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Abstract
This study analysed secondary TIMSS 2019 data for respondents from South Africa and proposed
a model containing ten constructs; nine independent variables (socio-economic status and eight
variables about safety aspects in schools) and one independent variable (mathematics
achievement). Qualitative data was also collected using interviews and field notes. The HLM model
identified the following significant predictors to learners’ mathematics achievement: learners
whose family members were frequently insulted; who were victims of theft; who were forced to
do things they didn’t want to do; who were physically hurt; living in impoverished areas; enrolled
in schools with a shortage of or inadequate instructional space; enrolled in schools where physical
injury amongst learners is a problem; disrespecting property. Findings from the thematic analysis
indicated that participants believed that schools’ safety concerns are associated with learners’
mathematics achievement and that difficulties in developing and implementing school safety
policies are due to a lack of training.
Keywords: HLM, mathematics achievement, safety, TIMSS 2019

INTRODUCTION
There is growing global concern concerning South
African mathematics learner achievement in schools.
Studies such as Trends in International Mathematics and
Science Studies (TIMSS) intend to explore aspects of
mathematics achievement. Research studies have
explored the socio-economic status (SES) and the safety
aspects related to learners’ mathematics achievement,
finding both strong predictors of learner achievement
(Kalaycıoğlu, 2015; Kanyongo & Ayieko, 2017; Ker,
2016). In South Africa, low learner achievement in
mathematics has occupied the centre stage yet again
with the release of the TIMSS 2019 results. South Africa
participated in TIMSS 2019 on Grade 5 and Grade 9 level,
respectively; the focus of this study is at Grade 9 level
and at this level, 39 countries participated, and South
Africa was second from the bottom in mathematics
achievement; only above Morocco (Reddy et al., 2020).
These results are alarming, given that South Africa has
had many intervention programmes aimed at improving
the educational system over the last few years. The
Gauteng Department of Education (GDE) introduced
intervention projects such as the Dinaledi project (Blum

et al., 2010) and the Secondary School Improvement Plan
(SSIP) (Center for Education Innovations, n.d.),
intending to improve learner achievement in
mathematics amongst other subjects in the secondary
schools. The Dinaledi project was launched in 2001 to
improve mathematics performance and increase
participation in maths; in 2012, the Dinaledi Unit was
created to boost the project’s work, particularly in
teaching mathematics for girls. The SSIP was introduced
to South African Grade 12 learners in 2010 and, since
then, it was introduced to Grades 10 and 11 in 2011 and
Grades 8 and 9 in 2012. Other strategies include, for
example, the Gauteng Primary Literacy and
Mathematics Strategy (GPLMS) aimed at strengthening
the teaching of literacy and numeracy in Gauteng
primary schools (GDE, 2012) and revising the
Mathematics 1 curriculum in 2019 to ensure a greater
alignment between schooling and university curriculum
(Shay, 2020). Despite such initiatives by the Department
of Basic Education (DBE) at both national and provincial,
district and circuit level, South African mathematics
learner achievement remains poor. Research has shown
that lack of safety in schools may partly be responsible
for low learner achievement in mathematics (Katschnig
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Safety aspects, identified in TIMSS 2019, associated with South African learner mathematics achievement
were investigated. Data was also collected using interviews and field notes.
Quantitative data identified significant predictors to learners’ mathematics achievement: learners whose
family members were insulted; victims of theft; forced to do things they didn’t want to do or were
physically hurt; living in impoverished areas; schools with resource shortages or where physical injury
amongst learners is a problem; disrespecting property.
Qualitative data indicated that participants believed that safety concerns are associated with learner
performance and that difficulties in developing and implementing policies are due to a lack of training.

& Hastedt, 2017; Zhang et al., 2019). Various aspects
could be associated with low learners’ mathematics
achievement. These include teacher and learner
perceptions of safety, shortage or inadequate resource
allocations, overcrowding and school safety (Dabo, 2015;
Juan & Visser, 2017).
Rationale of the Study
Safety issues in South African schools are becoming a
growing concern, and little research is available
addressing safety and its association with learner
achievement in mathematics. This study investigates the
safety aspects as identified by the TIMSS in 2019,
associated with learner achievement in mathematics in
South African schools. A secondary analysis of the
TIMSS 2019 data was undertaken to explore the
underlying aspects of learner achievement in
mathematics. Further data was collected through
interviews and field notes to support the findings
generated by the TIMSS 2019 data.
Research Questions
The primary research question is: How are the safety
measures, as identified in TIMSS 2019, associated with
South African Grade 9 learners’ mathematics
achievement?
The secondary research questions that support the
primary research question are:
1. What are the principals’ and teachers’ perceptions
on how safety measures are associated with
teaching and learning in mathematics?
2. To what extent are safety aspects such as
vandalism, theft, physical attacks, a shortage of or
inadequate physical infrastructure in schools
associated
with
learners’
mathematics
achievement?
3. What are the challenges schools experience in
terms of safety?
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LITERATURE REVIEW
Literature Reviewed
A lack of school safety is a phenomenon of great
social interest; the importance of the phenomenon
derives from the consequences it produces: poor
academic achievement, anxious-depressive syndromes,
sleeping disorders, behavioral disorders, verbal
aggression, school absences, dropping out of school,
suicidal
behavior,
delinquency,
psychosomatic
symptoms and substance abuse, among others (Bauman
et al., 2013; Lereya et al., 2015, Rad et al., 2020; Williford
et al., 2021). School safety is a global issue that requires a
commitment from every nation in its working plans.
Safety in schools go beyond feeling unsafe, dilapidated
buildings and theft of property, to name a few; it even
goes so far as violence to loss of life. Each year, around
the world, approximately 246 million children are
affected by school violence (United Nations Educational,
Social and Cultural Organization [UNESCO], 2017).
Globally, there is a lot of research done on school
safety, and we discuss a couple of recent publications.
Hošková-Mayerová et al. (2021) focused on exploring
schools’ safety in the Czech Republic, specifically when
it comes to terrorist attacks. Although they focus on the
Czech Republic, they provide recent statistics (2000 –
2017) about terror attacks in schools and school facilities
around the world. From their Figure 2, it can be seen that
between the years 2000 to 2004, there were less than 50
terror attacks on schools and school facilities across the
globe. However, from 2004 to 2012, there was a sharp
increase, followed by a sharp decrease from 2012 to 2017.
They argue that the decline might be due to increased
security measures at schools and school facilities across
the globe. Concerning their study of 46 nursery,
elementary and secondary schools in the city of Brno,
Czech Republic, they found that although 95% of the
schools have had theoretical and practical training, the
theoretical training typically deals with occupational
safety and health issues, whereas the practical training
deals with issues such as efficiently evacuating learners
from schools when, for example, there is a fire; neither
the theoretical or practical training focuses on what to do
in the case of, say, a terror attack. A lack of teacher
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training in school safety is not unique to the Czech
Republic. In fact, this problem has been commonly
reported across the globe. As an illustration, consider the
study by Udali (2020), who investigated learners’ and
teachers’ awareness of school safety measures in public
secondary boarding schools in Trans-Nzoia County,
Kenya. Udali (2020) used questionnaires, focus group
interviews, document analysis and observation
checklists, and the respondents included principals,
teachers, students and security officers. Udali (2020)
concluded that there was a low level of awareness of
school safety measures among the teachers, students and
security officers. Udali (2020) contributes this to the fact
that the majority of students and staff have not received
training on how to act in an emergency. Thus, a lack of
training on how to handle security threats seems to be a
problem across the globe. Knizhnikova (2019), who
conducted a study in Russia on school safety, stated that
violence committed by students in educational
institutions have become more frequent over the last few
years. Ruiz-Hernández et al. (2020) used a revised
version of the ‘Attitudes towards school violence’
questionnaire to study attitude as a predictor of school
violence. Their study involved 823 children aged
between 10 and 17 years from 10 schools in the Region
of Murcia, Spain. They found that attitudes towards
violence are more present in males (compared to
females) and in secondary school (compared to
elementary school). Hamlin (2020) conducted a study in
Detroit, Michigan, USA, by interviewing 31 parents and
23 teachers on parents’ perceptions of school safety and
on factors that parents perceive to be contributing to
school safety, and found that a strong presence of
parents on school grounds through, say volunteering,
enhances safety by creating a positive school climate.
This is similar to Hamlin and Li’s (2020) finding that
studied school safety in disadvantaged urban
neighbourhoods in the United States of America and
found that parents volunteering at schools led to less
crime and violence in schools. Hamlin (2020) further
found that other factors contribute to school safety, such
as school building conditions and school location. It
should be noted that Hamlin and Li (2020) conducted a
secondary data analysis using existing data from the
School Survey on Crime Safety, the Common Core Data,
and the American Community Survey. Mohtar et al.
(2019) conducted a secondary data analysis using TIMSS
2015 data to analyse the effect of safety aspects and
bullying on science achievement in Malaysia and Japan
and found that these factors significantly impacted
science achievement. Lenzi et al. (2017) also conducted a
secondary data analysis by using data from the
California Healthy Kids Survey (CHKS) that were
collected from 2010 to 2012 in Grades 7, 9 and 11, in
Californian (USA) schools, and found that a sense of
community and teacher support contributed to positive
perceptions of school safety. Thus, using secondary data

to examine school safety is common. We also do this in
the current study; we use secondary data analysis
(TIMSS 2019 data) to explore school safety in South
Africa.
In South Africa, the National School Safety
Framework (NSSF) was developed with the aim of
addressing safety issues in schools. The NSSF requires
teachers to perform many roles, such as creating and
maintaining a safe school environment (Makota &
Leoschut, 2016) to promote school safety (Hanaya et al.,
2020). However, the NSSF mechanisms seem to be falling
short as violent attacks in South African schools is on the
rise (Palm, 2019). For learners to achieve academic
excellence, they must be free from the unsafe learning
environment (Masitsa, 2011). Teachers and learners tend
to focus on their safety instead of teaching and learning
when they feel unsafe (Makungo, 2012). This could
possibly ultimately translate into poor academic
achievement as the attention has shifted from teaching
and learning. Schools should be a safe haven where
teaching and learning takes place, free from crime,
violence and intimidation (Zhang et al., 2016). However,
the frequent occurrence of incidents of violence reported
in the media to date renders the South African schools
unsafe (Baruth & Mokoena, 2016; Luvhengo, 2020;
Meyer, 2020; Palm, 2019). The School Infrastructure
Safety and Security Guidelines (2017) reported that
safety in South African schools is compounded by an
increase in the wave of vandalism of school facilities,
more specifically, the burning of schools, breaking of
windows, theft of metal objects and electronic
equipment as well as electrical cables among others.
For the international audience to understand the
seriousness of safety problems within South African
schools, some newspaper articles over the last year will
be considered. On the 19th of March 2021, Mogomotsi
Magome reported that a principal from the Eastern Cape
was charged and arrested for child abuse after
descending an 11-year-old learner into a pit toilet to
retrieve his cell phone (Magome, 2021). In an article
published on the 6th of March 2021, Sihle Mlambo
reported that six learners from Lenasia South Secondary
were suspended due to a “violent school brawl”
(Mlambo, 2021, para, 1). Earlier in March 2021, the
Nombulelo Damba-Hendrik reported that Butterworth
Masizame Junior Primary School, which is constructed
out of mud, has one broken toilet that 175 learners and
their teachers are sharing (Damba-Hendrik, 2021).
What’s worse is that several grades are sharing one
classroom, which is poorly constructed, that during
strong winds, learners are forced to flee the classroom in
fear that the wind might remove the roof (DambaHendrik, 2021). On the 11th of March 2021, Thami
Magubane reported that more than 900 schools in
KwaZulu-Natal schools have asbestos roofing which
poses threats to the health of learners and staff
(Magubane, 2021). Furthermore, a 16-year-old learner
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who attended Mount View High in Hanover Park is still
struggling to find accommodation at a school since she
was bullied and assaulted at the school for about two
years (Ntseku, 2021). Earlier in February 2021, police
officers from KwaZulu-Natal police explained that they
are continuing their search for a learner who was
allegedly kidnapped from his school in Durban after the
17-year-old learner was accused of stealing a cell phone
belonging to his classmate (SABC news, 2021). Towards
the end of the year 2020, Ofentse Ditlopo reported that
learners at the Eqinisweni Secondary School protested,
demanding better facilities after a part of the school
building collapsed (Ditlopo, 2020). On the 26th of
November 2020, Tebogo Tsesane and Sibongile Teffo
reported that more than 3 000 schools in South Africa
have pit latrines – whereby 500 of these schools are
located in the Limpopo (Tsesane & Teffo, 2020). The
latter reporters explained that learners feel unsafe in
these toilets and are forced to use bushes as toilet
facilities (Tsesane & Teffo, 2020). During the same
month, in KwaZulu Natal, a sexual assault case was
reported in which a geography teacher was sexually
grooming one of his Grade 10 learners, as reported by
Broughton (2020). The Grade 10 learner kept a trail of the
conversations between her and the teacher, but the
teacher claimed that he was a victim of conspiracy
(Broughton, 2020). In the same province in October 2020,
seven suspects were arrested after a compliance officer
and a school principal were killed during a shooting
(Chothia, 2020). A principal from Msinga in KwaZuluNatal was also gunned down while in his office, a
teacher was hijacked, and a safety officer who was
responsible for screening learners for COVID-19
symptoms was killed during violent outrages at schools
in this province (Singh, 2020). Two learners from
Mathole High School in this province were also
suspended after they shared a video in which they
attacked a fellow learner (Zulu, 2020). In another
incident in September 2020, three teachers in the
Mpumalanga province of South Africa were arrested
after they assaulted learners aged 17 to 21 years (Grobler,
2020a). In March 2020, several incidents were also
reported. For instance, on the 4th of March 2020,
Ntwaagae Seleka reported that a learner died and that
six other learners were hospitalised after consuming
tainted chocolate (Seleka, 2020). The next day, it was
reported that learners from the North West province
were rescued after the deputy principal locked them in a
safe and left with the keys (Grobler, 2020b). The
following day a Grade 10 learner died of a stab wound,
schoolgirls were fighting, and gas was leaking in schools
in Gauteng (Njilo, 2020); the gas leak was from a stove in
a consumer study class and that some Grade 12 learner
was rushed to a clinic (Grobler, 2020c). Earlier in the year
2020, a 15-year-old learner from Ecaleni School for
learners with Special Needs in Tembisa in the Gauteng
province was raped behind the classrooms by a fellow
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learner (Kempton Express, 2020). In another horrific case
reported on the 29th of January 2020, a principal of
Graceland Education Centre was fired after one of her
learners was raped and burnt to death after she had to
walk from school since her school transport left her
behind (Matlhare, 2020).
South African learners are continuously brutally
assaulted and widespread of violence in schools despite
all the security measures and mechanisms put in place in
schools (Hendricks, 2019). Ncontsa and Shumba (2013)
found that school violence has an effect on learners’ loss
of concentration in class and, subsequently, poor
academic achievement. As evident from the discussions
above, research overwhelmingly reports bullying,
stabbing, violence, aggressive behaviour and murder
when addressing safety in South African schools. Such
research revealed the mounting evidence of a wide range
of dire consequences such as cognitive stress, school
disruptions and learner and teacher victimisations with
the downward spiralling school safety issues and how
such issues affect teaching and learning. According to
Makota and Leoschut (2016), these consequences impact
learners’ overall academic achievement. Little research is
available that explore the association between schools’
safety policies and practices with learners’ mathematics
achievement. Therefore, research is required to explore
how informed principals and teachers are regarding
safety policies and practices in schools.
Conceptual Framework
This study was be guided by the conceptual
framework model of Scheerens (2000) and Maslow’s
Hierarchy of Needs Theoretical framework (Maslow,
1943). The issue of safety in schools links to the input,
process and output model of Scheerens and Maslow’s
hierarchy of needs theory with the feedback loop in this
study. Scheerens’s model is an input-process-output
model with a multi-level structure that includes aspects
at learner, classroom, school and education system
levels. In this study, the input factors are the resources
required to produce an outcome (output). The input
factors, here it is safety aspects, are assumed to be related
to the output (learner achievement) through process
factors. The process factors are part of the so-called
‘black box’ as defined by Black and Wiliam (1998), in
which teaching and learning takes place and in which
inputs are transformed into outputs. Process factors can
be divided into aspects at the school level, (e.g., school
climate) and aspects at the classroom level (e.g.,
classroom climate). The process factors for this study are
school location, safety policies and practices, safety in
school, respect of property, physical infrastructure,
vandalism, theft, physical attacks and classroom
disturbance. Output factors refer to the end product
from the production process. Mathematics learner
achievement is the output factor of this study. It is
assumed that the relation of input and process aspects
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Note. Sourced from Scheerens (2000) as depicted in Scheerens et al. (2003), Licenced Under CC BY 4.0 (Dadeh, 2021, Figure 3.1)

Figure 1. Modified conceptual framework of Scheerens (2000), and Maslow’s Theory (1943)

with learner achievement is moderated by contextual
aspects at system and school level (Scheerens, 2008). For
this study’s purpose, some adaptations were made to the
original model of Scheerens. The external and internal
environmental factors are incorporated with the
feedback loop to the original model to develop an
interactive model. The focus of the adapted model will
be on the input factor (safety aspects), the school
environment aspects (school location, safety policies and
practices, safe at school, respect of property and physical
infrastructure), the internal environment aspects (school
safety include: vandalism, theft, physical attacks, classroom
disturbance), the process factors (teaching and learning),
and their association with the output factor (Grade 9
mathematics learner achievement). This adaptation narrows
and focuses this study (Figure 1).
To enrich the study, Maslow’s Hierarchy of Needs
theoretical framework was also used in addressing the
safety issues in schools. According to this theory, safety
needs is a basic need that, if not met, will bring both the
teachers and learners feeling anxious and tense. These
needs need to be satisfied for teachers and learners to be
free from any physical harm, hurt, loss of life and
property loss or collapse so that a safe learning and
teaching environment is created. Furthermore, this
theory purports that lower needs must be satisfied
before a higher need can be activated, and therefore, the
assumption is that the physiological needs (learners
have access to food, water) are met. This explains why
physiological needs are not included in the revised
model. In accordance with Maslow’s hierarchy of needs
theory, teachers and learners who are concerned about
meeting the needs of safety cannot devote their full
attention to teaching and learning in schools. Safety

needs is a prerequisite for higher-order needs such as
social needs (learners’ sense of belonging and acceptance
in the learning environment), self-esteem needs (learners
are given opportunities to advance their learning) and
self-actualisation needs (learners performing to their
maximum potential). The safety needs need to be
activated so that teachers can teach and learners can
learn mathematics free from harm.

METHOD
An explanatory sequential mixed method design was
followed, and an abduction research process was
followed as this is typically used in mixed-methods
research. In abductive inference, known premises are
used to generate testable conclusions (Mitchell, 2018).
Abductive reasoning addresses some of the weaknesses
identified in deductive and inductive approaches by
adopting a pragmatist perspective (Mitchell, 2018).
Regarding the research strategy, for the quantitative
phase, secondary data analysis was used, and for the
qualitative phase, multiple case studies were used.
Secondary data analysis refers to a research design that
mostly use existing data, mostly quantitative data, to
reapply and reanalyse such data to test hypotheses or to
validate models (Mouton, 2001). Qualitative case study
methodology provides tools for researchers to study
complex phenomena within their contexts (Baxter &
Jack, 2008).
Participants
The quantitative phase is considered first. At Grade
8/9 level, 46 countries participated in TIMSS 2019.
TIMSS 2019 made use of a two-stage stratified cluster
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sampling design (LaRoche et al., 2020) of Grade 8, who
represented eight years of formal schooling, but South
Africa chose ninth graders to better match their
curricula. Firstly, schools were sampled according to
their size and secondly, one or more intact classes from
the target grade of each participating school were
selected (LaRoche et al., 2020). For South Africa, the
realised sample was 519 schools, 543 mathematics and
science teachers and 20 829 learners (Reddy et al., 2020).
No permission was needed to analyse the TIMSS 2019
data, as the database is available for public use on their
website (Fishbein et al., 2021).
For the qualitative phase, purposive sampling was
used to select participants based on the unique qualities
they possess, which, in this case, being principals and
Grade 9 mathematics teachers in South African. South
African schools are categorised into five groups called
quintiles where Quintile 1 schools are the poorest and
Quintile 5 schools are the most affluent (Van Dyk &
White, 2019). Quintiles 1 to 3 are “no-fee paying schools”
whereas Quintiles 4 to 5 are “fee-paying schools”. Six
principals (three from no-fee-paying and three from feepaying schools) and 12 mathematics teachers (six from
no-fee-paying and six from fee-paying schools) were
interviewed. Their identities were kept confidential and
pseudonyms were assigned as follows: SCH1 – SCH6 for
the six schools, P if it’s a principal, T1 – T12 for the 12
teachers, and M and F for male and female, respectively.
For example, SCH1-T1-M indicates that the male
participant is a teacher from the first school. Permission
to conduct the interviews was obtained from the
necessary authorities, the principals and the teachers.
Data Collection and Instruments
The quantitative phase is considered first. In this
study, certain questions from the TIMSS 2019
questionnaires and the learners’ mathematics
achievement scores were used. The TIMSS 2019
developers went through many rigorous steps in
developing the TIMSS 2019 achievement instruments.
The assessment frameworks cannot drastically change
from cycle to cycle but are routinely updated to keep up
with fresh ideas and current information about curricula,
standards, and instruction in mathematics and science
education around the world. The interested reader is
referred to Cotter et al. (2020) for a detailed account of
this process. Focussing on the qualitative phase, the
semi-structured interviews took place in March 2021
with principals and teachers from three schools.
Interviews ranging between 30 to 45 minutes were
conducted with six principals and twelve Grade 9
mathematics teachers (two per school). During March
2021, South Africa was on Lockdown Alert Level 1 (there
are 5 levels with 5 being a full lockdown and 1 being the
most lenient), and where participants felt save to be
interviewed in-person, this was done. For the in-person
interviews, field notes were also taken. Where
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participants did not feel comfortable meeting in-person,
the interview was done online. All interviews were
recorded.
Quality Assurance
For the quantitative data, the reader is referred to
Martin et al. (2020) for details on how TIMSS 2019 ensure
validity and reliability; details are omitted here for
conciseness. For the qualitative data, triangulation was
used in terms of multiple data sources (field notes and
interviews), and the trustworthiness of the findings was
ensured by member-checking; each participant received
their transcript to check for accuracy. The final results
were also sent to the participants to check for resonance
with their experiences. Confirmability, which is
concerned with the neutrality of the findings, was
ensured by eliminating bias; this was done by making
the participants feel accepted no matter what they
answered (to avoid participant bias) and entering the
process with an unbiased mind by ensuring pre-existing
assumptions are kept at bay (to avoid researcher bias).
Data Analysis
For the quantitative phase of this study, for
inferential statistics, the HLM version 7 statistical
program was used to perform a two-level HLM analysis
(Raudenbush & Bryk, 2002) considering the hierarchical
structure of the TIMSS 2019 data. Table 1 outlines the
variables used in this phase. For the qualitative phase of
this study, the audio recordings were transcribed
verbatim. The qualitative data was coded using thematic
analysis.

RESULTS AND DISCUSSION
The quantitative phase is considered first. Firstly, the
null model containing no variables were created to show
the difference between the schools in South Africa. Table
2 outlines the results of the null model. The variance of
the null model is 49.73% (= 3035.72 / (3035.72 + 3068.15)
* 100). Furthermore, the variance at school-level (Level2) is significantly different from zero, since the p-value is
less than 0.05 (p-value < 0.001).
Secondly, the full model containing school and
learner-level variables was created. This model shows
the relationship between the selected variables and
learner achievement. Table 3 shows the outcomes of the
full model with a variance of 38.67%. Moreover, the
results show significance at school-level.
Thirdly, the final model was created. In this model,
all the insignificant variables were removed one at a
time, till only significant variables remained. Table 4
shows the results of the final model.
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Table 1. Summary of learner and school variables
Directory
Variable
Variable explanation
School-level predictors (level-2)
Teacher
BTBG07A
Thinking about your current school, indicate the extent to which you agree or disagree
questionnaire
with each of the following statements. This school is located in a safe neighborhood
BTBG07B
Thinking about your current school, indicate the extent to which you agree or disagree
with each of the following statements. I feel safe at this school
BTBG07C
Thinking about your current school, indicate the extent to which you agree or disagree
with each of the following statements. This school’s security policies and practices are sufficient
BTBG07F
Thinking about your current school, indicate the extent to which you agree or disagree
with each of the following statements. The students respect school property
School
BCBG03A
Approximately what percentage of students in your school have the following
questionnaire
backgrounds? Come from economically disadvantaged homes
BCBG13AC How much is your school’s capacity to provide instruction affected by a shortage or
inadequacy of the following? General School Resources: School buildings and grounds
BCBG13AE How much is your school’s capacity to provide instruction affected by a shortage or
inadequacy of the following? General School Resources: Instructional space
BCBG16F
To what degree is each of the following a problem among Grade 9 students in your school?
Vandalism
BCBG16G
To what degree is each of the following a problem among Grade 9 students in your school?
Theft
BCBG16H
To what degree is each of the following a problem among Grade 9 students in your school?
Intimidation or verbal abuse among students
BCBG16I
To what degree is each of the following a problem among Grade 9 students in your school?
Physical injury to other students
BCBG16J
To what degree is each of the following a problem among Grade 9 students in your school?
Intimidation or verbal abuse of teachers or staff
BCBG16K
To what degree is each of the following a problem among Grade 9 students in your school?
Physical injury to teachers or staff
Learner-level predictors (level-1)
Learner
BSBG01
Are you a girl or a boy?
questionnaire BSBG13B
What do you think about your school? Tell how much you agree with these statements. I
feel safe when I am at school
BSBG14E
During this school year, how often have other students from your school done any of the
following things to you, including through texting or the Internet? Insulted a member of my
family
BSBG14F
During this school year, how often have other students from your school done any of the
following things to you, including through texting or the Internet? Stole something from me
BSBG14G
During this school year, how often have other students from your school done any of the
following things to you, including through texting or the Internet? Made me do things I
didn’t want to do
BSBG14K
During this school year, how often have other students from your school done any of the
following things to you, including through texting or the Internet? Threatened me
BSBG14L
During this school year, how often have other students from your school done any of the
following things to you, including through texting or the Internet? Physically hurt me
BSBG14N
During this school year, how often have other students from your school done any of the
following things to you, including through texting or the Internet? Damaged something of
mine on purpose
Table 2. The null model of South Africa
Standard Deviation
INTRCPT1, u0
55.09
Level-1, r
55.39

Variance Component
3035.72
3068.15

df
518

Chi-square
20543.57

p-value
0.000*

Table 3. The full model of South Africa
Standard Deviation
INTRCPT1, u0
42.85
Level-1, r
53.95

Variance Component
1835.85
2910.87

df
505

Chi-square
16056.72

p-value
0.000*

*Significant at a 5% level of significance

*Significant at a 5% level of significance
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Table 4. The final model of South Africa
Standard Deviation
INTRCPT1, u0
43.61
Level-1, r
53.97
*Significant at a 5% level of significance

Variance Component
1901.47
2912.72

df
513

Chi-square
16447.31

Table 5. The significant predictors of the final model
Coefficient
Intercept
Level-1/learner-level (Learner predictors)
During this school year, how often have other learners from your school done
any of the following things to you, including through texting or the Internet:
Insulted a member of my family (BSBG14E)**
Stole something from me (BSBG14F)**
Made me do things I didn’t want to do (BSBG14G)**
Physically hurt me (BSBG14L)**
Level-2/school-level (School predictors)
Approximate percentage of learners from schools hosting economically
disadvantaged homes (BCBG03A)***
How much is your school’s capacity to provide instruction affected by a
shortage or inadequacy of the following? General school resources:
Instructional space (BCBG13AE)****
Thinking about your current school, indicate the extent to which you agree or
disagree with each of the following statement. The learners respect school
property (BTBG07F)*****
To what degree is each of the following a problem among Grade 9 learners in
your school?
Intimidation or verbal abuse among learners (BCBG16H)******
Physical injury to other learners
(BCBG16I)******

381.80

p-value
0.000*

Standard
t-value p-value
error
3.55
107.34 0.000*

-5.43
6.42
-4.69
-5.89

0.56
0.51
0.85
0.76

9.70
-12.65
5.55
7.74

0.000*
0.000*
0.000*
0.000*

27.91

4.70

-5.93

0.000*

8.51

3.19

-2.67

0.008*

11.31

2.71

-4.16

0.000*

-13.04

5.25

2.48

0.013*

14.03

5.54

-2.53

0.012*

*Significant at a 5% level of significance
**Options: never, a few times a year, once or twice a month, at least once a week
*** Options: More than 50%, 26 to 50%, 11 to 25%, 0 to 10%
**** Options: A lot, some, a little, not at all
***** Options: disagree a lot, disagree a little, agree a little, agree a lot
****** Options: serious problem, moderate problem, minor problem, not a problem

The variance at the learner-level is 2912.72, which
signifies 60.50% of the total variance. The variance at
school-level (teacher and principal) is 1901.47 that
represent 39.50% of the total variance which is
statistically significant (p-value < 0.001). The average
reliability estimate was 0.96, indicating that sample
averages reflected the true school means. Table 5 shows
the coefficients of the significant predictors of the final
model.
The results from the level-1/learner-level showed the
following:
• Learners that indicated that one of their family
members were insulted ‘at least once a week’,
including through texting or the Internet (ß= -5.43,
p-value <0.001) were outperformed by their
counterparts 1.
• Learners who indicated that something was stolen
from them (ß= 6.42, p-value <0.001) ‘at least once
1

a week’ outperformed those who indicated that
nothing was ‘never’ stolen from them. This
unexpected finding might be due to the wording
of the question. The wording in the TIMSS
questionnaire is “stolen something from me”. In
South African schools, it’s not uncommon for
learners to take small items from each other, like a
ruler or an eraser (fact corroborated by
interviews). Thus, we recommend that TIMSS
consider changing this question to “stole
something substantial from me”, so that learners’
understand that the question doesn’t apply to
something like a ruler or an eraser, but rather to a
textbook or a calculator.
• Learners who reported that they were forced to do
things that they did not want to do (ß= -4.69, pvalue <0.001) ‘at least once a week’ were
outperformed by their counterparts.

For all the level-1/learner-level results: Comparison made with lowest (benchmark) category = ‘never’
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Table 6. Themes and sub-themes
Theme 1: School safety policy and procedures
Sub-theme 1.1: Knowledge of school safety policy
Sub-theme 1.2: Importance of school safety policy
Sub-theme 1.3: Stakeholder involvement in policy implementation and review
Theme 2: Safety aspects in schools association with learners’ mathematics achievement
Sub-theme 2.1: Feeling of safety in schools
Sub-theme 2.2: Vandalism and theft
Sub-theme 2.3: Learner-to-learner and learner-to-teacher school-based violence

• Learners who reported that they were physically
abused (ß= -5.89, p-value =0.002) ‘at least once a
week’ achieved lower mathematics scores than
their counterparts.
The results from the level-2/school-level showed the
following:
• Learners who were taught at schools where the
principal indicated that the school’s capacity to
provide instruction was ‘not at all’ affected by a
shortage or inadequacy of instructional space
(ß=8.51, p-value=0.008) outperformed their
counterparts 2.
• Strangely, learners enrolled at schools where
principals indicated that intimidation or verbal
abuse among learners are ‘not a problem’ (ß=13.04, p-value=0.013) achieved lower mathematics
scores than those enrolled at schools where the
principal indicated that intimidation or verbal
abuse among learners is ‘a serious a problem’ 3.
This unexpected finding might be due to the fact
that intimidation or verbal abuse among South
African learners is so common (Khumalo, 2019)
that principals perhaps over-reported that it’s a
serious problem when, in fact, it’s a common
problem in South Africa. Another explanation to
this finding could be due to the fact that principals
might be under reporting intimidation and verbal
abuse, since principals might see the reporting of
intimidation and/or verbal abuse as a negative
reflection on themselves and their leadership
abilities.
• Learners enrolled at schools where principals
indicated physical injury amongst learners are
‘not a problem’ (ß=14.03, p-value=0.012)
outperformed learners enrolled at schools where
principals indicated physical injury amongst
learners is a serious problem.
• Learners who were taught by teachers who agreed
a lot with the view that the learners respect the
school’s property (ß=11.31, p-value<0.001)
outperformed their counterparts 4.

• Learners enrolled at schools that accommodated
less than 10% of learners from economically
disadvantaged homes (ß=27.91, p-value<0.001)
achieved higher mathematics results than schools
that accommodated more than 50% of learners
from economically disadvantaged homes 5.
For the qualitative analysis, a thematic analysis was
conducted. Two main themes were identified and each
theme had three sub-themes; these are summarised in
Table 6.
Regarding Theme 1, school safety policy and procedures,
the participants were asked whether they had a safety
policy in place. From their responses, Sub-theme 1.1
emerged, namely, knowledge of school safety policy. The
principals had thorough knowledge about it (its content,
how often it is reviewed (which is typically annually),
etc.); for example, SCH6-P-F stated that, “I am very
much well informed. Safety means everything that have
to do with safety of individuals, every person who enters
the school premises. It speaks to how safe is the child in
the environment. Safety in terms of health, safety in
terms of language, safety in terms of bullying, safety in
terms of human relation”. However, the teachers haven’t
seen it or, if they have seen it, they didn’t pay much
attention to it. SCH1-T1-M stated that, “I saw it [the
safety policy], but not really”. SCH1-T2-M stated that,
“You know, these policies, we hear about them, but we
are not truly workshopped on it”, but he goes on to say
that there are some posters on the walls about, for
example, bullying. The principals and teachers gave
conflicting viewpoints because all the principals
mentioned that the safety policies are provided to
teachers, yet teachers’ responses indicated that they
“hear about them” [SCH1-T2-M] and that they have seen
it, “but not really” [SCH1-T1-M]. One teacher indicated
that they would like training on it and mentioned that it
should not only be the SGB who gets training on the
safety policies. One teacher indicated that he had never
really paid attention to, or read, the safety policy, until
COVID, “…it [the safety policy] came into play and
played a big role now that there is this COVID-19”
[SCH2-T2-M].

Comparison made with lowest (benchmark) category = ‘a lot’
Comparison made with lowest (benchmark) category = ‘serious problem’
4 Comparison made with lowest (benchmark) category = ‘disagree a lot’
5 Comparison made with lowest (benchmark) category = ‘more than 50%’
2
3
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The participants were asked about the importance of
school safety policy and from their responses, Sub-theme
1.2 emerged, namely, importance of school safety policy. The
majority of principals felt the school safety policy is of
great importance; for example, SCH5-P-M stated that,
that “the safety policy is the pillar of the school because
it’s the basis of everything”. Out of the six principals,
there was one that felt that school safety policy does not
necessarily ensure safety for all. SCH4-P-M provided the
following narration: “Safety policy plays a role to a
certain extent, but I can’t give 100% assurance”. All the
teachers reflected that the school safety policy plays an
important role; for example, SCH4-T1-M believes that
“[school safety] policies are there to ensure that rules and
regulations are being followed so that we have minimal
safety issues”.
The participants were asked about the role that
stakeholders play in school safety policy which led to
Sub-theme 1.3, namely, stakeholder involvement in policy
implementation and review. SCH2-T3-M mentioned that
the school governing body (SGB) is not doing as much as
they are supposed to, “The only job I’ve seen them [the
SGB] do was to sign things”. SCH1-T1-M stated that “we
don’t have a functional SGB”, but then mentioned that
the Gauteng Department of Infrastructure Development
(Gauteng Department of Infrastructure Development,
n.d.) sends people to fix things that are broken. The
majority of participants mentioned that they have
internal committees that consist of the principal, some
members of the SGB and some teachers that try and
address the challenges they face. In a South African
setting, the SGB is defined as “A statutory body that
governs the school and ensures it runs smoothly.
Through the South African Schools Act, it gives the
school principal and elected members the right to make
policies around a range of issues that are in the best
interests of the values and beliefs of the school” (South
African Council for Educators [SACE], 2021, p. 6). What
is disheartening, when hearing that the SGB is not doing
their job, or not doing it to the best of their abilities, is the
fact that the SGBs have the power to raise funds for the
schools; the law allows for SGBs to raise funds (Nkosi,
2018). Raising funds is especially important for non-feepaying schools.
The participants were asked how safe they felt in
schools, the challenges they had in terms of safety and
how all this is associated with learners’ mathematics
achievement, which led to Theme 2, safety aspects in
schools association with learners’ mathematics achievement.
Firstly, the participants were asked about whether they
felt safe in schools which led to Sub-theme 2.1, namely,
feelings of safety in schools, and all participants indicated
that they felt safe in the schools during school hours in
terms of no outsiders having access to the school, as all
the schools had some form of security measures in place.
A security guard was posted at the school entrance, and
fencing around the school perimeter was present at all
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schools. This was clear from the researcher’s observation
(field notes); it was also mentioned by the participants,
“Around the school perimeter, there is a palisade fence
which is reinforced with razor wire at the top” [SCH1T1-M] and “We’ve got security personnel monitoring the
grounds, and our grounds have been fenced” [SCH2-T3M].
When asked about the challenges that schools
experienced in terms of safety, the answers led to Subthemes 2.2 and 2.3, respectively. For Sub-theme 2.2,
vandalism and theft, all participants mentioned burglary
and vandalism, especially over holidays and during the
country-wide lockdown. Regarding the latter, COVID
caused South Africa to be in lockdown for several
months in 2020 and, during this time, schools were
closed. During this lockdown period, all the schools
included in this study were broken into or vandalised.
One principal, SCH2-P-F, mentioned that during the
COVID-lockdown period, the electricity cables were
stolen (cable theft). Further, in terms of safety in schools,
participants mentioned broken ceilings, windows, chairs
and desks. SCH1-T1-M stated that, “They break the desk
and the chairs. Also, they vandalise the ceiling, they
break the windows”. SCH2-T3-M stated that “the circuit
breakers, they have been stolen, sometimes the lights”
and also explained that learners don’t bring their
textbooks or calculators to school because they will just
get stolen. According to the participants, this happens
frequently and leads to frustration, as SCH1-P-F
expressed that “because your government funding does
one thing all the time, over and over”, referring to
replacing broken ceilings, windows, desks, chairs and
stolen circuit breakers, etc., over and over again. Since
Sub-theme 2.2, vandalism and theft, relates to theft, it is
worth noting that because we conducted the quantitative
analysis before the qualitative analysis, we were aware
of the fact that learners who had reported something
stolen once a week in the TIMSS 2019 data performed
significantly higher in mathematics. When asking the
participants to comment on this finding, the responses
were that theft, especially of small items, are so common
in South African schools, that the question may have
been viewed differently in a South African context as
opposed to countries where theft, even of small items,
are not a problem. Also relating the Sub-theme 2.2., in
the researcher’s field notes, there were notes about
seeing broken ceilings and windows. For Sub-theme 2.3,
learner-to-learner and learner-to-teacher school-based
violence, the principals were asked about the incidence of
teachers’ and learners’ injuries reported at school and
how such incidence may be associated with learners’
mathematics achievement. Interestingly, no report of
injuries to teachers was reported in any of the six schools
in the last three years. For example, SCH2-P-F stated, “I
have not had a case of teacher injury. The last incident of
learner-to-teacher was in 2019 where a Grade 9 learner
wanted to manhandle the teacher; fortunately,
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colleagues came in and assisted with the impasse”. It is
apparent that teachers are generally safe from injuries at
school based on the responses provided by all six
principals; however, injuries to learners remains a great
concern in four of the six schools. SCH5-P-M clearly
stated, “We used to have a lot of fights, and it was
happening nearly every day. I would say no, it won’t
have an influence on maths achievement as there are no
more fighting in the school”. SCH6-P-F reiterated the
statement by SCH5-P-M by explaining that: “When the
school started in February this year, one of my learners
stabbed the other one with a screwdriver. No, I’m saying
“no” with inverted commas because I would not say
we’ve got anything specific that would say there is
violence in such a way that mathematics learners would
be influenced or affected by that”. Regarding the
principals’ and teachers’ perceptions on whether these
issues mentioned in Sub-themes 2.2 and 2.3 are
associated with teaching and learning in mathematics,
the majority of principals and teachers mentioned that
there is a negative association and there is lack of safety
in schools. The arguments included “If a learner is
bullied, that learner would be afraid to come to school …
the learner misses school as a result” [SCH3-T5-F] and
“because if a learner’s book is stolen, it means everything
is gone … the learner needs to start from scratch” [SCH1P-F].
The latter speaks to SES and SES also featured in the
quantitative findings since the percentage of
economically disadvantaged students at schools
(BCBG03A) was found to have the strongest relationship
to mathematics achievement. It’s clear that SES relates
strongly to safety issues. Research has shown that a
healthy and safe school climate is associated with
improved learner academic achievement, which reduces
the academic achievement gaps between learners in
schools of different SES backgrounds (Berkowitz et al.,
2017; Jones & Shindler, 2016).

LIMITATIONS
We acknowledge that this study is based on
nonexperimental data, and causal interpretations of
relationships could not be drawn. Further research using
experimental designs potentially could test whether
improvements in school climate through planned
interventions actually result in higher achievement
compared to control schools. We acknowledge that the
qualitative data was collected during various lockdown
restriction levels in a year that was not a typical school
year due to COVID-19. The quantitative data was
collected in 2018 (TIMSS data were collected in the
Southern Hemisphere in September 2018 (Cotter et al.,
2020)), and the qualitative data was collected in March
2021. We could, unfortunately, not wait for the next
TIMSS cycle, as one of the author’s doctoral studies are
based on this study and he had to complete and submit
his thesis.

CONCLUSION
This study investigated the safety aspects, as
identified by the TIMSS in 2019, associated with learner
achievement in mathematics in South African schools. A
secondary analysis of the TIMSS 2019 data was
undertaken to explore the underlying aspects of learner
achievement in mathematics. Further data was collected
through interviews to support the findings generated by
the TIMSS 2019 data. The quantitative results showed
that the following were significant predictors of learners’
mathematic achievement: learners whose family
members were frequently insulted; learners who were
victims of theft; learners who were forced to do things
they didn’t want to do; learners who were physically
hurt; learners living in impoverished areas; learners
enrolled in schools with a shortage of or inadequate
instructional space; learners enrolled in schools where
physical injury amongst learners are a problem; learners
disrespecting property. The qualitative results showed
that participants believed that schools’ safety concerns
can contribute to low learner performance and that most
teachers were not informed on the content of the safety
policy and would like to receive training on safety
aspects.

RECOMMENDATIONS
School safety must be made a policy and funding
priority. The participants mentioned funding as a
problem, as they are using the funds to replace the same
things over and over again that have been stolen or
broken (see Sub-theme 2.2). To fully develop staff
capacity and effectively implement school safety
management, it is recommended that governments
make school safety a policy and funding priority.
Although the South African government has recently
made education a priority, their focus is more on elearning (evident from projects such as White Paper 7 on
e-Education of 2004) than on safety. Thus, it is
recommended that sufficient funds be allocated in
education budgets to safety in schools.
From Sub-theme 1.1, it was evident that some
teachers had not even seen the school safety policies as
they mentioned that they’ve heard of it, i.e. they were
aware of its existence; however, they haven’t seen it.
Accordingly, it is recommended that principals ensure
that every teacher receives a copy of the safety policies
and ensure that they study it thoroughly by having some
informal assessment and/or professional development
training on its content. The assessment could be in a
written form or even, more informally, just a simple
conversation between the principal and the teacher on
the content of the safety policies for the principal to
ensure that all the teachers have adequate knowledge on
it. Or it can take on a more formal approach where newly
appointed teachers are sent on a professional
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development training course relating to the school’s
safety policies.
Develop workforce capacity. Participants reported
difficulties developing and implementing school safety
policies due to a lack of training and understanding (see,
for example, Sub-theme 1.1 where participants mention
they are not “workshopped” on the safety policy).
Therefore, it is recommended that workforce capacity be
developed and that learner and teacher participation in
school safety management should be increased. Hence,
increasing learner participation in school safety
management, as well as systematically incorporating
school safety management into pre-service and inservice training, is recommended.
The final recommendation is that since SES is the
most significant predictor of learners’ mathematics
achievement (see multi-level model), and learners in
high poverty schools have significantly lower
mathematics achievement than those in higher SES
backgrounds, is to try and make the schools in high
poverty areas as safe as possible, as research has shown
that a healthy and safe school climate is associated with
improved learner academic achievement which reduces
the academic achievement gaps between learners in
schools of different SES backgrounds (Berkowitz et al.,
2017; Jones & Shindler, 2016).
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