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Abstract. This study measured the correlation between mathematics self-
concept and academic achievement of students at four schools in Vhembe
District, South Africa. The study targeted Grade 12 candidates for the
South African National Senior Certificate (matric). A sample of 236
respondents - 112 boys and 124 girls - was selected from four schools
using purposive and stratified random sampling. Two schools were in a
rural area and two in an urban area. A questionnaire that included items
from the Academic Self-Concept Questionnaire, and document analysis,
were used to measure mathematics self-concept and academic
achievement. Each respondent's mathematics achievement score was
determined by averaging their mathematics scores over three consecutive
terms. The multiple linear regression model and one-way analysis of
variance (ANOVA) were used to test the hypotheses. The results of the
study show that mathematics self-concept positively and significantly
predicted academic achievement. Based on findings, the study makes
recommendations for effective methods that teachers and other
stakeholders can employ to increase students’” mathematics self-concept
and boost students” academic achievement.
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1. Introduction

Achievement in mathematics is a prerequisite for deciding to enrol in courses
related to science and technology, not only in South Africa, but the world over
(MacGregor, 2009; Blaine, 2009). Self-concept is considered to be a predictor of
student academic achievement and subject choices (Trautwein et al., 2006;
Schnyder & Niggli, 2006). Studies have also found that students” mathematics
achievement has some correlation with their achievement in sciences, especially
at high school and tertiary levels (Trautwein et al., 2006). Students with positive
attitudes towards mathematics give more academic time to the subject, which can,
in turn, positively influence achievement (Trautwein et al., 2006).

The view that most of the outcomes of learning are a result of intra and
interpersonal factors is evident from research that explores factors that influence
school achievement (MacIntyre & Ireson, 2002). Mathematics is not an exception
in this regard. Teacher motivation, a positive perception of schooling, classroom
atmosphere, self-esteem, resilience in academic engagement, anxiety, social and
emotional school adjustment are some of the personal factors that have bearing
on students differences in academic achievement. With regard to mathematics,
Erdogan and Sengul (2014) tested students’ learning anxiety and found that
“children became more anxious about Mathematics testing situations as they
progress through school”. The age and grade level of students determines the
level of influence of anxiety on student achievement in examinations (Erdogan &
Sengul, 2014).

Research in the field of learning mathematics identified several variables, namely
student resilience, socioeconomic background, parental influence and provision
of subject-related resources in both the school and the home, which influence
mastery of cognitive skills for mathematics in Grade 12 students. Mwangi and
Githua (2003) state that the provision of learning material, pressure from family
members, and the language of the tests influence the performance of students in
mathematics. According to Nagy et al. (2010), the cultural context to which
individuals are exposed contributes to self-concept formation through exposure
to norms, such as gender-role stereotypes.

MacGregor (2009) observes that, in South Africa, mathematics skills and
achievement are important for all students in their schooling. It is a prerequisite
for any postsecondary career development, even in fields that are not related to
mathematics, science and technology. The minimum compulsory requirement of
the National Senior Certificate is a 40% pass in Grade 12 in mathematics.
According to MacGregor (2009) and Blaine (2009), this requirement, though a
necessity, seems to militate against massive skills development in the country,
because of low mathematics achievement by both high school and higher
education students. This paper examines the relationship between high school
students’ self-concept and actual achievement in mathematics, based on a study
of four schools in Vhembe District of Limpopo province in South Africa.

2. Literature Review

Mathematics self-concept refers to students” perceptions of their skills and interest
in and capability of learning mathematics (Liu et al., 2005). Liu et al. (2005) point
out that mathematics self-concept is a product of confidence, as well as effort.
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Confidence refers to the feeling that students have in relation to their ability in a
subject, while effort refers to the amount of physical and mental energy dedicated
to the study of mathematics. Mathematics self-concept, therefore, refers to
academic self-concept, but with a bias toward mathematics, and is a product of a
students’ effort and confidence in mathematics. Though some studies highlight
the link between academic self-concept and achievement (Kwena, 2007; Osei,
2014), they have not specifically isolated mathematics self-concept. Other studies
in the field have determined that there are significant relationships between
academic self-concept and gender, as well as between cooperative learning and
performance in the science subjects (Momanyi et al., 2011; Visi, 2015)

Studies reveal the existence of gender differences in self-concept, which has an
impact on student learning and achievement at school (Visi, 2015). Boys have been
found to have higher self-concept in mathematics, while girls tend to have higher
self-concept in languages (Nagy et al., 2010). Visi (2015) also observed that male
secondary school students in Namibia had a more positive attitude about
mathematics classroom learning situations than their female counterparts, and
that students of a particular gender have more favourable perceptions about the
subject when they are taught by a teacher of the same gender. A similar study in
Ghana, by Obilor (2011) in relation to applied sciences, reveals gender differences
in learning aspirations and outcomes in tertiary students, which favoured female
students over their male counterparts. Trautwein et al. (2006) found out that most
teachers held gender-informed perceptions about their students, especially in
mathematics, sciences and technology. Students showing a positive attitude
towards a subject tend to be motivated, self-regulated and more efficacious in
content mastery than those reflecting negative feelings (Trautwein et al., 2006).

Vaughan (2002) compared students in individual and cooperative academic
engagement in classrooms, and concluded that there were more gains when
students studied mathematics in cooperative teams than as individuals. In the
same vein, Manger and Eikeland (1998) had earlier found that the individualised
approach to learning mathematics resulted in students memorising conceptions
of the subject, while learning in cooperative teams helped them to perceive
mathematics as a creative and applicable subject. This means that allocating
students to groups has the potential of boosting the collective self-concept of
students, which is a catalyst for positive achievement in mathematics learning.
Engaging students in cooperative groups provides them with the opportunity to
share ideas, freely ask each other questions, express their thoughts, justify their
answers and debate processes (Hellum-Alexander, 2010; Geist, 2010)

Zahra et al. (2010) studied whether different types of self-concept of individual
students, such as academic, physical, and social self-concept, were correlated with
their academic achievement. In their study, 1,500 female university degree
students in Islamabad who completed a questionnaire were selected through a
two-stage cluster sampling technique. The questionnaire by Marsh (1992) was
used to collect data on self-concept. Factor analysis and Kendalls-Tau-b revealed
that social and physical self-concepts were not related to academic achievement.
In contrast, the relationship between academic self-concept and academic
achievement was found to be significant, with a weak correlation.
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A study by Kwena (2007), on factors that influence academic performance of
primary school students in Bondo District, Kenya, found that the relationship
between academic self-concept and academic achievement was significant and
positive. The sample comprised 972 students, of whom 497 were male and 475
were female. The focus was on primary school students of Class 6 and Class 8 in
a rural area, and considered academic achievement in all subjects. Data were
collected using academic self-concept ladders for academic self-concept, and
questionnaires for other factors. The possibility of generalizing the results is
limited, and findings cannot be extended to students in secondary or primary
school, or in an urban environment.

3. Problem Statement

Mathematics forms the basis of most scientific subjects and, therefore, finds its
application in several fields. Hence, performance in mathematics is critical at all
levels of education. A good score in mathematics is also a prerequisite for most
courses offered by science-learning colleges and universities. MacGregor (2009)
observes that, in South Africa, mathematical skills and achievement are important
for all students. It is a prerequisite for any post-secondary career development,
even in fields that are not related to mathematics, science and technology. Studies
have underlined the link between academic self-concept and achievement
(Erdogan & Sengul, 2014; Kwena, 2007; Osei, 2014), though they have not
specifically isolated the role of mathematics self-concept. Other studies in the field
have found significant relationships between academic self-concept and gender,
and achievement in science subjects (Manger & Eikeland, 2006; Visi, 2015).

In South Africa, the minimum requirement of the National Senior Certificate is a
40% pass in Grade 12 mathematics. This requirement, though a necessity, seems
to militate against massive skills development in the country, because of low
mathematics achievement by both high school and higher education students
(MacGregor, 2009; Blaine, 2009). This trend of low mathematics achievement may
be inverted if the factors that lead to low mathematics achievement can be
understood. Once the factors have been identified, devising a plan to overcome
the barriers is key to helping students succeed.

Research on the relationship between academic self-concept and mathematics
achievement report contradictory findings. Some studies report a positive
correlation, while others found no correlation. Due to the contradictory findings
and limited information in the literature on the link between academic self-
concept and mathematics achievement, the researchers of this study sought to
examine the extent to which the mathematics self-concept of 236 matric candidates
at four South African schools was related to their actual achievement in
mathematics.

4. Hypothesis

This study was premised on the following hypotheses:

Hol: Mathematics self-concept does not significantly predict academic
achievement of Grade 12 students.

Ho2: There are no significant gender differences for mathematics self-concept and
academic achievement of Grade 12 students.
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Ho3: There are no significant differences in mathematics self-concept and
academic achievement of Grade 12 students in rural and urban schools.

5. Methodological Approach

This study was conducted at four schools using a correlational research design
that involved the measurement of two or more variables and the relationship
between or among those variables (Stangor, 2011). The main reason for using this
design was because it involves the measurement of variance on the dependent
variable relative to variance on the predictor variable(s). No variables were
manipulated, and student examinations were used to measure academic
achievement. It was presumed that the dependent variable would be determined,
to some extent, by the independent variable; thus, the study drew conclusions
based on the predictive levels of each of the independent variables on the
dependent variable. In this case, the link between students’” mathematics self-
concept and academic achievement was investigated.

5.1. Target Population

The study targeted 4,321 Grade 12 students (2,074 boys and 2,247 girls) in
secondary schools in the Vhembe District of South Africa. Students in Grade 12
were chosen for the study because they had already completed 12 years of
schooling and were likely, by this time, to have formed a well-defined academic
self-concept. Students in Grade 12 were also preferred because they had already
chosen their matric subjects, were in their final year of school, and could be
expected to be well-established in their studies.

5.2. Sample and Sampling Procedures

Purposive and stratified random sampling approaches were used to select the
sample. Two rural schools and two urban schools were selected using purposive
sampling. The location of the school, the gender of the students, who had to be in
Grade 12 and have mathematics as a subject, were considered. Grade 12 was
chosen through purposive sampling. Students in Grade 12 were selected through
stratified random sampling. Gender was used to stratify the participants (Stangor,
2011).

The sample size was arrived at by applying the formula of Yamane, as cited in
Israel (1992). Using the formula, a sample size of 236 was obtained, which
comprised Grade 12 candidates. In terms of gender, 112 (47 %) were male and 124
(53%) were female. In terms of location, 124 students (52.1%) were drawn from
rural schools and 114 (47.9%) were enrolled at urban schools. The sampled
students were, therefore, almost balanced in terms of gender and location of their
schools - there were slightly more girls at rural schools. There were two students
whose data could not be captured. All the sampled respondents from the four
schools were due to sit for the South African matric or National Senior Certificate
at the end of 2012.

5.3. Research Instruments

Questionnaires and document analysis were used to obtain data for this study.
Mathematics self-concept was measured using a questionnaire that included
items from the Academic Self-Concept Questionnaire. The questionnaire was
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analyzed by research professionals who critically reviewed the items and
provided feedback in the form of ideas for revisions, insertions, and deletions, to
ensure content validity. Teachers at secondary schools were also consulted,
because they are knowledgeable about what is appropriate for students at various
levels of study. The researchers then tweaked the items based on these experts'
recommendations. In addition, a pilot study was conducted, and the feedback was
used to make the necessary adjustments to improve the validity of the
questionnaire.

The items were tested for internal consistency using Cronbach's alpha to measure
the questionnaire's reliability, and the coefficients obtained per sub-scale were
used to compute the overall instrument reliability. The Cronbach coefficient of
reliability of the instrument was given as between 0.74 and 0.89. The instrument
was piloted with a group of 30 Grade 12 secondary school students, and the
overall reliability of the instrument was calculated to be 0.79.

5.4. Data Collection Procedures

Before data collection at the four schools, permission to conduct the study was
obtained from the relevant gatekeepers, including the Department of Education.
The research team visited schools to explain the purpose and expected outcomes
of the study to the students and schoolteachers. In order to uphold confidentiality,
it was clarified that the reporting of the results of the study would be anonymous
and, therefore, participants were instructed to refrain from writing their names on
the questionnaire.

5.5. Data Analysis

Data that were collected were coded and keyed into a computer for analysis using
Statistical Package for Social Sciences (SPSS). The data were analyzed using both
descriptive and inferential statistics. The following null hypotheses were tested at
a=0.05.

Hol: Mathematics self-concept does not significantly predict academic
achievement of Grade 12 students (statistical test: multiple linear regression).

Ho2: There are no significant gender differences for mathematics self-concept and
academic achievement of Grade 12 students (statistical test: independent sample
t-test).

Ho3: There are no significant differences in mathematics self-concept and
academic achievement of Grade 12 students in rural and urban schools (statistical
test: one-way analysis of variance [ANOVA].)

6. Results

6.1. Demographic Data

The sampled schools were classified into rural and urban location. In total, the
sample consisted of 112 (47.46%) male and 124 (52.54%) female Grade 12 students
from four (two rural and two urban) secondary schools in Vhembe District. The
students” demographic data is shown in Table 1.
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Table 1. Distribution of sample by location of school

Location  Boys Percentage Girls Percentage Total Percentage
Rural 60 53.57 65 52.41 125 53.00
Urban 52 46.43 59 47.59 111 47.00

Total 112 100.00 124 100.00 236 100.00

Table 1 shows that the variance of location of schools was not significant and,
therefore, it would not have contributed to differences in mathematics self-
concept and academic achievement of students.

Hypothesis 1

The study's null hypothesis assessed the extent to which mathematics self-concept
predicts academic achievement of Grade 12 students in Vhembe District. The null
hypothesis that was tested was as follows: Mathematics self-concept does not
significantly predict academic achievement of Grade 12 students. The predictive
levels of the domains of mathematics self-concept were tested using multiple
linear regression analysis.

Table 2. ANOVA for mathematics self-concept model

Model Sum of Df Mean F Sig.
squares square
1 Regression 530.12 2 265.06 3.00 0.05
Residual 40,605.46 460 88.27
Total 41,135.58 462

Df - Degrees of freedom, F-statistic is a ratio of two variances, Sig. - statistically significant
result

Table 2 reports the ANOVA for the academic self-concept regression model. The
analysis in Table 2 shows that the predictive value of academic self-concept is
statistically significant, F(2, 460) = 3.00, p = 0.05. The null hypothesis is, therefore,
rejected.

Hypothesis 2

The second hypothesis focused on gender differences related to students’
mathematics self-concept and academic achievement. The tested null hypothesis
stated the following: There are no significant gender differences in mathematics
self-concept and academic achievement of Grade 12 students.

To test the hypothesis, an independent sample t-test was carried out for the study
variables. The findings show no gender differences in terms of students’
mathematics self-concept and academic achievement. The null hypothesis is,
therefore, not rejected. The findings are presented in Table 3.
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Table 3. Mean differences for mathematics self-concept and academic achievement by

gender
Levene’s test  t-test for Std.
. . . Mean
for equality equality of Sig. (2- diff.  error
of variances  means tailed) diff-
erence
erence

F  Sig. T Df
Academic Equal wvariances 0.13 0.72  0.85 461 040 0.76 0.89
achievement assumed
Mathematics Equal variances 0.01 092  -0.60 461  0.55 -0.33 0.54
self-concept  assumed

The findings in Table 3 indicate that the mean differences in academic
achievement and mathematics self-concept were not statistically significant,
assuming equal variances for academic achievement, t(461) = 0.85, p = 0.89 and
t(461) =-0.60, p = 0.54, for mathematics self-concept. Thus, there appears to be no
significant gender differences in mathematics self-concept and academic
achievement. Not only were the differences in means marginal, but they were also
statistically insignificant. Macharia (2011) and Agarawal and Kumar (2015)
revealed similar findings in their investigations of gender differences in chemistry
and mathematics achievement respectively, hence, the null hypothesis was not
rejected.

Hypothesis 3

The third hypothesis focused on determining differences between respondents’
mathematics self-concept and academic achievement based on the location of
their school. The following null hypothesis was tested: There are no significant
differences in mathematics self-concept and academic achievement between
students at rural and urban schools. A one-way ANOVA was used to test the
hypothesis. The results are presented in Table 4.

Table 4. ANOVA of mathematics self-concept and academic achievement

Sum of Mean

Df F Sig.
squares square

Academic Between 10,080.13 2 5040.07 74.66 0.00
achievement groups

Within 31,055.45 460 67.51

groups

Total 41,135.58 462
Mathematics Between 11.82 2 591 0.16 0.72
self-concept  groups

Within 14,595.42 460 31.73

groups

Total 14,607.24 462

Significant differences existed between the means of academic achievement of
schools based on location —F(2,460) = 74.66, p < 0.01. The mean differences for
mathematics self-concept—F(2,460) = 0.16, p = 0.72 —between schools based on
location were, however, statistically insignificant. The differences between
locations of schools in relation to mathematics self-concept were statistically
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insignificant. These results show that the level of mathematics self-concept of
students is not determined by the location of their schools, whether urban or rural.

7. Discussion

The first hypothesis relates to the extent to which a student's mathematics self-
concept predicts their academic achievement. The two variables had a positive
and significant relationship. These findings suggest that attempts to strengthen
students' mathematics self-concept should be intensified, as doing so will boost
their confidence and, hence, lead to improved academic achievement. If students’
confidence is strengthened, they will be more inclined to exert greater effort to
learn mathematics. These findings corroborate those of Ajogbeje (2010), Kwena
(2007), and Macharia (2011). In a sample of secondary school students, Ajogbeje
(2010) found a strong link between students' academic self-perception and their
mathematics performance. In her study of elementary school students, Kwena
(2007) found a link between academic self-concept and mathematics achievement
of primary school students These findings of previously cited authors, therefore,
suggest that the level of education does not necessarily influence the relationship
between self-concept and academic achievement. Students’ personal beliefs about
their capability to learn influence their motivation and learning (Gwirayi &
Shumba, 2007). Trautwein et al. (2006) concur that students with a positive
attitude towards mathematics give more academic time to the subject, which, in
turn, positively influences achievement. A study by Chang and Lin (2017)
demonstrated that students with higher academic self-concept tended to invest
more time in learning activities related to learning the corresponding subject.

The second hypothesis focused on gender differences in relation to mathematics
self-concept and academic achievement. The findings indicate that male and
female students were not significantly different in mathematics self-concept and
academic achievement. These findings correspond with those reported by other
researchers in the field (Agarawal & Kumar, 2015; Macharia, 2011). Agarawal and
Kumar (2015), in their study on gender differences in academic self-concept of
boys and girls, found no differences between the two genders. Furthermore, the
results of Macharia’s (2011) investigation into the effects of gender and
mathematics ability on academic performance, found no significant difference in
the performance of male and female students in chemistry. Thus, these studies
imply that, environment notwithstanding, gender does not have any significant
effect on mathematics achievement.

The third hypothesis focused on determining differences in mathematics self-
concept and academic achievement in relation to the location of school. Findings
reveal that the location of the school - whether in a rural or urban area - had a
significant influence on mathematics self-concept and academic achievement.
These findings are similar to those of Baran and Maskan (2011) and Srivastara and
Joshi (2015). Baran and Maskan (2011) investigated the link between students'
academic self-concept and factors such as location of school, school type, gender,
and family background. Students in vocational high schools had a lower self-
concept than students at other institutions. Srivastara and Joshi (2011) conducted
a study on the effect of school and area on academic self-concept and academic

http:/ /ijlter.org/index.php/ijlter



136

achievement, and found that adolescents in schools in urban centers had greater
academic self-concept and achievement than those at schools in rural areas.

8. Conclusions and Recommendations

The study findings demonstrate that mathematics self-concept plays a significant
role in students” academic performance and, therefore, self-concept should be
encouraged. It is also worth noting that gender differences do not influence how
mathematics self-concept affects academic achievement of students. The findings
reveal that the location of the school, that is, whether in a rural or urban area, had
a significant influence on mathematics self-concept and academic achievement of
students.

Based on the findings, the study recommends the following:

e Mathematics teachers should be empowered through training to improve
students” mathematics self-concept and their confidence regarding learning
mathematics, which should improve their academic performance in the
subject.

e Mentoring programs should be introduced to expose students to successful
role models and motivational speakers, who could boost their mathematics
self-concept and encourage them to work hard in mathematics. Doing so is
likely to improve students” academic achievement.
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