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This article aims to investigate how science teachers engaged with the macroscopic, sub-microscopic and
symbolic levels of representations in their Chemistry teaching. Data were collected in Limpopo province in
South Africa from 15 ‘lead’ teachers and this paper reports on five lessons presented by the teachers during
professional development workshops. The ‘lead’ teachers were selected by the Department of Education
based on their qualifications, years of experience and results of their learners over the years. Data were
gathered from video-recorded peer teaching lessons, field notes and post-lesson interviews. The
findings show that the teachers in this study mainly focused on the symbolic and sub-microscopic level
and did not engage with the content at all three levels, even though they participated in a professional
development programme specifically geared towards the integration of all three levels. These findings,
although they cannot be generalised because of the small sample size, indicate a need for changes in
the pre-service and in-service teachers’ training, and in the curriculum in South Africa. The challenge
facing the teaching of Chemistry in South Africa is to evolve suitable didactic practices to preserve the
unity of Chemistry at all three levels of representation.
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Introduction

The Curriculum and Assessment Policy Statement (CAPS) for the Further Education and Training
(FET) band calls for Physical Science teachers to be innovative, whilst valuing ‘high knowledge and
high skills’ (Department of Basic Education, 2011, p. 4). One of the many interpretations of what inno-
vation means revolves around the notion of increased quality learning, while the notion of high knowl-
edge and skills refers to the setting of high but achievable goals that teachers must set for their
learners. There are many reasons why CAPS calls for innovation and high knowledge and skills,
but the main reason is to promote effective Science teaching. According to Treagust, Chittleborough
and Mamiala (2003), effective Science teaching, more specifically effective Chemistry teaching,
hinges on how well the teacher can explain abstract and complex chemical concepts and phenomena.
Harrison and Treagust (1996) claim that to do this Chemistry teachers must be able to engage with all
three levels of representation: the macroscopic (as a concrete, visible phenomenon), the sub-micro-
scopic (with reference to its invisible properties) and the symbolic (by means of equations representing
the changes that take place in a chemical reaction and the numerical values of atoms). The aim of this
article is to ascertain how this might materialise during a professional development workshop with
teachers.
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The last two decades have witnessed a growing concern about the low level of subject matter knowl-
edge and pedagogical content knowledge of Science teachers (Rollnick, Bennett, Rhemtula, Dharsey
& Ndlovu, 2008; Stott, 2013; Umalusi, 2011). These concerns are based on the assumption that a dis-
torted understanding of Science among teachers can impede the efficient practice of Science edu-
cation. For example, Basson and Kriek’s (2012) research into the content knowledge of Science
teachers in South Africa revealed that among 68 Science teachers in township schools more than
80% found the content intimidating and above their teaching ability. The researchers concluded that
80% of the teachers in those areas were unqualified or unconfident to teach Physical Sciences.
Studies conducted by Rogan and Grayson (2003) and Stott (2013) found that, because of the poor
content knowledge of Science teachers and the fact that some teachers are trapped in traditional ped-
agogies, learners perceive the subject as difficult.
Onwu and Randall (2006) conducted investigations in Nigeria, Japan and South Africa to ascertain

students’ understanding of the micro and sub-micro properties of substances and their relatedness to
the macroscopic properties. The investigation in South Africa with first-year pre-service teachers
revealed that they struggled to make the links between the three levels of representation. They also
found that many pre-service teachers had intuitive misconceptions of triplet chemistry. A study by
Ramnarain and Joseph (2012) on triplet chemistry with Grade 12 learners revealed similarly that lear-
ners could understand discrete levels, but experienced difficulty in grasping the interconnectedness
across all three levels. Although there has been research on Grade 12s’ and first-year pre-service tea-
chers’ operationalisation of the three fundamental levels of representation in chemistry, there is a
dearth of empirical studies involving South African teachers’ classroom enactment of the interconnect-
edness of all three levels.
This significant research gap prompted me to embark on this project to resolve the question: how do

Science teachers engage with all three levels of representation of Chemistry when they teach? Specifi-
cally, the research study aimed to determine Science teachers’ enactment of the macro, sub-micro and
symbolic levels of selected Chemistry topics in their classroom teaching. The findings of this study are
important in shedding light on why learners may find the subject difficult so that systematic reflections
can be made for curriculum development and the training of teachers.

Three Levels of Representation

Scholars from different parts of the world adopt various naming systems for the three levels of rep-
resentation of objects in Chemistry. For example, Andersson (1986) refers to this as the ‘macroscopic’
and ‘atomic world’; Bodner (1992) uses the terms ‘macroscopic’, ‘molecular’ and ‘symbolic’ Chemistry;
whereas Johnstone (1993) calls them the ‘macro’, ‘sub-micro’ and ‘representational’ levels of Chem-
istry. This study uses the terms macroscopic, sub-microscopic and symbolic at an individual level
and in a triplet relationship to encompass all three levels (see Figure 1).
According to Treagust et al. (2003), who conducted a similar study to this one in Australia, the macro-

scopic level of representation points to the observable chemical phenomena that individuals experi-
ence through the use of their senses. This involves a wide range of observation skills such as
detecting colour changes, alterations in shape when new products are formed and reactants disap-
pearing. Locke (2009) argues that, when individuals experience phenomena through their senses
(sight, smell, touch, sound, taste), the sensual encounter penetrates deep into their minds, creating
several distinct perceptions based on the peculiar properties of sensual contact. The brain retains
these observed sensory images and leaves an impression that is stored in our long-termmemory. Che-
mists routinely communicate macroscopic events using symbolic levels that include ‘pictorial, alge-
braic, physical and computational forms such as chemical equations, graphs, reactions
mechanisms, analogies and model kits’ (Treagust et al., 2003, p. 1354). Gilbert and Treagust
(2009) describe microscopic-level entities as involving particles that cannot be seen with the naked
eye and require chemists to extend the capacity of their senses by using optical microscopes. To
explain these observations in terms of sub-microscopic particles, chemists often build models of enti-
ties such as atoms, molecules and free radicals. The material world at its foundational level is made up
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of sub-microscopic particles and is synonymous with the DNA of objects. This means that the expla-
nation for the internal and external properties of objects—such as shapes, colours, brittleness, tensile
strength and toughness—is to be found at the sub-microscopic level. Understanding the microscopic
world of objects requires an understanding of the electrical properties of atoms, bonding angles,
bonding energies, bond lengths, electron densities, the movements of orbitals and intermolecular
forces. Harrison and Treagust (2002) explain that there is a range of misconceptions among students
and teachers about the sub-microscopic level because of the particulate nature of matter, the inability
of human beings to engage with it physically and their need to rely on imaginary representations.
It follows that a good understanding of Chemistry hinges on how well a teacher can establish the

interrelationship between these three levels of representation, because the symbolic and sub-micro-
scopic levels contain the theory that explains the macroscopic representation of objects. As Bucat
and Mocerino (2009, p. 12) explain: ‘Seeing as a chemist is a fact-supported, theory-laden exercise
of a lively imagination’. In other words, good Chemistry teachers give their learners an insight into
the deeper meanings behind the facts and allow them to see what chemists see when they observe
a phenomenon. The opposite is also true, as Science teachers with inadequate content knowledge
of the triplet levels of representation can create serious obstacles to their learners’ ability to understand
Chemistry. Therefore Treagust et al. (2003) assert that expert Chemistry teachers: (a) present the
content in a meaningful way connecting the three levels of representation at a level appropriate for
the learners without oversimplification; (b) use relevant artefacts; (c) embrace the learners’ prior knowl-
edge of phenomena; and (d) challenge the learners. Kozma and Russell (1997) claim that most
novices use only one form of representation, fail to convert to other levels, and consequently mostly
focus only on the macroscopic descriptions. Van Berkel, Pilot and Bulte (2009) assert that most
novice teachers are textbook-bound and reproduce superficial chemical explanations. This is
because textbook writers generally represent expert Chemistry knowledge superficially and therefore
may create misconceptions in explaining naturally occurring processes and events. Cheng and Gilbert
(2009) report that, instead of teachers invoking the skills to connect all three levels of representation in
the Science classroom, learners have to rely on diagrams, visual aids and pictures in textbooks to
make the representational connections with chemical processes such as the movement of electrons
during electrolysis, electrochemical cells and in the Haber–Bosch process.
The sub-microscopic level is often considered a complex terrain for teachers because it requires the

use of meticulously precise descriptive language. This level of representation, Van Berkel et al. (2009)
argue, is best left to the learner’s imagination, instead of teachers attempting to explain and describe
this level, as this could lead to possible misconceptions. When teachers leave the sub-microscopic
level of explanation to the learner’s imagination, teachers develop and instil open-mindedness and

Figure 1. Levels of representation of Chemistry
Source: Treagust et al. (2003, p. 1354).
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creativity in their learners. This holds true, they argue, because it indirectly encourages learners to
become co-inquirers in the process, thereby allowing them space for personal engagement with the
sub-microscopic level.

Teachers’ Differing Verbal Explanations in Chemistry

In a study in Australian classrooms Treagust et al. (2003) developed five different types of frequently
used teacher explanations of chemical concepts. These explanations are:

(1) analogical, in that teachers use personal real-life experiences to explain unfamiliar concepts and
phenomena;

(2) anthropomorphic, as they reduce complex scientific concepts to recognisable human attributes;
(3) relational, because teachers draw on their own personal engagement with objects or events to

explain phenomena;
(4) problem-based, because concepts are explained by drawing on hypothetical problems as a

basis to connect with the content, which is common in calculations; and
(5) model-based, as scientific models are used to explain phenomena.

The current study investigates these explanations closely to describe how teachers in the study con-
nected and engaged with the content of Chemistry in the Science classroom.

Methodology

The Research Participants
A total of 15 ‘lead Science teachers’, including four female teachers, were selected by the Department
of Basic Education to participate in the study. Lead teachers were chosen with consent in cluster meet-
ings, and are normally more experienced than others. They are considered competent in their subject
field and have a record of excellent results. Lead teachers, in their clusters in the respective districts,
are often required to share their experiences and expertise with others and mentor novice teachers.
Only one of the teachers had limited experience of 2 years, whereas all the others had between 12
and 25 years’ experience. All of the teachers were TshiVenda mother-tongue speakers and rep-
resented 15 different districts in the Vhembe area.

Instructional Context
The research team (or facilitators) presenting the workshops were a consortium of academics from
three different universities, specialising in Mathematics, Chemistry, Physics, Zoology and Botany.
The author of this article is a Chemistry expert. The research team engaged the teachers in week-
long workshop once a year for two years. In these workshops each facilitator presented at least two
topics per day from the Grades 8–12 syllabus. In every Chemistry topic all three levels of represen-
tation were focused on and the importance and value of the links between them were discussed.
Rather than teaching them in these workshops how to deliver the content, participants were encour-
aged to share their ideas of how they think it best to present the content.
On day three of each workshop the teachers divided themselves into five groups of three teachers.

No criteria were given for this division into groups. Each group had to plan and present a lesson on a
topic of their choice from the Grade 10 syllabus to their peers (pretending to be Grade 10 learners). The
brief given to the teachers was:

. take one aspect of the syllabus and plan and present a 30-minute lesson;

. each lesson has to include all three levels of representation in Chemistry which must be integrated
into the content;

. the content must be relevant and captivating to the learners;

. the prior knowledge of the learners must be tested; and

. the content must be challenging and not oversimplified.
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The teachers were given approximately 3 hours to exchange ideas and to construct their lessons. Sub-
sequently the lessons were presented in the conference venue whilst each group member had to make
a contribution. During each lesson a video was made of the whole group. After the lesson presentation,
a group discussion followed where each lesson was dissected to determine whether or not the presen-
ters had integrated the three levels of representation into the content. The responses were probed
where necessary to ensure that there were no misconceptions or misunderstandings.

Data Sources
The data sources used for this study were video recordings, field notes and post-lesson interviews.

Data Analysis
The analysis focused on the different levels of representation tracing how each group included, used
and engaged with them in their lessons. I first watched all of the videos many times and augmented the
field notes as necessary to develop an understanding of how the teachers in each lesson integrated the
three levels of representation. After analysing the videos and drafting my main findings, I invited a col-
league, an expert in Physical Science, who was unfamiliar with the data, to watch the videos with me in
order to validate my findings. We looked at the videos together and encapsulated the different levels of
representation and discussed my main findings. This led to a refinement of the descriptions of the dis-
tinctions between the different levels.
Guided by Treagust et al.’s (2003) typology of explanations, we also classified the verbal expla-

nations of the teachers for each lesson and how they described concepts, the accuracy of their descrip-
tions and noted during the analysis their main explanations. All disagreements between us were
resolved by consensus.

Findings

Lesson 1: The Atom
The teachers divided the class into three groups. Each group had to use a water bottle and a glass
(with a narrow circular base and a larger top part) to draw three concentric circles in their note
books. They were then guided by the teachers as follows:

Group one, I want you to draw three small plus signs inside the first circle, group two six and group three
eight…Now I want each of you to draw 2 small circles on the line of the second circle… eight small circles
on the line of the third circle.

They then asked the class the following question: ‘From your memory in Grade 8 of electricity, which
charge do you associate with a plus?’ This was followed by a long pause, after which one group
responded, ‘it’s a positive charge’. The teacher agreed and complimented them, and explained: ‘in
Chemistry those that are plus are called protons, which means it is one part of an atom that is found
inside the nucleus’. The teacher then continued: ‘One part is positive and the circles that you drew
on the lines outside the inner circle are the electrons. I now want you to follow this up by drawing
inside the smaller circles that were drawn on the line with minus sign to indicate the presence of elec-
trons’. They then instructed the respective groups to go to their periodic tables and to identify the atom
that they have drawn by name by looking at the number of protons in the nucleus. In the next activity the
different groups were instructed to draw an atom with 11 protons, 13 protons, 15 protons and
17 protons, and to identify and name the atom by using their periodic table.

Lesson 1: Interpretation
Throughout the lesson the teachers focused mainly on the sub-microscopic properties of elements.
Little connection was made with the symbolic properties and no link was made with the macroscopic
properties of elements. When they were asked in the post lesson interview why they ignored these two
levels they said, ‘our focus was on drawing a model of the atom, we thought these concepts were not
important to know’. Applying Treagust et al.’s (2003) framework of teacher explanations, it showed that
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their lesson followed amodel-based approach. The lesson was basedmainly on an imaginary model of
the atom. To some extent, their explanations adopted relational explanations as they drew on the lear-
ners’ own personal engagement with electricity to explain what protons are.

Lessons 2: The Periodic Table
The teachers started the lesson with the following narration:

As far as the periodic table is concerned, I often look at it as a Bible. When you go to church, you carry a
Bible with you, so the preacher uses the Bible to teach you about God. I want you to know that, just as the
preacher knows the Bible, Chemistry uses the periodic table to explain everything. The most important per-
iodic laws are the groups and the periods. Groups are the vertical rows of elements whereas the horizontal
rows are referred to as the periods. As indicated here [teacher pointing to the different groups on the per-
iodic table] we have Group 1, 2, up until group 8… The last ones, in Group number 8, are called inert gases
or noble gases. They are also identified as the kings… They don’t mix with the other elements if they don’t
have to. Therefore all the other elements on the periodic table aspire to be like them.

They continued by focusing on the line that separates the metals from the non-metals which they called
‘the zig-zag line’. The lesson concluded with the teachers explaining what diatomic elements are and
developed their own rules to identify these elements on the periodic table. They called it the ‘CONFIB’
rule. This rule states that ‘C stands for chlorine, O for oxygen,… and B for bromine.… ’.

Lesson 2: Interpretation
The lesson focused mainly on the symbolic level of representation. In summary, the lesson under-
scored the different chemical symbols, the positions of the elements on the periodic table (the respect-
ive groups), the names of the groups and group numbers and the horizontal periods. Although the
lesson included the sub-microscopic aspects, where the link was made between the proton number
and the number of protons in the nucleus and the number of electrons, it was disconnected from
the wider macroscopic world of real-life phenomena. Indeed, such phenomena (macroscopic level)
can only be understood when a learner is introduced to the corpuscular building blocks of Chemistry
such as the atom, ions and molecules, which are all embedded in the content derived from the periodic
table. In the post-lesson discussion, when the teachers were asked why they had ignored the macro-
scopic level and its relation to real-world experiences, they said: ‘Well, we will have to read up more on
that because it’s not easy to relate elements to [their] natural occurrences’.
Drawing on Treagust et al.’s (2003) typology of verbal explanations, the teachers engaged in

several ways with anthropomorphic explanations. This happened when they compared the period
table with the ‘Bible’, the description of the ‘zig-zag’ line for separating metals from non-metals,
and when they referred to the group eight elements as ‘kings’, stating that: ‘They don’t mix with
the other elements’. The comparison between the role of the periodic table and the Bible suggests
an analogical explanation. Furthermore, one of the teachers in the group developed a long acronym
or rhyme which he described as a key the learners can use to unlock the location of the diatomic
elements on the periodic table. These explanations mainly leaned towards analogical understand-
ings as they wanted to show how important the periodic table is when learning Chemistry by com-
paring it with the Bible.

Lesson 3: Acids and Bases
The introduction of the lesson is summarised in the quote below:

I have just come from the market where I saw lots of fruit and I was wondering how many types of fruit I saw
there were acids and bases. I could only afford to buy some oranges, so I want us to test whether oranges
are acidic or basic. So, in today’s lesson we are going to look at acids and bases. But before we do that, can
anyone tell me what is an acid and what is a base?

The class responded:
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An acid tastes sour, Sir, and it has corrosive properties, whereas a base tastes bitter and is not corrosive.
For example, a car battery is acidic and it can damage your clothes and skin if it falls on it, whereas the soap
that we wash with is a base. It does not damage your skin when you wash with it.

The lesson continued by the teachers explaining the pH scale and how it can be used to differentiate
between acids and bases. For example, ‘from one to seven is an acid. A base has a pH of above seven.
So it falls in between seven and 14′. This explanation was complemented with different examples that
fit within the different ranges of the scale. Here the teachers compared battery acid with vinegar and
explained why vinegar can be ingested without causing harm to the human body as opposed to
battery acid, which is more corrosive and dangerous and hence it cannot be ingested by the body.
From this point onwards the focus shifted towards the different indicators and how they can be used
to determine whether a substance can be classified as an acid or a base. After this explanation the
class was divided into three groups and provided with an orange and litmus paper, which they had
to use to determine whether the juice of an orange can be classified as an acid or a base.

Lesson 3: Interpretation
This lesson focused mainly on the macroscopic and symbolic levels of representation. It also touched
on the sub-microscopic properties. For example, the oranges that were collected at the market place,
vinegar, battery acid and ‘soap’ are all associated with the macroscopic levels of representation. The
practical activity where the group had to determine the pH of orange juice seemed to shift the focus
from the macroscopic level to the symbolic and sub-microscopic levels of representations. When
the teachers were asked why they focused mainly on the practical activity they stated that their aim
was to do an activity so that the learners can discover the symbolic and sub-micro level of represen-
tation on their own.
The model of explanations in Treagust et al. (2003) makes it evident that the teachers used a

problem-based approach to differentiate between acids and bases. Such an approach involves
explaining a concept by drawing on a hypothetical problem as a basis to convey the content verbally.
Evident in such explanations is the use of calculations, numbers and figures to explain phenomena.
This model-based approach was complemented with relational explanations in which the teachers
used ‘battery acid’ and ‘vinegar’ to explain the difference between a strong acid and a weak acid.
They also assigned pH values to differentiate between pH strengths, which points towards analogical
explanations in which a familiar phenomenon is used to explain an unfamiliar phenomenon. They did
not draw on theory to explain these differences, nor did they give any causal scientific explanations for
their statements. Instead their definitions of acids and bases were based on the values of the hydrogen
ion (pH) and hydroxide ion (pOH) concentrations of the substances. If these explanations are not
offered with care, teachers might create confusion or naive conceptions in Chemistry. One essential
component missing from this lesson was the epistemological duty of the teacher to guide the learners
to distinguish between the different chemical models of acids and bases by introducing them to their
symbolic and sub-microscopic properties. When asked in a post-lesson interview why they defined
it in this way, they responded: ‘Well, this is how the textbook describes it. Also, learners come to us
from lower grades with this knowledge about acids and bases’. The teachers’ response is consistent
with the view of Van Berkel et al. (2009) that textbooks are flawed with misconceptions and inaccurate
descriptions. Consequently, teachers must question textbook definitions and descriptions in order to
challenge the misconceptions learners have about school Science.

Lesson 4: What are Isotopes?
Owing to spatial constraints only a brief summary of this lesson is provided. The lesson was introduced
by drawing an oxygen molecule on flipchart paper as follows:

8
16O

The teachers then discussed the atomic (proton) number and atomic mass and their relation to the
element. For example: ‘Can you see the small number and the bigger number in the box. The small
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number is the atomic number and the big number is the mass number. The number eight means the
number of protons found in the nucleus and the difference between the number of protons and the
atomic mass number gives us the number of neutrons’. They then draw three different oxygen
elements on the flipchart with varying mass numbers and kept the atomic number constant, namely,
8
16O, 817O and 8

18O, and explained the difference in the number of neutrons, hence introducing the
term isotopes. They continued the lesson by using another element following the same explanation
as they did with oxygen.

Lesson 4: Interpretation
The lesson focused mainly on the symbolic levels of representation and to a limited extent on the
sub-microscopic level of representation. The symbolic level was used when they introduced the
symbols and the sub-microscopic levels was used when they provided the subatomic particles
such as the mass number that describes the number of protons and neutrons combined and
the atomic number indicating the individual number of protons. Furthermore, they used problem-
based verbal explanations to explain concepts such as neutrons as the difference between the
proton number and the mass number. They also used a problem-based approach to explain
the term ‘isotope’ by using calculations and by drawing on the hypothetical representations of
oxygen.

Lesson 5: Chemical Bonding
The focus of this lesson was to explain how a chemical bond between sodium and chlorine is formed to
produce sodium chloride. They started at the symbolic level by drawing the symbols of the individual
elements on the board together with their respective atomic numbers. They then switched to the sub-
microscopic level by stating that the number of protons is equal to the number of electrons (seeing that
both elements are electrically neutral) and drawing the number of valence electrons around each atom.
They then explained the octet rule by stating that ‘these elements want to be like the noble gases, they
also want to be “kings”, therefore they share electrons to form an octet. When chloride has an octet the
bond is formed’. They concluded by showing how the bond occurs by sodium transferring its electron to
chlorine, resulting in the formation of an ionic bond. They made the link with the macroscopic levels of
representation by introducing the molecule as ‘that white stuff called salt that you throw in your food to
eat, that gives it flavour’.

Lesson 5: Interpretation
In this lesson the focus was on the symbolic and sub-microscopic levels, whereas the reference to
salt as ‘the stuff you eat’ hints at the macro level. This lesson was fraught with misconceptions. For
example, they did not mention the words ‘electrostatic force of attraction’ or ‘effective nuclear
charge’ between the protons and electrons in their presentation. Nor did they give any attention
to the binding energy as electrons are bonded to the sodium atom. They created the impression
that it is the ‘octet rule’ that overcomes the binding energy of the electron on sodium resulting in
the formation of the ionic bond. They did not mention the fact that lattice energy gives rise to the
formation of sodium chloride when millions of chlorine and sodium ions bond through electrostatic
interactions.
The explanations that they used were model-based, in that they drew a model of a chemical bond

and linked it to a problem-based approach in which the class had to calculate the number of electrons.
They also used anthropomorphic explanations when they described the octet rule as ‘elements aspir-
ing to be like noble gases’ and introducing salt as ‘that white stuff that you eat’.

Discussion

Table 1 is a summary of how the teachers enacted the three levels of representations and the types of
explanations they used in each lesson. By linking the five lessons with the way the teachers enacted
the three levels of representation and explanations, the findings reveal that even within a professional
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development programme emphasising the interconnectedness of the three levels of representation,
none of these groups were successful in fully integrating them in their lessons. The findings further
reveal that the emphasis is more on the symbolic and sub-micro levels and little connection is made
with the macroscopic level of representation. This contrasts earlier findings by Treagust et al. (2003)
which seem to privilege enactment at the macroscopic level.
Each lesson, irrespective which level of representation was emphasised, revealed misinterpretations

and misconceptions of various key terms as well as of the models they used to explain phenomena.
The findings from this study and similar other studies (Talanquer, 2011; Davidowitz, Chittleborough
& Murray, 2010; Taber, 2013) are a cause of concern about the way teachers teach basic Chemistry
to their learners. For example, in Lesson 1 the model of the atom was presented as electrons orbiting
the positively charged nucleus. This model, Talanquer (2011) explains, was chosen on the basis of the
teachers’ visualisation of the atom. Although this model (Bohr’s model) is not incorrect, it lacks scien-
tific rigorous. For example, in the hydrogen model (also referred to as the single electron model) of the
atom the electron does not move around the nucleus in discrete energy lanes, but moves randomly
around the nucleus and is kept intact by the effective nuclear charge of the atom.
Possible reasons for teachers’ focus on the symbolic level in this study could be the assumed pro-

gression by learners from earlier grades and the fact that most teachers focus more on preparing their
learners for the National Senior Certificate Examinations, which prioritises testing understanding at the
symbolic level. Another reason could be the fact that the focus for most Chemistry topics in textbooks is
on the symbolic level and sub-microscopic levels with little consideration given to the macroscopic
properties and applications in real life. In this regard, Talanquer (2011) points out that, when teachers
teach any topic in Chemistry, it is pedagogically advantageous to begin with the learners’ understand-
ing of a topic by drawing from their personal experiences of the real world (macro level). This can be
followed by introducing them to various models by highlighting the scientific concepts used to build the
models (symbolic level).
The findings also revealed that the teachers relied largely on anthropomorphic, relational and

problem-based explanations and to a limited extend on model-based and analogical explanations to
deliver the content. These types of explanations have the potential to create confusion and misconcep-
tions about scientific concepts if learners cannot relate them to real-life examples to explain phenom-
ena (Van Berkel et al., 2009). Because of the complexity of triplet chemistry and to avoid learner
confusion and misconceptions with these types of explanations, it is important that teachers should
not overload learners with content during a lesson (Dumon & Mzonghi-Khadhraoui, 2014; Taber,
2013). By restricting the amount of information conveyed to the learners, they can interrogate and inte-
grate the core content in a more robust manner. This will assist learners to make the link between exist-
ing information and the new information provided at the respective levels by the teacher. When
learners grasp the new content at the macro and symbolic levels, teachers can then model the way
chemists operate between the three levels of triplet chemistry by using the language of the sub-micro-
scopic level.

Table 1. Teachers’ enactment of triplet chemistry and types of explanations used

Lesson

Level of representation Type of explanation

Macro Symbolic
Sub-
micro Analogical

Anthropo-
morphic Relational

Problem-
based

Model-
based

1 (Y) Y (Y) Y
2 Y (Y) Y Y Y
3 Y Y (Y) (Y) Y Y
4 Y Y Y
5 (Y) Y Y (Y) Y Y

Y, Used; (Y), hinted at.
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Recommendations and Conclusion

The findings revealed that the professional development programme did not succeed in what it set out
to achieve, that is, the teaching of the integration of the three levels of representation in Chemistry. This
implies that one could question the usefulness of calling on the teachers’ own practices tempting them
to present what they refer to as an ‘exemplary lesson’. It is therefore recommended that teachers
design a new lesson ‘together’ by following the pedagogical steps outlined in the findings to assist
them in the planning of a lesson, particularly in addressing the shift between all three levels of rep-
resentation. They can then try this newly designed lesson out in their classrooms and report back
through mobile phone footage.
The findings also have implications for curriculum development in South Africa. It is recommended

that the detailed CAPS curriculum includes frequent cross-references and opportunities for linking the
three levels of representation explicitly. This will assist teachers to overcome the challenge that
the teaching of Chemistry faces in South Africa by evolving suitable didactic practices to preserve
the unity of Chemistry at all three levels of representation.
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