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Abstract
The South African Physical Science curriculum is regarded as spiral in nature due to its progression of concepts across grades, and its 
coherence of ideas within grades. A spiral curriculum supports coherence and boosts learner achievement in science. This inquiry 
examines the fundamental principles of electrolytic cells in the knowledge area of chemical change at the secondary level (Grades 10 to 
12). Electrolytic cells’ spiral nature was determined by analysing the Physical Science Curriculum (PSC) and 2019 Physical Science Work 
Schedule (PSWS), using pedagogical link-making for continuity. The PSC passed the spiral test due to the presence of increasingly difficult 
concepts across grades. Due to the absence of fundamental concepts like oxidation numbers and electrolytes in Grades 10 and 11, the PSC 
failed the conceptual progression test. Furthermore, the spiral characteristics of the PSC were compromised in the 2019 PSWS document. 
The sequencing of concepts in the 2019 PSWS does not encourage linking on the meso scale, where the interlinking of ideas is vital for learner 
comprehension and conceptual understanding. Curriculum designers should introduce oxidation numbers in Grade 10 and electrolytic 
cells in Grade 11. Furthermore, it is recommended that curriculum designers consider separating chemistry and physics knowledge areas. 
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Introduction 

The sequencing of Physical Science topics in the South African 
Physical Science Curriculum (PSC) has been in question since its 
inception in 2011. In this article, the Physical Science Curriculum 
Assessment Policy Statement (CAPS) is referred to as the Physical 
Science Curriculum (PSC). The PSC categorises its topics in terms of 
knowledge area, and each topic under the knowledge area is assigned 
the number of hours during which it should be covered in class. The 
2019 Physical Science Work Schedule (PSWS) is a working document 
that teachers are supposed to use in their daily lesson planning. It 
dictates the topics and concepts to be taught in a term, week, or for 
a certain duration. The 2019 PSWS further sequences the concepts 
according to how they should be taught. This study examined the two 
common documents, the 2019 Gauteng PSWC and the PSC. 

The Department of Basic Education (DBE) claims that the 
curriculum is structured in a spiral manner. The concepts are 
progressive across grades and coherent within grades.1 An analysis 
done by Umalusi suggests that the curriculum is largely progressive 
across the grades, but not coherent within grades.2 In contrast, Sibanda 
and Hobden3 find no progression within topics across the grade. It 
should be noted that the report by Umalusi compared the structure 
and coherence of the PSC against the curriculum in the previous 
National Curriculum Statement (NCS) across all topics within the 
science content document.2

Sibanda and Hebden have found significant differences between 
teachers’ sequencing of chemistry topics and the PSC’s prescribed 
approach in Grades 10 to 12.3 While the PSC suggests that the 
sequencing of topics in chemical bonding start with concepts at 
the macroscopic level, some teachers prefer to order their lessons 
starting with concepts at the sub-microscopic level.3 Furthermore, 
teachers feel overly restricted in implementing the work schedule in 
its prescribed format.4

For learners to have sound conceptual knowledge of the curriculum 
and do well in assessments, the order of topics within the curriculum 
and the conceptual coherence of topics are critical. Students can learn 

science meaningfully if the science curriculum is sequenced according 
to a spiral structure.5 It is further suggested that an integrated spiral 
curriculum accomplishes the primary purpose of giving pupils high-
quality learning experiences through consolidating information, 
fostering a thorough understanding of concepts, and solidifying 
knowledge over time rather than just at the time of assessment.6 
Hypothetically, if Umalusi is correct in saying that the PCS is 
progressive, this article poses the question: why is electrolysis one of 
the subjects in which students have consistently fared poorly in their 
final exams? It has been shown that an adequately executed spiral 
curriculum frequently leads to improved student performance.7

This study aimed to examine the degree to which the topic of electrolytic 
cells and its underlying concepts conform to a spiral curriculum within 
and across grades at the secondary school level (Grades 10 to 12). This 
was done utilising a framework that measures the spiral nature of the 
curriculum, and tests the connections’ meaningfulness. The following 
questions guided the direction of the investigation: 
1.	To what extent does the PSC show a progression from Grade 10 to 

Grade 12 at secondary school level? 
2.	Does the sequencing of electrolytic cells and its underlying concepts 

follow a coherent structure that fosters conceptual understanding 
in each grade?

Background 

The knowledge area of chemical change in chemistry is a challenging 
knowledge area in South Africa. In a study of the performance of first-
year chemistry students at the University of Cape Town, it was found 
that students did poorly in reactions and stoichiometry.9 It was shown 
that these students’ comprehension of fundamental scientific concepts, 
such as atoms and ions, the mole concept, chemical reactions, acids 
and bases, chemical solutions, and stoichiometry, had declined 
significantly from what they were taught in Grade 12 the previous 
year.8;9 Further research highlights that Grade 12 learners may have 
several alternative conceptions of electrochemistry; however, it has 
been shown that learners do not comprehend the concepts around 
electrolysis compared to how they understand galvanic cells.10; 11 These 
topics fall under chemical change in the PSC from Grades 10 to 12.

https://orcid.org/0000-0002-5366-6207


Research Article	 Brighton Mudadigwa	 188
	 S. Afr. J. Chem., 2023, 77, 187–194
	 https://journals.co.za/content/journal/chem/

Literature relevant to this field reveals that students in some regions 
of the world have trouble comprehending a few of the sub-topics in 
Physical Science. For example, in a study of 100 high school chemistry 
students in the United States of America, the students considered 
the issue of chemical change to be significantly more complex than 
most teachers and textbook authors acknowledge.12 Similar findings 
confirm that students lack comprehension of solution chemistry,13 
and many find it challenging to use their understanding of chemistry 
in unfamiliar situations. Furthermore, it was found that there were 
persistent fundamental conceptual errors in the electrochemistry 
curricula used in high schools and universities. This research focused 
on electrolysis and its basic concepts under chemical change.14 

According to an examination of student responses to problems in 
the Grade 12 Physical Science paper in South Africa, electrolysis and 
its basic ideas in chemical change are difficult for high school students 
to understand. Figure 1 below illustrates a performance analysis 
conducted question by question over eight years since 2014, the year 
the first cohort sat for the PSC examinations. 

The learners’ performance in the chemistry topics evaluated at the 
Grade 12 final examination is shown in Figure 1. Question 1 was excluded 
from the illustration as it consisted of multiple-choice questions and 
tested all topics. Table 1 below lists the topics per question. 

It can be seen that learners did not do well on the topic of 
electrolytic cells (Q9) across the years under examination, indicating 
an important issue that needs to be addressed. It is the only topic 
consistently remaining below the 45% threshold over time. Compared 
to the concept of the electrolytic cell, learners performed well on 
the concept of acids and bases. The electrolytic cell topic showed 
the poorest performance over the years, despite a reduction in the 
breadth of examinable information in 2021. It is significant to note 
that learners’ performance on this topic worsened in the COVID-19 
era. For example, the diagnostic report for the 2022 Grade 12 paper 
showed that electrolytic cells had the lowest percentage score among 
the three learning areas at 30%, compared to 45% for acids and bases 
and 49% for organic chemistry.16 According to the report, learners 

struggle with questions that seek scientific explanations and where the 
responses require knowledge of fundamental concepts and conceptual 
interpretation. 

The concerns above show that learners struggle with the topic of 
electrolytic cells, which fall under chemical change. One possible 
reason for learners’ inability to grasp the network of ideas surrounding 
the electrolytic cell may be the lack of conceptual coherence in the 
curriculum.17;18 Therefore, this study sought to answer the following 
question: to what extent does the PSC support the progression and 
coherence of electrolytic cells and its fundamental concepts at the 
secondary school level (Grades 10 to 12)?

Literature Review

A curriculum with an incoherent structure of concepts hampers the 
construction of ideas, and obstructs conceptual understanding.19 
Alternatively, a spiral curriculum demonstrates a coherent, logical 
sequencing of concepts, which enhances meaning-making in the 
science classroom.20 The PSC advocates for a progression of coherent 
science concepts. This paper presents an evaluation of the progression 

Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

2014 65 47 61 36 43 48 45 33 58

2015 64 55 36 35 40 54 46 35 50

2016 66 48 41 39 33 29 47 35 34

2017 62 28 51 35 50 43 53 35 49

2018 48 53 49 48 43 44 46 45 39

2019 67 56 64 56 47 49 53 45 38

2020 57 50 46 40 45 37 46 39 44

2021 63 49 34 39 40 46 45 30
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Figure 1: PSC final examination results diagnostic analysis 2014–202115; 16

Table 1: Question number and topic

Question No. Topic

Q1 Multiple choice questions

Q2 Organic nomenclature

Q3 Physical properties of organic compounds

Q4 Organic reactions

Q5 Reaction rate

Q6 Chemical equilibrium

Q7 Acids and bases

Q8 Galvanic cells

Q9 Electrolytic cells

Q10 Fertilisers
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of electrolytic cell concepts in the PSC using the yardsticks of the spiral 
curriculum, pedagogical link-making to promote continuity, and the 
development of a scientific story.

Spiral Curriculum

A spiral curriculum covers the fundamental information of a subject 
at various comprehension levels.19 The starting point is where several 
fundamental concepts are taught and comprehended at lower 
grades and then revisited in-depth in higher grades for conceptual 
understanding.19;20 The focus is on a wide base with a number of 
related concepts connected to more difficult and intricate higher-
order ideas.21 This is a process that enhances the comprehension of the 
inter-relationship and structure of a large body of knowledge.22 The 
curriculum should permit students to revisit a topic, theme, or subject 
more than once. Each lesson should bring a greater level of complexity 
to the concept so that new information is connected to what they have 
already learned.23;24 Expanding students’ competencies is anticipated 
if there is an increasing level of complexity, where new knowledge is 
connected to prior understanding.25

At Miami University, a spiral technique was implemented to 
reduce student attrition in an organic chemistry course.19 The spiral 
curriculum helped students to have a better conceptual understanding 
of organic chemistry ideas, which resulted in a reduction in student 
attrition from between 30% and 50% to 13.1%. On the other end 
of the spectrum, if the curriculum is not well organised, learners’ 
performance is hindered.25 If science content were organised 
coherently in the curriculum, students would learn science in a more 
organised and holistic way.5

If a spiral curriculum is effectively implemented, it has several 
advantages, including that it improves knowledge retention and 
increases the level of complexity from one level to the next, enabling 
students to move beyond memorisation to the application of 
knowledge.31 Moreover, the concept of revisiting a topic in a spiral 
curriculum is designed to assist with content mastery. A study was 
conducted to investigate the mathematics performance of Grade 
10 pupils when a spiral progression approach was implemented in 
teaching mathematics.25 It was found that progressing from one 
topic to the next in a ‘Broken Spiral’ is impossible because there is no 
building on students’ existing knowledge.25

The DBE’s main goal is for students to learn in a meaningful way, and 
they recognise that this requires teaching subjects hierarchically. In 
light of this, the science policy statement claims that the “material and 
context of each grade reflects the evolution from simple to complex”.1

Pedagogical Link-Making to Promote Continuity 

The Pedagogical Link-Making (PLM) approach promotes the 
connection of ideas in a continuous progression of meaning-making 
and knowledge-building during the teaching and learning process. 
“Pedagogical link-making is concerned with how teachers and 
students make connections between ideas in the ongoing meaning–
making interactions of classroom teaching and learning”.26 PLM is 
a method of teaching and learning in which instructors work with 
students to continuously deepen their understanding of subjects 
through classroom interactions.27 There are three main forms of PLM, 
namely, pedagogical link-making to support knowledge building, to 
promote continuity, and to encourage emotional engagement. The 
spiral structure of the scientific curriculum was examined in this study 
by focusing on the second form of pedagogical link-making, which 
encourages continuity.

The use of PLM to promote continuity includes establishing links 
between teaching and learning activities that are separated according 
to time scale. There are three categories: 
•	 Macro: continuity links made on an extended time scale (typically 

months/ years). This involves making references to teaching/
learning in different parts of the science curriculum.

•	 Meso: continuity links made on an intermediate time scale (typically 
of days/weeks), which involve making references to different points 
within a lesson sequence.

•	 Micro: continuity links made on a short time scale (typically of 
minutes), which involve making references to different points 
within a lesson.
The curriculum should be structured so that ideas are connected to 

similar concepts that have already been studied (in previous grades) 
or will be studied in the future (grades). In establishing connections 
between similar ideas, the scientific narrative of a particular concept 
must be preserved, and the episodes need to accumulate the linked 
concepts.27

Accordingly, teaching and acquiring scientific conceptual 
knowledge includes figuring out how scientific concepts fit together 
in an interconnected system. This paper focuses on link-making to 
improve continuity in the topic of electrolytic cells and its essential 
ideas. The PSC promotes a spiral approach in which students gradually 
develop a grasp of the topics through time. The introduction of an 
idea and its gradual development in subsequent grades occur from 
lower grades.1 Science concepts are thus connected across grade levels 
and topics. This is referred to as conceptual growth and coherence, 
respectively, by the DBE.1,28 Conceptual development and coherence 
are equally important to pedagogical link-making to promote 
continuity, which “involves making connections between teaching 
and learning events separated in time”.27 Therefore, well-organised and 
hierarchical concepts (spiral) built on pre-existing knowledge enhance 
and support conditions that are conducive to meaningful learning.29

The interrelationships between concepts across multiple levels 
should be tracked in the curriculum, focusing on conceptual 
coherence. In McPhail’s view, the creation of curricula should 
centre on the conceptual linkages made using well-chosen academic 
material.30 According to Ireland and Mouthaan, students who are 
taught science using a spiral curriculum develop good theoretical 
knowledge and foundational abilities, whereas students who are taught 
using an interdisciplinary curriculum approach develop good factual 
memory.31 The purpose of this investigation was to determine whether 
the PSC passes the test of being a spiral curriculum. There are two 
approaches to promoting link-making: developing a scientific story, 
and managing or organising time. In this article, the development of 
the story is emphasised.27 

Developing a Scientific Story

The approach of developing a scientific story in a curriculum focuses 
on the coherence and progression of hierarchical, substantive lesson 
content. Mortimer and Scott define the progression of the scientific 
story as a lens that reflects the development of a scientific narrative. 
This aids teachers in understanding the evolution of scientific 
concepts and how they fit into the broader science curriculum.32 
McPhail argues that scientific concepts have significance in relation to 
other concepts;30 therefore, the curriculum must show how scientific 
concepts are interrelated to form a coherent whole. The hierarchical 
knowledge structure of science should match the spiral model31 more 
organically for the meaningful comprehension of scientific concepts to 
take place. The building of a scientific story depends on the capacity of 
the teacher to link concepts in current lessons with future lessons using 
learners’ previous knowledge. The links can be made during the lesson 
through recaps and questioning.27 However, these links should be 
explicitly vivid in the curriculum document for easy implementation 
in the science classroom. 

A spiral curriculum that seeks to develop a scientific story in a 
particular science domain should follow the pattern of macro, meso 
and micro scales.27 In addition to ensuring that knowledge goals are 
prepared in advance, the spiral’s systematic approach to the scope 
and sequencing of learning objectives also makes it possible for 
vertical integration within the curriculum as topics are reviewed. 
The spiral, which is characterised by repeated returns to concepts at 
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escalating levels of complexity, emphasises the necessity for students’ 
understanding of fundamental concepts since mastery is attained via 
the development of ideas.31

Research Methodology 

This study used an explanatory, interpretative, and qualitative research 
paradigm in the form of a case study. A case study methodology was 
chosen because it allows researchers to conduct in-depth research on 
a single subject, group, or phenomenon.36 It also provides a compre-
hensive description and analysis of a single unit.36-38 The unit being 
analysed in this study was the conceptual structure of the PSC and 
the 2019 Physical Science Work Schedule (Gauteng province) on the 
topic of electrolysis and its underlying concepts. Other documents 
that support the implementation of the curriculum, such as textbooks 
and lesson plans, were not analysed as participants used different text-
books because there is no single prescribed textbook for the PSC. Par-
ticipants were not consistent in using lesson plans, some participants 
had no lesson plans at all.

The coherence and level of progression of these two documents were 
examined to see if they met the conditions for the spiral curriculum 
structure claimed by the PSC developers. The underlying electrolysis 
topic concepts that were scrutinised were reactions in aqueous 
solutions (Grade 10), redox reactions (Grade 11), and electrolytic 
cells (Grade 12). In the PSC, there are five knowledge areas: chemical 
change; chemical systems; matter and materials; mechanics; and 
waves, sound, and light. The PSC is structured according to knowledge 
areas per grade, and is suitable for investigating how concepts are 
hierarchically structured at the secondary school level (Grades 10-12). 

The 2019 PSWS documents were structured as teaching units 
within a grade thus it was important to examine this document since 
it was the designated teachers’ instrument for implementing the 
PSC. The PSWS documents are structured as teaching units within a 
grade which teachers should then follow when planning their lessons. 
Furthermore, the 2019 PSWS provides the sequencing of topics that 
have to be taught within each grade. Teachers in government schools 
were to follow the sequencing prescribed in the 2019 PSWS document 
religiously to ensure that learning of the topic takes place. 

In this study, chemical change was singled out for investigation due 
to students’ poor performance in the topic, particularly in electrolytic 
cells. Since the curriculum is an acknowledged spiral curriculum, the 
topic of electrolytic cells was investigated to ascertain how coherent, 
progressive, and hierarchical concepts are from Grades 10 to 12. The 
PSC and the 2019 PSWS were mined for information on the topic 
of electrolytic cells and its underlying principles as covered in these 

grades. Only the topics of reactions in aqueous solution (Grade 10), 
types of reactions (Grade 11), and electrolytic cells (Grade 12) were 
subjected to the analysis; each of these topics contributes to the 
conceptual understanding of the idea of the electrical cell. The topics 
were examined for consistency between and within each grade. Using 
the macro, meso and micro scales from the pedagogical link-making 
approach to promote continuity,27 the PSC and 2019 PSWS were 
analysed to determine how the concepts within the topic, electrolytic 
cell, fit into a spiral curriculum structure. Two research questions were 
developed to address the spiral nature of the PSC and the 2019 PSWS 
documents, as indicated in the last paragraph of the introduction.

Analysis of Results 

The presence of pedagogical link-making to promote continuity, 
specifically the approach of developing a scientific story,27 was used 
to analyse whether the PSC and 2019 PSWS do indeed follow a spiral 
approach. The concept of developing a scientific story is divided into 
three categories: macro scale (concept progression across grades), meso 
scale (topic arrangements within a grade), and microscale (concepts 
linked within a lesson). ‘Macro’ refers to long-term continuity links 
(months and years) that involve teaching from various sections of 
the science curriculum. ‘Meso’ refers to continuity links made on an 
intermediate time scale (days and weeks), which involves the referencing 
of concepts within a lesson sequence. ‘Micro’ entails continuity links 
made on an immediate time scale (minutes or within the lesson), 
involving the referencing of concepts or events within a lesson.

Findings

The two sub-research questions were used to categorise the study’s 
findings. The first sub-research question addressed the progression 
and hierarchical structure of electrolytic cells across Grades 10 to 
12. To analyse the interrelationships of concepts, the macro scale of 
constructing a scientific story was adopted in light of pedagogical 
link-making for continuity. The second research question addressed 
the coherence of electrolytic cell concepts within each grade. The meso 
and micro scales were used to investigate the sequential coherence of 
the electrolytic cell and its underlying concepts from Grades 10 to 12. 

Conceptual Progression Across Grades

The extract (Table 2) shows how concepts on the topic of chemical 
change are structured in the PSC across Grades 10 to 12.

Table 2 shows concepts that are covered in Grade 10 under 
reactions in aqueous solutions, such as ions in aqueous solutions, ion 

Table 2: Conceptual overview of chemical change knowledge area1

Topic Content

Chemical 
Change

Grade 10

Physical and chemical change (separation by physical means; separation by chemical means; conservation of atoms 
and mass; law of constant composition).  
Representing chemical change (balanced chemical equations).  
Reactions in aqueous solution (ions in aqueous solutions; ion interaction; electrolytes; conductivity; precipitation; 
chemical reaction types).  
Stoichiometry (mole concept)
20 hours

Grade 11

Stoichiometry (molar volume of gases; concentration; limiting reagents; volume relationships in gaseous reactions).
Energy and chemical change (energy changes related to bond energy; exothermic and endothermic reactions; activa-
tion energy). 
Types of reactions (acid-base; redox reactions; oxidation numbers 
28 hours

Grade 12

Reaction rate (factors affecting rate; measuring rate; mechanism of reaction and catalysis). 
Chemical equilibrium (factors affecting equilibrium; equilibrium constant; application of equilibrium principles). 
Acids and bases (reactions; titrations, pH, salt hydrolysis). 
Electrochemical reactions (electrolytic and galvanic cells; relation of current and potential to rate and equilibrium; 
standard electrode potentials; oxidation and reduction half-reaction and cell reactions; oxidation numbers; applica-
tion of redox reactions)
28 hours
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interaction, electrolytes, conductivity, and precipitation reactions. 
Acid-based processes, redox reactions, and oxidation numbers are 
among the higher-level topics covered in Grade 11. By the end of 
Grade 12, students are required to grasp electrochemical processes 
and possess more in-depth knowledge of acids and bases.

Basically, these topics, which are covered from Grades 10 to 12, show 
the progression of both content coverage and level of abstraction. In 
Grade 10, teachers are expected to teach two types of reactions: ion 
exchange (precipitation, gas forming, and acid-base reactions) and 
redox reactions. The PSC instructs that for redox reactions, students 
should be taught the folowing1: 

Redox reactions are electron transfer reactions. (Use the charge 
of the atom as an indication of electron transfer, no redox 
reaction terminology is required here). Use the charge of the 
atom to demonstrate how losing or gaining electrons affects the 
overall charge of an atom.

The instructions to teachers in the content document of the PSC 
explain why the various types of reactions are being covered in this 
grade. This is based on the rationale that it helps students balance 
equations; as a result, more emphasis is placed on charges than on 
oxidation numbers. Students might be more ready for the more 
complex ideas of redox processes studied in Grade 11 if the basic 
ideas of oxidation numbers were introduced earlier in this grade. 
The importance of oxidation numbers is recognised by the PSC 
when it uses oxidation numbers rather than the charge on an atom 
to distinguish between redox processes and ion exchange reactions.1

Displacement reactions in ion-exchange reactions and 
displacement in redox reactions differ due to no change in 
oxidation numbers of elements (in ion-exchange reactions) 
and change in oxidation numbers of elements (in displacement 
reactions in redox reactions). 

The scientific phrase ‘redox reactions’ should be used by both 
students and teachers. Curriculum developers accurately distinguish 
between displacement in ion exchange and redox reactions, 
employing oxidation numbers. Nonetheless, teachers in Grade 10 do 
not teach oxidation numbers. Changes in the charges of species must 
be used to balance chemical equations. However, allowing pupils 
to use technical language without comprehending what it means 
encourages rote learning because oxidation numbers are essential 

in understanding how various species have gained their distinctive 
charges through electron loss or gain. The comprehension of redox 
reactions and balancing chemical equations would be improved by 
linking oxidation numbers with charges. If curriculum designers 
decide against using oxidation numbers at this stage, it will make it 
more difficult for students in Grade 10 to balance equations. Charges 
and inspection are used in the balancing of equations,33 however, this 
is a hurried approach that is insufficient for balancing redox processes.

It must be acknowledged that the sequencing of topics from Grades 
10 to 12 is hierarchical and the curriculum is designed to build 
concepts sequentially. The terminology and ideas of redox reactions 
and oxidation numbers need to be introduced, along with links to 
prior knowledge. This should be based on the types of reactions to 
which Grade 10 and 11 students are exposed. 

The Grade 12 concept of electrolytic cells and its applications marks 
the end of the topic reactions in an aqueous solution, a scientific story 
that began in Grade 10. The order in which the topics are covered 
across the grades is shown in Figure 2.

Other significant ideas left out in Grade 11 include electrolytes or 
simple electrolysis in addition to the aforementioned omission of 
oxidation numbers in Grade 10. During the entire year of chemistry 
in Grade 11, students are typically not exposed to any concepts 
that include electrolysis. As a result, there is a conceptual gap, and 
students have to depend entirely on their fundamental knowledge 
of conductivity and electrolytes from Grade 10 when they study the 
notion of electrolytic cells in Grade 12. As can be seen, the conceptual 
advancement and meaningful learning of students are hindered by 
concept gaps within the spiral curriculum.

In Grade 11, students should be able to study strong and weak 
electrolytes by decomposing conducting materials with electricity, 
which will help them better understand conductivity and electrolytes. 
This would fill the conceptual gap by building on the concepts of non-
conducting solutions (non-electrolytes) and conducting solutions 
(electrolytes) covered in Grade 10. Due to poor exposure to concepts 
in Grade 11 related to the topic of electrolytic cells, the progression of 
ideas across grades fails to meet the requirement of a spiral curriculum. 

In this section, I described how the PSC addresses the transition 
between grades, which are separated by years (macro scale). The 
weaknesses and strengths of the hierarchical arrangements of topics in 

Figure 2: Progression of concepts across grades (spiral shape adapted from Ireland & Mouthaan).31
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the curriculum were further highlighted. The next section examines 
the conceptual coherence between grade-level topics, focusing on links 
intended to encourage continuity at the macro scale (separated by 
months and weeks) and the meso scale (separated by days and lessons).

Arrangements of Topics between Grades

The topics in the two documents, the PSC and the 2019 PSWS, are 
arranged according to terms. The content document outlines the 
topics that should be covered per term, as well as the work schedule. 
It has detailed time frames related to terms, months, weeks and the 
number of hours that should be spent teaching a particular topic or 
concept. Teachers are supposed to follow the time frame to the letter, 
and there is a monitoring tool called the Curriculum Management 
Model (CMM) in place to check the syllabus coverage for each teacher. 
There is no leeway to change how the topics are ordered in the work 
schedule, as shown in Table 3.

In general, all physics topics are taught sequentially and logically 
throughout all grades. Since there is minimal correlation between, 
for example, waves and electric circuits at this level, physics is easier 
to sequence because the topics are distinct. So, separating the two 
topics with another, different, topic would not considerably affect 
the coherence of concepts. The placement of unrelated physics topics 
between chemistry topics, however, must be done with caution 
because chemistry topics are interconnected. 

Consider the topics covered in the first and second terms of Grade 
10, as taken from Table 2:

Atomic Structure → Chemical Bonding → Waves → Atoms, 
Compounds & Molecules → Chemical Change (Matter and 
Energy & Balancing Equations) → Magnetism → Electrostatics 
→ Electric Circuits → Chemical Change (Reactions in Aqueous 
Solutions) → Mole Concept.

Atoms, compounds, and molecules are linked concepts with 
interlinking ideas that pertain to chemical bonding. However, there 
is a three-week break between the first and second term, and the 
chemistry topics are separated by the topics of waves, which lasts for 
four weeks. When discussing atoms, compounds, and molecules again 
in the second term, teachers and students cannot make references to 
meso-scale concepts. The same applies to chemical change, and it is 
even worse in this case. The teaching of magnetism, electrostatics, 
and electricity lasts for three weeks, and a two-week break divides the 
theme of chemical change into two parts. Like atoms, molecules, and 
compounds, hardly any meso-scale interlinking occurs during the 
teaching of reactions in aqueous solutions. The 2019 work schedules 
for Grades 11 and 12 followed the same pattern.

The same topic of electrostatics, electricity, magnetism, and energy 
and power is covered in Grade 11 for five weeks before a three-week 
break, dividing the theme of chemical change into two halves again. 
The focus of this study, redox reactions, is presented sequentially 
with oxidation numbers, acids, and bases as the third topic after 
electromagnetism and electricity. Therefore, teachers and learners 

in Grade 11 can create links at the meso scale. Contrary to this view, 
concept sequencing in Grade 12 is just as poor as in Grade 10. After 
covering electromagnetic and electricity, the topic of electrochemical 
cells is addressed. There is a six-week break between this topic and the 
rates of reactions, and acids and bases. As a result, the meso scale is 
not emphasised throughout the teaching of the electrochemical cell, 
particularly during the first lesson.

These conceptual gaps encourage students to understand isolated 
pockets of ideas, which promote rote learning which does not 
promote the coherence and flow of concepts from one notion to the 
next. How can the 2019 work schedules be implemented if there are 
coherence anomalies given that teachers are required to use them in 
their current form?

Overview of the 2023 Annual Teaching Plans

Since the COVID-19 era work schedules have been replaced by 
Annual Teaching Plans (ATPs). The 2023 ATPs from Grades 10 to 12 
are currently authored nationally, unlike the 2019 work schedules and 
prior years that were produced provincially. The Grade 2023 10 ATP 
is coherently structured, and chemistry topics are no longer separated 
by physics topics. However, this is not the case with the 2023 ATPs for 
Grades 11 and 12.39

Table 4 shows how Grades 11, and 12 topics are sequenced over 
three terms. The matter and material knowledge area are separated by 
8 weeks of chemical change topics, and the knowledge area of chemical 
change is separated by 2 weeks of matter and material topics.40 In Grade 
12, the knowledge area of chemical change is separated by 4 weeks 
of teaching about electricity & magnetism and matter & material.41 
The 2023 ATPs address the coherent sequencing of topics to a certain 
extent. However, they do not address the broken spiral episodes as the 
CAPS curriculum has not changed.

Discussion 

The study revealed that the Grade 12 topic of the electrolytic cell and 
its essential concepts of redox processes in Grade 11, and reactions 
in aqueous solutions in Grade 10, are organised progressively over 
the grades. The topics adhere to the standards of a spiral approach 
for coherence, the hierarchy of concepts, and organisation.22 The basic 
concepts in Grade 10 are revisited at each grade to Grade 12 with 
increasing levels of complexity.31 However, basic ideas were noticeably 
left out of Grades 10 and 11 on the topic of chemical change.

Despite being crucial to the conceptual understanding of redox 
reactions and balancing chemical equations, the idea of oxidation 
numbers is not covered in Grade 10. To comprehend the transfer 
of charge between any two species, students must use the change in 
oxidation values to calculate the quantity of charge transferred.31 
Omitting oxidation numbers leaves a conceptual gap and falls short 
of spiral curricular requirements. When students are introduced to 
more complex phenomena in higher grades without grasping them 
in the lower grades, this creates a broken spiral in the curriculum.25 

Table 3: Sequence of topics in the 2019 work schedules from Grade 10 to 12

Grade Term Work Schedule Topical Sequence

10

1
2

3

States of Matter and The Kinetic Molecular Theory → Atomic Structure → Chemical Bonding → Waves 
Atoms, Compounds & Molecules → Chemical Change (Matter & Energy; Balancing Equations) → Magnetism → Electrostatics → 

Electric Circuits 
Chemical Change (Reactions in Aqueous Solutions) → Mole Concept → Mechanics → Hydrosphere

11

1
2
3

Vectors → Newtonian Physics → Chemical Bonding → Intermolecular Forces → Chemistry Of Water 
Geometrical Optics → Waves → Ideal Gases → Quantitative Aspects of Chemical Change.
Electrostatics → Electromagnetism → Electric Circuits → Power & Energy → Energy and Chemical Change → Types of Reaction 

(Acids & Bases, Oxidation Number, Redox Reactions) → Mining 

12

1
2
3

Practical Skills → Momentum & Impulse → Vertical Projectile → Organic Chemistry → Work, Energy & Power → Doppler Effect
Rates of Reaction → Chemical Equilibrium → Acids & Bases 
Electric Circuits → Electrodynamics → Alternating Current → Optical Phenomena → Electrochemical Reactions → Chemical 

Industry. 
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In a broken spiral, students are not able to fully understand the topic, 
which will hinder their understanding of upcoming and more difficult 
concepts in higher grades.

Electrolytes are not taught in Grade 11, according to this study. 
Grade 10 students learn about the topic by examining the conductivity 
of solutions. The idea of electrolytes is covered in detail in Grade 12 
when students explore the concept of electrolysis and its applications, 
despite the topic not being further developed in Grade 11. Thus there 
is a conceptual gap in Grade 11, which cannot be filled by introducing 
the ideas of weak and strong electrolytes. The conceptual gap in Grade 
11 is another instance of a broken spiral that impacts the macro-scale 
interconnection of ideas between grades. According to McPhail, a 
concept inside a topic receives its meaning from other concepts within 
the phase, hence the curriculum must show how they are connected.30

Additionally, it was discovered that the 2019 work schedule 
had infrequent chemistry topics across grades. Large conceptual 
gaps caused by physics concepts that separate the chemistry topics 
compromise learners’ conceptual coherence, and restrict meaningful 
learning. Finally, there is no meso-scale linking of ideas separated by 
days and weeks in the teaching and learning processes. Staarman and 
Ametller argue that pedagogical linkages are understood as a means 
of making apparent the connections between various knowledge 
parts that must be connected to develop scientific knowledge.26 
By connecting scientific concepts, a scientific story is created and 
the degree to which these connections are made affects students’ 
conceptual understanding of the subject matter.35 The lack of vivid 
interlinking of science concepts in the curriculum uncovered in this 
study will negatively impact science learning and the comprehension 
of scientific ideas in the classroom. 

Conclusion

In conclusion, failure to include the topic of oxidation numbers in the 
Grade 10 curriculum affects how well Grade 11 students learn about 
and understand redox reactions. Similarly, omitting electrolytes in 
Grade 11 impairs students’ conceptualisation of electrolytic cells in 
Grade 12. These significant gaps undermine the spiral nature of the 
topic of chemical change, leading to content overload at the Grade 
12 level. Furthermore, the lack of proper sequencing of concepts in 
each grade across the phase negatively affects the development of a 
scientific story, and impacts the understanding of the subject matter. 
Correct sequencing of the curriculum and how it is implemented 
affects how students grasp the content and build knowledge.

Curriculum developers are, therefore, advised to revise chemical 
change content to include oxidation numbers in Grade 10, and 
electrolytic cells in Grade 11. Including essential electrolysis content 
in Grade 11 will also reduce the load that has to be covered in Grade 
12. The sequencing of scientific concepts is of great importance 
in the quest for meaningful teaching and learning. Therefore, it is 
recommended that curriculum developers revisit how the curriculum 
is sequenced in all grades. The DBE should consider covering each 
topic in a sequence of lessons. That is, chemical change should be 
taught without concepts being dispersed between other chemistry or 
physics topics. The best way to rectify this problem is to broaden the 
curriculum by offering physics and chemistry as separate subjects. 

This paper only investigated the concept of electrolytic cells. However, 
there are other topics in this knowledge area, such as acids and bases, 

galvanic cells, and reaction rates, which need further investigation 
regarding whether they have broken spiral episodes. To determine 
whether the PSC conforms to a spiral curriculum in the South African 
setting, more research on the full science curriculum is advised. It 
is consequently recommended that as a starting point, curriculum 
planners investigate the possibility of oxidation numbers being 
incorporated into a broken spiral curriculum at the Grade 10 level.
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