (0.81) (1.17) (1.00) (0.84)
Constant 601 *** 588.14%** 610.99%*%* 644.13%*%* 611.32%** 645,31 %%
(9.57) (14.05) (14.67) (22.01) (19.46) (18.08)
Observations 18,764 3,888 5,212 2,325 3,056 4,283
R? 0.59 0.39 0.49 0.67 0.65 0.64
School and teacher fixed effects Yes Yes Yes Yes Yes Yes

Note. Regression coefficients are shown with robust standard errors in parentheses. The regressions are weighted. A full set of controls is included in the OLS regressions as in column 4 of Table 2.

p < 0.1, **p < 0.05, ***p < 0.01.
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Discussion

The positive and statistically significant relationship
found between extrinsic motivation and
mathematics scores indicates that learners with a
higher level of (autonomous) extrinsic motivation
performed better in mathematics than learners with
a lower level, ceteris paribus. As expected, intrinsic
motivation also showed a positive and statistically
significant ~ association ~ with ~ mathematics
achievement, with the coefficient on intrinsic
motivation larger than that on extrinsic motivation
when a full set of controls was used in the regression.
In other words, intrinsic motivation appeared to have
a stronger association with learner achievement than
extrinsic motivation, in line with findings in the
existing literature (Karlen et al., 2019; Lemos &
Verissimo, 2014; Lepper et al., 2005; Ryan & Deci,
2000). Importantly, however, extrinsic motivation
retained its positive and significant association with
mathematics achievement even when controlling for
intrinsic motivation in the regressions. This gives us
confidence that these two constructs indeed captured
different non-cognitive skills as intended.

We also performed sub-group analyses and
tested whether the relationship between extrinsic
motivation and learner achievement differed for
learners across schools of varying quality. We found
the coefficients on extrinsic motivation to be much
larger for learners in poorly-resourced and more
rural schools. This suggests that higher perceived
returns to mathematics in accessing university or in
succeeding in the labour market, for example, are
particularly strong motivators to do well for learners
in more disadvantaged environments, and that they
may even help towards bridging the gap in
educational attainment between schools of varying
quality.

While extrinsic motivation was found to matter
more for learners in less-resourced schools and in
more rural areas, intrinsic motivation was found to
be strongly associated with mathematics
achievement for learners across all schools, but with
a more pronounced effect in urban schools and in
schools with the highest level of resources. In other
words, while extrinsic motivation may help to
compensate for disadvantage, intrinsic motivation
appears to amplify achievement in the most
advantaged schools. This is an important finding, as
extrinsic motivation is more amenable to policy
manipulation than intrinsic motivation (Reeve,
2009).

While it is encouraging that the positive
relationship between extrinsic motivation and
mathematics scores may contribute towards closing
the gap in achievement between learners in
poorly-resourced/rural schools and
well-resourced/urban schools, building extrinsic
motivation in learners is not a panacea on its own.
The results show that a myriad of other factors
contribute to the mathematics achievement of

learners in South Africa. Aspects of the home
environment, such as parents’ education and access
to resources in the household, were strongly
associated ~ with  mathematics  achievement.
However, these factors are largely determined
through the circumstances of one’s birth and are
generally more difficult to target through policy
intervention.

Several features of the school environment,
which are more amenable to intervention, also
showed strong associations with mathematics
achievement, including access to a range of learning
resources at school and highly qualified teachers. In
addition, the large negative association between
learner bullying and achievement scores highlights
the importance of looking after the physical and
psychological safety of learners for effective
learning (Townsend et al., 2008). The much higher
performance of learners who spoke the test language
at home most of the time is an important reminder of
the influence of language policy in schools and the
advantages of home language instruction (Posel &
Casale, 2011; Taylor & Von Fintel, 2016).

Some of the largest disparities in performance
were seen between learners who attended schools in
a suburban or urban location and those attending
schools in remote rural areas. The unique challenges
in rural schools in South Africa are well-documented
in the literature (Chisholm, 2012; Seekings &
Nattrass, 2008; Spaull, 2019) and much more should
be done to create an environment conducive to
learning in these areas.

These  results  highlight that  while
non-cognitive skills, such as extrinsic and intrinsic
motivation, may be important for learning, in a
high-inequality country such as South Africa, these
must be considered alongside other factors that
foster a productive learning environment. Extrinsic
motivation on its own cannot bridge the large
disparities in learning outcomes among learners
whose schooling conditions are a by-product of both
discriminatory apartheid education policies and
inadequate post-apartheid reforms.

Conclusion

With this study we set out to broaden the research on
the association between non-cognitive skills and
academic achievement in South Africa, an area that
has gained increasing attention in the international
literature but has not been sufficiently studied in
South Africa or indeed in other emerging economies.
We focussed on the relationship between
(autonomous) extrinsic motivation and mathematics
scores using the nationally representative data for
Grade 9 learners from the 2019 TIMSS.

Using multivariate regression analyses (both
OLS and teacher and school fixed effects models),
we found a positive and significant relationship
between extrinsic motivation and mathematics
achievement. As has been shown in other studies, the
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relationship between intrinsic motivation and
mathematics scores was even stronger. Importantly
however, extrinsic motivation retained its positive
and significant association with mathematics
achievement even though we controlled for intrinsic
motivation in the regressions, suggesting that these
two constructs capture different non-cognitive skills.

In addition, when we tested the strength of the
relationship across different school contexts, we
found that extrinsic motivation mattered more for
children in schools with fewer resources and in
remote rural areas compared to those in schools that
were well-resourced and in more urban areas. In
contrast, intrinsic motivation had a positive
association with mathematics scores for learners in
all types of schools, but the association was
particularly strong for those in the most
well-resourced schools and in urban schools. This
suggests that extrinsic motivation compensates to a
small degree for the disadvantage learners
experience in worse-off schools, whereas intrinsic
motivation reinforces the advantage learners
experience in better-off schools. This is an important
finding because extrinsic motivation, particularly
that of a more autonomous nature where the locus of
control resides with the learner, is potentially
susceptible to external influence. It could be
targeted, for example, through certain teacher
practices which highlight the value of mathematics
for learners’ future careers and growth prospects.

These results provide an interesting
perspective  on  the relationship  between
non-cognitive skills and mathematics achievement
in a high-inequality context, where there are large
disparities in both resources and educational
outcomes across schools. While the South African
context is unique in many respects, high overall
inequality and a wide range in schooling quality are
features of many emerging economies (Gradin,
Leibbrandt & Tarp, 2021). Therefore, while we
focussed on South Africa in this study, the findings
may have broader international relevance.

Despite our efforts to ensure that the findings
were as robust as possible, we recognise that
limitations remained, and the results cannot be
interpreted as being strictly causal (a more general
limitation of South African research on this topic).
While we controlled for a wide variety of observed
learner, home, teacher, and school-level factors, as
well as unobserved teacher and school
characteristics in the fixed effects models, we could
not account for certain factors, given the nature of
the data. For instance, we could not account for any
unobserved learner-level characteristics correlated
with both mathematics scores and extrinsic
motivation (such as innate ability). To account for
these learner fixed effects would require repeated
observations on the same learners over time, which
are not available in the cross-sectional TIMSS data.

Furthermore, there may be reverse causality,
especially in the relationship between intrinsic
motivation and achievement. In other words, while
being intrinsically motivated may improve
mathematics scores, doing well in a subject such as
mathematics may lead one to feel more motivated
about the subject and to report liking it. However,
the issue of reverse causality is likely to be less of a
problem in the relationship between autonomous
extrinsic motivation and achievement. Doing well in
a subject is unlikely to affect the perceived external
benefits of that subject (with respect to success at
university or access to a job, for example). The
causality is far more likely to run from autonomous
extrinsic motivation to achievement.

Finally, we recognise that a limitation of all
studies investigating non-cognitive skills is that
concepts such as motivation are difficult to define
and quantify. Our measures of intrinsic and extrinsic
motivation may suffer from a certain degree of
reporting error; for instance, learners might have
said that they enjoyed mathematics or understood its
value for their futures simply because they believed
that this was the correct answer. If this was the case,
our estimates of the relationship between extrinsic
motivation and mathematics scores would likely be
biased downwards.

Nonetheless, our study highlights that the role
of non-cognitive skills in academic achievement is a
potentially important area of research for South
Africa, and one which we believe warrants more
attention in future work, especially as additional data
become available. While our focus was on extrinsic
motivation and how it compared with intrinsic
motivation, other non-cognitive skills (for example,
grit) have been identified as being important in
studies based on  smaller-sample, more
context-specific surveys (Hofmeyr, 2021; Pleace &
Nicholls, 2022). While this information is currently
not available in TIMSS, collecting more reliable
data in national surveys on a wider range of
non-cognitive skills would go a long way to
encouraging further research in this area X

Another avenue for future work might involve
designing simple and cost-effective interventions
that could be tested in various school settings.
Analysis of nationally-representative data such as
TIMSS is useful to help identify broad relationships
and potentially important areas for more in-depth
research. However, given the difficulties in
identifying causal relationships with cross-sectional
data, before concrete policy suggestions can be
made, on-the-ground testing of  specific
interventions is necessary. Because extrinsic
motivation is a non-cognitive skill that could be
amenable to external influence, this may be a line of
enquiry  worth  pursuing, particularly in
less-resourced schools and in more rural settings
where extrinsic motivation appears to matter most.
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Notes

i For a fuller discussion, we refer the reader to the
following review articles: Hattie (2009); Lee and Shute
(2010); Lee and Stankov (2018); Richardson, Abraham
and Bond (2012); Stankov (2013); and for a review of
both the global and South African literatures, Hofmeyr
(2022).

ii.  The authors used textual analysis of student responses to
open-ended questions such as “Why did you attend
university?” and created continuous “intrinsic” and
“extrinsic” variables based on the percentage of total
words in the students’ responses consisting of intrinsic-
and extrinsic-type words. Thus, the measure of extrinsic
motivation in this study contains both autonomous and
non-autonomous forms of extrinsic motivation.

iii.  In addition to motivation, Fourie and Shepherd (2019)
and Sikhwari (2014) investigated the relationship
between academic achievement and academic
self-concept, i.e. one’s perception of one’s academic
ability. However, in both papers the authors recognise
that reverse causality is likely to be a significant
challenge, as a student or learner that scores highly in a
subject is also likely to report being good at that subject.

iv.  The data are publicly available at https:/timss.bc.edu/
and more information on the TIMSS sampling methods
can be found in the TIMSS technical report (Martin, Von
Davier & Mullis, 2020).

v. As a robustness check, we also estimated the regressions
(without fixed effects) using PV regression; no
significant differences in the results were found
compared to when only one of the plausible values was
used.

vi.  MCA s a dimensionality reduction technique that allows
for the analysis of the patterns of relationships of
multiple categorical variables in a lower dimensional
space (Abdi & Valentin, 2007).

vii. While we recognise that there may be other
non-cognitive skills that could be important in
influencing achievement scores, we were limited in the
data available in TIMSS. In addition to the questions we
used to measure extrinsic and intrinsic motivation, there
are a series of questions related to whether the learner
thought that he/she was good at mathematics and could
learn quickly. These questions can be used to measure
concepts such as confidence in learning or academic
self-concept (Fourie & Shepherd, 2019; Lee & Stankov,
2018). We did not control for this measure in the
regressions due to the very strong probability of reverse
causality. Learners who achieve high scores in
mathematics are likely to say they usually do well in the
subject or consider it one of their strengths.

viii.  Another way to describe this is that we accounted for
clustering effects since several learners in the sample
were taught by the same teacher, and several learners
attended Grade 9 in the same school.

ix. In the fixed effects regression in Column 5 of Table 2,
the controls for specific teacher and school
characteristics available in the TIMSS dataset and

included in Columns 3 and 4 do not appear, as they were
“absorbed” by the fixed effect.

X. The large coefficient on fathers’ education “unknown” is
noteworthy. This dummy variable was included to avoid
dropping the many observations with missing data on
fathers’ education. Given the high rates of father
absenteeism in South Africa, it is not surprising that
many children were not able to report on their fathers’
highest level of schooling. That these children do better
at mathematics than their peers might suggest that these
fathers still remitted income to the household to support
the child’s education, although this is purely speculative.

xi.  In the fixed effects regression in Column 5, the size of
the coefficients on the household SES index, the number
of books in the home, and parents’ education fell. This
indicates that these variables are strongly correlated with
the type of schools that learners attend. In other words,
children from better-off households also attend better-
resourced schools, not surprising in the South African
context.

xii. In her summary of the limitations of the existing
literature, Hofmeyr (2022) highlights that because of
data constraints, most studies focus on one type of
non-cognitive skill, even though others may be
important in jointly determining educational outcomes.
This is related to the more general concern that a lack of
conceptual clarity exists on how to define specific skills,
particularly when some of the concepts studied in the
literature  overlap  (for  example, grit and
conscientiousness).

xiii. Published under a Creative Commons Attribution
Licence.
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Appendix A

Table A1 Construction of explanatory variables

Variable name

Variable construction

Extrinsic motivation

Intrinsic motivation

Speaks test language at
home

Female learner
Learner age

Bullying index

Books in home

Mother’s/Father’s education

Home SES index

Mathematics teacher
education

Mathematics teacher sex
Mathematics teacher

experience
School resources index

School location

Multiple Correspondence Analysis (MCA) was used to construct an index based on learner
responses to the degree that they agreed with the following statements: “I think mathematics will
help me in my daily life”, “I need to do well in mathematics to get into the university of my
choice”, “I need to do well in mathematics to get the job I want”, “It is important to learn about
mathematics to get ahead in the world”, and “Learning mathematics will give me more job
opportunities when I am an adult.” The four response options ranged from “Disagree a lot” to
“Agree a lot.” The index was standardised to have a mean of 0 and a standard deviation of 1.
Learners were asked their level of agreement with the statements: 1) “I enjoy learning
mathematics”, 2) “I wish I did not have to study mathematics”, 3) “Mathematics is boring”, 4) “I
like mathematics”, 5) “I like any schoolwork that involves numbers”, and 6) I like to solve
mathematics problems.” Four response options were available ranging from “Disagree a lot” to
“Agree a lot” and statements (2) and (3) were reverse coded so that “Agree a lot” was the lowest
category. An index was constructed using MCA and standardised to have a mean of 0 and a
standard deviation of 1.

Learners were asked the frequency with which they spoke the test language at home with four
responses options: “Never” “Sometimes”, “Almost always” and “Always.” “Never” was the
omitted category, and dummy variables representing “Sometimes” and “Most of the time” (the
combination of “Always” and “Almost always”) were included in the regressions.

A dummy variable was constructed where “girl” was coded as 1 and “boy” was coded as 0.
Learners were asked which month and year they were born, and their age was given as a number in
the TIMSS data set.

The index representing the severity of bullying, was created with MCA and based on learner
responses to the frequency of 14 examples of bullying, covering physical, verbal, cyber, other
forms of psychological bullying and damage to property. Response options ranged from “Never”
to “At least once a week.” A higher number on the scale represents more frequent bullying.
Learners were asked how many books there were in their home with the following response
options: (1) None or very few (0—10 books) (2) Enough to fill one shelf (11-25 books), (3) Enough
to fill one bookcase (26—100 books), (4) Enough to fill two bookcases (101-200 books), and

(5) Enough to fill three or more bookcases (more than 200). Option 1 was the omitted category,
while options 2 and 3 were combined into a dummy variable labelled “Medium” and options 4 and
5 were combined into a dummy variable labelled “High.”

Learners were asked what the highest level of education each parent had obtained. Responses were
used to create a series of dummy variables for each parent representing “Pre-Matric”, “Matric”,
“Post-secondary, non-tertiary”, “Degree”, and “Unknown”, with pre-matric the omitted category in
the regression.

Learners were asked yes/no questions about whether they had the following items in the home: a
computer/tablet, their own study desk, their own room, an internet connection, their own mobile
phone, a dictionary, electricity, running water and a hot water geyser. A Home SES index was
constructed using MCA.

Mathematics teachers were asked for their highest level of education. Their answers were grouped
into dummy variables representing ‘“Non-tertiary”, “Short-cycle tertiary”, “Tertiary”, and
“Unknown”, with non-tertiary the omitted category in the regression.

A dummy variable was constructed where female teacher was equal to 1 and male teacher equal to
0.

This is a continuous variable based on teachers’ responses to the question asking how many years
they would have been teaching all together at the end of the current year.

An index was created using MCA to represent the level of school resources and was based on the
principal’s responses to the extent to which the provision of instruction was hindered by shortages
of 19 types of school resources, including: instructional materials, supplies, school buildings and
grounds, heating/cooling and lighting systems, instructional space, technologically competent staff,
audio-visual resources, computer technology, resources for learners with disabilities, teachers with
a specialisation in mathematics/science, computer software for mathematics/science instruction,
library resources relevant to mathematics/science instruction, calculators for mathematics/science
instruction, concrete objects or materials to help learners understand quantities or procedures, and
science equipment and materials for experiments.

School principals were asked which of the response options best described the immediate area in
which the school was located. A series of dummy variables was created based on the response
options (1) Remote Rural, (2) Small Town or Village, (3) Medium City or Large Town,

(4) Suburban, and (5) Urban. “Remote Rural” was the omitted category.




