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ABSTRACT

The aim of this research was to examine the extent to which algebra content was taught to
Grade 9 mathematics learners in four schools within a specific education district in Gauteng
province, South Africa. This qualitative case study was conducted within the framework of
interpretive qualitative research. Document analysis was employed as the method of data
collection. The findings of the study indicate that the coverage of algebra content in the
participating schools did not align with the prescribed curriculum. Consequently, it can be
inferred that the learners did not have adequate opportunities to learn the algebra content. It is
recommended that teachers adhere to the curriculum guidelines when delivering instruction.
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INTRODUCTION

Algebra is a fundamental topic in
school mathematics. Strong knowledge of

algebra at the lower school level is
important for successful learning of
mathematics at higher school levels

(Blanton, et al., 2019; Brating & Pejlare,
2019). According to Cai and Knuth (2011,
p. 628), “an early development of algebraic
thinking may, in particular, ease learners’
contact with algebraic symbolism”.
Algebra provides tools that assist in the
development of other areas of mathematics,
such as geometry, trigonometry, statistics,
and calculus (Cetner, 2015; Moru &
Mathunya, 2022; Welder, 2012). Hence,
algebra is included in the school
mathematics curricula of many countries,
including South Africa, even from the early
years of schooling (Brating & Pejlare,
2019). In South Africa’s mathematics
school curriculum (the Curriculum and
Assessment Policy Statement [CAPS]), the
content area of Patterns, Functions, and
Algebra carries a 35% weighting of the
year’s work in Grade 9, making it the
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largest of the five content areas (Number,
Operations and Relations;  Patterns,
Functions and Algebra; Space and Shape
Geometry; Measurement; and Data
Handling). However, the findings of
Baidoo (2019), Marange and Adendorff
(2021), and Pournara (2020), show that
algebra is one of the topics that many
learners in South Africa struggle with.

One reason for the observed
learners’ challenges in algebra could be that
the learners do not have sufficient
opportunity to learn (OTL) the algebra
content they are expected to learn. OTL
relates to the inputs and processes that are
required in the school context for producing
acceptable student achievement and
intended outcomes (Elliott & Bartlett,
2016; Suter, 2017). The concept of OTL
was originally employed by the
International Association for the Evaluation
of Educational Achievement (IEA) to aid in
interpreting the performance of
participating learners (Burstein, 2014).
OTL, therefore, can be used to allow valid
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comparisons of learners’ achievement in
international studies (Wijaya et al., 2015).

Kurz et al. (2020), Mohale and
Mafumbate (2019), and Stols (2013) report
that OTL is a major factor that impacts
students learning of a subject. Learners
perform better in Large Scale Assessments
if they have had the opportunity to be
exposed to more and deeper content
(Schmidt et al., 2009). Brewer and Stasz
(1996) offer an approach where three
categories of focus are distinguished when
assessing OTL. Firstly, there is the
curriculum content, assessing whether the
prescribed content required to attain the
required standards has been taught. The
second category includes instructional
strategies, determining the experiences of
the learners with the kinds of tasks and
solution processes related to the topic being
taught. The third category covers
instructional resources.

Learners’ OTL may be influenced
by a variety of issues such as teaching
methods, resources available for teaching
and learning, teachers’ knowledge and
qualifications, experience, issues of
economic deprivation, and deficient
learning culture in schools (Khoza, 2015;
Ogbonnaya, 2021). Teacher preparedness,
class size, and the socio-economic
background of the school may further
influence the OTL that is available to the
learners. Content coverage is an aspect of
OTL that is used to ascertain whether the
teacher teaches the subject topic and the
subtopics prescribed in the curriculum.
Therefore, through content coverage, one
can determine whether the learners are
provided with information to master the
curriculum content prescribed for their age
and grade level, or not.

Hiebert and Grouws (2007) assert
that the nature of classroom mathematics
teaching significantly determines the nature
and level of learning experienced by
learners. Yet, research has been almost
completely silent on this issue until recent
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studies, which have pointed out that
attention must be given to the content to
enhance the OTL experienced in the
classroom and ensure meaningful learning
(Jensen et al., 2016; Kurz et al., 2012).

The purpose of this study was to
investigate the coverage of algebra content
taught in schools as prescribed in the
curriculum. In doing so, the study
addressed the research question: What is
the extent of coverage of algebra content by
the Grade 9 teachers?

BACKGROUND

Algebra in the South African school
curriculum

The Curriculum and Assessment
Policy Statement (CAPS) is organised
according to five broad areas referred to as
content areas. The content area Patterns,
Functions and Algebra and its overarching
focus is on, “the language for investigating
and communicating most of mathematics
and can be extended to the study of
functions and other relationships between
variables” (Department of Basic Education
[DBE], 2011, p. 10). The algebra content
prescribed for Grade 9, which was also the
focus of our investigation, comprises of
four subtopics.

a) Algebraic language

- recognise and identify conventions
for writing algebraic expressions

- identify and classify like and
unlike terms in algebraic expressions

- recognise and identify coefficients
and exponents in algebraic expressions,

- Recognise and differentiate
between  monomials, binomials and
trinomials. (DBE, 2011, p. 24)

b) Expansion and

simplification of algebraic expressions
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using the commutative, associative
and distributive laws for rational numbers
and laws of exponents to:

add and subtract like terms in
algebraic expressions.

multiply integers and monomials by
monomials, binomials and trinomials.

divide the following by integers or

monomials: monomials, binomials and
trinomials.
simplify  algebraic  expressions

involving the above operations.

Determine the squares, cubes,
square roots and cube roots of single
algebraic terms or like algebraic terms.

Determine the numerical value of
algebraic expressions by substitution.

Extend the above
manipulations to include:

algebraic

Multiply integers and monomials by
polynomials.

Divide polynomials by integers or
monomials.

The product of two binomials

The square of a binomial (DBE,
2011, p. 24)

C) Factorisation of algebraic
expressions

Factorise algebraic expressions
that involve common factors, difference of
two squares and trinomials of the form: x
+ bx + c and ax® + bx + ¢, where ‘a’is a
common factor.

Simplify algebraic expressions that
involve the above factorisation processes.

Simplify algebraic fractions using
factorisation (DBE, 2011).
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d) Equations

Set up equations to describe

problem situations.

Analyse and interpret equations
that describe the given situation.

Solve equations by: Inspection,
using additive and multiplicative inverses,
using laws of exponents.

Determine the numerical value of
an expression by substitution.

Use substitution in equations to
generate tables of ordered pairs.

Extend solving equations to include
Using factorisation, equations of the form:
a product of factors = 0 (DBE, 2011, p. 25).

THEORETICAL FRAMEWORK

This study is framed within Kurz's
(2011)  conceptualisation of  OTL
comprising of three aspects, namely content
covered, time spent on teaching and
learning (time on task), and quality of
instruction. Content coverage, which is the
focus of this study, compares the content
entrenched in the academic standards
(curriculum) with the content taught in
class to determine if the learners were
afforded opportunities to learn the content.
It is the specific mathematics topics
covered in classroom instruction (Schmidt,
2009).

Time on task is the amount of time
spent on teaching the contents of the topics
by the schools. It is “the period of time
during which a learner is actively engaged
in a learning activity.” (Kunene, 2013, p.
49). Elliott and Bartlett (2016) note that
time on task has been adjudged an
important factor of OTL by researchers in
education.

The quality of instruction evaluates
the cognitive processes emphasised in
instructional activities including
assessments. Several classification
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approaches, such as Bloom’s taxonomy of
educational objectives, emphasise a range
of cognitive processes from lower-order to
higher-order (Elliott & Bartlett, 2016). One
aspect of quality used in OTL studies is the
cognitive levels of questions used in
teaching (Stein et al., 2009). The cognitive
processes used in mathematics teaching can

indicate how classroom interactions
provide opportunities for appropriate
intellectual ~ challenges to  stimulate
learners”  mathematical  development

(Schoenfeld, 2011).
RESEARCH METHODOLOGY

To acquire a deeper understanding
of the curriculum being implemented in the
classroom, this study employed a
qualitative approach, examining teaching
and learning artifacts. This study, being
naturalistic, warranted the use of a case
study comprising of four schools, focusing
on Grade 9 mathematics teaching. A case
study best addressed the goal of
understanding the OTL presented to the
learners in the classrooms. The qualitative
case study assisted the researchers to gain
insight into the coverage algebra content
taught to the learners and presented in the
learner's workbooks and notebooks.

Convenience sampling was adopted
for the selection of the district and the
schools for this study. The district and the
schools were the most accessible to the first
author who collected the data for the study.
The schools were quintile 3 schools; of low
socio-economic status and were in a local
township.

The study used document analysis
as the data collection method. The
documents were learners’ workbooks and
notebooks. Two learners’ workbooks and
notebooks were selected from each school.
The learners were top performers in their
classes. They were selected by their
teachers on the basis that they always wrote
notes, did assignments and homework, and
attended classes. Hence, the teachers
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believed their notes would reflect the work
done. The workbooks and notebooks of the
learners were books used by the learners to
write notes, solve examples, and do class
work and homework. Document analysis is
particularly applicable to qualitative studies
producing rich descriptions of a single
phenomenon or event (Harrison et al.,
2017; Wood et al., 2020). Document
analysis was found to be very appropriate
for this study because of the stability of data
(Morgan, 2022), eliminating any possible
influence the researcher may have had on
the teachers and students in lesson
observations or interviews (Merriam &
Tisdell, 2016).

A data collection instrument that
listed all the subtopics of algebra in the
Grade 9 curriculum was used for data
collection by the first author and a research
assistant. The instrument was used to
indicate if each subtopic was covered in
each school. The researchers also collected
excerpts from the students’ notebooks and
workbooks as evidence of the algebra
content taught in the schools.

FINDINGS

The algebra contents treated in the
four schools (identified here as Schools A,
B, C & D) are presented according to the
four subtopics.

Algebraic Language

There was evidence of coverage of
the algebraic language in Schools A, B, and
C but no evidence of teaching algebraic
language was found in documents in School
D. In School A all four subtopics listed in
the curriculum were addressed. In School B
three subtopics were addressed. The
subtopic that was not addresses was
recognition and differentiation between
monomials, binomials, and trinomials.
Figure 1 depicts an example of the content
coverage of algebraic language in Schools
A and B. Similarly, in School C there was
evidence of the teaching of algebraic
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language. However, only two subtopics
were addressed. The subtopics that were not
addressed  were identification  and
classification of like and unlike terms in
algebraic expressions, and recognition and

differentiation between monomials,

binomials, and trinomials.

The summary of algebraic language
coverage in the schools is depicted in Table
1

Figure 1: Examples of algebraic language addressed in Schools A and B
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Table 1: Algebraic language content coverage per school

Content - CAPS

School School

B

School
C

School
A

Algebraic
language

Recognition and identification
of conversions for writing
algebraic expressions

Identification and classification
of like and unlike terms in
algebraic expressions

Recognition and identification
coefficients and exponents in
algebraic expressions

Recognition and differentiation
between monomials, binomials

v v v -

and trinomials

Total

Note: A tick (v) signifies Content covered

Expansion and  Simplification  of

Algebraic Expressions

In Schools A and C, there was
evidence of all the subtopics of the
expansion and simplification of algebraic
expressions being addressed. Figure 2
depicts an example of content coverage of
expansion and simplification of algebraic
expressions in Schools A and C In School
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B, there was evidence of the teaching of the
following subtopics except for the division
of the integers or monomials by monomials
and trinomials. In School D, most of the
subtopics were not addressed; only the
multiplication of integers and monomials
by monomials and binomials, the product of
two binomials, and the square of a binomial
were found addressed. Figure 3 depicts an
example of content coverage of expansion
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and simplification of algebraic expressions
in Schools B and D.

Figure 2: Examples of expansion and simplification of algebraic expressions in Schools A and
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Figure 3: Example of content coverage of expansion and simplification of algebraic

expressions in Schools B and D

(a) School B

The summary of expansion and
simplification of algebraic expressions
coverage in the schools is depicted in Table
2.

The findings in the table show the
number of subtopics that were covered for
each school, out of a total of 10 subtopics.
School A covered all 10 subtopics, which
were the target number of subtopics. School
D covered three subtopics, which was the

(b) School D
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least number of subtopics. Schools B and C
covered a total of 10 and four subtopics
respectively.

Factorisation of Algebraic Expressions

In School A, all the subtopics under
factorisation of algebraic expressions were
addressed. In School B, most of the
subtopics were addressed except the
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factorisation of algebraic expressions that
involve: ax®+ bx+ ¢, where ‘@’ is a common
factor was not treated. Figure 4 shows

examples of the treatment of factorisation
of algebraic expressions in Schools A and
B.

Table 2: Expansion and simplification of algebraic expressions content coverage per school

Table 2

Expansion and simplification of algebraic expressions content coverage per school

Content - CAPS School | School | School | School
A B C D
Add and subtract like termsin v v v -
algebraic expressions
Multiplication of integersand v v v v
monomials by monomials,
binomials, and trinomials
Division of integers or v v - -
monomials by monomials,
binomials, and trinomials
Simplification of algebraic v v - -
expressions involving the
above operations
Expand and Determining the squares, 4 4 v -
simplify cubes, square roots and cube
algebraic roots of single algebraic terms
expressions or like algebraic terms
Determining the numerical v 4 v -
value of algebraic expressions
by substitution
Extension of the above v v - -
algebraic manipulations to
include: Multiplication of
integers and monomials by
polynomials.
Division of polynomials by v v - -
integers or monomials.
The product of two binomials v v - v
The square of a binomial v v v
Total 10 10 4 3
Note: A tick (v') signifies Content covered
In School C, only four subtopics squares  simplification of algebraic
under factorisation algebraic expressions expressions that involve the above

were treated out of the six that were
expected. The subtopics treated were
factorisation of algebraic expressions that
involve common factors, difference of two
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factorisation processes, and simplification
of algebraic fractions using factorisation.
The subtopics, trinomials of the form:
x?+bx+c and ax>+bx+c, where ‘@’ is a
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common factor (DBE, 2011) were not
addressed.

In School D only three subtopics
out of the six that were prescribed were
addressed. These were factorisation of
algebraic expressions that involve common
factors, the difference of two squares, and
trinomials of the form x>+bx+c. It was
found that the following subtopics were not
addressed, factorisation of algebraic
expressions that involve ax>+bx+c, where
‘a’ is a common factor, simplification of
algebraic expressions that involve the

above  factorisation  processes  and
simplification of algebraic fractions using
factorisation.

The subtopic, trinomials of the
form: x?+bx+c and ax?+bx+c, where ‘a’ is
a common factor (DBE, 2011) was not
addressed.

Figure 5 (a) and Figure 5 (b) depict
examples of content coverage of factorisation
of algebraic expressions in School C and
School D respectively.

Figure 4: Example of content coverage of factorisation of algebraic expressions.
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Figure 5: Example of content coverage of factorisation of algebraic expressions in Schools C

and D
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(b) School D
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Table 3: Factorisation of algebraic expressions content coverage per school

School
Content - CAPS A B C D
Factorisation of algebraic expressions that v v v v
involve: Common factors,
“Eactori the difference of two squares, v v - 4
actorise the trinomial of the form x2 + bx + ¢ v v - v
algebraic ) .
. » ax‘+ bx + c,where aisacommon factor. oo - -
expressions. AP : :
Simplification of algebraic expressions that v* v oo
involve the above factorisation processes.
Simplification of algebraic fractions using v* Vv v

factorisation

Total

Note: A tick (v') signifies Content covered

In School D, just like in School C,
only three subtopics out of the six that were
prescribed were addressed. These were
factorisation of algebraic expressions that
involve common factors, the difference of
two squares, and trinomials of the form x>+
bx+ ¢ (DBE, 2011).

It was found that the following
subtopics were not addressed, factorisation
of algebraic expressions that involve ax?+
bx+ ¢, where ‘a’ is a common factor,
simplification of algebraic expressions that
involve the above factorisation processes
and simplification of algebraic fractions
using factorisation.

Table 3 shows the summary of
factorisation of algebraic expressions
coverage in the schools.

The findings in the table show the
number of subtopics that were covered for
each school, out of a total of six subtopics.
School A covered all six subtopics, which
was the target number of subtopics. School
B covered five subtopics. Schools C and D
covered a total of three subtopics each,
which was the least number of subtopics
covered.
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Algebraic Equations

There was evidence of the teaching
of all the content algebraic equations being
addressed in School A except solve
equations by inspection. Figure 12 is a
vignette of the subtopic, solving equations
by using laws of exponents in School A.

Figure 6 (a) depicts an example of
content coverage of algebraic equations in
School A. In School B, there was evidence
of the treatment of the subtopics of
algebraic  equations  except  solving
equations by inspection and equations
where a product of factors = 0. Figure 6 (b)
depicts an example of content coverage of
algebraic equations in School B.

In School C, there was evidence of
the teaching of the following content
algebraic equations except setting up
equations to describe problem situations
and solve equations by inspection.

Figure 7 (a) and (b) show examples
of content coverage of algebraic equations
in School C and D respectively. Only three
subtopics of algebraic equations (solve
equations by using additive and
multiplicative inverses, using laws of
exponents, and the use of substitution in
equations to generate tables of ordered
pairs) were treated in School D.
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Figure 7 (b) depicts an example of The summary of algebraic
content coverage of algebraic equations in equations coverage in the schools is
School D. depicted in Table 4
Figure 6: Example of content coverage of algebraic equations in Schools A and B
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Figure 7: Example of content coverage of algebraic equations in Schools C and D

2. /o// sy

;b pelE = wdry

| =%
Lo b

. @ :,2:;:‘,-/—'5 el

e R G A —
= Bl ' : e
= : 2 iz Le: a5 \3) T>;¢:’" _‘:E—A:{‘Ll:_‘w- -.':,,,.v,,...,- RS e
= B o2 il My S0 '
fg‘“ B ' : = ...,C’Ct _“__‘3 oo
(@) School C (b) School D

DISCUSSION OF FINDINGS School D. The findings indicate that

schools did not address all the algebra
content as stipulated in the curriculum.
Particularly, the content covered in two of
the four schools was grossly inadequate and
hence not in alignment with the curriculum.

The findings show that out of a total
of 29 subtopics, 28 (96,6%) were covered
in School A, 24 (82,8%) and 16 (55,2%.)
were covered in Schools B and C
respectively, while 9 (31%) were covered in
Table 4: Algebraic equations content coverage per school

373



Hloniphile TP Mtshali, Ugorji I. Ogbonnaya and David Sekao

Content - CAPS

| School A | School B | School C | School D

Equations  Set up equations to describe v v - -
problem situations.
Analyse and interpret equations v v v -
that describe the given
situation.
Solve equation by inspection, - - - -
-Using additive and v v v v
multiplicative inverses
-Using laws of exponents v v v v
Determination of the numerical v v v -
value of an expression by
substitution.
Use substitution in equationsto v v v v
generate tables of ordered pairs.
Extend solving equations to v v v -
include: Using factorisation
Equations of the form, a v - v -
product of factors =0

Total 8 7 7 3

Note: A tick (v') signifies Content covered

The average coverage of the
content in the four schools was 66,4%. In
general, the learners were not afforded
sufficient opportunity to learn the content
of algebra. Although the literature does not
provide an acceptable measure of a gap, the
researchers regard the 33,6% uncovered
content as too high; therefore, the content
coverage was inadequate. Many subtopics
were not covered in three of the four
schools. This implies poor OTL afforded to
the learners in those schools.

When learners have not learned a
particular mathematical concept, they will
not be able to apply that concept in real life.
Analyses and interpretations of equations
that describe a given situation, which is
very significant in real-life, was not treated
in two schools. The content not being
covered creates a gap in the learners’
knowledge that could negatively impact
their future mathematics learning and their
application of the concept in real life. This
is an indication of how much foundation is
lacking for the learners to progress to a
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higher grade in school. The findings of this
study are similar to the findings of Stols
(2013), that some curriculum content was
not covered in some schools. Kokonyane
(2015) observed that there were challenges
with the implementation of the curriculum
in schools as teachers sometimes diverged
from what the curriculum prescribed. The
non-coverage of the curriculum content
could be due to teachers’ poor knowledge
of the content or large class size
(Ogbonnaya et al., 2016) which makes it
difficult for teachers to have sufficient time
to cover the content. It could also be due to
the incorrect interpretation and
understanding of the curriculum policy
(CAPS).

CONCLUSION

The study explored Grade 9
learners’ OTL algebra content in some
schools. The main focus of this study was
to explore the extent of algebra content
coverage by teachers in relation to the
curriculum policy. It was found that the
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Grade 9 learners were not afforded
sufficient opportunity to learn the expected
content of algebra as stipulated in the
curriculum, in that the content was not
completely covered in the schools studied.

RECOMMENDATIONS

For teachers to provide optimal
OTL for the learners, the teachers must
dedicate instructional time to covering the
content prescribed. Therefore, it is
recommended that teachers should follow
the guidelines during teaching to cover the
content. To ensure this, the mathematics
subject advisors (i.e., subject experts based
at the education district offices who support
the  schoolteachers on  curriculum
implementation)  should  continually
monitor teachers’ implementation of the
curriculum.  The mathematics subject
advisors should also guide the teachers on
how to effectively sequence subtopics to
cover the contents of the curriculum
adequately. At the beginning of each term,
teacher development workshops may be
organised for teachers to collectively plan
their teaching.
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