BOOK OF PROCEEDINGS – LONG PAPERS
30th Annual Conference of the Southern African Association for Research in
Mathematics, Science and Technology Education
18 –20 JANUARY 2022

CONFERENCE THEME:
Embracing Change and Transformation in a Technologically Enhanced Environment
through
Mathematics, Science and Technology Education (MSTE) Research

Hosted by a consortium of Western Cape Institutions
Cape Peninsula University of Technology (CPUT), University of Cape Town (UCT),
University of the Western Cape (UWC), Stellenbosch University (SU),
African Institute for Mathematical Sciences Schools Enrichment Centre (AIMSSEC) &
Primary Science Programme (PSP)

1

SPONSORS
The SAARMSTE Executive Committee would like to thank the following sponsors for their
support of SAARMSTE activities. The sponsors make it possible for SAARMSTE to sustain
the development of mathematics, science and technology education researchers in southern
Africa

Cite as:
K R Langenhoven & C H Stevenson-Milln (2022). Book of Proceedings of the 30th Annual
Conference of the Southern African Association for Research in Mathematics, Science and
Technology Education. Western Cape: SAARMSTE.
Website: http://www.saarmste.org
Copyright © 2022 left to authors
All rights reserved
ISBN: 978-0-6398352-4-2
Compiled by: K R Langenhoven & C H Stevenson-Milln

2

Contents
SPONSORS .............................................................................................................................. 2
MESSAGE FROM THE SAARMSTE PRESIDENT .......................................................... 6
SAARMSTE COMMITTEES 2021-2022 .............................................................................. 7
REVIEWING PROCESS FOR SAARMSTE LONG PAPERS 2022 ................................. 8
LONG PAPER REVIEWERS 2022 ................................................................................... 9
GUIDELINES FOR PAPER SUBMISSION AND PRESENTATION - 2022 ............. 11
MATHEMATICS LONG PAPERS ..................................................................................... 12
EXPLORING THE EFFICACY OF THE SIX-LENS FRAMEWORK IN
DEVELOPING PRE-SERVICE MATHEMATICS TEACHERS’ REFLECTIVE
PRACTICE ............................................................................................................................. 13
Samukeliso Chikiwa & Mellony Graven ............................................................................. 13
MULTIPLE MEDIATORY ROLES OF ARTEFACTS IN LARGE CLASSES: A
GRADE 1 TEACHER’S ORCHESTRATION OF ARTEFACTS WHEN
INTRODUCING THE CONCEPT OF ADDITION .......................................................... 22
Fraser Gobede ...................................................................................................................... 22
GRADE R TEACHERS’ INSTITUTIONAL IDENTITIES PROPOSED IN POLICY
AND NARRATED IN INTERVIEWS OF A TEACHER’S EXPERIENCES................. 36
Roxanne Long1 & Mellony Graven 2 ................................................................................... 36
TASK DESIGN GRAPPLINGS IN INTEGRATING MUSIC AND FRACTION
REPRESENTATIONS .......................................................................................................... 49
Tarryn Lovemore, Sally-Ann Robertson & Mellony Graven .............................................. 49
REVISITING GEOBOARDS TO TEACH QUADRILATERALS WITHIN THE VAN
HIELE TEACHING FRAMEWORK ................................................................................. 62
Given K. Matengu & Marc Schäfer ..................................................................................... 62
GRADE 9 LEARNERS’ WAYS OF WORKING WITH ALGEBRAIC FRACTIONS:
ERRORS AND MISCONCEPTIONS ................................................................................. 75
Nwabisa Mbeki1 & Mbekwa M.O2 ...................................................................................... 75
AN INVESTIGATION OF THE TEACHING OF STANDARD UNITS OF LENGTH,
CAPACITY AND MASS IN STANDARD 4 IN MALAWI ............................................... 93
Liveness Mwale ................................................................................................................... 93
MATHEMATICAL MEANING-MAKING: IT’S NOT JUST ALL TALK ................. 106
Sally-Ann Robertson & Mellony Graven .......................................................................... 106
GRADE 8 LEARNERS’ MISCONCEPTIONS IN SURFACE AREA AND VOLUME
RELATIONSHIPS............................................................................................................... 119
Edwin Sibanda & M France Machaba ............................................................................... 119
MATHEMATICS TEACHERS’ PREFERENCES REGARDING CONTINUOUS
PROFESSIONAL DEVELOPMENT ACTIVITIES ....................................................... 133
Charles R. Smith1, Cyril Julie1 , Benita P Nel1 & Faaiz Gierdien2 .................................... 133
ANALYSING UNDERGRADUATE STUDENTS’ SCHEMA DEVELOPMENT OF
3

MULTIVARIABLE LIMITS ............................................................................................. 146
Benjamin Tatira ................................................................................................................. 146
RELATIONSHIP BETWEEN STUDENTS’ CONCEPTUAL KNOWLEDGE AND
PROCEDURAL KNOWLEDGE OF SOLVING LINEAR PROGRAMMING TASKS
................................................................................................................................................ 161
Robert Wakhata1, Dr. Mutarutinya1 & Dr Balimuttajjo2 .................................................. 161
SUPPORT TEACHERS NEED TO ASSIST LEARNERS EXPERIENCING
MATHEMATICAL LEARNING DIFFICULTIES ......................................................... 178
Kayla Willemse, T. Venketsamy & Nadia Swanepoel ...................................................... 178
SCIENCE LONG PAPERS ................................................................................................... 191
THE PLACE OF LEARNER VIEWS IN EXAMINING PRE-SERVICE
TEACHERS’ ENACTED TOPIC SPECIFIC PEDAGOGICAL CONTENT
KNOWLEDGE .................................................................................................................... 192
Olutosin Solomon Akinyemi & Elizabeth Mavhunga ....................................................... 192
EVALUATION OF A ROBOTICS INTERVENTION TO ENHANCE THE
LEARNING OF NEWTON’S SECOND LAW MOTION CONCEPTS........................ 205
Katlego Leshabane, C Coetzee and K Moodley ................................................................ 205
DISTANCE STUDENTS’ EXPERIENCES OF USING WHATSAPP TO LEARN
PHYSICS EDUCATION ..................................................................................................... 220
Dennis Luchembe .............................................................................................................. 220
EMBEDDING FORMATIVE ASSESSMENT IN CLASSROOM PRACTICE:
PHYSICAL SCIENCES TEACHERS’ PERSPECTIVES .............................................. 235
Halalisani Mngomezulu, Thasmai Dhurumraj and Sam Ramaila ..................................... 235
THE EFFECTIVENESS OF COMPUTER SIMULATION-BASED INSTRUCTION
FOR TEACHING CHEMICAL REACTION RATES .................................................... 246
Mamotena Mpeta, Samuel Jere & S Kaheru ...................................................................... 246
AN ANALYSIS OF TEACHERS’ CLASSROOM DISCOURSE IN BASIC GENETICS
................................................................................................................................................ 260
Shungu Mupfawa, Marissa Rollnick, K. Padayachee and Anastasia Buma ...................... 260
EFFECTS OF INQUIRY-BASED EXPERIMENTATION ON LEARNING
OUTCOMES IN BONG COUNTY, LIBERIA ................................................................. 272
Christian Bob Nicol, E. Gakuba & G. Habinshuti ............................................................. 272
EXPLORING NATURAL SCIENCES TEACHERS’ CLASSROOM PEDAGOGICAL
COMPETENCIES IN THE TEACHING (AND LEARNING) OF PARTICULATE
NATURE OF MATTER...................................................................................................... 287
K.B. Samuel, Washington Dudu and M.J. Sebatana ......................................................... 287
COOPERATIVE LEARNING ON STUDENTS’ KNOWLEDGE RETENTION AND
ATTITUDE IN CHEMISTRY ........................................................................................... 297
Aimable Sibomana*1, Claude Karegeya2, John Sentongo3 ............................................... 297
THE IDENTIFICATION OF THE DILEMMAS ONE FACES WHEN TEACHING
SCIENCE: A DILEMMA DRIVEN SELF-STUDY INQUIRY INVOLVING THE
4

TEACHING OF EVOLUTION .......................................................................................... 312
Tholani Tshuma & Eunice Nyamupangedengu ................................................................. 312
*My students find evolutionary genetics difficult/abstract to understand ..................... 318
effectively ...................................................................................................................... 318
My classroom dilemmas .................................................................................................. 318
My students find evolutionary genetics difficult/abstract to understand ....................... 327
effectively ...................................................................................................................... 327
My classroom dilemmas .................................................................................................. 327

5

MESSAGE FROM THE SAARMSTE PRESIDENT
It is my great pleasure to welcome all of you to the 2022 SAARMSTE
Conference, hosted by a Western Cape Consortium of institutions
comprising of Cape Peninsula University of Technology (CPUT),
Stellenbosch University (SU), University of Cape Town (UCT),
University of the Western Cape (UWC), African Institute for
Mathematical Sciences Schools Enrichment Centre (AIMSSEC) and
Primary Science Programme (PSP). It is the second year in which we
are dealing with a virtual format, and all the opportunities and
challenges that such formats offer. The theme of the Conference is
particularly apt for the times we are in: Embracing Change and
Transformation in a Technologically Enhanced Environment
through Mathematics, Science and Technology Education (MSTE) Research. We have all learnt a lot in
the last two years about technologically enhanced environments, but we have much more to learn,
through a rigorous research lens, about what has been gained and what we have to attend to if we
are to retain more of what make STEM teaching and learning joyful and constructive enterprises.
We are delighted to welcome regional and international experts to this conference including our
plenary speakers: Prof Elizabeth Mavhunga from South Africa, Prof Nathalie Sinclair from Canada and
Prof Dick Ng’ambi from South Africa. We also continue to welcome, encourage and support healthy
numbers of emerging scholars – including those currently studying for Masters and PhD qualifications
– to the conference. The latter group represent the future of SAARMSTE and it is a future that shines
bright in the wake of the sterling work that the SAARMSTE Research Capacity Building Committee
continues to do, supporting doctoral and early career post-doctoral scholars with writing for their
PhDs and for publications. The Writing Clinics organised by the AJRMSTE Editorial Board are a second,
important arm of this work of building the next generation of scholars.
In amidst these successes, the last year has also been a time of loss. The COVID-19 pandemic took our
colleague and friend Prof Audrey Msimanga, the Chair of the SAARMSTE Research Capacity Building
Committee and SAARMSTE President-Elect. Her passing leaves a void in many lives in the SAARMSTE
community; we remember Audrey and others in the SAARMSTE family that we have lost in the course
of the Covid pandemic with fond memories and with gratitude for all they added to our lives. My
thanks also to the Research Capacity Building Committee for ensuring that the 2021 Research School
continued, and in particular to Marissa Rollnick, a SAARMSTE stalwart, who stepped into leading the
Committee at such a difficult time.
We also offer a huge thanks to Busisiwe Alant who is stepping down from her position as AJRMSTE
Chief Editor after three years in this role. Under Busi’s stewardship, AJRMSTE has steadily gone from
strength to strength across the full range of journal indices, and the Editorial team continue to offer a
supportive environment for those submitting papers. Sarah Bansilal, who is currently part of the
Editorial team takes over the Chief Editor role in 2022.
My tenure as SAARMSTE President comes to an end at the 2022 Conference. I learned much from
watching my immediate predecessors, Ken Ngcoza and Lyn Webb in this role – my sincere thanks to
both of them. SAARMSTE has been, and will continue to be, an important institution in my personal
growth as an academic. My best wishes to all existing and new office bearers and to SAARMSTE going
forward! I know the future of SAARMSTE is bright in all of your very safe hands!

Professor Hamsa Venkat
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REVIEWING PROCESS FOR SAARMSTE LONG PAPERS 2022
All 6 000 – word long papers were reviewed by at least two external reviewers.
Reviewers were selected from the list of reviewers for the African Journal for Research in
Mathematics, Science and Technology Education (AJRMSTE) published by Taylor & Francis.
Other recognized researchers in the field of Mathematics, Science and Technology Education
were also approached to be reviewers.
The reviewers’ suggestions were considered by the members of the Review Panel. Where there
was consensus, the reviewers’ recommendations were accepted by the Review Panel. Where
consensus was not reached, the Review Panel appointed at least one other reviewer and all
reviews were taken into consideration before a decision was made.
In cases where papers were accepted with conditions, authors were guided to make changes in
order to have their papers accepted, or provide a compelling argument for no further revision.
Long papers that were re-worked and re-submitted by authors underwent a final review and
editing process before being published in the accredited Book of Proceedings.
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GUIDELINES FOR PAPER SUBMISSION AND PRESENTATION - 2022
Long paper: Maximum of 6000 words, including references, for a 30-minute pre-recorded,
narrated presentation. Long papers are equivalent to journal publications utilising the same
criteria as AJRMSTE articles and are reviewed accordingly. In accepting a long paper for
presentation at the SAARMSTE conference, the Review Panel presumes:
1) The paper is original and has not been published elsewhere;
2) Permission will be granted by the author for the accepted long paper to be published in the
accredited Book of Proceedings;
3) At least one of the authors will register and attend the conference to present the paper;
4) First authors will only present one long paper at each conference.
Long papers are fully peer reviewed and thus attract Department of Higher Education and
Training subsidy.
Short paper: Maximum of 1500 words, including references, for a 20-minute pre-recorded
and narrated presentation. Short papers should highlight preliminary findings and significance
of the research. Short paper submissions could be the first draft of a journal article consisting
of: abstract, introduction literature review, methodology, results and conclusions. Authors are
encouraged to submit short papers for development of an article at the post conference
workshop. After acceptance of the 1500 word short paper, authors may elect to develop their
research further into a 3600 word paper which will NOT be reviewed but, after consultation
with the editor, could appear in the electronic record of Research Papers in Mathematics,
Science and Technology Education. Short papers are not eligible for DHET subsidy.
Snapshot paper: Maximum of 1500 words, including references, for a 10-minute pre-recorded
and narrated presentation. Snapshot papers should be based on emerging research, not
necessarily with results, but with a framework of: abstract, introduction, literature review,
methodology and the way forward.
Symposium / panel paper: Maximum of 1500 words, including references, for a 90-minute
pre-recorded and narrated team discussion around issues where different points of view,
approaches, debates or analysis of the same problem are presented. The paper should contain
details of each speaker’s contribution and how these come together to create a forum for debate.
This is not a forum for the presentation of multiple short papers. The emphasis is on exchange
of ideas and discussion.
Short papers, snapshots, posters and symposia papers should appear in the 2021 electronic
record of Research Papers in Mathematics, Science and Technology Education. These are not
fully peer reviewed and thus do not attract Department of Higher Education and Training
subsidy.
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EXPLORING THE EFFICACY OF THE SIX-LENS FRAMEWORK IN
DEVELOPING PRE-SERVICE MATHEMATICS TEACHERS’ REFLECTIVE
PRACTICE
Samukeliso Chikiwa & Mellony Graven
Rhodes University
Abstract
Reflection on practice is an important skill in many professions. Research suggests that formalised
reflection is particularly appropriate for the complex work of teaching. As reflective practice (RP) is
neither inborn nor easy to develop, frameworks have been devised to support teachers as they develop
this skill. This research investigated the usefulness of Karsenty et al.’s (2015) six-lens framework (SLF)
in developing pre-service teachers’ (PSTs) reflective practice. A lecturer at a South African university
employed the framework with PSTs using video-recorded lessons. We analysed 14 PSTs’ written
reflections to investigate how different lenses had shaped them. This paper focuses on the question: To
what extent do PSTs focus on mathematical versus general events in their written reflections of video
lessons? We found that PSTs tended to focus more on mathematical events in relation to three lenses.
We argue that the framework is useful for supporting a reflective focus on mathematical events.
Introduction
The standard of mathematics performance in South Africa is poor, as evidenced by both national and
international assessments such as the NCS, SACMEQ and TIMMS reports (Spaull, 2013; Reddy, 2018).
Research cites poor teaching as a major cause for the dismal performance of students in mathematics at
all levels of learning (Spaull & Kotze, 2015; Chikiwa, 2017; Graven & Venkat, 2017). Efforts to
understand and address this crisis suggest the need for improved teacher preparation in pre-service
teacher education (PTE). South African mathematics teachers seem to have inadequate content and
pedagogical knowledge to meet the complexities of teaching mathematics in multicultural, multilingual
South African classrooms (Spaull, 2013; Chikiwa, 2017). Ibrahim-Didi (2015, p. 1) thus proposes that
teacher education needs to respond to the challenge of developing teachers “who can think on their feet
and make responsive changes to their instructional practice in the moment”. The habit of reflecting
critically on one’s practice is understood to help one identify deficiencies in one’s knowledge and
ability. Studies involving PSTs in the classroom have found that RP is instrumental in developing
teaching and learning skills (Schön, 1983; Minott, 2008). Yet it appears to remain a rare habit among
teachers, even when it has been included in PTE programmes. This may suggest weaknesses in existing
approaches to developing PSTs’ ability to reflect on their teaching practice. There seems to be a need
for more guided and explicit research-informed development of RP in PTE, perhaps especially in the
context of teaching mathematics.
Explicit RP development is still gaining momentum in South African PTE and was relatively new in
the research conducted at our university. Our research was a case study exploring RP development
among a single cohort of PSTs participating in a third-year mathematics method course. The lecturer
introduced three sessions of video-based lesson analysis using the SLF as a guide, with the intention of
developing RP and Mathematics Knowledge for Teaching (MKfT, after Ball, Thames, & Phelps, 2008).
This paper emerges from a broader study in which the first author explored the nature of student
teachers’ reflections on video recordings of mathematics lessons over time. A primary focus of that
research was categorising PSTs’ levels of reflective practice to see whether their reflections shifted
towards higher levels of reflection with time and exposure to the SLF (see Chikiwa, 2020; Chikiwa &
Graven, 2021). In this paper, we focus on our findings regarding the research question: To what extent
13

does the six-lens framework guide PSTs’ focus on mathematical versus general events in their written
reflections on video-recorded lessons? Our interest in this paper lies in establishing the effectiveness of
the SLF in guiding the PSTs’ focus to mathematical aspects of the lesson rather than general ones. The
study contributes to research that seeks to establish effective ways of explicitly developing PSTs’ RP
so as to inform PTE at large.
In our experience of using video recordings of mathematics lessons with both pre-service and in-service
teachers, teachers tend to focus more on general than on mathematical events. Teachers comment on
whether learners are active, are having fun, are listening, are well behaved, etc. Teachers also comment
on the sound of their voice or on whether their board work is neat, and so forth. We have found that it
takes explicit mediation to get teachers and PSTs to focus on how mathematical ideas are being
presented, processed and learned. This is in line with the findings of a range of research (Larrivee, 2008;
Minott, 2008 Karsenty et al., 2015; Karsenty & Acarvi, 2017). Given the state of mathematics education
in South Africa, a key intention of our work with teachers is to increase their reflective focus on
mathematical aspects and events in lessons – when watching a lesson, when conducting their own lesson
or when reflecting after a lesson and planning for the next lesson. In order to structure this process, we
turned to the six-lens framework devised by Karsenty, Arcavi, & Nurick (2015). Our research sought
to understand the potential of such a tool to help teachers achieve a wider range and higher levels of
reflection, with a greater concentration on mathematical events (the focus of this paper).
We begin our literature review with a discussion of the value of RP for teaching in general, then turn to
mathematics teaching in particular, finally describing the six-lens framework and the findings of the
researchers who developed it. We briefly discuss our theoretical perspective and research methods
before sharing our results, based on the quantitative analysis of data from the coding of mathematical
versus general reflections drawn from the written reflections of 14 PSTs who agreed to participate in
the research. We conclude by suggesting some of the implications of this research for mathematics inservice teacher education.

Reflective practice as a tool for effective teaching
Reflective practice is regaining momentum in the field of educational research world over as a
significant tool for both teaching and learning. According to Jay and Johnson (2002), it was considered
a teacher education ‘grand idea’ in the 1980s and played a central role in the preparation of pre-service
teachers. While its aura faded somewhat towards the beginning of the 21st century, we find it once more
dominating discourse in the educational research aimed at dealing with inadequacies in both teaching
and learning (Darling-Hammond, 2009). Developing teachers’ RP is an increasingly significant element
in teacher education programmes as it is perceived as a tool for life-long learning (Darling-Hammond,
2009; Karsenty & Acarvi, 2017). Mathew, Mathew, & Peechattu (2017) claim that the complexity of
the work of teaching requires teachers constantly to reflect on their practice to improve instruction and
for their own professional development. RP enables teachers to become more self-aware and thereby
engage in a process of continuous learning (Schön, 1983). According to Ibrahim-Didi (2015), “allowing
pre-service teachers to reflectively examine classroom scenarios from a situated perspective has the
potential for them to increase their ability to ‘notice’ aspects of practice that have particular significance
in educational settings and inform their professional responses” (p. 1). Armutcu & Yaman (2010)
propose that teachers need to reflect on their learners’ thinking, understanding, interests and
development. In line with Ward and McCotter (2004), Armutcu & Yaman (2016) also suggest that
teachers be trained to reflect both on the content of the subject they teach and on how to apply particular
teaching strategies.
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John Dewey (1933), who introduced the notion of reflection from which Schon (1983) coined the term
RP, contends that “it is impossible to become, and continue to be, an effective teacher without a personal
commitment to reflective practice” (p. 9). Expanding on Dewey’s ideas, Schon (1983) elucidates the
significance of reflection in the work of teaching. He proposes that the process of reflection-in-practice
is a means by which “professionals engage in a continuing dialogue with the permanently changing
situation of their practice, and in so doing draw on both their knowledge-in and their knowledge-of
practice; that is, their own and others’ reflections on and enquiries into practice” (p. 509). Loughran
(2002) adds: “It is not surprising, then, that reflection continually emerges as a suggested way of helping
practitioners better understand what they know and do as they develop their knowledge of practice
through reconsidering what they learn in practice” (p. 34). Even more succinctly, Kelly (2006) observes
that without developing RP it is impossible to gain expertise. We thus found RP a significant discourse
to engage with concerning pre-service teacher education. Our larger study explored the PSTs’
development of RP in the context of video-based lesson analysis. We aimed to develop our PSTs’ RP,
bearing in mind Ward and McCotter’s (2004) caution that RP is neither an inborn skill nor easy to
develop, and Jay and Johnson’s (2002) assertion that “teaching PSTs to reflect is in many ways teaching
them to ‘think like a teacher’” (p. 73).
Although RP is a prominent thread in the discourse of educational research, it is by no means an
unambiguous concept (Beauchamp, 2015; Ibrahim-Didi, 2015). When reviewing the literature on RP
for our study, we were struck by the lack of clear consensus on what RP is and how it can be developed
(Chikiwa, 2020). Authors used various terms to identify the concept – reflection, reflective thinking,
RP, reflectivity, reflexivity – and formulated various definitions to accompany them. Beauchamp
(2015) conducted an in-depth theoretical analysis to stabilise the concept of RP. Her study found 55
definitions of RP, with a wide diversity of meanings. Kaminski (2003) attributes the lack of consensus
about RP to the fact that it has been approached from a variety of perspectives, including the political,
moral, social and educational. Russell (2005) warns that the absence of consensus on what RP is should
alert teachers and teacher educators to the fact that RP is not a simple practice to adopt or teach.
Despite the many perspectives on RP, they all agree that RP is not haphazard and does not happen by
chance, but both consists of and results from a persistent habit of careful thought and systematic
procedures (Dewey, 1933). Giaimo-Ballard and Hyatt (2012) observe that the participants in their study
“made it clear that intentionality was key to reflective thought” (p. 9). They argue that “making
reflection intentional is similar to Dewey’s concept of reflection in that it becomes a habit of the mind,
including a plan that is well thought out and purposeful. This is an important step in the continuous
process of enhancing teaching and learning” (Giaimo-Ballard & Hyatt, 2012, p. 9).
For this research we adopted Dewey’s (1933) definition of RP as a deliberate way of thinking about
experience that helps one to learn from mistakes, identify skills and strengths, and develop options and
actions for change and future success, promoting a lifelong process of learning and development. We
found this definition relevant to our aim of engaging PSTs’ thoughts and actions in ways that might
result in improving the teaching and learning of mathematics in South Africa. Dewey’s (1933)
characterisation of RP as “a habit of the mind” suggests that RP develops over time, as all habits do. It
is not a one-day or once-off event but a regular, repeated activity that becomes hard to give up. Once a
teacher has mastered the skill, it becomes a lifetime tool for professional growth: “If we think about
reflection as a habit of mind … it reminds us that praxis – reflection and action – should be intrinsic to
the work we do as teachers” (Jacobs, 2016, p. 5).

Developing pre-service teachers’ reflective practice
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While there is general consensus on the benefits of RP in the field of education, developing this golden
skill is by no means a walk in the park. Among the several challenges is that there is little guidance for
PST educators because not much research has been devoted to the process of developing RP among
student teachers. It seems that the methods PTEs have been employing to develop the skill have not
been very successful (Ward & McCotter, 2004; Blaik Hourani, 2013). In many PTE programmes, RP
is introduced as a form of assessment in terms of which PSTs are required to reflect on progress made
during their training or reflect on their experience of teaching practice (TP). Ward and McCotter (2004)
claim that PSTs commonly perform poorly in these assessments because they do not fully understand
what RP is. Blaik Hourani (2013) concurs: “The structure of the Bachelor of Education program, where
reflection is neither taught through a fully-fledged course nor is explicitly part of the curriculum,
necessitates tracing the challenges and amendments required for teachers’ training to improve reflective
practice” (p. 14). The relevant research thus recommends the explicit development of RP in PTE (Ward
& McCotter, 2004; Blaik Hourani, 2013; Chikiwa, 2020).

The six-lens framework as a tool for supporting lesson reflection
Moran and Dallat (1995) propose that the process of developing PSTs’ RP should be “ focused,
systematic and structured” (p. 25), or else “little learning is likely to occur”. Our research explored
PSTs’ RP development in a context that met the criteria proposed by Moran and Dallat (1995). The
teacher educator in this study employed video-based lesson analysis within a framework designed for
guiding mathematics teachers to develop both RP and mathematical knowledge for teaching. The aim
was to gauge the effectiveness of this framework, the six-lens framework (SLF) proposed by Karsenty
et al. (2015). According to Karsenty & Arcavi (2017), the SLF was designed to establish a sufficiently
detailed “language with which teachers can reflect on the mathematics teaching profession and on
processes of decision-making within it” (p. 434). They sought thereby to make explicit the mathematical
concepts informing a lesson and provide teachers with the means to enhance and strengthen their
transmission. The six lenses of the framework are: (1) mathematical and meta-mathematical ideas
around the lesson’s topic (MMI); (2) explicit and implicit goals that may be ascribed to the teacher
(Goals); (3) the tasks selected by the teacher and their enactment in class (Tasks); (4) the nature of
teacher-student interactions (Interactions); (5) teacher dilemmas and decision-making processes
(DDM); and (6) beliefs about mathematics, its learning and its teaching as inferable from the teacher’s
actions and reactions (Beliefs) (Karsenty & Arcavi, 2017).
Karsenty et al. (2015) describe mathematical and meta-mathematical ideas as the range of relevant
concepts, procedures and ideas that may be associated with a given mathematics topic. Karsenty and
Arcavi (2017), claim that reflecting on MMI “not only enables teachers to overtly explore ideas related
to a certain topic; it also helps to reﬁne, rethink and re-connect among them, and sometimes even to
learn something new” (p. 441). Explicit and implicit goals are a set of goals the teacher desires to
achieve during the given lesson. The choice of these is usually determined by the network of
mathematical concepts and ideas around a given topic (Karsenty et al., 2015). Ascribing goals to the
observed teacher assists the viewing PST to understand the teacher’s actions and decisions, while also
alerting them to the significance of setting meaningful goals. Karsenty et al. (2015), argue that reflecting
on this lens promotes the ability to set meaningful lesson goals, and alerts PSTs to the possibility of
goals shifting during a lesson. Tasks and activities are the mathematical problems and activities that the
teacher assigns to the learners to assist achieve the lesson goals. Reflecting on tasks and activities
exposes the PSTs to both content and strategies of teaching mathematics. Since the SLF is teacher
focused, interaction with learners is about how the teacher: interacts with learners, assigns the tasks
and activities; introduces the tasks and activities; poses further questions; gives learners time to respond;
listens to learners; navigates learners’ responses, and provides feedback. Dilemmas and decision making
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relates to unexpected events occurring during the lesson requiring teachers to ‘think on their feet’.
Schoenfeld, (1998, 2010) claims that decision making is central to the work of teaching and is often
necessitated by the dilemmas teachers face. Reflecting on DDM helps PSTs to observe and discuss the
dilemmas that filmed teachers encounter and the decisions made to resolve these thus prompting them
to consider how they might respond in similar situations. Beliefs include explicit and implicit attitudes
a teachers have about mathematics teaching and learning that arise from their experiences and shape
everything they do in lessons (Karsenty et al., 2015). Reflecting on other teachers’ beliefs assists PSTs
to realise the impact of one’s beliefs on mathematics teaching and learning. The SLF is thus a mediation
tool to guide the noticing of key lesson elements that support the development of professional teaching
competence. This paper focuses on how these lenses influenced PSTs written reflections.

Methodology
The research was carried out at a small university in South Africa with 19 PSTs who volunteered to
participate. The mathematics methods lecturer sought to develop her third-year Bachelor of Education
PSTs’ RP and MKfT through engaging them in video-based mathematics lesson analysis. The lecturer
employed the SLF to guide PSTs as they reflected on video-recorded mathematics lessons provided. In
session 1 of this course, the lecturer assigned different groups of PSTs different lenses to reflect with
(two lenses per group). Each PST in the group was to write personal reflections using the lenses given
to their groups. Similarly, in session 2, they were assigned three lenses to use while analysing the given
video-recorded lessons. In the third session, all the PSTs were assigned to reflect on the video-recorded
mathematics lesson using all six lenses. The PSTs were required to write their reflections individually
and submit them to the lecturer. We collected and made copies of the 19 PSTs’ written narratives from
three sessions of the module and analysed them using content analysis and a tool we designed for this
purpose. The tool was created by merging Lee’s (2005) and Muir and Beswick’s (2007) levels of
reflection frameworks, to produce a framework with four levels of reflection (see Chikiwa [2020] for a
detailed description of how this was done). The levels of reflection corresponded to four broad themes:
description, explanation, suggestion and reflectivity.

Coding the preservice teachers’ reflections
We employed data chunking to be able to manage, code and perform the content analysis. Jones (2012)
describes data chunking as the process of breaking down large amounts of data into smaller units that
can be more easily processed. Data was chunked using the coding rules that we established as we
interrogated the PSTs’ written reflections. We established rules for breaking down sentences into single
ideas. Complex and compound sentences were split into separate clauses and each clause was coded as
a single idea. We numbered each idea and coded them using sub-themes that emerged from the data.
The first major theme that emerged was that the PSTs’ reflections were either general or mathematical.
Thus, the reflections at each level were coded as general or mathematical, resulting in:
level 1: general descriptions (GD) and mathematical descriptions (MD);
level 2: general explanations (GE) and mathematical explanations (ME);
level 3: general suggestions (GS) and mathematical suggestions (MS); and
level 4: general reflectivity (GR) and mathematical reflectivity (MR).
General reflections were either generally pedagogic (applicable to the teaching and learning of any
subject), such as “The teacher asked a lot of questions”1 or referred to any classroom event not specific
to the teaching and learning of mathematics, such as “The teacher used an actual umbrella”, or “The
children were familiar with the story, therefore it was fun”. A reflection was deemed to be general when
the PST made no mention of mathematical concepts, terms, symbols, numbers, and/or ideas.
1

All the examples used in the paper were taken from our data, i.e., from actual PSTs’ reflections
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Mathematical reflections, on the other hand, pertained specifically to the teaching and learning of
mathematics. These were identified through the explicit mention of mathematical concepts, terms,
numbers, symbols or ideas, e.g. “She [the teacher] also takes an opportunity to introduce number names
and digits”, or through implicit reference to mathematical terms, numbers, symbols or ideas, e.g. “There
are other concepts that are emerging as she continues with the lesson”. The statement “there are other
concepts,” coming after the description of a mathematics concept in the preceding sentence was
considered to be implicitly about mathematical concepts and was therefore regarded as a mathematical
reflection. Some statements that seemed general were considered mathematical if the rationale given
for them was mathematical. For example, “By asking the questions it helps learners to develop
mathematical skills”. The initial phrase “by asking the questions” signals a general observation, but the
rationale given for it is mathematical and therefore implicitly identifies the statement as a whole as a
mathematical reflection.

Findings and discussion
The main study of which this paper is a part sought to establish the nature of PSTs’ reflections on videorecorded lessons and the role played by the SLF as a tool used to guide these reflections. The focus of
the paper rests on how the SLF guided the PSTs to focus on mathematical aspects of the lesson. We
draw on the reflective narratives of 14 participants written during the third session. As stated earlier,
during the third session, the PSTs reflected on the given video-recorded mathematics lesson using all
the six lenses. We coded each of the written ‘ideas’ as described above and created a frequency
summary table of the total reflections for each lens across all 14 PSTs’ written reflections. These were
then converted to percentages of the proportion of total reflections for each lens that were coded as
mathematical or general. The frequencies of coded ideas across the four different levels of reflection
were converted to percentages. Table 1, below, provides a summary of the percentages of coded ideas
for reflection levels and for mathematics (M) versus general (G) across the six lenses (MMI, Tasks,
Goals, Interactions, DDM and Beliefs).
Table 1: Summaries of the 14 PSTs’ reflections using the six lenses of the SLF

LENS
MMI
Tasks
Goals
Interactions
DDM
Beliefs

Level 1
DESCRIPTION

Level 2
EXPLANATION

Level 3
SUGGESTION

REFLECTIVITY

Level 4

85%
84%
82 %
82%
83%
82%

14%
14%
19%
17%
13%
14%

1%
2%
0%
1%
4%
4%

0%
0%
0%
0%
0%
0%

M

G

64%
67%
78%
9%
37%
38%

36%
33%
22%
91%
63%
62%

Total
reflections

136
153
79
108
75
77

Figure 1, below, presents the percentages of mathematics versus general ideas in bar diagram format.
The figure indicates a relatively generous proportion of mathematical reflections for the first three
lenses (MMI, Tasks and Goals), while there is a dominance of general reflections for the Interactions
and DDM lenses and a near balance for the Beliefs lens.
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Figure 1: Summary of the 14 PSTs' General vs Mathematical reflections using the six lenses of the SLF

As shown in Table 1, the 14 PSTs wrote reflections that were for all lenses predominantly at the level
of description, with only a small percentage at the level of explanation, and an even smaller
percentage at the level of suggestion. There were none at the level of reflectivity.
From the M and G columns in Table 1 and from Figure 1 we see that 64% of their MMI reflections
were mathematical while 36% were general. Sixty-seven per cent of the Tasks were mathematical and
only 33% were general. The Goals lens produced 78% mathematical reflections versus 22% general. In
contrast to the dominance of mathematical reflections across these three lenses, only 9% and 37%,
respectively, of the reflections on Interactions and DDM were mathematical. The reflections on the
final lens ‘Beliefs’ were evenly balanced at 51% mathematical and 49% general.
As mentioned earlier in the paper, teachers tend to reflect on the more general aspects of lessons when
watching video recordings of them. On the basis of the data shared above, we argue that the SLF helps
to redress this imbalance and direct attention to the strictly mathematical aspects of lessons. In
particular, the lenses of MMI, Tasks and Goals seem to draw attention to mathematical ideas and events.
This suggests that PTEs should look to employing these lenses when wishing to focus PSTs’ attention
on mathematical learning and develop their MKfT. The findings confirm Karsenty and Arcavi’s (2017)
argument that teachers need guidance with deciding what to notice in a lesson. We believe from our
research that the SLF provides a useful tool for PST educators to use for supporting learning about
mathematics teaching. If time for the exercise is limited, then focusing on the first three lenses would
seem to be a priority. We thus concur with Larrivee (2008) that “without carefully constructed guidance,
prospective and novice, as well as more experienced, teachers seem unable to engage in pedagogical
and critical reflection to enhance their practice” (p. 344). However, if RP is systematically taught in the
way adumbrated above, teachers can develop a ‘repertoire’ or toolbox for reflection (Lambe, 2011).
While we argue for more time and increased opportunities for developing reflective practice using
subject specific meditational tools such as the SLF, further research is needed to establish whether such
increased and extended opportunities will lead to a broader range of levels of reflection and achieving
reflectivity for PSTs.
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Abstract
This paper illustrates novel uses of artefacts that were observed in a large Grade 1 classroom
that had a peak attendance of 170 learners during the period of the study. A qualitative case
study design was adopted, using a rich case of a Grade 1 teacher at a rural school with
outstanding learner achievement in the district. The teacher was observed when she was
introducing the addition of whole numbers to Grade 1 learners. This paper focuses on how the
teacher worked with artefacts using the Mediating Primary Mathematics framework as the
analytical lens. Whereas the teacher used the artefacts for modelling the process of addition,
it became apparent that the teachers’ use of artefacts was sometimes directed towards the
management of the large class. The study contributes to the discussion on the mediatory role
of artefacts in early grade mathematics education.
Introduction
Early-grade mathematics forms the basis of higher-level mathematics. Some studies have
shown a close association between the quality of learners’ early foundation mathematical
knowledge and their achievement in their later school years (Aubrey et al., 2006; Watts et al.,
2018). Any gaps in early years’ knowledge of mathematics can be compared to a structurally
weak foundation that makes it difficult for building on new concepts in higher-level
mathematics (Graven, 2016). To the early-grade teacher, this adds responsibility on how new
concepts are introduced. To enhance learners understanding of basic concepts, teachers at the
early-grade level must work with various representations of the same concept. As such, the
teacher deals with the dilemma of choosing among alternative representations that can be
meaningful to the young learners with minimal possibilities of propagating misconceptions
(Ball, 1993). This is mostly achieved with the aid of physical artefacts. Researchers and
mathematics educators agree on the need to move from concrete to abstract when teaching
mathematical concepts to young learners. Teachers often work with curriculum materials that
provide instructions and suggestions on how the teacher can approach the teaching of particular
content. Sometimes, the suggestions on teachers’ use of artefacts presented in curriculum
materials assume an ideal classroom where the major role is the representation of concepts, and
may overlook the classroom dynamics that may make the implementation of the suggestions
challenging.
In Malawi, teachers in the early grades of primary school often face the challenge of large
pupil/teacher ratios averaging 100:1. In rural communities, the learners mostly rely on the
teacher as the sole source of mathematical instruction, as they cannot access additional
mathematical knowledge from books, children’s television programmes, or online tuition. It is
for this reason, that this study adopted Vygotsky’s sociocultural theory that emphasizes the role
of a human mediating agent when working with cultural tools for mediating learning (Kozulin,
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2003; Wertsch, 2017). This study examines how a Grade 1 teacher worked with artefacts when
mediating the addition of whole numbers to a large class that had a peak attendance of 170
learners during the data collection period. The study was aimed at answering the question: In
what ways do teachers work with artefacts when introducing new concepts in the early grades
of primary school?
Review of related literature and theoretical framework
The 2010 Early Grade Mathematics Assessment (EGMA) involving Grade 2 Malawian
learners showed that almost half of them (56%) could not work out the addition of single-digit
numbers with a sum of not more than 10, as expected at their completion of Grade 1
(Brombacher, 2011). Issues of learner underperformance are not unique to Malawi. Some
studies carried out in South Africa revealed young learners’ failure to work out problems that
require adequate acquisition of number sense (Askew, 2013; Graven et al., 2013). Learner
underperformance in the early years of primary school can be linked to the way the teachers
work with representations of concepts including physical artefacts. Taking the 2010 EGMA,
for instance, Brombacher (2011) wondered why the learners who failed the single-digit
problems could not use their fingers to find the sum. In the case of South Africa, on the other
hand, Graven (2016) and Aploon-Zokufa (2013) found it unusual to note learners’ dependence
on concrete methods of calculating at a stage where they could progress to more abstract ways
of working. Aploon-Zokufa (2013) attributes learners’ underachievement to teachers’ minimal
emphasis on connections when teaching. Anthony and Walshaw (2009) also emphasize the
need for making connections when introducing new concepts so that the learners can relate the
new knowledge to what they already know. This can be achieved by the effective use of
different representations of the same concept.
The use of different representations for meaning-making is the core work of the teacher, who
is socioculturally considered the main mediating agent in the classroom (Kozulin, 2003;
Wertsch, 2017). The teacher works with cultural tools for mediating learning. This study
adopted the cultural tools suggested by the Mediating Primary Mathematics (MPM)
framework, namely: Tasks and examples, artefacts, inscriptions, as well as talk and gesture
(Venkat & Askew, 2018). In the MPM framework, tasks and examples act as the basis for the
teaching and learning of mathematics. The term “example” in the framework refers to the
worked examples done by the teacher and the class as well as the exercise examples mostly
done by the learners and marked by the teacher. Artefacts refer to physical manipulatives that
have relative permanence before and after a lesson (Askew, 2019). The MPM framework
places emphasis on how the teacher progressively works with artefacts from their physical form
to their ideal mathematical representation. Eventually, the teacher has to enable learners to
progress in the absence of the artefact―that is, fading the artefact (Venkat & Askew, 2018).
Inscriptions are what the teacher writes in the course of the lesson and are temporary. Talk and
gesture refers to the verbal explanations given by the teacher during the lesson and further
subdivided into Talk and gesture for generating solutions to problems, talk and gesture for
building mathematical connections, as well as talk and gesture for advancing learning
connections.
This paper focuses on the use of artefacts. The MPM framework provides four levels of use of
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artefacts (from 0 to 3) and their corresponding indicators as presented in Table 1 below:
Table 1: Coding scheme for mediating artefacts (adapted from Venkat & Askew, 2018, p. 90)

Indicators for the usage of artefacts.
No artefacts used, problematic artefacts, or inappropriate artefacts.
Unstructured artefacts used in unstructured ways.
Structured artefacts used in unstructured ways.
Structured (or unstructured) artefacts used in structured ways.

Level
0
1
2
3

The descriptive indicators shown in Table 1 provided the lens for seeing the usage of artefacts
in a typical lesson. In the table, structured artefacts imply those that can implicitly convey
mathematical properties of numbers to learners even if the teacher does not explicitly highlight
them, such as abaci. Structured use of artefacts is aimed at demonstrating coherence between
mathematical concepts and procedures.
Since the study did not focus on measuring the quality of teaching, the numeric levels that
correspond to each indicator were not applied in this study.
Research design and methodology
A qualitative case study design was adopted (Yin, 2016). A Grade 1 teacher from a school with
outstanding learner achievement provided the case. The school was purposively selected as a
paradigmatic exemplar of professional practice (Palyst, 2008). Meaning-making from the
findings followed the interpretive research paradigm (Creswell, 2014).
Case description
The teacher had an overall teaching experience of seven years. She taught other subjects during
her first three years and then taught mathematics to different groups of learners at Grade 1 at
the same school during the next four years. The four years of teaching mathematics to learners
at Grade 1 ensured that the study had a rich case from which a range of mediational techniques
would be observed during the study. The teacher had a large class that had an enrolment
exceeding 200 learners. The teacher recorded the daily attendance on the top-right hand corner
of the chalkboard, and the highest record during the week of observation was as shown in
Figure 1.

Figure 1: Classroom attendance during Lesson 1.
The study focused on the teaching of the addition of whole numbers, a concept that lays the
foundation for understanding other arithmetic operations including multiplication. The teacher
introduced addition during the 10th week of the school term. For learners who did not have any
opportunity for formal pre-school education―which is not unusual in Malawi (Robertson et
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al., 2017)―this was also their 10th week of classroom experience. The minimum age for the
learners was 6.
Data collection and analysis
The teacher introduced the concept of addition across the six lessons that were all observed.
This included both the procedure for carrying out addition as well as the horizontal and vertical
written representations for the addition of whole numbers with a sum of not more than 5. The
primary source of data was the recorded videos of the lessons. Data was also comprised of field
notes taken during the six lessons as well as an in-depth video-stimulated recall interview that
was conducted with the teacher after an initial analysis of the lesson videos. The rationale for
the teacher’s choice and use of the observed artefacts was sought from the in-depth interview
with the teacher as well as the curriculum materials that were used by the teacher.
The recorded videos were transcribed and translated from the vernacular language of
instruction to English. After transcription and translation, a descriptive summary of each lesson
was made in the form of a lesson graph. Thereafter, each lesson was divided into “instructional
episodes” (Venkat & Askew, 2018) that were segmented according to changes in lesson tasks.
The lesson was then presented using episode summaries that indicated the activities that took
place within each episode. The next step involved determining whether each episode was worth
being analysed or not. This was based on the examination of the extent of the teacher’s
mediation in each episode. For instance, some lessons started with a number song, possibly as
a strategy for making the learners ready for the lesson. Even though the songs were
mathematical, the teacher’s role during the singing episodes was not noticeable. In some
instances, the teacher would be organising the required materials for the lesson as the learners
were singing. As such, such episodes were not coded.
Coding was both deductive and inductive. Some codes were developed based on the MPM’s
indicators for the use of artefacts while other open codes were created inductively based on
recurring themes observed in the data. Management of the data, coding, and querying of
particular codes during analysis was done with the aid of ATLAS.ti qualitative data
management software. The focus was on instances of the use of artefacts on the transcripts and
their use. As shown in Table 1, the observed artefacts had to be classified as either structured
or unstructured. The same classification was also done for their observed use.
Findings and discussion
The teacher used different types of artefacts for representing the addition of whole numbers,
but additional uses also emerged from the analysed data.
An overview of the observed lessons
During the lessons, the teacher was introducing the concept of addition for the first time after
the learners had been dealing with counting and writing numbers up to 5 during the preceding
weeks. By the end of the school year, the Grade 1 learners were expected to work with the
addition of numbers in the range of 0 to 9.
During Lesson 1, the teacher discussed the meaning “addition” with the class, as well as the
plus and equal signs. The teacher started with giving the learners different physical objects
where they were asked to pick the number of items corresponding to each addend and put them
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aside. The learners were then asked to put the two sets of objects together and determine the
sum. This ended with a discussion of how to represent the just completed actions in writing on
the chalkboard.
Lesson 2 started with a review of the plus and equal signs learnt during Lesson 1. This was
followed by asking the learners to find the sum of two sticks and three sticks. The sticks were
later drawn on the chalkboard followed by writing the corresponding addition statement “2 +
3 = 5” below the drawings. Learners were also asked to work out 2 + 1, 1 + 1, and 3 + 0
mentally. The rest of the lesson focused on working out the solutions for 2 + 1, 3 + 1, and 1 +
1.
During Lesson 3, learners were asked to represent “two leaves plus one leaf equals three leaves”
on the chalkboard followed by a chart with drawings of three balls and two balls. Learners were
also given drawings on charts to be worked out as demonstrated by the teacher.
In Lesson 4, the class worked out “2 balls plus 2 balls” on the chalkboard. This was followed
by a discussion of how to find 2 + 0 with the whole class. Learners were then given pre-written
papers with different pairs of addends with a sum of less than 5.
Lesson 5 started by asking the learners to come up with “2 + 2 = 4” on the chalkboard. The
teacher then distributed prewritten papers with different sets of addends to be solved by learners
in their groups. The teacher and the class verified the solutions for the problems using framed
counters.
The sixth lesson focused on introducing the vertical layout (place-value layout) of addition
statements. Emphasis was placed on the correct alignment of addends and the answer. The
learners were given different problems to be solved using the new layout.
Nature of observed artefacts across the six lessons
The teacher worked with both physical manipulatives and pre-written papers. These pre-written
papers though seemingly appearing as inscriptions are regarded as artefacts in the MPM
framework because of their relative permanence after the lesson (Venkat & Askew, 2018).
During Lessons 1 and 2, the teacher used physical manipulatives from the nearby surroundings
(books, stones, sticks and leaves). As shown in Figure 2 the artefacts were distributed to the
learners in their groups. Since the teacher wanted the only new thing to be the concept of
addition, the teacher used objects that the learners were already familiar with. The teacher also
worked with framed counters during the observed lessons (see Figure 7). Learners were also
asked to make their own framed counters with the support of their relatives at home. As shown
in Figure 7, the framed counters were made by passing a string through bottle-tops, pieces of
straw, or other materials. The string was fastened to both ends of a bow-shaped frame. This
cultural artefact is commonly used in Malawi primary schools and was referred to as the
Malawian bow-abacus by Saka and Roberts (2018).
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Figure 2: Books, stones, leaves, and sticks used in Lessons 1 and 2.
In Lesson 3, the teacher used pre-written papers with drawings of objects. These papers were
pasted on the chalkboard (see Figure 3).

Figure 3: A pre-written task on chart-paper in Lesson 3.
From Lessons 4 to 6, the teacher used the pre-written papers for writing structured
mathematical statements. These papers were given to learners for them to solve in their groups.
The papers were thereafter pasted on the chalkboard for the whole class to verify the solutions
(see Figure 4). In some instances, a pre-written paper was posted on the chalkboard with an
example to be worked out by the teacher and the whole class. After the class had verified the
solutions, the papers were then posted on the walls of the classroom.

Figure 4: Papers from groups pasted on the chalkboard.
During the six lessons, the teacher and the learners also used framed counters (see Figure 7).
The teacher appears to have informed the learners to make their own framed counters because
they were observed carrying them during Lesson 1. For instance, during Lesson 2, the teacher
(T) reminded the class (C) to bring counters the next day (see Excerpt 1).
509. T: I said tomorrow when coming you should bring what?
510. C: Counters!
511. T: What should you bring with you tomorrow?
512. C: Counters!
Excerpt 1: Reminding learners to bring personal counters during Lesson 2.

Learners sometimes used their fingers for counting (see Figure 5). Learners who had not yet
made their framed counters were requested to use their fingers. Learners were also seen using
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their fingers when singing number songs. In some cases, learners used fingers during group
work even when they had counters nearby. This might imply that such learners might have
preferred using their fingers relative to other physical manipulatives.

Figure 5: Using fingers when counting numbers.
Considering that all the artefacts used by the teacher had no observable mathematical
properties, they can be categorised as unstructured artefacts based on the MPM framework (see
Table 1). However, considering the progression of the teacher’s use of artefacts from Lesson 1
to Lesson 6, there was systematic fading (Venkat & Askew, 2018) of the presence of physical
artefacts from one lesson to the next, as discussed in the next subsection.
The teacher’s use of artefacts
Various uses of artefacts were noted across the six lessons, some of which were related to class
management. It was found that the teacher used the artefacts for presenting tasks, working out
solutions to problems, promoting learner engagement, enhancing content coverage, as well as
managing her large class.
Using artefacts for presenting tasks
During Lessons 1 and 2, tasks were presented using physical manipulatives as shown in Figure
2. The teacher presented the tasks by referring to the objects given to the learners, such as “find
two leaves plus two leaves.” This was followed by a step-by-step approach to the solution of
the problem as presented in Table 2. As a transition to written representations, the teacher used
drawings of the objects on the chalkboard and wrote the corresponding numbers below them,
as shown in Figure 6.

Figure 6: Visual representation of “2 leaves plus 2 leaves equals 4 leaves”.
From Lesson 3 to Lesson 6, tasks were presented using structured mathematical statements
given on pre-written papers (see Figure 3 and Figure 4). On the pre-written papers, learners
were expected to insert the correct answer.
The teacher, thus, demonstrated systematic fading of artefacts (Venkat & Askew, 2018b) in
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her presentation of tasks. The teacher started with physical objects, then drawings of the
objects, followed by structured mathematical statements. By using multiple means of
mediation for presenting the same task, the teacher made it possible for the learners to discern
that the process of addition is independent of the representations used.
Using artefacts for working out solutions to problems
Working out solutions to problems appeared to be the major use of artefacts across the
observed lessons. This was also the use of artefacts indicated in the curriculum materials (see
Figure 9). The teacher used the physical objects when calculating the sum of the given whole
numbers as shown in Table 2.
Table 2: Methods for finding solutions during Lesson 1 and Lesson 2
Stage
Description
Example
Problem Presentation Verbal reference to some given artefacts. “Add two leaves and
two leaves”.
Steps
Count the first number of items.
Count two leaves.
Count the second number of items.
Count two leaves.
Count all the items to get the sum.
Count four leaves.
State the resulting addition statement.
“Two plus two equals
four”.
Write the resulting statement.
(see Figure 6)
As shown in Table 2, the sum was found by representing each set of objects followed by
counting them all. The count-all algorithm was less efficient and concealed the mathematical
properties of numbers that would have been made possible with other strategies such as
counting on. On the other hand, the teacher worked out the solutions with the class using
different types of objects. By varying the nature of physical artefacts, the learners were given
an opportunity to discern that the process of addition is independent of the nature of objects
being counted. Thus, the learners would be able to pick any available objects in their proximity
when presented with a situation requiring the use of counters to solve an addition problem.
When working with framed counters, the teacher pushed each counter one by one during
counting. When one of the addends was zero, the teacher represented the addition of zero by
sliding her fingers along an empty string of the counter-frame. This made it possible for the
Grade 1 learners to associate the verbal reference to numbers with their corresponding physical
representation on the counter-frame.
The use of fingers for working out solutions appeared to be secondary during the study. Fingers
were only emphasized as an alternative to counters for learners who did not have counters with
them. Brombacher (2011) expected learners to be familiar with the use of fingers when working
out the sum of two single-digit whole numbers after noticing that more than half of the learners
who participated in his study (n = 500) failed such problems. The use of fingers for working
out sums in the range of 1 to 10 was also recommended by Wright and Ellemor-Collins (2018).
This would be followed by the use of informal strategies for carrying out the addition and
subtraction of numbers ranging from 11 to 20. The use of informal strategies for addition would
enhance learners’ acquisition of number sense.
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Using artefacts for promoting learner engagement
It was observed that in addition to the use of artefacts for calculating the required sum, the
teacher also used learners’ personal counters for ensuring active learner engagement, hence
easing management of the large class (see utterance 130 of Excerpt 2). To ensure each learner’s
active participation, the teacher kept on reminding the learners to bring their counters during
the next lesson. As such, learners who had not brought their counters were asked to use their
fingers as indicated in utterance 893 of Excerpt 2.
126. T: Now let us pick three sticks. How many sticks?
127. C: Three!
128. T: Let us count three!
129. C: One, two, three!
130. T: Everyone should be counting. [Reprimands L23] You! Nelson! Count with your
friends
….
893. T: Those of you without counters, begin! Use your hands! Use your fingers!
894. C: [Some learners raising their hands showing an index finger] 1!
Excerpt 2: Asking all learners to be counting.

The teacher relied on framed counters as a cultural tool for promoting active learner
engagement for her large class and was able to note those who were participating or not. To
achieve this, the teacher taught the learners the appropriate posture for holding counters (see
Figure 7)— raising the counter-frame close to the forehead with one hand, leaving the other
hand free to push the counters (see Excerpt 3).
613. T: [Talks to L42] Masina! [Calling the learner’s surname] Have you observed how
I have held my counters? [Raising the counters’ frame with the left hand] Have
you seen?
Excerpt 3: Posture for holding framed counters.

The teacher demonstrated the expected way of holding counters as shown in Figure 7.

Figure 7: Teacher demonstrating how to hold counters.
Learners were observed working with their counters exactly in the same manner as the teacher
did. When the teacher pushed the counters, she encouraged each learner to be doing the same.
When learners held the counters using the posture taught by the teacher, it made it easier for
the teacher to note the non-participating learners. In all the lessons, the teacher was observed
interrupting the counting after noting non-participating learners. Even during group activities,
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the teacher observed if everyone was following the counting. This can be contrasted with the
difficulty that the teacher faced to notice those who were not writing during individual work,
and such ones had to be reported to the teacher by other learners. Even when the one who was
not writing was reported to the teacher, the teacher kept on asking several times to identify the
location where the learner was sitting.
As indicated earlier, the teacher asked learners who did not have counters to use their fingers,
so as not to be just idle, but actively participate during the lesson. It was noted during the
lessons that when learners were using fingers, they raised their hands for the teacher to notice
their participation. Just as the teacher did with the positioning of counters, it could be assumed
that the learners had been trained to raise their hands when counting with fingers for the teacher
to quickly see the ones who were actively participating.
Using artefacts for enhancing content coverage
The use of prewritten papers enabled the teacher to work out more examples in class compared
to those that could be worked out if only the chalkboard was used. This is because the prewritten papers saved the time that could have been spent on writing the examples on the
chalkboard and letting learners copy from the chalkboard to their notebooks. For instance, the
teacher worked with more examples in Episode 3 of Lessons 4 to 6 where she used prewritten
papers compared to the other episodes where the examples were written on the chalkboard.
The teacher also pasted the papers with examples solved by learners in groups on the classroom
walls. This technique was possibly useful for enabling learners who might have been absent to
follow the lessons they missed. Thus, it can be said that the use of prewritten papers reduced
lesson time while extending teaching time. These charts also provided an opportunity for the
teachers to make vertical connections of examples discussed during the lesson with those that
were done during the previous lessons.
Using artefacts for making mathematical connections
The teacher made strong connections between artefacts, inscriptions, talk and gesture. In Figure
1, the teacher simultaneously pointed at the number 1 as it was being mentioned, and shortly
represented it using a counter.

Figure 8: Linking various means of mediation.
The rationale for the teacher’s selection of artefacts
The teacher tried to follow the suggestions in the Teachers’ Guide for Grade 1 in her selection
of artefacts, with some exceptions. For example, the first three observed lessons followed the
instructions from the teachers’ guide shown in Figure 9.
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Figure 9: Suggestions for introducing addition from the Teachers’ Guide (Malawi Institute of
Education, 2012, p. 20).
Figure 9 shows the first 5 instructions written in the teachers’ guide for the class activities
observed during Lesson 1. The remaining instructions, not shown in Figure 9, required the
teacher to demonstrate how to write addition statements such as 2 + 1 = 3, then let the learners
practice writing the + and = signs in the air, on the ground, as well as in their notebooks. The
teacher achieved the same goals without necessarily going by the instructions in the same
manner as spelt out in the teachers’ guide. For example, instruction 5 in Figure 9 asks the
teacher to place number cards below physical objects given to groups during the lesson.
Instead, the teacher drew sketches of the objects (stones, sticks, and leaves) on the chalkboard
and wrote the numbers below the drawings (see Likewise, instead of demonstrating how to
write 2 + 1 = 3, the teacher built on learners’ ideas and guided them to come up with the written
statement themselves (see Figure 6).
Another factor guiding the teacher’s choice of the observed artefacts was their availability. The
teacher used artefacts that were readily available from the surrounding environment and kept
on reminding learners to make their personal counters as indicated in Excerpt 1. During an
interview, the teacher (T) informed the researcher (R) that she could just easily ask the learners
to go outside the classroom and pick leaves, sticks, or stones, which she would use in her
lessons. However, she indicated that doing this takes time, and learners may start playing
outside. As such, the teacher resorted to the use of the hand-made framed counters as explained
in Excerpt 4.
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195. R: So, when you are planning, you also think about what resources you use, the
artefacts. How do you select these ones?
196. T: Ah, to say the truth, [laughs] we just select anyhow. There's no…, aah, I can say
that… I take these from, maybe, teachers’ guide? No. But what we did is, we
make sure that we can take everything because they say, aah, learners should learn
in the local environment. So, we just go there and look for what? Local
environment. It’s not a matter of going to the shop and buy them. No. No. But
just send the learners outside: ‘Can you go there and get stones?’ ‘Can you go
there and get leaves?’ ‘Can you go there and get sticks?’ So, when planning you
can choose: ‘Today I am going to use leaves’; okay, ‘today I am going to use
what?...’ But, aah, sometimes, maybe I can say often, we use counters for not
consuming the time. Because when you send the learners outside maybe others
will start playing that’s why we just say: okay, make what? Counters.
Excerpt 4: Selection of artefacts.

When using pre-written papers or charts, the teacher invited the learners to come and write
their suggested answers. In some cases, this would require learners to make several attempts
before the correct answer was given, ultimately affecting the final appearance of the chart. The
teacher indicated in Excerpt 5 that it was important to familiarise learners with writing on all
sorts of materials, including chart-papers regardless of how the final output would look like
after their repeated attempts.
208. T: Ah, at the college we were told to say you have to give the learners time to write
on the chalkboard or even on a chart. It’s not that you are wasting the materials,
no. But you have to give the chance to the learners. So, there, if it is dirty, we just
change the card. It’s not that, aah, ‘if the children write on this one, they will spoil
it’, no. You have to let them, even 10 learners, they can come and write there. If
it is dirty, you say: “Oh, here, when I write the answer…”, when you get the right
answer, “…to write here it will not look smart”, then we are going to change the
chart.
209. R: Okay.
210. T: So, these charts are very important, and they have to be there and available at a
school. If they are not there, somehow, it’s also a challenge.
Excerpt 5: Use of pre-written papers and charts.

The teacher’s explanation in Excerpt 4 and Excerpt 5 indicates that she gave considerable
forethought regarding her selection and use of artefacts.
Conclusion and implications of the study in mathematics education
The Grade 1 teacher exemplified how to approach the concept of addition that was being taught
for the first time to the learners using physical artefacts from the local environment. Even
though nearby artefacts could appear to be convenient to be used across all the lessons, the
teacher systematically faded them away (Venkat & Askew, 2018)―gradually shifting from the
use of physical objects to written mathematical statements. The teacher only retained the use
of framed counters and fingers that had relative ease of accessibility. However, comparing the
relative ease of use of other objects and framed counters in the class, the preference for framed
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counters was also based on the ease with which she could monitor individual learners’
engagement during the lesson. The teacher adapted the positioning of the counters when
handling them to enable easy monitoring of learner involvement. This demonstrated the
possible additional roles of counters in a large class. The use of pre-written papers increased
the number of examples done in a lesson. However, the use of artefacts for finding solutions to
problems remained the same, that is, counting all.
The findings from the Grade 1 teacher demonstrated the connections that are made possible
when the teacher switches between multiple representations of the same concept. Considering
the strong connections made by the teacher beyond the guidelines shown in the curriculum
materials, it can be assumed that more connections across examples could have been made if
the curriculum materials had made these links much more explicit to the teacher. This informs
curriculum developers and mathematics teacher educators on how they can equip teachers with
skills for using artefacts when introducing new concepts to a large class.
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Abstract
This paper shares the identity story of a South African Grade R teacher’s institutional identity,
through a documentary analysis of selected education policy and an analysis of teacher identity
narratives. This paper shares findings from a broader research study that examined the
institutional identities of Grade R teachers, as inscribed in policy, and the narratives of teacher
experiences in relation to their work as Grade R teachers. The stories gathered for analysis
emerged during participation in a numeracy-focused professional development community of
practice. The methodology included policy analysis, teacher interviews, field notes and
classroom observations. In this paper, we focus on the documentary analysis and interview
data of a single participating teacher, in order to illuminate key challenges in Grade R teacher
experiences of navigating their identities within the often-contradictory systemic policy and
school practice related institutional identities. This paper, and the summary of findings herein,
is important for Mathematics research and development in South Africa as it addresses some
of the challenges currently being experienced by those in the early years of schooling, widely
acknowledged as a crucial foundation for future mathematics success.
Introduction
In this paper we share the institutional identity story of a South African Grade R teacher that
emerged from a larger PhD study (Long, 2021), which investigated Grade R teachers’
institutional identity (Gee, 2000) through a documentary analysis of selected South African
education policy and an analysis of the identity stories (Sfard & Prusak, 2005) of a group of
Grade R teachers participating in a long term professional development (PD) programme. This
was informed by the theoretical framework of Communities of Practice (CoP) (Wenger, 1998)
and focused on the joint enterprise of strengthening numeracy teaching and learning in Grade
R. The teachers’ stories utilised for the analysis emerged during participation in a numeracyfocused CoP, which exists within a broader landscape of practice (Wenger-Trayner, 2011)
which these teachers navigate professionally. This paper shares aspects of the teacher’s
journey, and includes teacher’s experiences of the numeracy CoP and the education policy
landscape guiding her professional practices.
There is increasing acknowledgement that teachers’ professional learning and identities, and
subsequent teaching practices, benefit significantly from the collegial exchange of ideas and
resources within professional communities of practice (Patton & Parker, 2017). While there is
local research on the value of teacher communities for supporting teacher development
(Bertram, 2011; Graven, 2019; Pausigere & Graven, 2014), and establishing professional
learning communities is promoted by government (DHET, 2011), there is little research on pre36

school or reception year (Grade R) professional teacher communities. Furthermore, there is
little research on the nature of Grade R teacher learning and identity as they journey through
their landscape of practice (Wenger-Trayner, 2011) that include their participation and activity
in their school, classroom and professional development communities. Drawing on Lave and
Wenger’s (1991) seminal work, we take learning and identity to be ‘aspects of the same
phenomenon’.
In this respect, a gap exists regarding insights into the nature of teacher identity for Grade R
teachers participating in a PD CoP, as part of their broader education ‘landscape of practice’
(Wenger-Trayner, 2011), and understanding Grade R teachers’ positionality within this
landscape. A key objective of the PD and the study was to explore the potential within this
Grade R cohort of teachers for being and becoming contributors towards striving for the
improved quality of the teaching and learning of numeracy in the first year of schooling. In
particular, this paper presents some of the findings in respect to the research question: “How
do Grade R teachers’ experiences of policy and practice come together to illuminate a picture
of institutional identity in a time of transition?”. This study used qualitative, interpretative,
narrative and reflexive methodologies, to present the voice of the teacher as a “texture of our
everyday experience” (Wenger-Trayner et al., 2015, p. 3), as designated identities are “a pivot
between the social and the individual” (Wenger, 1998, p. 145) and a product of “collective
storytelling” (Sfard & Prusak, 2005, p. 21).
Background, Literature Review and Theoretical Frame
Amidst the South African education ‘crisis’ (Fleisch, 2008), both local and international
research has seen a surge of advocacy for the provision of quality learning opportunities for
the Grade R learners, and has been spurred on by the acknowledgement and understanding that
a solid foundation of learning is a strong predictor of future success throughout schooling
(Bakken, Brown, & Downing, 2017). This has also been acknowledged in education policy in
South Africa, which notes “for continued improvements, it will be necessary to reap the
benefits of better schooling in the lower grades.” (DBE, 2015, p. 12).
As a result of this acknowledgement, there have been significant increases in access to Grade
R (Kotze, 2015), and enrolments in Grade R between 2000-2013 grew by 244% (van der Berg,
Spaull, Wills, Gustafsson, & Kotze, 2016), with “81% of 5 year olds attending educational
institutions in 2013” (Spaull, et al., 2016, p. 27). However, for this increase in access to yield
a positive and sustainable impact, Grade R needs to provide quality learning opportunities
(Excell & Linington, 2011). South Africa is progressing steadily towards achieving ‘equal
treatment’ for all but less so in achieving ‘equal educational opportunities’ for all (Fiske &
Ladd, 2004).
This paper offers input into discussions regarding the institutional identities (I-ids) of Grade R
teachers, who in South Africa are currently experiencing a professional transition within a
complex, changing terrain of producing quality Grade R. Part of the recent changes have seen
a reception year (Grade R) being added to the formal schooling of South African learners. This
has shifted those working with 6-year-olds from the previous Early Childhood Development
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(ECD) policy context under the governance of the Department of Social Development to the
formal schooling education context. This means shifts in the way those who work with 6-yearolds are labelled – so within the ECD context terms like child minders and mothers abound,
while in the schooling context the terms educators and teachers are foregrounded.
The empirical field of this study is a numeracy-focused PD programme (Early Number Fun
ENF) coordinated by the second author as part of the South African Numeracy Chair Project
(SANCP). This said, while numeracy was the focus of the PD, Grade R teachers are considered
‘generalists’, as they teach across areas. In this respect, the study focused more broadly on
Grade R teacher identity rather than only on their identities as teachers of numeracy. South
African mathematics education faces many challenges beginning in the early years of schooling
(Tlou & Feza, 2017) and there is increasing evidence pointing to pre- and reception years of
schooling supporting the bridging of the gap between wealthier and poorer learners (Atweh et
al., 2014). Increasingly, the focus is on this phase of schooling and it is noted that ECD
mathematics, in particular, remains unequal: “ECD children from low socio-economic
backgrounds continue to be excluded in quality mathematics stimulation regardless of the
changes in education policy that promises to provide quality education for all” (Feza, 2014, p.
899). Acknowledging the significant role that teachers play in the classroom and in learning
outcomes, it is important that the ECD sector become professionalised (Feza, 2014), and Grade
R teachers have been described as “the centrepiece of educational change” (Clasquin-Johnson,
2016, p. 3). Despite acknowledgement that Grade R is fundamental for long-term learning
trajectories, this sector continues to face serious challenges.
Teacher Identity
The notion of the professional identity of mathematics teachers (or teachers of mathematics),
differs from the professional identities of primary teachers. Children at primary level learn from
teachers “with a generalist brief” (Brown & McNamara, 2011, p. 11). Because these teachers
are ‘generalists’ and teach across a spectrum of ‘subjects’ (such as Mathematics, Literacy and
Life Skills), they often do not identify as ‘subject specialists’. Woods & Jeffrey, (2002, p. 89)
note “primary teachers have had to reconstruct their identities in response to the reconstruction
of the education system”. This is especially relevant for Grade R teachers, due to the significant
policy transition that leads to them navigating new teaching contexts and roles. The shift in
contexts for these teachers is important for their professional identity, as Dixon, Excell &
Linington (2014, 140-141) note that teacher identities may be “in tension with official
representations in policy documents”.
Indeed, ‘tension’ in relation to official representations in policy documentation and teacher
representations emerged strongly in the teacher story presented here. The existence of
‘contradictory policy’ messages for teachers during a time of transition is important for
professional identity, because policy changes:
have to be processed through teachers, who have feelings, values, beliefs, thoughts,
cherished ideals; in short, identities. Before they can apply themselves to best effect,
they have to work out how to organize a personal identity or identities congruent with
the social identity and self-concept—to know who they are.
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(Woods & Jeffrey, 2002, p. 105)
Petersen and Gravett (2014) refer to the status of Foundation Phase (Grades R to 3) teachers as
“a matter of concern” and describe these teachers as “generally seen as the lowliest in the
hierarchy of teachers” (p. i). They emphasise that “the nation needs to be alerted to the view
that teachers of young children have a very big impact in the future learning and achievement
of their young charges, and the best minds should be encouraged to become teachers…” (2014,
p. ii).
Gee (2000) outlines four faces of identity, namely Nature; Institutional; Affinity; and Discourse
Identity (Gee, 2000). We focus specifically on ‘institutional identity’ (I-id) of Grade R teachers
because this was the most salient aspect of teacher identities that emerged in their stories as
captured in interviews and questionnaires. The teachers in the study spoke consistently (across
contexts) about their institutional positioning and tensions they experienced in the policy
transition in which they moved into the FP of schooling. I-id derives its ‘power’ from, or is
authorised by, the “authorities within institutions” (Gee, 2000, p. 100). For Grade R teachers,
the authorisation of their institutional identity comes from the SA Department of Basic
Education (DBE), communicated to teachers in policy documents and systemically proposed
employment conditions. I-id cannot be designed by the individual herself as its power relies
solely on the authentication and authorisation awarded by her position within an institution.
Although policy cannot design identities, it can design the roles and responsibilities of teachers
(Wenger, 1998) which story teacher identities from the ‘official’ policy perspective.
Sfard and Prusak (2005) propose a definition of identity as narrative - that identity is the stories
we tell, thus equating “identity-building with story-telling” (p. 21). We draw on this notion of
identity which proposes significant, reified and endorsed narratives as the unit of analysis for
researching identities.
Methodology
As noted above the empirical field of the paper is the ENF. This was explicitly designed as a
CoP (Graven & Coles, 2017) focused on professionalising numeracy teaching and learning
through engaging with a wide range of research informed resources and supporting the
negotiation of identities through participation and belonging within the PD and overlapping
CoPs. Official policy and policy-related documents were analysed for the first phase and
teacher questionnaires, interviews and researcher journal notes were analysed in the second
phase of the study. Data was coded through grounded analysis, and identity related emergent
themes were grouped together. These groupings were reviewed by a critical friend in order to
confirm validity of coding. The combination of documentary analysis and interpretive analysis
of qualitative teacher data provided insights into Grade R teachers’ I-ids as promoted in official
documentation and as expressed through the teachers’ identity story-telling, as they navigate
their landscape of practice in the context of policy transition. All teachers participating in the
ENF participated in questionnaires and interviews at different points in time over a two-year
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period. Ethical protocols were observed. The data basis for this paper are policy documents2
and transcribed interviews of a single case study teacher. Thandi’s narratives exemplify key
themes that emerged in the policy analysis and in the data of ENF teachers at the unqualified
and underqualified end of the institutional identity spectrum (Figure 2 below).
Findings: Policy
In this paper, we focus first on emergent themes from analysis of the Education White Paper
No 5 on ECD (DoE, 2001). Five significant changes emerged that contrasted with previous
positionings of those working with children in the year before Grade 1, namely: a change in
location; in governance; in employer; in ‘curriculum’; and a change in their descriptor terms
and identification in policy. Figure 1 summarises exemplar policy statements in this White
Paper No 5 in relation to key descriptor terms that include, childminder, practitioner, mother,
teaching assistant, caregiver, teacher and educator.

Figure 1: Summary of Descriptor Statements for Grade R Teachers in the Education
White Paper No. 5 on ECD
The figure shows a wide range of descriptive terms in one selected document. This lack of clear
messaging and coherence in the document has implications for the officially projected I-id of
Grade R teachers. References to the nurturing, caring focused descriptors of ‘mother’,
‘caregiver’, and ‘childminder’ are present alongside the descriptors of professional, qualified,
‘Grade R teacher’ and ‘educator’. This shifting language use indicates mixed messages for
Grade R teachers navigating the policy landscape and negotiating their expressions of
institutional identity, and provides mixed messages to those school communities in which
teachers work. These mixed messages echo the findings in policy analysis findings of Graven’s
(2002) research, which focused on teacher identity during a time of major curriculum transition
for Grades 1-9. She found that the mixed messaging of curriculum and official mediating
2

The White Paper No. 5 on Early Childhood Development (DoE, 2001);
The Norms and Standards for Educators (N&S) (DoE, 2000);
The Curriculum and Assessment Policy Statement (CAPS): Grade R Mathematics (DBE, 2011a).
The Curriculum and Assessment Policy Statement: Grades 1-3 Mathematics (DBE, 2011b).
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documents had implications for the way in which teachers navigated their identities within the
post-apartheid education landscape.
Implications for the navigation and expression of the I-id of Grade R teachers becomes
important as they can engage with the policy-promoted I-id as either a ‘calling’ or as an
‘imposition’, in terms of how “actively or passively the occupant of a position fills or fulfils
his or her roles or duties” (Gee, 2000, p. 103). These roles and responsibilities (duties) range
along a spectrum from the largely unqualified, informal, nurture-focused role of ‘mother’,
increasing in specialised expertise to include the roles and responsibilities of a registered,
qualified and professionally recognised ‘educator’. This spectrum is illustrated below:
Professional

Not yet professional
Mother
Caregiver
Practitioner

Teacher
Educator

Unqualified
Under-qualified

Qualified
Degreed

Less regulated

SACE
registration
Regulated

No Curriculum
No Standardisation
No Stipulated Roles

Compulsory curriculum
Norms and Standards
for Educators

Figure 2: Policy Promoted Institutional Identity Spectrum of Grade R Teachers
The second part of this analysis drew on the Norms and Standards for Educators (N&S)
document and its inscribed seven educator roles as a frame for analysis of Grade R and FP
curriculum documents. It is beyond the scope of this document to elaborate on Grade R teacher
positioning within each of the seven roles stipulated for all educators - suffice it to highlight a
few noteworthy aspects. The role of ‘Interpreter and Designer of Learning Programmes and
Materials’ and ‘Leader, Administrator and Manager’ are not foregrounded in the ECD policy
nor in curriculum documents (Long, 2021). On the other hand, the role of ‘Community,
Citizenship and Pastoral Care’ is highly visible in policy documents as seen in Figure 1. While
the role of ‘Scholar, Researcher, and Lifelong Learner’ is foregrounded in the ECD focused
policy, there is little evidence of such support on the ground. Similarly, while the role of
‘Learning area/subject/discipline/phase specialist’ is highlighted in statements that refer to the
specialised nature of knowledge for teaching required for reception year and reference to it
being ‘unique’ to the other grades, there is little evidence to show that Grade R teachers are
identified as specialists.
For teachers navigating the Grade R transition, they have to interpret the mixed messages in
the ECD policy (as represented by the I-id spectrum), as well as mixed messages between the
different policies (as represented by the analysis of the seven roles for teachers). This has
implications for the teachers navigating their expressions of I-id, discussed in the following
section.
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Findings: Teacher Identity Narrative
In the following part of this paper we share a narrative vignette of a single teacher Thandi,
chosen because her identity narrative captures and reveals several tensions in navigating this
complex Grade R policy and practice landscape. We share several quotes from Thandi’s
interview after 18 months of participation in the SANCP ENF (June 2019) so that as far as
possible her story can be received in her words. This said, we acknowledge that in the process
of constructing this vignette and selecting extracts from her interviews we are providing our
story of her stories (after Sfard and Prusak, 2005). We have structured the story into key themes
that emerged as significant across multiple participant teacher identity narratives. Thandi was
an underqualified Grade R teacher working in a no fee school at the time of the study.
Thandi’s experiences of Grade R policy transition and departmental positioning
When asked about her impression and experiences of the Grade R rollout, Thandi expressed
ambivalence as to the pros and cons:
It’s a good idea to put us in schools rather than in their own spaces like before, because
Grade R used to be in the crèches. And then they take them there and put them in
schools. It’s a good thing but also a bad thing…
(L3 26-29)
Thandi expressed her concerns regarding the financial implications of this move saying,
“because what I’ve heard is when Grade R’s were standing on their own, they were earning
more than now” (L29-30). Thandi further noted the workload implications that arose with the
move of Grade R to a formal school setting: “The paperwork is too much in our schools. You
do paperwork every day and if there is something that is needed in the office, you have to stop
teaching and do the paperwork which is not fair” (L30-33). This comment indicates a
frustration in the shift in roles towards ‘administrator’ - such administrative paperwork would
have been far less in the informal ECD sphere.
Although it was a financial struggle to complete her studies, Thandi stressed that her studies
were essential, “because if I was not educated, I would not notice…the barriers in my
class…because of the knowledge I am getting, I can see what is wrong…” (L91-93). Thandi
thus strongly identifies with the policy imperative of becoming a qualified, specialised
professional and her role of focusing on children’s educational needs versus only care/nurturebased needs.
Thandi’s experience of Grade R teaching and Foundation Phase membership
The struggles Thandi experienced in trying to establish herself as a recognised member of the
FP teaching cohort, who performs the same duties as her colleagues, is evident in Thandi’s
response to the question about whether she saw herself still teaching Grade R in years to come:
“That will be a “Yes” and a “No.” “Yes” if the government employs us permanently and
recognises us as teachers. And “No” if it doesn’t happen. (L16-22). Here we see Thandi’s
3

Indicates the lines of the June 2016 Thandi interview from which the quotes are taken
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frustration at what she perceives as a lack of recognition of Grade R teachers as ‘teachers’, as
well as her hope that this might change as indicated by her ‘yes if’ phrasing.
Thandi’s frustration with her minimum wage salary and the implication that her pay is on par
with unskilled work, is captured by her comment: “Even the gardeners get more money than
us” (L19-20). Thandi repeated her frustration that Grade R teachers are not recognised, and
emphasised the need to distinguish between ‘crèche’ where children “sleep and eat” and a
Grade R classroom. She further expressed frustration that the parents did not value the
educational work that Grade R teachers do and position them as childminders.
Thandi expressed tension between her choice to be a teacher because of her love and passion
for working with children, and her need for job security and professional status. The latter
remained uncertain for her, as does her future as a Grade R teacher. She imagined and narrated
a trajectory towards becoming a qualified teacher: “Next year when I finish my NPDE I will
do my ACE (Advanced Certificate in Education). After my ACE, I will do my degree” (L111112).
Here we see Thandi’s identity trajectory aligning with the policy intention for all Grade R
teachers to be qualified and with the fifth role in the N&S document, of Scholar, Researcher
and Lifelong Learner. She emphasised the value of continuing PD but also emphasised how
this would impact her status in relation to the department (her employer) and her community
(particularly parents) as a qualified professional away from the end of the spectrum of
unqualified childminder (with related job security and remuneration vulnerability). It is useful
to note that Thandi completed her NPDE in 2017, and immediately moved to a full-time Grade
1 teaching position (Personal Communication, March 2018). The decision to move into the
more formalised FP and away from Grade R (where she had spent the entirety of her career),
was linked to her seeking job security and ‘recognition’.
Evident throughout Thandi’s interview are moments echoing tension in relation to her love of
Grade R and her vulnerability as a Grade R teacher. This tension is captured in her response
shared earlier of “Yes and no” as to whether she would remain in Grade R teaching. When
questioned about this further she elaborated:
The reason I am saying “Yes” is they renew our contracts every three years and now
it’s not secured because in my case, in 2013, I don’t know what happened but I did not
get my payment for April to July. Then I got payment in August, but when I queried
that they said they did not put me in the system or they took me off the system. When
I was about to hand them over to my lawyers, someone from the department said “Did
you know this is a contract. This is not a permanent job.” That is why I am saying “Yes
and No.” That to me was a threat that I could be kicked out any time because of their
negligence… “
(L40-53)
Thus, for Thandi, working and committing to a career in Grade R entails consistent tension
between her passion for the children and financial security. Further tension and experiences of
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contradictory messages from authorities were shared in Thandi’s response to being asked how
her post was funded: “It is funded by the (DBE) but when they say we are not employed by
them, even though they give us the pay-slips, they say we are employed by the SGB 4 of the
school. And the SGB says “No we don’t have money. We can’t pay you R5000.00. So, we are
in between SGB and the (DBE)” (L55-59).
In terms of Thandi’s positioning within her school community, she said other teachers at the
school storied her as “a good teacher” and saw her “as a hard worker” (L82). She elaborated
on her relationship with the Grade 1 teacher in particular, as her closest colleague: “The Grade
1 teacher … always tells me I am a good teacher and that I am doing a great job. She can see
by the children I am sending to her, that I know what I am doing…” (L82-90).
Thandi here narrates a sense of her pride at being a teacher who meets the educational needs
of her learners in preparing them for Grade 1, and whose competence is recognised by the
teacher in the next grade. When discussing her network of support, Thandi’s professional
tensions and sense of vulnerability again come to the fore, as she says: “When we (family and
friends) discuss education, I come up with topics that education does not recognise us although we are doing more jobs than other teachers which is not fair” (L130-132). The latter
statement indicates Thandi’s frustration with what she sees as the misconceptions people have
of Grade R work, but she notes that this is something she is able to discuss with her family and
friends.
It can be argued that the contradictory messages from government and in policy, and the tension
that Thandi articulates in her telling of trying to establish a recognised I-id as a ‘teacher’
permeates both her professional and personal experiences.
Thandi is, however, positive about her experiences of teaching Grade R numeracy in particular
and finds that “teaching numeracy is fun” (L182). This echoes her earlier experiences of
learning mathematics, which Thandi describes as: “You know when I grew up I loved maths…”
(L154). However, she notes that the positive learning experiences she had in mathematics did
not continue to her final year of schooling: “…but when I was in Grade 11, something changed.
And in Grade 12, I ended up getting an ‘F’ or an ‘H’ which was very bad. …I don’t know what
happened.” (L154-157). Thandi’s story of her own mathematics learning journey is a common
story for many FP teachers (Westaway, 2017), and was a key motivation for joining the ENF
and develop a positive mathematic learning identity.
Reflecting on Thandi’s Story and the Relationship with Policy
Thandi’s story illuminates several aspects of ambiguity and tension as highlighted in the policy
analysis presented. Thandi’s sharing of her learning and teaching experiences indicate ongoing
tensions. These include tension between her dedication and ‘buy-in’ to the importance of the
specialisation of Grade R and the need for specialised qualification, and her logistical and
financial difficulties in becoming a qualified specialised Grade R professional; and tension
4
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between her love and passion for working in Grade R that is strained by a vulnerability in her
positioning and thus her sense of being pulled towards Grade 1, so as to provide more job
security.
This paper highlighted identity related tensions in the policy promoted I-id of Grade R teachers
and the experiences of teachers at the under- or unqualified end of the spectrum navigating the
transitioning landscape. In particular, the policy-speak of prioritisation of professionalisation
of Grade R teachers appeared in contrast to the lived experiences of Thandi. Teachers are
navigating the ECD/Grade R/Foundation Phase nexus; and this navigation through a landscape
of policy change affected, in profound ways, the Grade R teacher narrative expressions of I-id
as, for Thandi, she negotiated membership in the Foundation Phase, and showed that there is
increased vulnerability for those not yet qualified. Key to this vulnerability is lack of: job
security, agency to challenge the system, and confidence in her own professionalism and
positioning. Strengthened efforts by government, tertiary institutions and PD providers are
needed to address this vulnerability.
It should be noted that the broader research highlighted quite different experiences for those
positioned at the qualified and highly experienced end of the spectrum who had held long term
and permanent positions in the schooling system.
Although the majority of those working in Grade R are not yet qualified, they continue (under
the policy) to fulfil the roles and responsibilities of qualified teachers. While it should be noted
that “higher levels of qualification do not always predict higher levels of quality teaching”
(Atmore, van Niekerk, & Ashley-Cooper, 2012, p. 134) the pervasive lack of qualifications
(and support to obtain qualifications) contributes to the perceived lower status of Grade R
teachers resulting in it being less appealing for those wanting to teach in the FP. This has the
potential to perpetuate the idea that Grade R (and ECD) qualifications are considered as a “last
resort” (Steyn, Harris, & Hartell, 2014, p. 5).
Another implication of the I-id of not yet qualified teachers is that it affects their agency to
challenge their vulnerability in the schooling system. In this respect these teachers are at a
higher risk of ‘buckling’ to pressure to conform to the teaching and learning pedagogies of the
higher grades risking Grade R becoming the ‘watered down Grade 1’ that policy warns against
(DBE, 2011a).
A further implication of the low status of Grade R as a profession is the risk of low retention
rates for qualifed Grade R teachers. Thandi moved into a Grade 1 teaching position as soon as
she completed her degree. In pursuing professional status, and market related salaries, Grade
R teachers (once qualified and experienced) appear to be more likely to look for teaching
positions outside of Grade R. As a result, there is the risk that Grade R remains the domain of
underqualified teachers from the ECD sector and a stepping stone to other grades (thwarting
the specialised knowledge for teaching needed for preparing reception year learners for
schooling in ways that are significantly different to Gr1-3).
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Concluding Remarks
The findings in this paper and in the broader study point to the need to improve the professional
conditions of Grade R teachers working in poorer schools, coupled with focused policies which
prioritise the deployment of fully qualified Grade R teachers to poorly resourced schools. It is
suggested that the allocation of funding from government should be prioritised for low quintile
schools for full-time Grade R teaching posts and for the support of underqualified teachers to
obtain qualifications through part time studies while teaching. Such support will assist in
reinforcing the specialisation of this Grade and enable a professional status which will allow
increased coherence between policy and the ground. We conclude with the words of Feza
(2015, p.15): “there should be a policy amendment on the status of Grade R in the foundation
phase, because the “Cinderella” status will not go away while there is a continuation of
exclusion of privileges for Grade R compared with Grade 1”.
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Abstract
This paper reflects on the task design process of a design research study around integrating
music and the teaching of fractions. The paper focuses on Phase One of the research study that
involves the initial task design. The task design process was informed by curriculum aims,
Realistic Mathematics Education theory, literature reviewed and author experiences of
teaching fractions and music. Sharing some initial findings of this first design research cycle,
the authors argue that such integrated task design requires ongoing reflection on a range of
tricky aspects. These include constantly revisiting mathematical and musical learning
intentions, ongoing vigilance for possible threats to the fidelity of the key concepts and
representations in focus, and anticipation of possible misconceptions that might arise when
linking musical and fractional representations and ideas.
Introduction
This paper derives from the first author’s doctoral research. For this research she has set up a
community of practice (CoP) (Wenger, 1998) with eight intermediate phase teachers, and
begun working with them on developing, trialling and evaluating strategies for integrating
mathematics and music. Her MEd study explored integration of music note values and fractions
to enhance her own teaching of fractions. (See Lovemore, 2020; Lovemore, Robertson &
Graven, 2021). The present study is an extension of this earlier work.
The idea of integrating mathematics and music represents a potential strategy for supporting
teachers towards achieving both broad and specific curriculum aims in their teaching of
fractions. Broad aims in South Africa’s Curriculum and Assessment Policy Statement (CAPS)
include recognising mathematics as a creative human activity, as well as the beauty and
elegance of mathematics; specific aims include developing deep conceptual understanding of
mathematics concepts for sense-making (South Africa. Department of Basic Education [DBE],
2011). In the case of the latter, the current study involves focussing on deepening learners’
conceptual understanding of fractions.
Task design is a crucial early stage of the research. This has involved the first author in task
design grappling with her supervisors (co-authors for this paper). Our use of the word ‘grapple’
in the discussions of this process is deliberate. To ‘grapple’ with something implies engaging
in a considerable struggle to make the best sense of it. In this instance our conceptual struggle
was to explore ways for ensuring that our task design facilitated learning trajectories that would
sustain powerful vertical mathematising (Cobb, Zhao & Visnovska, 2008) in relation to the
different fraction conceptualisations. Over a period of seven months, we have grappled (within
what might be termed a ‘micro-community of practice’ of our own) with teasing out the key
underlying mathematical and musical concepts relative to teaching and learning fractions at the
intermediate phase level (Grades 4-6). We have reflected critically on what would constitute
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the most mathematically appropriate teaching strategies and learning resources, and on how
best to sequence activities for achieving mathematics and music integration. Questions such
as, ‘what should we choose to be the unit?’ and ‘what should be iterated?’, were highlighted as
pedagogical concerns for us. We recognised that the multiple interrelated constructs of
fractions pose challenges for teachers and learners and recognised the risk that the first author’s
MEd task design, focusing on the ‘part-whole’ construct of fractions, might lead to
misconceptions. We therefore turned to literature promoting the use of other constructs of
fractions, in particular ‘fraction as measure’ and ‘fraction as ratio’ constructs. Having noticed
how the synergies between mathematics and music allowed for exploration of these fraction
constructs, we then pursued these as potentially more appropriate avenues to explore.
Throughout the task design grappling process, we were informed by a Realistic Mathematics
Education (RME) framing.
This paper recounts and reflects on Phase One of the design research cycle (i.e. our initial task
design journey). We share possible productive avenues that others looking to integrate the
teaching of fractions with other learning areas might consider. The findings of this phase of the
study point to multiple challenges and considerations that need to be carefully thought through
when integrating the teaching of concepts with different (though seemingly similar) symbolic
forms of language and representation. Music bars and their notes share similarities with
fractional concepts, fractional language and fractional notations/representations. As we
illustrate in this paper, however, these similarities need to be deeply explored in relation to the
learning goals and longer-term learning trajectories if they are to become powerful learning
resources and not contribute to misconceptions.
Literature review
Task design
Task design can be classified in various ways, based on the nature of the mathematical task.
The tasks in the current study aim to “purposefully make use of models [or] representations”
(Sullivan, Clarke & Clarke, 2012) to guide learners in interpreting multiple representations and
deepen conceptual understanding of musical and fractional notation. Jones and Pepin (2017)
state that teachers create opportunities for learning through the use of tasks. Task design may
include development of tasks for a specific mathematics concept, specific learners, specific
textbook tasks, and specific teaching and learning sequences or curriculum (Graven & Coles,
2017), and impacts how learners view mathematics (Jones & Pepin, 2017): an important factor
to consider in the current study’s aims of supporting learners towards recognising mathematics
as a creative human activity (South Africa. DBE, 2011).
Galbraith and Stillman (2006) argue for real-world problem contexts to form part of task
design. We agree with this tenet, especially considering the theoretical framing of RME
(Gravemeijer, 1994; van den Heuvel-Panhuizen, 2020). Jones and Pepin (2017) suggest that
when designing tasks, designers should consider what to design, and which tools will benefit
the task design, such as manipulatives. This paper discusses our decisions around what to
design and which tools are likely to best support teachers’ teaching of fractions.
Fractional knowledge
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Fractions are a vital part of the mathematics curriculum. They are crucial for developing
proportional reasoning and understanding of other mathematical concepts (Getenet &
Callingham, 2021). They are, however, regarded as a challenging concept to teach and learn.
The complex nature of fractions, along with learners’ misconception that they can apply
procedures and properties of whole numbers when working with fractions, are amongst the
main reasons identified for this challenge (Shahbari & Peled, 2014). Other authors (e.g.
Charalambous & Pitta-Pantazi, 2006) have also attributed the interrelated nature of different
constructs of fractions as a teaching/learning challenge. This is the particular challenge we
focus on in this paper.
Five interrelated constructs of fractions have been identified: ‘fraction as measure’, ‘fraction
as quotient’, ‘fraction as ratio’, ‘fraction as operator’ and the ‘part-whole fraction’ model
(Getenet & Callingham, 2021). These constructs are not separated, discrete categories, but
rather, offer learners multiple ways to make sense of the same situation. It is not sufficient to
focus on one construct alone. Rather, learners need time and experiences in developing a sense
of fractions in these multiple constructs (Luneta, 2013). A focus on the ‘part-whole’ construct
is not sufficient in primary school mathematics. All five constructs are relevant to learners’
understanding and use of fraction equivalence, improper fractions (i.e. greater than one),
operations, and problem solving (Charalambous & Pitta-Pantazi, 2006). As Shahbari and Peled
(2014) note, a useful way for enhancing learners’ fractional knowledge is by creating
opportunities for them to recognise and use the connections across these multiple, interrelated
constructs of fractions.
Getenet and Callingham (2021) also looked at the importance of teachers’ pedagogical content
knowledge for teaching fractions. They suggest that learners’ understanding, and application
of fractional knowledge could be enhanced through teachers connecting the various interrelated
constructs of fractions. Ideally, teaching strategies should always provide opportunities for
learners to see and use fractions beyond the typical ‘part-whole’ construct, in order to gain a
deeper conceptual understanding of fractions which will benefit their reasoning and
development in higher mathematics grades (Getenet & Callingham, 2021). It is this that
specifically motivated this study’s focus on designing and sharing different sorts of teaching
and learning activities and resources that the (larger) community of practice teachers could
interrogate and adapt in their own teaching of fractions.
In the present study, the focus is on designing teaching and learning tasks which draw on two
constructs simultaneously, namely, ‘fraction as measure’ and ‘fraction as ratio’. In literature
on teaching for understanding the ‘fraction as measure’ construct, a fraction is viewed as a
number that represents the size of a measured length (Cortina, Visnovska, Graven, & Vale,
2019). The denominator of the fraction is therefore understood to represent the size of a subunit
of measure, whereas the numerator represents how many iterations of the subunit are necessary
(Cortina et al., 2019). Tzur (2016) similarly suggests that fraction teaching and learning can be
enhanced by the notion of iteration of fractions. Here learners actively engage in activities
which require a whole length to be partitioned into equal parts such that the number of iterations
will make a whole. Getenet and Callingham (2021) explain that fractions are indicated as
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measures or distances from a given point (0) on the same scale (such as a number line), where
learners are asked to identify a number represented by a specific point on the number line.
Whereas, as Luneta (2013, p. 274) suggests, the ‘fraction as measure’ construct of fractions is
beneficial in understanding addition and subtraction of fractions, providing as it does a
“perceptual basis for renaming the parts in the same way” (equivalence), the ‘fraction as ratio’
construct is a comparison or relationship between two quantities in a given order rather than
being a number by itself. With this construct fractions act as ratios which “convey the notion
of relative magnitude” (Shahbari & Peled, 2014, p. 373). Figure 1, below, provides some
concrete illustrations of this.

Figure 1: Concrete illustration of the fraction as ratio and measure constructs
Through the task design described in this paper, we seek to demonstrate the possibility which
the context of beats in music percussion bars creates for learners to recognise and experience
‘fraction as measure’ and ‘fraction as ratio’ constructs. The beats in the bar act as the sub-units
which are iterated to create the unit bar of music: ‘fraction as measure’, while the ‘fraction as
ratio’ construct can be developed through examples of ‘beats per bar’. For example, a unit bar
of music may consist of four beats (four beats per bar), of which four beats are iterated
(clapped) (Figure 2, below).

Figure 2: An adapted representation of percussion notation (four beats iterated in the bar)
Musical concepts
Given that, as McLachlan, Greco, Toner and Wilson (2010, p. 2) note, “music notations use
both symbolic and spatial representation systems”, we set out to build on the synergies between
fractions and musical representations in our design of our intervention tasks. McLachlan et al.
(2010) describe how western music notation has evolved over centuries. They highlight
Gaare’s (1997) critique of the western music notation; namely, that limitations exist in the
52

symbolic notation making it cognitively taxing for a musician to decipher and perform. Others
too (for example, Cano, Mora-Angel, Kopze, Zapata, Escamilla, Alzate & Betancur, 2020)
have critiqued western music notation as often falling short in providing an accurate
representation of indigenous and cultural music traditions. Representations of music note
values with the western staff notation and the American note naming convention (whole note
(o), half note ( ), quarter note (♩) etc.) were used in the first author’s earlier action research case
study (Lovemore, 2020). The link between fractions and music note values was easily
1

1

1

recognisable, for example, just as a whole is made up of four quarters (1 whole = 4 + 4 + 4 +
1

), so too, one whole note in music is made up of four quarter notes (o = ♩ + ♩ + ♩ + ♩).

4

For the present study, we chose to replace traditional western staff notation with a more
minimalised notational approach: the simplicity of a percussion line. Our reasoning here was
twofold. Firstly, this would be more inclusive of other music traditions, in particular African
indigenous drumming; secondly, this simpler form would facilitate reading and understanding
by those teachers and learners who did not have a music background. Initial sharing of task
ideas with teachers indicated some nervousness on their part around the complexity of western
musical notation and language, prompting our decision to rather use simplified notation in our
task design. We considered a number of musical elements, including percussion line, music
bar and beat, in order to conceptualise our integration strategies. Percussion line notation,
consisting as it does of a single staff line on which percussion symbols are notated to indicate
rhythm, is (see Figure 2, above), is more visually accessible than traditional musical notation
(♪). It is divided into bars representing units of equal measurement of time (Roffel, 2017), for,
as Schmidt-Jones (2021, p. 32) explains, music “happens over a period of time” (proportioned
time), and it is organised into short time periods of the same length: ‘beats’. A beat is a regular,
predictable pulse, created when, for example, a musician hits a drum or strums a guitar
(Schmidt-Jones, 2021). The beat refers to the number of ‘counts’ in a bar (Roffel, 2017), so, in
a waltz, for example, there are three counts per bar. For the purposes of this study, we have
taken each percussion bar to represent the mathematical unit 1 (i.e. one whole).
Theoretical framework
Our grapplings were guided by the theoretical framing of RME (Freudenthal, 1973; Cobb et
al., 2008). We see RME as providing an ideal theoretical lens through which to approach
mathematics teaching and learning in accordance with CAPS’s overarching curriculum aims
(South Africa. DBE, 2011).
Cobb et al. (2008, p.108) identify three “enduring contributions” of RME as a design theory.
• Firstly, that starting points in teaching and learning sequences should be “experientially
real” (p.108) for learners, enabling them to actively engage in the mathematical activity
from the beginning through the use of informal modelling and ways of speaking. RME
emphasises the need to teach and learn mathematics within a context which allows learners
opportunities to apply mathematics thinking in solving real-life problems (Gravemeijer,
1994; Van den Heuvel-Panhuizen, 2020). This study uses a musical context in which
learners can experience fractions in a real-world context.
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• Secondly, that the starting point of the teaching and learning sequence should also be
“justifiable in terms of the potential end points of the learning sequence” (Cobb et al., 2008,
p. 109). The lesson activities for this study have been designed with the end goal being deep
conceptual understanding of fractions, with the focus on two sub-constructs of fractions
(‘fraction as measure’ and ‘fraction as ratio’). Both the broad and the specific curriculum
expectations of CAPS (South Africa. DBE, 2011) guide the end points of this instructional
sequence, namely, recognising the beauty and elegance of mathematics as a creative human
activity, plus developing deep conceptual understandings of fractions.
• Thirdly, that mathematical activities should be designed in such a way as to support the
“process of vertical mathematisation” (Cobb et al., 2008, p.109). The aim here is that
learners are guided through their informal modelling, such as drawings, diagrams and tables,
towards a more formal mathematical notation (Van den Heuvel-Panhuizen, 2020). The
design of teaching and learning activities in this study creates opportunities for learners to
first draw their own model of the problem scenario ahead of being guided by their teachers
to represent it in musical notation, clapping the rhythms. The end point is for learners to be
able to represent and work with formal mathematical modelling of fractions, such as on a
number line.
An additional advantage of a RME framing for the study is that this approach provides support
and guidance to teachers (in terms of stages of preparation, planning, presentation and
reflection) for developing the kinds of strategies and activities that promote class discussion
and reasoning.
Methodology
Data collection is scheduled to take place in multiple phases. Although all of the teachers
participating in our CoP are experienced intermediate phase mathematics teachers, none of
them specifically have any background knowledge or experience in music. Their participation
in the study is on the basis of informed consent and their expressed willingness to trial new
strategies of integration.
Because we recognise the importance of teachers’ involvement in the task design process
(Jones & Pepin, 2017), we have opted for a ‘dual design research’ route: “two teaching
experiments going on at the same time” (Gravemeijer & van Eerde, 2009, p. 26). We have
designed intervention tasks, worked with the CoP mathematics teachers to trial these, and used
reflective feedback to guide us in making adaptations to the tasks’ original designs. In line with
these principles of design research, on the basis of the first author’s initial interactions with and
feedback from the CoP teachers, we have been re-working some of the task designs. We are
now preparing for the second cycle where our CoP teachers trial the adjusted task designs.
This is consistent with Graven and Coles (2017) explanation that design research
conventionally involves researchers providing teachers with teaching and learning resources
which have been through a process of trialling, reflecting and adapting. These authors further
state that design research generally consists of a “cyclical process” (p. 882): researchers as
experts designing a task, which is then trialled by teachers in the classroom setting; adaptations
then being made based on the participating teachers’ experiences and reflections; a re-trialling
of the task.
54

Some data has already been collected, mainly in the form of focus group interviews within the
CoP, but also from interactions with individual members of the CoP, and from the first author’s
own critical reflections on the process (via her written entries in her research journal). As with
the first author’s MEd study (Lovemore, 2020), Karsenty and Arcavi’s (2017) Six Lens
Framework (SLF) is guiding the analysis based on teacher and researcher reflections. So, for
instance, ahead of her first meeting with the CoP teachers, the first author had designed sets of
integrated mathematics-music lesson plans, together with related activities and resources which
she then shared with the teachers. However, the COVID-19 disruptions delayed these being
trialled. Pre- and post-tests were also developed. Thus far however, again, because of COVID19, only three members of the CoP group have done the pre-test with their learners.
The design of the initial lesson ideas, and the pre- and post-tests required substantial initial
consideration of mathematics and music concepts, curriculum aims, theory (RME) and prior
research, and it is principally on these Phase One grapplings around optimising the task design
that the present paper focuses. The process of task design took place iteratively. As noted we,
the researchers and authors, worked on this within a form of our own ‘researcher CoP’,
grappling over a common interest, with a common goal in mind, emerging from shared
experiences. This process aligns with Wenger’s (1998) CoP model in which concepts of
community, identity, practice and meaning are interrelated. We worked assiduously over a
period of seven months, exploring ideas for the task design. The first author trialled various
strategies for integrating fractions and music with her CoP of teachers, reflected upon these,
and made adjustments based on feedback from the teachers and on her own critically reflective
insights. Our author/researcher CoP then grappled further as we became aware of the potential
for other sorts of mathematical challenges arising. The lead author will share the task design
we eventually arrived at with the CoP teachers in Phase Two of the study. In the next section
we briefly share some initial findings from our Phase One grapplings.
Research Design Findings and Discussion: Phase One grappling between the
mathematical and the musical
As already indicated, design research goes through several phases of design, implementation,
and reflection (Geiger, Galbraith, Niss & Delzoppo, 2021). A first key phase of design research
is the process of making sense of task design, which itself goes through multiple iterations. We
regard the first author’s MEd study (Lovemore, 2020) as having constituted the very first
iteration of our task design. The second iteration has been our shared struggle with the
mathematical and musical concepts and representations, including careful reflection on some
concerns and issues arising out of the first author’s MEd study. It is discussion around these
two iterations which forms the substance of the present paper.
Highlighted in the literature are two questions for researchers to consider at the start of task
design: what to design and which tools are necessary for the task design (Jones & Pepin, 2017).
In exploring ways in which fractions and music can be integrated to support the teaching and
learning of fractions, and answering the ‘what?’ question, we decided that what was needed
was a set of tasks sequenced in a way that allowed for progression. To guide us in this we first
designed an initial pre-test which we asked the teachers to use in evaluating their learners’ prior
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knowledge. Our pre-test items were based on our experiences of challenges when teaching
fractions as well as on literature (e.g. Cortina et al., 2019). A sequence of tasks was then
designed integrating music with fractions. We discuss these tasks in more detail below. When
considering the ‘which tools?’ question, we decided to make use of a variety of representations,
ranging from pictures, to music percussion lines, to number lines.
As noted earlier, some of our grappling was around concern that the musical notation would
add yet another unfamiliar symbolic language to the teaching and learning of fractions. Another
concern related to the fact that traditional music notation consists only of values divisible by
two, so excluding relationships to fractions of odd denominators (e.g. thirds). We realised that
our original idea of linking musical note values would only be applicable when relating to
fractions with even denominators. Yet another concern we had was that the breaking up of the
note value (one whole note divided into two half notes or four quarter notes) emphasised the
‘part-whole’ construct of fractions, which, as literature tells us, is not sufficient for developing
deep conceptual understanding of fractions. And then yet one more concern was that the
connection of the note values and fractions only proved useful in a music bar which is in 4/4time signature (i.e. four quarter notes making up a whole bar). If, however, one made use of
the 3/4-time signature, such as in a waltz, then three quarter notes would make up a whole bar,
which could result in major misconceptions for learners and teachers. As evidenced in these
various points, we recognised just how carefully we needed to reflect on which elements of
music would be most conducive to supporting a deepened conceptual understanding of
fractions and least likely to contribute to creating misconceptions.
Through trialling multiple scenarios, we established that the most appropriate approach would
be to use the music percussion bar. Our introductory lesson design would establish a ‘realistic’
story-based scenario (African animals crossing a river). This scenario would provide learners
the opportunity to engage in experientially real activities relating to various mathematical
concepts, in line with RME principles (Van den Heuvel-Panhuizen, 2020). Its storyline would
allow an exploration both of ‘fraction as measure’ (iterating jumps of a fixed measure for each
animal) and of ‘fraction as rate’ (x jumps/sounds made per river crossing), with the river
crossing providing both the reference unit of measure and the reference unit of time. Below is
an excerpt of the scenario.
There is a river which the animals need to cross for their migration. Each animal crosses
the river with a different number of jumps. This means they each cross with a different rhythm
of beats, BUT in this problem scenario we ask learners to imagine that the animals all need
to cross the river at the same rate or speed. If they were to go any slower, they would be
eaten by one of the crocodiles lurking in the water. The learners are asked to imagine that
they are biologists observing the animals’ migration behaviours. Having noticed the sounds
and distance of the animal jumps on the rocks as they cross the river, and not having a
camera, they decide to record the animals’ jumps through drawings.
Figure 3 shows your drawing of the Zebra’s crossing. Zebra crosses with only 4 jumps
(related to 4 rocks). Your drawing shows both the number of jumps it takes Zebra to cross
the river and also the number of beats (sounds) per time of Zebra’s river crossing.
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Figure 3: Possible informal representation of ‘jumps’ across the river
How might you record the jumps of these other animals?
•
Ostrich - 2 jumps (start encouraging equal distanced jumps for the
purpose of this problem scenario)
•
Kudu - 1 long jump
•
Monkey - 8 jumps
•
Baboon - 3 jumps
•
Duiker - 6 jumps
Note to teachers: Facilitate class discussion about the drawings (notations) asking
questions such as: ‘How did you decide where to place the jumps?’ You may wish
to include brief discussion on how animal migrations take place in reality.
As Figure 4, below, illustrates, in this scenario the river crossing distance and the river crossing
time both provide constant units against which other distances and times can be measured and
compared with other animals. This allows for working simultaneously with the ‘fraction as
measure’ and ‘fraction as ratio’ conceptualisations, i.e. the first unit in terms of time is the
constant time it takes all animals for one river crossing (River Crossing Unit of Time - RCUT).
The second unit is the constant distance of one River Crossing (River Crossing Unit of Distance
- RCUD). Therefore, the speed at which the animals cross the river is constant. This could be
thought of as metres per second but, more usefully in our scenario, ‘River Crossing Unit of
Distance’ per ‘River Crossing Unit of Time – RCUD/RCUT. However, each animal will cross
the river with a different number of jumps with a different distance and time taken per jump.
Using percussion, this scenario can now be powerfully and rhythmically clapped out by the
learners, and so, as Figure 4 shows, the next step in the learning sequence is relating the river
to a music percussion bar. In this case, a music bar becomes the unit. Just as the river was the
constant in the previous scenario, so too the music bar is the constant time and distance (visual
representation). The sounds that occur within the music bar will all occur within the same time,
but the duration of each individual sound (each beat) will vary. In grappling with how to design
this scenario, we established that the music bar would be divided into equal beats which could
be likened to the equally spaced jumps in the river. The beats per bar would further reiterate
the constructs of ‘fraction as ratio’ and ‘fraction as measure’. Each beat would need to be
iterated a certain number of times to fill the whole music bar. And finally, as Figure 4 shows,
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these ‘beats’ are then represented as fractional representations on either timelines or distance
lines where the unit is the distance or time of a single river unit crossing.

Figure 4: Multiple representations
It is beyond the scope of this paper to elaborate on the full task design process throughout the
fraction learning trajectory. Suffice it to say that subsequent lessons and percussions would
involve a combination of beat sounds and rest sounds so that different percussions could be
‘read’ and ‘performed’ by learners. We decided to include the representation of a musical rest
(e.g.
), where learners would make a ‘shhh’ sound. This would demonstrate that the whole
bar comprises a set number of beats, but not all beats need be sounded out.
Multiple music percussion lines underneath one another work well to carry out a group
clapping activity. The first author referred to this as a percussion orchestra in her MEd study
(Lovemore, 2020). In this activity, a group of learners were divided into smaller groups, each
responsible for sounding their own beats (clap, tap, drum). She described this activity as “a
good opportunity to practically demonstrate equivalent note[s]” (2021, p. 174) in that it allowed
learners to hear and see how the various beats per bar lined up. So, for example, in the task
design we discuss here, two Baboon jumps = four Duiker jumps (first column of Figure 4) so,
in the time we have heard/clapped, two Baboon jumping sounds we have heard/clapped four
2

Duiker jumping sounds (percussion line in column 2 of Figure 4) and two-thirds (3) of a unit
4

4

6

3

of time or distance is equivalent to four-sixths ( ) of a unit of time or distance and similarly,
8

= 6 . The iteration of these fractional time and distance jumps (i.e., ‘fraction as measure’) thus
easily allows acceptance of fractions greater than 1 (widely noted as a challenge where the
‘part-whole fraction’ model pre-dominates). Groups of learners would need to sound notes that
overlap and are sounded together. Such an activity would enable teachers to demonstrate to
learners the creativity and beauty of mathematics, so achieving this particular broad curriculum
aim (South Africa. DBE, 2011).
In the first iteration of exploring the teaching of fractional concepts with music (the first
author’s Master’s degree research) she found it was preferable not to initially make the link
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between music and fractions explicit. As the lesson sequence progressed, however, she made
the link between the music and the fractions progressively more explicit, producing valuable
class discussions (Lovemore, 2020). In light of this finding, an explicit teaching/learning step
which links the percussion line and music bars to a number line has been designed (as shown
in column 3 of Figure 4). The percussion lines with music bars can be lined up with the number
lines so as to visually represent the beats and fractions, so explicitly showing the link to
fractions, and enabling teachers to then use the formal representation in developing formal
fractional reasoning. This aligns with RME principles (Van den Heuvel-Panhuizen, 2020) of
providing learners opportunities to use and develop more formal ways of representing fractions.
Conclusion
Through grappling with the mathematical and musical concepts, we have worked in our ‘microCoP’ to design intervention tasks aimed at supporting teachers in achieving broad and specific
curriculum aims around fractions, with an emphasis on combining the ‘fraction as measure’
and ‘fraction as ratio’. The next phase in the study is to share these tasks with the teachers
within that (larger) CoP where the teachers will then have the opportunity to trial and
interrogate the effectiveness of the tasks we have designed, and share with the first author their
reflections on this process. In so doing we will have met our ‘dual-design’ research intentions,
fully recognising, at the same time, that further issues requiring further grappling and thence
further adaptation will almost certainly arise.
Acknowledgement
This work is based on the research supported by the South African Research Chairs Initiative
of the Department of Science and Technology and National Research Foundation (Grant No.
74658). Any opinion, finding and conclusion or recommendation expressed in this material is
that of the authors and the NRF cannot be expected to accept any liability in this regard.
References
Cano, E., Mora-Angel, F., Lopze, G., Zapata, J., Escamilla, A., Alzate, J. & Betancur, M.
(2020). Sesquialtera in the Colombian Bambuco: Perception and Estimation of the Beat
and Meter. In Cumming, J., Ha Lee, J., McFee, B., Schedl, M., Devaney, J., McKay, C.,
Zangerle, E., de Reuse, T. (Eds). Proceedings of the 21st International Society for Music
Information Retrieval Conference, 409-415. Montreal, ISBN 978-0-9813537-1-5.
Charalambous, C.Y. & Pitta-Pantazi, D. (2006). Revisiting a theoretical model on
fractions: implications for teaching and research. In Chick, H. L. & Vincent, J. L.
(Eds.). Proceedings of the 29th Conference of the International Group for the
Psychology of Mathematics Education, 2, 233-240. Melbourne: PME.
Cobb, P., Zhao, Q., & Visnovska, J. (2008). Learning from adapting the theory of realistic
mathematics education. Education & Didactique, 2(10), 154 -124.
https://doi.org/10.4000/educationdidactique.276
Cortina, J., Visnovska, J., Graven, M., & Vale, P. (2019). Instructional design in pursuing
equity: The case of the 'Fraction as Measure' sequence. In N. Govender, R. Mudaly, T.
Mthethwa, A. Singh-Pillay (Eds.), Proceedings of the 27th annual conference of Southern
African Association for Research in Mathematics, Science and Technology Education
(SAARMSTE), University of KwaZulu Natal, Durban, 16-18.
59

Freudenthal, H. (1973). Mathematics as an educational task. Dordrecht, The Netherlands:
Reidel.
Gaare, M. (1997). Alternatives to traditional notation. Music Educators Journal, 83(5), 17–23. doi:
https://0-doi.org.wam.seals.ac.za/10.2307/3399003
Galbraith, P., & Stillman, G. (2006). A framework for identifying student blockages during
transitions in the modelling process. ZDM, 38(2), 143–162. doi:
https://doi.org/10.1007/BF02655886
Geiger, V., Galbraith, P., Niss, M., & Delzoppo, C. (2021). Developing a task design and
implementation framework for fostering mathematical modelling competencies. Educational
Studies in Mathematics, 1. doi:10.1007/s10649-021-10039-y

Getenet, S. & Callingham, R. (2021). Teaching interrelated concepts of fraction for
understanding and teacher’s pedagogical content knowledge. Mathematics Education
Research Journal, 22, pp. 201-221. doi: https://doi.org/10.1007/s13394-019-00275-0
Gravemeijer, K., & van Eerde, D. (2009). Design research as a means for building a knowledge
base for teachers and teaching in mathematics education. The Elementary School Journal,
109(5), 510-524. doi:10.1086/596999
Gravemeijer, K.P.E. (1994). Developing Realistic Mathematics Education. Utrecht:
Freudenthal Institute.
Graven, M., & Coles, A. (2017). Resisting the desire for the unambiguous: Productive gaps in
researcher, teacher and student interpretations of a number story task. ZDM, 49(6), 881-893.
doi:10.1007/s11858-017-0863-7
Jones, K., & Pepin, B. (2017). Research on mathematics teachers as partners in task design. Journal of
Mathematics Teacher Education, 19(2-3), 105-121. doi:10.1007/s10857-016-9345-z

Karsenty, R., & Arcavi, A. (2017). Mathematics, lenses and videotapes: a framework and a
language for developing reflective practices of teaching. Journal of mathematics teacher
education, 20(5): 433-455. /doi.org/10.1007/s10857-017-9379-x.
Lovemore, T.S., Robertson, S-A., & Graven, M.. (2021). Enriching the teaching of fractions
through integrating mathematics and music. South African Journal of Childhood
Education, 11(1), doi:10.4102/sajce.v11i1.899
Lovemore, T.S.. (2020). Enriching my teaching around the inverse order relationship in unit
fractions at the grade 5 level through the inclusion of musical activities: An action
research case study. (Publication No. 38079) [Master’s thesis], Rhodes University.
Luneta, K. (Ed.). (2013). Teaching Mathematics: foundation & intermediate phase. Cape
Town: Oxford University Press Southern Africa.
McLachlan, N. & Greco, L. & Toner, E. & Wilson, S. (2010). Using Spatial Manipulation to
Examine Interactions between Visual and Auditory Encoding of Pitch and Time. Frontiers
in psychology. 1. 233. 10.3389/fpsyg.2010.00233.
Roffel, J. (2017). Root Notes. Port Elizabeth: Jeroen Roffel Studios.
Schmidt-Jones, C. (2021). Understanding Basic Music Theory. Rhaptos. Retrieved August 1,
2021, from http://cnx.org/content/col10363/1.3/
Shahbari, J.A. & Peled, I. 2014. Modelling in Primary School: Constructing Conceptual
Models and Making Sense of Fractions. International Journal and Science and
Mathematics Education, 15, pp. 391-391. doi: 10.1007/s10763-015-9702-x
South Africa. Department of Basic Education. (2011). Curriculum and Assessment Policy
60

Statement: Mathematics Intermediate Phase Grade 4 - 6. Pretoria: Department of Basic
Education.
Sullivan, P., Clarke, D., & Clarke, B. (2012). Teaching with tasks for effective mathematics
learning. Berlin: Springer.
Tzur, R. (2016). On natural numbers and fractions: A reorganization (no bias) stance. In C.
Csíkos, A. Rausch, & J. Szitányi (Eds.), Proceedings of the 40th Conference of the
International Group for the Psychology of Mathematics Education (Vol.1, pp. 399-403).
Szeged, Hungary: University of Szeged.
van den Heuvel-Panhuizen M. (2020). Seen through other eyes—opening up new vistas in
realistic mathematics education through visions and experiences from other countries. In
M. van den Heuvel-Panhuizen (Ed.), International reflections on the Netherlands didactics
of mathematics. ICME-13 Monographs. (pp.1-20). Springer, Cham.
https://doi.org/10.1007/978-3-030-20223-1_1
Wenger, E. (1998). Communities of practice: Learning, meaning, and identity. New York:
Cambridge University Press.

61

REVISITING GEOBOARDS TO TEACH QUADRILATERALS WITHIN
THE VAN HIELE TEACHING FRAMEWORK
Given K. Matengu & Marc Schäfer
Rhodes University
Abstract
This paper reports on a case study that interrogated the use of geoboards in selected
mathematics classrooms. The study examined the extent to which geoboards were used to teach
the properties of quadrilaterals within the Van Hiele teaching framework. Three primary
mathematics schoolteachers were purposefully selected to teach a total of nine lessons on the
properties of quadrilaterals using geoboards. The Van Hiele theory of geometric thought was
used as the framework of analysis, and data was collected through interviews and observations.
The study found that geoboards helped learners to understand the concepts that define the
properties of quadrilaterals with ease. The implication of this study is that the potential
benefits of using geoboards to teach quadrilaterals within the Van Hiele model cannot be
ignored. Thus, we recommend that teachers in areas of limited or no access to electricity and/or
computers should reconsider using geoboards to teach properties of quadrilaterals.
Keywords: geoboards, quadrilaterals, van Hiele model, visualisation.
Introduction
This paper reports findings from a larger case study that analysed the use of geoboards in
mathematics classrooms. The focus in this paper is on one of the aims of the study, which was
to establish the extent to which geoboards can be used within the Van Hiele model to teach the
quadrilateral properties. Studies (Howse & Howse, 2015; Mostafa, Javad & Reza, 2017) show
that geometry teaching that is not aligned to Van Hiele’s model is unlikely to succeed, because
such teaching gives little regard to how well the learners understand geometrical concepts.
Özerem (2012), credits the Van Hiele model to continue to be one of “the best-known
theoretical account of students’ learning about shapes” (p. 721). However, despite this apparent
benefit to the teaching of geometrical shapes, there is still a scarcity of comprehensive studies
in Namibia that promotes geometric conceptualisation in school mathematics. In our
experience and observations, geometric instruction that is aligned to the Van Hiele model
seems to be scarce in many Namibian mathematics classrooms. The focus of the work in
Namibia of Dongwi (2014) and Mateya, (2008) was primarily on determining the levels of
geometric thinking and not necessarily on how the model can be used in a mathematics
classroom. Moreover, the fact that there is no mention of the Van Hiele model in the Namibian
broad curriculum, suggests that there is very little awareness of its benefits in the Namibian
classrooms. We thus argue in this paper that it is important to review and teach school geometry
curriculum along Van Hiele lines, and possibly consider implementing the Van Hiele model if
we desire to see an improvement on learner performance in mathematics school geometry.
Further, it is a concern that the use of mathematical manipulatives in many Namibian school
mathematics classrooms is rare (Miranda & Adler, 2010; Matengu, 2018). It has been argued
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by some researchers that this is a contributing factor to the low attainment of learners’
understanding of basic geometrical shapes such as quadrilaterals (Matengu, Dongwi & Schafer,
2020). Dongwi (2014) also says that this leads to resentment of geometry as a mathematical
activity. We argue that because the use of teaching materials such as geoboards (a somewhat
forgotten manipulatives), could potentially present abstract geometrical concepts that are
difficult to understand in an explicit and concrete manner (Matengu, et al, 2020), this could
make mathematics lessons more interesting and accessible. In the context of an intervention
programme, we thus ask the question: How do the selected mathematics primary school
teachers make use of geoboards as manipulative tools to teach the properties of quadrilaterals
within the Van Hiele model?
Conceptual Framework
Geoboards as teaching manipulatives
According to Loong (2014), geoboards are traditional concrete teaching aids made from flat
pieces of wood with either small nails or pegs lined up in rows and columns to form an
arrangement of repeated squares. The pedagogical purpose of the devices is to form different
geometrical shapes by placing rubber bands around the nails that are arranged in a square lattice
(Scandrett, 2008). As far as access to the devices and usage is concerned, geoboards are cheap
to manufacture and user-friendly when teaching and learning geometrical shapes. Although the
use of geoboards was well situated in the mainstream of school mathematics as teaching tools,
of recent, their presence in many mathematics classrooms is fading away. Moreover, the
current trend in the discussion of literature on manipulatives shows a shift of focus from
physical to virtual manipulatives (Gecu-Parmaksiz & Delialioglu, 2019).
Harkin (1975) asserted that “there is no manipulative device that surpasses the geoboard as an
instrument to cultivate the spirit of exploration in mathematics” (p. 113). Cotič, Mešinović,
Zuljan and Simčič (2010) also agree that solving geometrical problems is very effective when
learners develop exploratory activities with geoboards. Further, using geoboards to teach
geometry has been found to promote collaborative teamwork, active and autonomous learning
among learners (Matengu, 2018; Sibiya, 2020). Thus, notwithstanding the gap in the current
literature on the use of geoboards in modern mathematics classrooms, we argue that although
their use is rather dated and seldom, geoboards are still useful in today’s teaching and learning
of mathematics. Recent studies (Matengu et al., 2020), has shown that geoboards are effective
manipulatives to visually explore geometric shapes such as quadrilaterals in a cheap and yet
not-so-common way.
The teaching of quadrilaterals
Quadrilaterals are four-sided plane shapes bounded by straight lines, and according
Nisiyatussani, Fathurrohman and Anriani (2018), their properties “consists of concepts and
definitions of abstract geometry that are required to solve problems related with geometry use
in daily life” (p. 28). Numerous related concepts such as parallel, perpendicular, opposite,
diagonals and symmetry are all fundamental to the properties of quadrilaterals. The Namibian
curriculum identifies six different types of quadrilaterals. These are squares, rectangles,
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rhombus, parallelograms, trapeziums, and kites. The properties of these quadrilaterals are
taught from Grade 4 to 8. One of the objectives of the curriculum (syllabus) on the teaching of
these quadrilaterals is for learners to define and classify, by means of sorting, naming, and
comparing the different quadrilaterals in terms of their sides, angles, and symmetry.
Global literature (Borboran et al., 2021) assert that for learners to demonstrate an understanding
of quadrilaterals, they need to define and classify the quadrilaterals according to their
properties. For example, learners need to define and classify a square in relation to a rectangle
by understanding the underlying principle in order to see that a square is a special case of a
rectangle. Fujita and Jones (2007) admit that defining and classifying quadrilaterals however
“appears to be a difficult topic for many learners” (p. 3). This, according to our observation, is
a prevailing challenge in the primary mathematics classrooms of the Kunene region where this
study was conducted. We observe with concern how learners struggle with the formal
definitions of the said quadrilaterals, let alone their hierarchical classification and relationships.
To effectively teach quadrilaterals in mathematics, Akkaş and Türnüklü (2014) recommend
three strategies that can be employed by teachers; the first being defining, which is recognised
as “an important aspect in learning quadrilaterals” (p. 186). Defining can either be done by
means of formal definitions or listing the properties. For this strategy to be effect, Akkaş and
Türnüklü (2014), suggest the incorporation of visual representations. The second is the
classification strategy, which classifies quadrilaterals in three different ways: (1) the hierarchal
classification, (2) partial classification and (3) transformation classification. The third strategy
is the use of visual representations, which can be done by employing visualisation strategies
that include drawing models or the use of concrete manipulatives of quadrilaterals. The
participants of this study reported here used all the three strategies (defining, classifying &
visualisation) in their teaching of quadrilaterals, with an emphasis on visualising using
geoboards in the context of the Van Hiele instructional phases of teaching geometry.
Theoretical Framework: The Van Hiele theory
Van Hiele (1986) offers a model of teaching that promotes learners’ levels of understanding in
geometry. Genz, (2006) posits that “the Van Hiele theory is a learning model that describes the
geometric thinking students go through as they move from a holistic perception of geometric
shapes to a refined understanding of geometric proof” (p. 4). It has been argued that the Van
Hiele model has been a prominent and effective theory of geometric thought to address
challenges associated with geometry learning (Luneta, 2014; Armah & Kissi, 2019). The
models’ premise is that learners, assisted by appropriate instructional experiences, move
sequentially through five levels in a hierarchal order in their geometry learning (see Table 1).
The discussion of this paper is limited to the transition of Level 1 to Level 2; the visual
(recognition) and analysis levels of geometrical thinking. According to the model, on the
Visualisation Level, learners describe shapes on the basis of their appearance, while on the
Analysis Level the shapes are described based on their properties. We find the basic
competencies of Grade 7 Namibian mathematics curriculum to be grounded within these two
levels. The competencies in the curriculum require learners to identify the quadrilaterals as
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well as describe their properties. The latter constitutes the transition from Level 1 to Level 2.
In this context, the visual level foregrounds visual perception. Thus, when learners construct
shapes on geoboards, their initial appearance becomes the mechanism through which they
recognise and operate on shapes before attaching specific properties to them. For example, at
Level 1, for a Grade 7 learner the concept of a ’square’ is a square because it looks like one. It
is through harnessing this level of visualisation and exploring further that the properties of a
square become apparent. Hence from this perspective, we argue that the use of geoboards as
visual manipulatives to support perceptual apprehension can be an appropriate and effective
way for the properties to become apparent to learners.
Table 1
Levels of the Van Hiele geometrical reasoning
Levels
Visualisation
Analysis
Informal
Deduction
Formal
Deduction
Rigour

Brief description
Learners recognise figures by their appearance. They make decision based on intuition not
reasoning.
Learners recognise figures by their properties. They can analyse and name properties of
figures, but they cannot make relationships between these properties.
Learners can distinguish between necessary and sufficient conditions for concept. They can
form meaningful definitions and give informal arguments to justify their reasoning.
Learners can construct theorems within an axiomatic system. They know the meaning of
necessary and sufficient conditions of a theorem.
Learners understand the relationship between various systems of geometry. They can
compare, analyse and create proofs under different geometric systems.
Source: Karakuş and Peker (2015) p. 339.

When learners recognise shapes as wholes through their visual appearance (Level 1), they
begin to see the same shapes as carriers of properties (Level 2). Thus, learners begin to
recognise the quadrilaterals by their properties. This transition entails that the learners must
move from observing and identifying shapes to recognising the properties attached to the
shapes. From the preparations of the lessons to their presentations in this study, much attention
was given to the visualisation (recognition) level, because Mason (2009) recommends that to
ensure a successful transition through the five levels, much time should be devoted to Level 1.
Also, De Villiers (2010) says that the transition process helps learners acquire the technical
language by which the properties of the concept can be described. He stresses that the process
helps learners to recognise “certain new relationships between concepts and the refinement and
renewal of existing concepts” (De Villiers, 2010, p. 2). The movement of one level of the model
to the next is more a result of a learning process referred to as the Van Hiele instructional cycle,
than a result of age or maturity – see Table 2 below.
Table 2
Framework of the Van Hiele phases of learning
Phase
Information
Directed
orientation
Explication

Brief description
Students develop vocabulary and concepts for a particular task. The teacher assesses
students’ reasoning and determines how to move forward with future tasks.
Students actively engage in teacher-directed tasks. They work with the developments
from the previous stage to gain an understanding of them as well as the connections
among them.
Students are given opportunities to verbalize their understanding through discussions.
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Free
orientation
Integration

Students are challenged with tasks that are more complex and discover their own
ways of completing each task.
Students summarize what they have learned, creating an overview of the concept at
hand.
Source: Howse and Howse (2015), p. 306

Methodology
This qualitative case study involved three Grade 7 mathematics teachers who planned together,
and individually taught nine lessons on the properties of quadrilaterals using geoboards as
teaching manipulative tools. The teachers were purposefully selected from three different
schools of the Opuwo circuit of the Kunene region, Namibia. The study took the form of an
intervention program that was composed of two workshops. The first workshop equipped the
teachers on how to design geoboards from local materials, whilst the second empowered them
on how to use the tools. The designing of the geoboards was spearheaded by an experienced
local carpenter, and all the three teachers were part designing these geoboards. The concepts
of Van Hiele’s model and visualisation were introduced to the teachers. Each teacher taught
three lessons (1 pilot and 2 actual), which translated to nine lesson presentations in total (see
Table 3). The lessons sequenced the five phases of Van Hiele model (summarised in Table 2).
The teachers are identified in this study using pseudonyms: Ms Ruth, Mr Jones and Ms Smith.
Table 3
Quadrilateral taught and time in minutes.
Lessons

Mr Jones

Ms Ruth

Ms Smith

L1 (Pilot)

Square (40)

Rectangle (37)

Parallelogram (38)

L2 Actual

Square (45)

Rectangle (36)

Parallelogram (40)

L3 Actual

Rhombus (40)

Kite (36)

Trapezium (38)

Data Collection and analysis
Data was collected through observations – video recorded lessons (VRLs), and interviews –
stimulus recall interviews (SRI) & focus group interviews (FGI)). The total set of data sources
collected and analysed in this study amounted to 21: nine VRLs, nine audios recorded SRIs,
and three audios recorded FGIs.

Table 4
Indicators of the evidence of the use of geoboards in each phase of the Van Hiele model
Phase

Description of indicator
There is evidence that:

Information

•

the teacher uses geoboards as means of introducing the lesson to find
out what learners already know about the properties of shape(s).
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Score
0 1 2
3

Guided orientation

•

Explication

•

Free orientation

•

Integration

•
•

geoboards are used to guide learners in forming different shapes based
on their properties.
the teacher gives learners an opportunity to discuss the properties of the
shapes that are constructed on geoboards.
the teacher uses geoboard activities that help learners link relevant
relationships of the properties of shapes.
teachers help learners use geoboards as reference during the reflection
and summary of the lesson.
learners show readiness for the next level of the Van Hiele model
(analysis)
Adapted from Karakuş and Peker (2015)

To analyse data from VRLs, we used the five instructional phases of Van Hiele model (1999)
as observable indicators – see Table 4 above. The extent to which each phase was used by the
teacher during the lesson was determined using a scale of 0 to 3, whereby the coding of (0)
signified ‘No evidence’, (1) ‘Weak evidence’ (2) ‘Medium evidence’ and (3) ‘Strong
evidence’, respectively. During the analysis, we allocated lines of the transcribed lessons with
either of these codes depending on how weak or strong the evidence was, regarding the use of
geoboards in each phase. We further incorporated questions in the SRIs and FGIs that sought
to verify and establish the teacher’s experiences of using geoboards. Thematic analysis, a
“method for identifying, analysing and reporting patterns (themes) within data” (Braun &
Clarke, 2013, p. 79) was then used to analyse interview data in relation to the five phases of
the Van Hiele model.
Findings
Video recorded lessons.
3

2

Scores

Phase 1
Phase 2
Phase 3

1

Phase 4
Phase 5

0

Figure 1: Numerical scores of the evidence of the use of geoboards within the Van Hiele phases
in all the three teacher’s lessons.
Information phase
Figure 1 above shows that geoboards were most utilised in the Information phase compared to
the other four phases. It was observed that teachers had constructed different shapes on
geoboards to introduce the lessons (see Figure 2). During the introduction of the lessons,
learners were asked to identify certain shapes from geoboards, and the attempts to justify their
answers led to the discussion of the properties even before the commencement of the lessons.
It was also observed that in one of her lessons Ms Smith wrote the topic of the lesson on the
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chalkboard only after learners identified the shape. These findings show that geoboards were
easily used to introduce the properties of quadrilaterals.

Figure 2: Teachers using geoboards to introduce the lesson(s) of the day.
Guided orientation phase
Apart from lesson # 3 of Ms Smith that had a score of 2, the other eight lessons obtained a
maximum score of 3 on the use of geoboards within the Guided orientation phase (see Figure
1). Data from VRLs show that teachers guided learners in forming different shapes based on
their respective properties. Geoboards aided the modelling of concepts to define the properties
of quadrilaterals. This was done through the construction of line segments that vividly
represented the geometric concepts of opposite, equal, parallel, perpendicular, diagonal and
symmetry. For example, during the lesson of a square, Mr Jones constructed a four-by-four
nail square and asked one learner to demonstrate that the sides were equal. The learner counted
the number of units (nail to nail) of each side of the square on the geoboard (see Figure 3). It
was observed that the learner moved a finger around the square from nail to nail, counting
along with the teacher one unit, two unit, and so forth determining the length of each side of
the square. After that, the learner stated the number of units that comprised each side.

Figure 3: A learner counting the number of units of the sides of a square on the geoboard.
Explication phase
In Figure 1, lesson # 2 of Mr Jones and lesson # 1 of Ms Ruth were observed to have been the
two lessons that maximally used geoboards within the Explication phase. The scores of the
other six lessons ranged from 2 and 1. Data from VRLs shows that geoboards were used to
create opportunities of discussion on the properties of quadrilaterals, and this was because
teachers posed questions that were linked to the shapes constructed on geoboards. During the
discussions, teachers paraphrased and listed down learners’ responses on the chalkboard (see
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Figure 4). Teachers corrected learners who misspelled geometric terms, both in writing and
pronunciation, such as ‘trapezium’, ‘parallel’, ‘diagonal’, ‘opposite’ and ‘symmetry’.

Figure 4: teachers listing the properties of quadrilaterals as mentioned by learners.
Further, during the Explication phase there was frequent use of informal language from learners
to describe the properties of shapes. For example, one learner was heard saying, “a rectangle
has four corners…”, the word corner was used here to refer to a vertex. During the lesson of
the properties of a trapezium, another learner said, “at the turning of the line”, describing the
perpendicular height of the trapezium. Furthermore, it was in the Explication phase where we
noticed a mix up in the order of the phases in many lessons. The Explication, Free orientation
and Integration phases were jumbled; hence it became difficult to ascertain the phase at which
the teacher was during the observations.
Free orientation phase
Data from VRLs show that Mr Jones and Ms Ruth gave learners tasks for completing the
construction of a square and rectangle from two opposites and/or adjacent sides on geoboards.
In his third lesson, Mr Jones was also seen giving learners a task of forming a rhombus from a
triangle by moving the vertices. Further, he instructed learners to complete a rhombus from
two adjacent sides using rubber bands of different colours. Ms Smith was seen administering
activities that engaged learners to explore the properties of a parallelogram and trapezium on
geoboards. These engagements show that activities were given to learners using geoboards to
measure their understanding of the properties of quadrilaterals. Although the activities were
not sufficiently explored on geoboards (see Figure 1), it was still evident that the intended
purpose of linking relevant relationships of the properties of quadrilaterals was achieved as per
the requirement of the Free orientation phase.
Integration phase.
The results from Figure 1 shows that not all the lessons fulfilled all the requirement of the
Integration phase. VRLs show that it was only four lessons out of the nine that successfully
used geoboards as reference tools for reflective questions. This was partly caused by the mixing
up of the last three phases as well as lack of time. It was observed that because of time
constraint, teachers could not properly conclude some of their lessons, and as a result, learners
were not thoroughly prepared for the next level of the model (Analysis level). For example, Ms
Smith was unable to implement the Integration phase in her third lesson (see Figure 1) in the
correct sequence of the phases, thus no questions or concluding remarks were done at the end
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of the lesson, let alone the use of geoboards in this regard. The Integration phase was jumbled
within the Explication and Free orientation phases.
Interview results: SRI and FGI
Data from the SRI and FGI revealed that teachers appreciated the way geoboards aided the
implementation of the Van Hiele phases. To the question of how geoboards influenced the
introduction of the lessons, Ms Ruth, commented that “…during the introduction, learners
managed to identify the different shapes that they saw on the geoboard”, Ms Smith also added
to say that: “learners could easily identify and name the four different shapes on the
geoboard… and this was due to the colourful elastic rubber bands used on geoboards”. These
responses show that teachers were fascinated by how the visual representation of geoboards
contributed to the successful implementation of the Information phase. According to them,
geoboards helped learners understand the conceptual definitions of the properties of shapes
because learners could physically touch and visually see these properties through the means of
visual representations.
Teachers also commended the way geoboards guided the definitions of different concepts
during the lessons. For example, when asked how geoboards guided the meaning of certain
concepts, Mr Jones said: “…when you are talking about perpendicular lines they could come
and show and prove that this line and that line are perpendicular and where they meet here,
they form a 90o”. The other two teachers also indicated that geoboards were instrumental in
explaining concepts of perpendicular, parallel, equal, opposite, symmetry and diagonal. To this
end, geoboards enabled learners to physically see the abstract concepts that were taught to them
by touching and counting the number of pins.
The use of geoboards within the Explication phase was also found to be favoured by teachers.
What emerged from both the SRI and FGIs is that teachers believed that learners were able to
discuss the geometrical concepts related to quadrilateral properties because of how the concepts
were clearly presented on geoboards. “It was easy for learners to discuss what they saw on
geoboards”, remarked Ms Smith. Mr Jones also commented that learners discussed what “they
could see with their own eyes”, and this eventually activated learners’ involvement in the
discussions. During the FGIs teachers also acknowledged that there was indeed a mix up
between the Explication, Free orientation and Integration phases in some of their lessons.
Nevertheless, the overall impression was that the use of geoboards effectively helped them to
teach the properties of quadrilaterals with ease.
Discussion of findings
The findings of this study show that the use of geoboards within the Van Hiele teaching model
enabled the teaching of quadrilaterals. It was evident that teachers used geoboards in the
Information phase without difficulty; for geoboard figures were used to establish the learners’
prior knowledge of the properties of quadrilaterals. As teachers created shapes on geoboards,
it was particularly interesting to see that learners easily remembered and named the formed
shapes. According to Sibiya (2020), this is because geoboards enable the visual representation
of geometric concepts in an affordable and unique manner; for what teachers say about the
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properties of quadrilaterals, learners can clearly see on geoboards. This is in line with Cotič’s
et al., (2010) finding, that geoboards can be effective tools to teach geometrical shapes as they
provide learners with the ability to visualise the concepts.
The Guided orientation phase emerged also as instrumental in guiding learners on how to
construct quadrilaterals on geoboards. This shows that geoboards are remarkably effective
manipulative tools to explicitly demonstrate to learners how each quadrilateral can be formed
as well as provide a visual explanation of the quadrilaterals’ properties. This study found that
when learners are structurally guided through a step-by-step construction of line segments that
model the properties of quadrilaterals, it becomes easier for them to understand the concepts
that define the shapes, compared to constructing the whole shape at once as a whole on the
chalkboard or on paper. This finding, resonates with Mason’s (2009) recommendation that the
Guided orientation phase should include carefully structured tasks such as folding, measuring,
or constructing. Thus, here we can deduce that the construction of line segments on geoboards
to depict the concepts of parallel, diagonal, symmetry, opposite and equal is an effect way of
helping learners to understand the properties and relationship between the quadrilaterals.
The discussions from the Explication phase strongly shows that learners used terms such as
‘equal’, ‘diagonal’, and ‘vertical’, ‘horizontal’, ‘opposite’ and ‘symmetry’. Though not
extensively engaged, the discussions enabled learners to consciously understand the relations
and technical language of quadrilaterals (Idris, 2009). This was because geoboard figures were
often used as points of reference during the discussions. It is important to mention here that
learners used informal words such as ‘right’, ‘left’, ‘corner’, ‘next’, ‘cross’ and “turn” as they
were seen on geoboards to describe the properties of quadrilaterals because they did not have
the appropriate vocabulary. Similar results (Borboran et al., 2021) found that learners tend to
describe shapes using their own context. Hence, teachers should always understand that in the
teaching of geometrical shapes, learners start to be aware of the correct and appropriate
technical language to use if they are allowed to freely express themselves in the lesson (Idris,
2009). As this study shows, this can be achieved through the application of the Explication
phase where teachers gradually correct and introduce learners to relevant mathematical terms
to acquaint them with the appropriate language discourse used in the topic.
Furthermore, the listing of the properties on the chalkboard supported the growing
understanding of the ultimate definition of quadrilaterals (Akkaş & Türnüklü,2014). Using the
geoboard was an effective way of first exploring the properties on geoboards, thereby providing
a meaningful context, before listing them down on the chalkboard. It also emerged that teachers
did not necessarily sequentially follow the order of Van Hiele phases of instructional cycle.
There was no problem with the first two phases, however, teachers had difficulty in sustaining
the last three phases in the order proposed by Van Hiele. The phases from the Explication down
to the Integrated phase were jumbled, hence, it was difficult to ascertain at which phase the
teacher was in the lesson because all the three phases often coincided. For instance, in two of
their lessons, Ms Ruth and Ms Smith gave learners activities to work on geoboards in what
looked like the Free orientation phase. At the same time learners were asked to discuss the
shapes in the activities (Explication phase). Moreover, in the middle of the lessons, learners
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were made to make connections between the types of quadrilateral(s) they were learning, with
other types of quadrilaterals (Integration phase).
According to Van Hiele (1999), when teaching geometrical shapes, teachers should always
follow the order of the phases – starting with the Information phase, then the Guided
orientation, the Explication phase, Free orientation phase and lastly the Integration phase.
However, from what has emerged from the findings of this study, we argue that at times these
phases do not follow a set sequence. Teaching is a complex activity that does not necessarily
follow a clean linear progression as Van Hiele suggests. Therefore, we suggest that teachers
should not be instructed to follow a set hierarchy of teaching phases – the phases co-emerge
and flow into each other, as this study has shown.
Conclusion
The findings of this study support and extend the use of geoboards as an effective teaching
manipulative tool. Using geoboards to teach quadrilaterals is meaningful when the instruction
follows the five Van Hiele phases (but not necessarily in the order initially intended). Although
teachers struggled to sequentially follow the order of the phases exactly as suggested by the
Van Hiele theory, it was still evident that each phase found its place in the lesson(s) and was
effectively utilised. From the observations of all the nine VRLs and the analysis of both the
SRIs and FGIs, it can be concluded that using geoboards to model concepts related to the
properties of quadrilaterals is a significant way to classify and define quadrilaterals with ease.
Further, the discussions within the Explication phase play a critical role in helping learners
define the properties as they are enabled to discuss and define the concepts the way they appear
on geoboards. Akkaş and Türnüklü (2014) argue that defining is one of the successful strategies
of teaching quadrilaterals that can be advanced by teachers, and as was demonstrated by this
study, this can be achieved using geoboard figures within the Explication phase.
There are potential benefits of using geoboards to teach geometrical shapes, hence we argue
and advocate for their use in school mathematics. We remind mathematics teachers and
researchers that the emerging use of virtual manipulatives should not set aside the use of
geoboards as a concrete manipulative, especially when teaching geometrical shapes. Virtual
manipulatives are actual models of physical manipulatives; thus, both can enable much
engagement and expand learners’ knowledge of key mathematical concepts in similar ways
(Matengu, 2018). Each one simply entails a different approach to teaching mathematics; for
both can convey the same mathematical concepts and are beneficial for diverse learners. We
thus recommend that for rural schools with limited or no access to computers and electricity,
using geoboards to teach quadrilaterals can be the best alternative.
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GRADE 9 LEARNERS’ WAYS OF WORKING WITH ALGEBRAIC
FRACTIONS: ERRORS AND MISCONCEPTIONS
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Abstract
This paper reports on a qualitative study of grade 9 mathematics learners’ ways of working
with algebraic fractions. Learners’ ways of working refers to strategies which learners adopt
when working with algebraic fractions. The study was conducted in one of the schools in a low
socio-economic area. The data was collected by means of audio recordings and worksheets of
learners’ work as they solved algebraic fractions activities in groups in a grade 9 mathematics
class. An analysis of 3 sets of 38 learners’ scripts reflecting activities on algebraic fractions
and audio recordings of learners’ comments as they were working in their groups is presented.
The study identifies the types of errors committed and reveals the misconceptions which
learners exhibit in their work.
Introduction
Fractions and algebra are critically important components of mathematics education (Brown &
Quinn, 2007). In South Africa most learners struggle with mathematics which results in poor
results at all levels of schooling. The Department of basic Education in South Africa has offered
a number of intervention programs to assist learners in mathematics but the problem still
persists. Algebraic fractions are defined as fractions whose numerators and or denominators
are algebraic expressions. There are different types of algebraic fractions such as rational,
proper and improper algebraic fractions, and complex algebraic fractions. This paper
investigates how grade 9 learners simplified algebraic fractions which is an important topic in
mathematics because algebraic fractions are embedded in a number of topics in mathematics.
Research shows that learners commit a number of errors when they work with algebraic
fractions (Baidoo, 2019; Ncube, 2016; Makonye & Khanyile, 2015; Dhlamini, 2014)
Mathematics education research indicates that learners’ proficiency in fractions is crucial
(Hurst & Cordes, 2018; Yantz, 2013; Thomas, 2010; Wu, 2001). According to Wu (2001, p.1)
as cited in Brown & Quin (2007) “there are at least two major bottlenecks in mathematics
education, the teaching of fractions and the introduction of algebra”. This statement emphasize
that fractions are a challenging topic in mathematics that affects the understanding of
mathematics in learners. Fractions are the gate for higher mathematics such as number theory,
and calculus (Mhakure, et al. 2014). The understanding of algebraic fractions requires an
understanding of common fractions concepts and algebraic fractions are subject to the same
laws as arithmetic fractions when basic mathematical operations are performed on them. There
is thus a need to facilitate algebraic proficiency, fractions and consequently the understanding
of algebraic fractions in order to improve learner performance in mathematics. If learners
struggle with algebraic fractions, it means they will struggle with mathematics generally.
This study reports on learners’ ways of working with algebraic fractions. Ways of working
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refers to the strategies, which learners adopt when simplifying with algebraic fractions
including the errors they commit and misconceptions they have about aspects of this section in
the mathematics curriculum. The study interrogates the strategies grade 9 learners employ
when they simplify algebraic fractions and secondly the errors they commit when they simplify
the fractions.
Conceptual Framework
The conceptual framework for this paper is drawn from different types of errors from the
literature on simplification of algebraic fractions identified by Otten et al. (2008), together with
additional error types identified by (Mhakure et al. 2014; Makonye & Khanyile 2015). Otten
et al. (2008) identify a number of categories of errors which are mirrored in a study by Mhakure
et al. (2014). These errors are termed cancellation errors; partial division; like term errors; DE
fractionalisation; equationalisation and linearization. In addition to these errors, Makonye &
Khanyile (2015) identify more errors that learners commit when they simplify algebraic
fractions such as: confusing factors, non- recognition of the common factor; lowest common
denominator error; careless or random error and dropping the denominator error. Following is
a description of a few of these errors with examples.
Cancellation error: This seems to be a common error identified by researchers and one with
highest frequency of occurrence than most algebraic fraction errors in the literature. The error
refers to cancelling of either the constant term, variable or co-efficient that is common to the
4 x + 20
numerator and denominator. For example a learner might cancel the 4x in the fraction
12 + 4 x
20
to yield
.
12
DE fractionalisation: This refers to the transformation of a fraction with a numerator of 1 to
1
a non-fraction, for example writing = x . What has happened here is that the fraction which
x
happens to have 1 as a numerator and x as a variable is simply inverted. This simplifies or
transforms the fraction to a monomial expression.
a 2b − ab
a3 − a

No recognition of common factor:
a 3 + a 2 a 2b − 2ab + b
Learner commiting this error fail to recognise and use the common factors in the expressions
of the numerator and denominator of the fraction which would have simplified the expression.
x 1 1
+ =
Careless error or random error
x x x
Learners commiting this error could not realise that (x÷x) = 1 but just ignored it or reduced it
to zero.

Possible reasons for learner’s errors from the literature
Research shows a number of possible reasons behind errors that learners commit when
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simplifying algebraic fractions. Reliance on visual cues which is in line with the use of
instrumental understanding leads to many errors. Instrumental understanding is defined as the
ability to execute mathematical rules and procedures or possession of a rule and ability to use
it (Skemp 1976). Learners follow procedures without fully understanding them (Judah et al
2016; Otten et al. 2008). In addition to the reasons articulated above, lack of a solid
comprehension of rational numbers, fixation and over emphasis of like terms; inadequate
conceptual understanding of inverse operations; reliance on informal knowledge rather than
mathematical terminology and difficulty to transition from arithmetic to algebra (Learners
struggle to perceive polynomials as objects (structurally) rather than process (operationally) is
one of the reasons that Otten et al (2008) identified which lead to a number of errors that
learners commit.
Furthermore, Mhakure, et al (2014) argue that learners with insufficient knowledge of
fractional sub-constructs (part-whole, ratio, operator, measure and quotient) in the senior
primary phase usually struggle with simplifying algebraic fractions in grade 10. Makonye
&Nzima (2016) posit that reasons for learners’ errors include Belief that an answer cannot be
an algebraic expression but must be a numerical answer. Learners always seek to have a final
answer that is a numerical value.
Data collection
The data for this study was collected from 38 Grade 9 mathematics learners in one of the
schools of the Western Cape province of South Africa. Data collection was made via
worksheets which learners were given to complete over three days and audio recordings of
learners’ discussions as they were working with problems in their groups. There were two sets
of activities which gave learners an opportunity to reflect their methods of simplifying
algebraic fractions and to test their conceptual and their procedural understanding.
The activities given to learners were as follow
SET A
Day 1: ACTIVITY 1
1. Which of the following fractions will give an answer of 2 ? tick(√) Yes or No.

Yes
1.1

No

2𝑥
𝑥

1.2

6𝑥𝑦
3𝑥𝑦

1.3

6𝑎2 𝑏
3𝑏𝑎2

1.4

8𝑚4 𝑛
4𝑚2 𝑛
77

5𝑥 3
10𝑥 3

1.5

𝑝2 𝑞 4

2. Jenny said that 𝑞2 𝑝2 = 2 because the “p’s” all cancel and for the “q’s” the 4 ÷2 = 2
Do you agree with Jenny? Give reasons for your answer.
5(𝑥−1) 𝑥−3
+ 3
6

3. Zolile simplified

-

𝑥−1
2

as follows:

5(𝑥−1) 𝑥−3 𝑥−1
+ 3 - 2
6
30(𝑥−5) 12(𝑥−3) 18(𝑥−1)
= 36 + 36 - 36
30𝑥−30+12𝑥−36−18𝑥+18
=
36
24𝑥−48
= 36
2𝑥−4
= 3

Explain with reasons why you agree or not with the way Zolile simplified the
expression. Can you find another way to simplify the expression?
Day 2: SET B
Activity 1.
1.1
To simplify

3𝑎+3𝑏

two learners worked as given below:

𝑎+𝑏

Zodwa:
3𝑎+3𝑏
𝑎+𝑏

=

3𝑎+3𝑏

=3+3=6

𝑎+𝑏

Zizi:
3𝑎+3𝑏
𝑎+𝑏

=

3(𝑎+𝑏)

=3

𝑎+𝑏

Which learner performed the calculation correctly? Write down reasons for your choice.
𝑎2 −𝑏 2

1.2. To simplify

𝑎+𝑏

two learners worked as given below:

Patrick:
𝑎2 −𝑏2
𝑎+𝑏

=

𝑎2 −𝑏 2
𝑎+𝑏

= 𝑎−𝑏

Andiswa:
𝑎2 −𝑏2
𝑎+𝑏

=

(𝑎−𝑏)(𝑎+𝑏)

=𝑎−𝑏

(𝑎+𝑏)

With whose method do you agree? Write down reasons for your answer.
Day 3: SET C
Activity 1
3

2

A way to simplify 𝑎2 −4 + 𝑎−2 is given below. Write down what was done in the steps numbered
A, B, C & D.
3
𝑎2 −4

=

2

+ 𝑎−2

3
(𝑎+2)(𝑎−2)

+

2
𝑎−2

Step A: .........................................................................................
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3+2(𝑎+2)

= (𝑎+2)(𝑎−2)

Step B: .........................................................................................

3+2𝑎+4

= (𝑎+2)(𝑎−2)

Step C: .........................................................................................

7+2𝑎

= (𝑎+2)(𝑎−2)

Step D: .........................................................................................

Activity 2
The expressions given below can be arranged to give steps to arrive to the answer of “simplify
3𝑥+2
2

1.
2.
3.
4.
5.

+

3+𝑥

7

− 6’’ . Put the steps in correct order to get the answer.

2
(9𝑥+6)+(9+3𝑥)− 7
6
12𝑥+8
6
3(3𝑥+2)
6
6𝑥+4

+

3(3+𝑥)
6

-

7×1
6

3
(9𝑥+3𝑥)+ (6+9−7)
6

No. 3 of Set A had a typing error in the second step the numerator of

30(𝑥−1)
36

was written as

30(𝑥 − 5) but the following steps of the expression were correct. This question was included
in the analysis because learners were given an option to state whether it is correct or incorrect
and then give reasons for their option.
Data analysis
The data was first summarized in tables that detailed the learner’s responses to each activity.
The scripts were then later coded according to the types of errors identified which were the
Defractionalisation error, Cancellation error and Non-recognition of common factors,
Dropping the denominator and the Exponential law error. In the first set of activities (SET A)
which had 3 activities, activity 1.1 and 1.2 were answered by all 38 learners and all scripts were
used for analysis. The last activity of set A which was 1.3 was attempted by only 20 learners.
For SET B activities all 38 learners responded to the questions and the last SET C activities,
16 learners attempted to answer the first question and last question of SET C was answered by
all 38 learners. Each activity was assessed and the methods or procedures that learners used
were summarised. Later the scripts were coded according to the conceptual framework which
was discussed above.
Audio recordings of learners’ discussions were used as means of understanding learners
reasoning behind the solutions that learners gave for the activities or problems given to them
on worksheets.
The learner’s worksheets were first analyzed for the learners’ ways of working which means
the methods learners employed to solve the problems and later the identification of errors
committed. The following discussion gives details with examples of learners’ ways of working
with algebraic fraction as well as the type of errors that learners committed.
Learner’s ways of working
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Simplifying by using exponential laws
Learners way of working showed that they have some understanding of exponential laws that
apply when simplifying fractions. When simplifying fractions learners subtract exponents of
the variables in the denominator from those of the identical variables in the numerator. Some
learners showed misconceptions in application of exponential laws as they would ignore an
6𝑎2 𝑏

exponent 1 and 0 for the variable. For example 3𝑏𝑎2 would be simplified to 2a because learners
argue that exponents of a2 subtract each other (𝑎2−2 = 𝑎) and the final answer is a. More
details on errors relating to the misconceptions in exponential laws will be discussed in the
next part of this paper that looks at errors committed when simplifying algebraic fractions.
Finding and using the common denominator
The authors observed that when adding fractions learners understood that they needed to find
the common denominator. Learners were adding algebraic fraction by first finding the
common denominator, use it to change the fraction into fractions that will have the same
denominator so that they may add like terms in the numerator. There are learners who used the
highest common denominator (HCD) and those who used the lowest common denominator
(LCD). The learners who used HCD found it by common by multiplying all the denominators
of the fractions being added.
Figure 1 below shows an example of a learner who found the common denominator by
multiplying the denominators but struggled to use it correctly. The learner had a mathematical
breakdown as he/she did not seem to know what mathematics procedures to follow. The
learner’s work in figure 1 shows that the learner had a misconception and a difficulty in
simplifying by using the common denominator. It can be observed that the learner multiplied
the denominator of each fraction with a factor and discarded the denominator. In the first part
of the fraction the learner could not simplify the bracket correctly but rather added the 5 inside
the brackets.

Figure 1: finding the common denominator by multiplying all denominators
After finding the HCD learners used it to simplify the fraction into a fraction that has the same
denominators so that they can add like terms in the numerator. The authors observed that
learners mark like terms with the symbols that will guide them when they do the addition. For
example, in figure 2 below a student used 36 as HCD to divide each fraction and multiply the
numerator by a quotient after simplifying the bracket in the numerator the learner marked the
like term with similar signs that will him/her when adding.

80

Figure 2: marking like terms to guide addition
Other learners used the lowest common denominator when adding fractions. Figure 3 below is
an example of using an LCD when adding fractions. The learner’s way of working shows a
misunderstanding in using the common denominator. This learner multiplied all the numerators
with the lowest common denominator 6 (LCD) as one would do in a fractional equation.

Line 1

Line 2

Line 3

Line 4
Line 5
Figure 3: adding by using LCD with error in application
The learners’ work in figure 3 above indicates that the learner had a clear understanding that
when adding fractions, one needs a common denominator but had an application error which
could have emanated from a lack of procedural understanding of how to use the common
denominator to simplify or add fractions. In line1 the learner discarded the quotients received
from dividing each denominator by 6. In the first fraction

5(𝑥−1)
6

it came out correctly because

the quotient for 6 divided by 6 is 1. In line 2 the learner seems to have had an application error
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as it can be noticed that the LCD was again used to multiply each factor in the numerator.
Line 3 shows a correct simplification of the numerator by opening the brackets and finally
adding the like terms correctly in line 4. Lestiana (2014) argues that in adding fractions learners
tend to memorize the procedure rather than understand the operation and reasoning behind it.
This is line with what (Otten et al. 2008 ; Judah et al. 2016) mention as the reason for learner’s
errors. They state that learners apply procedures without understanding them.
The following example (Figure 4) of adding fraction addition shows a learner who managed to
correctly use the LCD to simplify the algebraic fractions but could not get a correct final
answer. It can be assumed that the learner committed a careless error because in the third step
of the solution the negative sign was left and when multiplying with -3. The learner multiplied
by + 3 rather than -3. This lead to the final answer being incorrect.

Figure 4: adding fractions by using lowest common denominator with careless error
Simplifying by getting rid of variables and seeking to get a numerical answer
When simplifying algebraic fractions some learners work with the goal of leaving a numerical
answer and hence they would find ways of cancelling variables so that they only left with
numbers.
In the first activity of this Set, learners had to identify which simplification was correct between
two fictitious students, Zizi and Zodwa.
Zodwa:
3𝑎+3𝑏
𝑎+𝑏

=

3𝑎+3𝑏
𝑎+𝑏

=3+3=6

Zizi:
3𝑎+3𝑏
𝑎+𝑏

=

3(𝑎+𝑏)
𝑎+𝑏

=3

61% of learners who answered this question chose Zodwa’s way of working as the correct one.
The most common reason for choosing Zodwa was that Zodwa cancelled like terms in the
numerator and denominator of the fraction. As one learner put it: “I think it’s Zodwa because
when you divide algebraic fraction you need to cancel all the alphabet that is in the numerator
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so that you can have the numbers and add them” (Sic)
This desire to get a numerical answer was also evident in some learners who tried to work with
the simplified algebraic fraction that was given to them to arrange according to the steps that
arrive to the answer. Figure 5 below shows learners work after simplifying a fraction to

6𝑥+4
3

the learner continued to add 6+4 and discarded the variable x. Learners believe that the final
answer should be a numerical. This belief according to Makonye &Nzima (2016) is one of the
reasons for learners’ errors in working with algebraic fractions.

Figure 5. Simplifying an algebraic fraction to yield a numerical answer.
The learner in the above example simplified the algebraic fraction correctly but added the
numerical coefficients and constants in the numerator to have an answer which is numerical.
Types of errors in learners ‘work
After analyzing learners’ scripts or worksheets we identified four categories of errors similar
to the errors discussed in the conceptual framework above. They are the following:
Defractionalisation
As referred above Otten et al. (2008) the term Defractionalisation refers to a
transformation of a fraction with a unitary numerator to a non-fraction. When dividing the
5𝑥 3

fraction10𝑥 3 in activity 1.5 of SET A some learners ignored the factor in the numerator and
1

5𝑥 3

wrote the fraction 2 as 2. When simplifying 10𝑥 3 learners cancelled x3 and x3, then they divided
5 by 10 to get 2. Then their final answer was 2 instead of
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1
2

.

Figure 6: DE fractionalisation error.
When listening to them on audio recordings learners argued strongly that 𝑥 3 𝑎𝑛𝑑𝑥 3 𝑐𝑎𝑛𝑐𝑒𝑙 ;
5 goes to 10 two times therefore the final answer is 2. This also shows the lack of adequate
conceptual understanding of inverse operations. It can also be assumed that learner’s
conceptualization of fractional sub-constructs mentioned by Charalambous & Pitta-Pantazi
(2007) is the reason for leaners problem in simplifying this fraction.
Exponential law error or cancellation error
In activity 1.3 of SET A as shown below for some reason, learners did not compute correctly
when applying the quotient rule in dividing 𝑎2 by itself in the fraction

6𝑎2 𝑏
3𝑏𝑎2
2

. They somehow

wrote 𝑎2−2 as a instead of a0 Alternatively they should have cancelled a ′s and b’s and then
divide 6 by 3 to yield 2.

Figure 7: Exponential law error 1 or cancellation error (example 1)
The error can also be considered a cancellation error because the learner could have cancelled
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the common factors and simplify the fraction but chose to use laws of exponents which he/ she
had a misconception of.
The same error was also shown when simplifying number 2 of SET A activity. The example
below indicates how some of the learners use the laws of exponents to simplify fractions.

Figure 8: exponential law error (1) example 2
The learner subtracted the exponents of the similar bases and did not write the answer for 2-2
as zero exponent. Discarding zero exponent led the learner to writing p in the final answer.
There is misconception or application error in computing exponents. The example in figure 8
below shows a similar misconception which leads to the wrong application of laws of
exponents when simplifying fractions.

Figure 9: Exponential law error cancellation error (1) example 3
Exponential law error 2
This type of error is based on misapplication of exponential quotient law. In this context they
are supposed to look at simplifying

𝑎2 −𝑏 2
𝑎+𝑏

by first recognizing that the numerator is a difference

of two squares of a and b. Learners argue that one has to simply apply the laws of exponents
and divide each of the terms of the numerator by each of the like terms of the denominator. So
this yields a2-1 = an and b2-1= b and then the final answer is (a-b). The same thinking pertains
in the following example:
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Figure 10: Exponential law error (2)
The learner could not recognise the difference of two squares and factorise the fraction then
cancels the common factors. It may be assumed that the learners had no understanding that
factorization can be used when simplifying fractions but on relied on their understanding of
exponential laws. The assumption that the learner did not know about factorization in based on
the method that used factorization was also given to the learner but they chose the wrong
method. The learner’s understanding of simplifying fraction is based more on the
understanding of exponential laws and that understanding was synthesized correctly to
accommodate the new information or other procedures followed when working with algebraic
fractions. This may have been caused by the overemphasis on the laws of exponents by the
teachers who taught exponents. This results in learners thinking immediately about laws of
exponents when seeing a fraction. This suggests that when teaching algebraic fractions teachers
should give clarity on the use of algebraic procedures used in the simplification of algebraic
fractions as distinct from the simplification of exponential algebraic fractions.
Mhakure, et al. (2014) attribute this challenge of algebraic simplification on the lack of
understanding of the part – whole relationship of fractions. As indicated earlier researchers
argue that if leaners understand the numerator (e.g. 𝑎2 − 𝑏 2 ) as whole that is being divided into
parts by (a +b) learners would be in a better position to work with problems of this nature and
avoid wrong cancelation or incorrect application of exponential rules.
Cancellation error and Non-recognition of the common factor.
Also the cancellation of terms comes from the same misconception of dividing same bases. On
Set B activity 1, some learners said that Zodwa is right when simplifying

3𝑎+3𝑏
𝑎+𝑏

by cancelling

a‘s and b’s. They argue that she is correct because when one divide powers with the same base
one cancels them. Makonye & Khanyile (2015) refer to this error as no recognition of the
common factor, where a learner cancels terms instead of factorizing and cancelling factors.
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Figure 11. No recognition of Common factor or cancelation error
This learner was drawn to cancellation by a strong distracting visual cue of having the same
variables in the numerator and denominator. That led to cancelling the terms rather than factors.
But the same learner tried to simplify the fraction following Zizi’s method and cancelled (a +
b) and used the exponent 2 as the exponent for 3. But 32 was said to be equal to 6 instead of 9.
The learner had a number of misconceptions in computing the fraction.
Mhakure, Jacobs & Julie (2014) also highlight that this type of error is as a result of lack of
understanding the equivalent ratios because when substituting a value for a and b , a learner
3a + 3b
6
would realize that for any value a and b the fraction
is not equal to
which is just 6
a+b
1
but the answer 3 makes sense in terms of the equivalence of fractions. This therefore suggests
that when teaching fractions learners should be guided into understanding all the facets of
fraction so that they have a better conceptual understanding of what they do as they solve
algebraic fractions.
Error Frequency
Table 1 below summarizes the errors committed and gives us an indication of the frequency
of those errors.
Table 1: frequency of errors committed: Sample (n) = 38
Type of error
Number of errors
% for error type

Defractionalisation error

4

11%

Cancellation error

23

61%
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No recognition of common factor

19

58%

Exponential law error (1)

4

11%

Exponential law error (2)

5

13%

The error distribution indicates that the majority of learners in this study committed cancelation
error and No recognition of the common factor error. The two errors are usually linked to each
other because when leaners fail to recognize a common factor they usually use cancelation to
simplify the fraction but cancel terms instead of cancelling the terms. High frequency for these
errors is in line with the available literature which indicates that the cancelation error is the
most common error identified in students work when they simplify fractions.
Learners’ lack of deeper level of explanation
In most activities that were given to learners to work with, learners were supposed to give
reasons and some form of explanation for the answers they gave. From this research it is evident
that learners struggle to explain the reasoning behind their solutions to algebraic fractions.
Question number 3 of SET A required learners to agree or disagree with how a rational
algebraic expression which had the addition of three fractions was simplified and also give
another way in which they could solve it. About 74% of the learners could not give the reasons,
of the 74% one learner simplified the expression correctly but could not explain in words why
the expression in the question was simplified wrongly.
For SET B activities learners were required to choose the correct method from the methods
used in simplifying the rational fractions and give reasons for their choices. Most learners only
answered the questions in part by choosing the method they deem as correct but gave no
supporting reasons.
Activity 1 of SET C assessed the learners’ conceptual understanding of what they actually do
when they add fractions. When learners were required to explain in words the mathematical
procedures performed at each step of the simplification the rational algebraic expression, 64%
did not even attempt to perform the procedure. Thirty-six percent who attempted to answer
struggled to use the correct mathematical language. For example a learner explaining
factorising 𝑎2 − 4 expressed it as ‘simplifying (a2 𝑎𝑛𝑑" − 4” ) the two are inserted in inverted
commas which shows that the learner understood this difference of two terms as two separate
terms which individually are being simplified.
3

2

In another case on the same activity a learner referred to the expression 𝑎2 + 𝑎−2 as an equation,
a complete misconception of the notion of an algebraic equation and addition of algebraic
fractions. In step A of activity1 for SET C the learner answered ‘The equation was factorised’.
It could be possible that the learner was misled by the presents of the equal sign but from the
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question before the step A of the solution it is clear that there is no equation. This indicates the
lack of correct mathematics vocabulary. Activity 2 of SET C required learners to rearrange the
steps of a simplified algebraic expression such that the steps are in correct order. All learners
except one did arrange the steps, this indicates that learners can correctly identify what
procedures are but struggle to explain in words what is being done. In most cases in this study
learners used the term ‘alphabet’ when referring to a variable.
The above discussion shows that learners only apply their instrumental understanding and they
lack relational or conceptual understanding of what they do (Skemp, 1978). The learners
struggled to give reasons for their answers and they lack correct vocabulary to explain even
those procedures that they understand. Research shows that as much as vocabulary proficiency
in mathematics is a significant contributing factor in learning and mastering, there is very little
time given to instruction in mathematics vocabulary (Durkin (1979); Scott & Nagy (1997)).
Rubenstein & Thompson (2002) argue that teachers need to be able to identify learners’
mathematical vocabulary difficulties and address them systematically.
It is thus suggested that there should be strategies employed in the process of teaching and
learning that will help learners to grasp the correct content along with correct vocabulary.
Discussion of the results
The learners’ way of simplifying algebraic fractions seemed to be more influenced by their
knowledge of exponential laws than other sub-constructs are that are used when dealing with
algebraic fractions such as factorizing (understanding of lowest common factor and highest
common factor; factorising difference of two squares ), ratio which leads to the understanding
5𝑥 3

of equivalence for example a learner simplifying 10𝑥 3 after cancelling the 𝑥 3 would have known
5

2

that 10 𝑖𝑠 𝑛𝑜𝑡 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑡𝑜 2 𝑤ℎ𝑖𝑐ℎ 𝑐𝑎𝑛 𝑏𝑒 𝑤𝑟𝑖𝑡𝑡𝑒𝑛 𝑎𝑠 1. It can be argued that learners are
prone to use exponential laws in simplifying algebraic fractions because they did not engage
into productive spiral revision that foster their mathematical thinking.
Leaners’ lack of sub- fractional constructs and their misconception of the inverse operations
lead to a defractionalisation error. The defractionalisation error had a low frequency, with 11%
of learners who committed this error. Learners’ ways of simplifying algebraic fractions used
mostly the laws of exponents but learners had some misconceptions about the laws of
exponents. Learners understand that when dividing same bases, we subtract exponents but fail
to apply exponential related to the zero exponent. Also the same rule of subtracting exponents
is incorrectly applied when simplifying fractions such as

𝑎2 −𝑏 2
𝑎+𝑏

; exponents of the term in the

denominator being subtracted from those in the numerator without factorising.
The studies show that cancellation is most common error when learners work with algebraic
fractions. Otten et al. (2008) found the cancelation to be the most common error on learner
work. Mhakure et al. (2005) found the cancellation error to be the most frequent when
analysing leaners work for sub-fractional constructs. When learners see like terms in the
numerator and denominator and denominator they cancel term without factorising. The results
of this study confirms what other researcher have identified that most learners commit
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cancelation errors. Frequency of this error on leaners’ scripts reflected the results from the
literature, 61% of the learners committed cancelation error. Otten et al. (2008) suggests that
teachers need to be careful of this misconception and avoid over emphasis on like terms.
From this study we identified three types of errors that we had from conceptual framework,
Defractionalization; No recognition of common factor and cancellation error. What is different
is Exponential law errors which as a result of misconception on the application of exponential
laws.
Learners struggle to express themselves in mathematical vocabulary when they need to explain
what they are doing as they simplify algebraic fractions. This is in line with the findings of the
research by (Ruhl & Balatti, 2011) that showed that when learners are required to write their
thinking of what they do when working with fractions, only a few provide a rationale for the
procedures they have used to get to the solutions or conclusions. This therefore suggests that
educators need to expose learners to more questions that require them to explain what they are
doing so that they develop the skill of understanding and using the correct mathematical
language to explain the algorithms applied when simplifying algebraic fractions.
Recommendations
Based on the results of this study we can recommend that learners need to be exposed to the
questions on algebraic fractions which probe their thinking and help them get a deeper level of
understanding of what they do as they simplify algebraic fractions. The emphasis should not
be only on getting answers right but also on the reasoning behind the answers given.
The process of shaping new knowledge needs to be considered to help learners who commit
errors because when learners see division of the same variables they interpret the information
or problem in terms the existing knowledge of laws of exponents. Methods that enforce
conceptual understanding to learners should be employed by teachers as it was evident from
this study that learners follow procedures without fully understanding what they do.
The results of this study showed that learners struggle with the use of correct mathematics
vocabulary. When teaching mathematics and for this case algebraic fractions, the use of correct
mathematics vocabulary should be encouraged. Learners should be given activities that probe
their understanding of what they do as they simplify fractions.
Conclusion
The aim of the study was to investigate the learners’ ways of working with algebraic fractions
including the errors they commit when they simplify fractions. The results of the study indicate
that learners rely on their understanding of laws of simplifying exponents when they simplify
algebraic fractions and they struggle to add and subtract fractions. Learners have difficulty in
simplifying fractions that need factorization. The study also reveals that learners use their
instrumental understanding when they work with algebraic fractions, they lack adequate
conceptual or relational understanding of what they do in each step as they work with algebraic
fractions.
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The errors committed by learners included cancellation error; no recognition of common factor,
exponential laws errors, application error and careless error. Of the errors committed, the
cancelation error had a higher frequency. It was also identified from this study that learners
struggle to give a detailed explanation of what they do as they simplify algebraic fractions.
Learners have a number of misconceptions about the topic because in encompasses other topics
such laws of exponents; factorization; addition and subtraction of ordinary fractions and other
algebraic operations such as addition of like and unlike terms. When working with algebraic
fractions they bring all the misconceptions they had from each topic which makes them commit
a number of errors.
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AN INVESTIGATION OF THE TEACHING OF STANDARD UNITS OF
LENGTH, CAPACITY AND MASS IN STANDARD 4 IN MALAWI
Liveness Mwale
University of Malawi
Abstract
This paper discusses findings from a study that investigated the teaching of standard units of
measuring length, capacity and mass in Standard 4 in Malawi. Qualitative data was collected
from three teachers using video recording. The study used Mathematics Discourse in
Instruction (MDI) as its theoretical framework to explore the teaching of standard units. The
MDI framework was chosen because it describes a lesson bit by bit, thereby analysing teaching
shifts that take place in a mathematics lesson. This kind of analysis was useful in this study as
it enabled a thorough understanding of how teachers’ practices made the idea of standard
units of measure available to learners.
Findings of this study showed that the teaching of standard units in Malawi had well defined
object of learning and teachers’ explanatory talk moved from use of colloquial language to
appropriate mathematical language. However, the level of tasks that learners were involved
in, both hands-on and written, were of low order for Standard 4 learners and may not
effectively develop their understanding of standard units of measure. Therefore, I propose that
the teaching of standard units of measure in Standard 4 should aim at using higher-level tasks
that enhance learners’ understanding of standard units of measure.
Key words: Length, Capacity, Mass, Mathematics Discourse in Instruction and Standard units.
Introduction
The rationale for teaching measurement, according to the Malawi primary curriculum, is to
enable learners to use appropriate measurement concepts and skills in real life situations
(MoEST, 2005). According to the curriculum, standard units of length, capacity and mass are
first introduced in standard 3. In the first two years of school (standard 1 to 2), learners use
non-standard units to measure length, capacity and mass. In standard 2, for instance, learners
measure length using unlabeled sticks, strings, feet and arms among others. They use terms
such as long, longer, longest and same as to compare lengths of various objects. In Standard 3,
they are introduced to measuring length in metres, capacity in litres and mass in grams. In
Standard 4, they learn how to measure length in kilograms, capacity in millilitres and mass in
kilograms. The teaching of measuring capacity in millilitres and litres is a key element of early
grade mathematics in Malawi. Learners start by learning to measure capacity using nonstandard units in Grade 1 and 2. Terms like bigger than and smaller than are used to compare
capacities of different containers that can hold liquids. In Grade 3 and 4, learners are introduced
to standard units of capacity. They are taught how to measure capacity in millilitres and litres.
(MoEST, 2013). The learning of measurement involves the use and understanding of
procedures for measuring and the development of conceptual understandings. In literature,
these are commonly discussed in relation to length measurement (e.g., Battista, 2006; Lehrer,
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Jaslow, & Curtis, 2003), but they can be transferred to some other measurement concepts like
capacity and mass.
Another significant element of the teaching of measurement in early grades is the use of
instruments or manipulatives. The manipulatives are meant to physically model situations,
demonstrate mathematical concepts and move children’s thinking from the physical to abstract.
According to Zacharos, Antonopoulos & Ravinis (2011), the goal of teaching measuring in
early years of schooling is for learners to understand the measurement process, to familiarise
themselves with the practical uses of units of measurement and to build and use nonconventional measurement tools. These goals are also reflected in the Malawian curriculum.
While teachers have clear pedagogical purposes for the tools they select, what is not clear is
what learners “see” in the tools they are provided (McDonough & Cheeseman, 2015). The
teaching of measurement to early grade learners should involve learners’ clear understanding
of the tools in use and the mathematical ideas behind the use of the tools. If these are not clear
to learners, they may not acquire the intended object of learning. They may be able to follow
instructions on how to carry out the activities without understanding the purpose of the
activities and the mathematical ideas that the tools are modelling. This provides difficult to the
teacher, in trying to ascertain whether learners understand the lesson or not.
In this study, I explored how the standard units of length, capacity and mass are taught in
Standard 4 in Malawi. An in-depth study of three classes was conducted to understand the
choice of tasks and examples, the teacher’s explanations and learners’ participation during the
teaching of standard units of measure. The terms volume and capacity are used interchangeably
in most cases. However, in the Malawian curriculum, the two are not taken as the exact same.
Capacity is taken as a measure of how much a container can hold while volume is the amount
of space occupied by a substance. In the early grades learners are introduced to measuring
capacity in standard and non-standard units. This is done through the use of different containers
and hands-on activities. After early grades, learners are introduced to volume.
Research questions
This study sought to answer the following question:
1. How do teachers teach the concept of standard units of length, capacity and mass to Standard
4 learners in Malawi?
Literature review
The concept of measurement is practical in nature because it involves learning about everyday
activities. For most children, measuring length, mass and capacity using non-standard units
may not be new. By the time the learners start school, they have an idea of measuring using
non-standard units. However, the opposite may be true for measuring using standard units. In
Malawi, learners are introduced to measuring length, mass and capacity in standard units in
Standards 3 and 4.
Several studies have shown that learners have problems to understand the concept of unit of
measurement. According to Barrett et al. (2011), learners’ standard unit concepts are rarely
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developed. Although they may use standard unit labels to name quantity, they often do so
without being able to show the meaning of the relevant unit. Measurement units are closely
related to rational number units and proportional thinking. Yet many students often mistakenly
make additive comparisons rather than making multiplicative comparisons.
Other researchers have pointed out the need for learners’ conceptual understanding and
reasoning when they are measuring in standard units. Wilson & Osborne (1992) found that,
while the basic idea of direct measurement is simple, there are complex mental
accomplishments within measuring which are often downplayed in typical lessons. Kamii
(2006) argued that often times instruction focuses more on measurement as an empirical
procedure, such as placing paper clips along a pencil and counting them, rather than a procedure
requiring reasoning.
While there are challenges with the teaching and learning of measurement in general, there are
some specific challenges for each measure. For example, Smith, Males, Dietiker, Lee and
Mosier (2011) have pointed out that learners are taught procedures before attaining conceptual
understanding of units of length. Barrett and Clements (2003) showed that attention to teaching
length along straight objects alone is inadequate in building children’s conceptual
understanding of standard units. Lack of learners’ conceptual understanding can lead to errors
such as leaving gaps between units or overlap units when they perform the iteration procedure
(Lehrer, 2003). Other errors made by learners include the incorrect alignment of the measuring
instrument with the object whose length is being measured (TanSisman & Aksu, 2016) and
reading the scale incorrectly (National Research Council, 2007; Solomon & Vasilyeva, 2015).
Statement of the problem
Malawi, like other Sub-Saharan African countries, faces a lack and inadequacy of basic
teaching and learning resources especially in rural schools, such as rulers, measuring cylinders
and textbooks. It is common to find more than ten learners sharing one textbook. Thus, teachers
face challenges to provide explanations that could easily be addressed by the use of resources.
For example, it is easier to show learners 100ml of water in a measuring cylinder than to give
the learners an explanation of how 100ml of water looks like. This also affects learners’
acquisition of mathematical knowledge and skills. Early grade learners require the use of
concrete objects to aid their understanding of concepts. Further, the Malawian Primary
Mathematics curriculum does not repeat measurement topics within an academic year. Unlike
number and basic operations topic that has several repetitions within a year, the three topics
under measurement, namely, length, capacity and mass, are taught only once in the academic
year. As such, it is important for a teacher to make the concepts more accessible to learners.
Hence this study sought to find out the teaching of standard units of length, capacity and mass
in standard 4 in Malawi.
Theoretical framework
This study used Mathematics Discourse in Instruction (MDI) as its theoretical and analytical
framework. The framework was developed from extensive research work that was done by the
University of Witwatersrand in South Africa by Adler and Ronda (2015). The research was
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done in poorly-resourced and under-researched schools in South Africa (Adler & Venkat,
2014). Shalem & Hoadley (2009) referred to such schools as “schools for the poor”. Teachers
and learners in “schools for the poor” do not have access to educational “assets” including
infrastructure and knowledge resources. Students are typically not academically prepared for
the grade they are in (Adler, 2017). It was observed that these conditions were similar to the
context in which this study was conducted. There were similarities in terms of lack and
inadequacy of teaching and learning resources, and learners’ characteristics such as being ill
prepared for the class they were in. Therefore, these similarities between where the framework
was developed, and the sample school influenced my choice of the MDI framework. Secondly,
the MDI framework describes the lesson episode by episode, thereby analysing teaching shifts
that take place in a mathematics lesson. MDI allows a lesson to be broken down into many
different small and large episodes, and therefore units of analysis allow micro-analyses of shifts
in teacher practice during a single lesson. I found this way of analysing the lesson useful in this
study as it enabled the thorough understanding of teacher’s practices and how each practice
made mathematics available to learners.
In describing the framework, Adler & Ronda (2015) represent it diagrammatically as below:
Object of learning
Exemplification
Explanatory Talk
Examples

Tasks

Namin
g
Figure 1: Constitutive elements of MDI

Legitimations

Learner
Participation

The four constitutive elements of MDI are object of learning, exemplification, explanatory talk
and learner participation. Object of learning is regarded as the lesson goal (that which students
are to know and be able to do). The lesson goal needs to be clear as it is what the teacher
intends to achieve in the lesson. In the diagrammatic representation above, Adler & Ronda
(2015) separate the object of learning from the other components of MDI. The three
components of exemplification, explanatory talk and learner participation are viewed as the
key meditational means or cultural tools in a typical mathematics classroom instruction. These
tools are used to achieve the object of learning. Exemplification, which is divided into examples
and tasks, is commonly used in mathematics lessons where lessons start with examples
followed by similar tasks for learners’ practice. Explanatory talk involves communication by
the teacher that takes place during the lesson. It is divided into naming (words used to name
the mathematics being discussed) and legitimation (explanations of what is to be known and
done in the lesson). Learner participation, on the other hand, allows learners to participate in
the teacher’s communication even if it may be in the form of mostly listening to the teacher
(Adler, 2017). It also involves their participation in asking and answering questions.
The key components of MDI framework described above were summarised in the analytic
framework to show how each component is used to analyse a lesson or a set of lessons. Table
below shows the analytic framework for MDI (adopted from Adler & Ronda, 2015).
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Table 1: MDI analytic framework
Object of learning
Exemplification
Examples
Tasks
Examples
provide
opportunities
within lesson
for learners to
experience
Level 1similarity or
contrast
Level 2- any
two
of
similarity,
contrast and
fusion
Level
3fusion
and
generalisation

Level 1 – Carry out
known operations and
procedures
e.g.
multiply,
factorise,
solve
Level 2- Apply level 1
skills; & learners have
to decide on (explain
choice of ) operation
and /or procedure to use
e.g.
Compare/classify/match
representations;
Level
3Mul
iple concepts and 2
connections. E.g. Solve
problems in different
ways; use multiple
representations;
pose
problems;
prove;
reason.e.t.c.

Explanation
Talk/Naming
Level
1Colloquial
language
including
ambiguous
referents such
as this, that
thing, to refer to
objects
Level 2- Some
math language
to name object,
component or
simply
read
string
of
symbols when
explaining
Level 3- Uses
appropriate
names of math
objects
and
procedures

Legitimating
criteria
Level 1NM (NonMath)
Visual: Visual cues
or mnemonics
Metaphor: Relates
to
features
or
characteristics of
real objects
Level 2 M (Math)
(Local)
Specific
/single
case
(real
life
application
or
purely
mathematical)
Established
shortcuts;
conventions
Level 3M (General
partial)
Equivalent
representations,
definitions,
previously
established
generalization but
explanation unclear
or
incomplete,
principles,
structures,
properties
but
unclear/partial
Level 4M (General
full)

Learner
participation
Level
1Learners
answer yes/no
questions
or
offer
single
words
to
teachers
unfinished
sentence
Level
2Learners
answer
(what/how)
questions
in
phrases/
sentences
Level
3Learners
answer
why
questions;
present ideas in
discussion;
teacher
revoices
/
confirms/ asks
questions

The MDI analytical framework above shows different levels of the components of the three
key meditational means in a typical mathematics lesson. Exemplification, explanatory talk and
learner participation have been divided into 3 or 4 levels each to describe what happens in a
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mathematics lesson. This analytic framework has been used in this study to describe and
analyse sample lessons.
Study methodology
The study used qualitative research methods to collect and analyse data. Data were collected
from three standard 4 teachers in three different schools in Zomba rural education District. The
schools were purposively sampled to include standard 4 teachers that were teaching standard
units of length, capacity or mass during the time of data collection.
a. Data collection
Data were collected from three classes in different schools. Each teacher planned her own
lessons on standard units of length, capacity and mass. I observed all the lessons taught in their
classes and took notes on what was going on in class in terms of exemplification, explanatory
talk and learner participation. The lessons were also video recorded to allow the researcher to
review the lessons after data collection. A total of twenty-three lessons were observed and
video recorded. The three teachers taught 7, 8 and 8 lessons on length, capacity and mass
respectively.
b. Data analysis
The video recordings were transcribed and three themes according to the MDI analytical
framework were identified. These are exemplification, explanatory talk and learner
participation. Further analysis involved ascertaining the levels of how teachers made the
concept of standard units available to learners using the MDI analytical framework presented
in Table 1 above.
Findings of the study
This section presents findings of the study in form of descriptions of lessons observed from
each teacher. The section presents one sample lesson from each teacher. These are sample
lessons selected randomly from the 23 observed lessons. The larger research has an exclusive
report of all the 23 lessons. The teachers are Madalo, Agatha and Patuma (all pseudo-names or
pseudonyms). The lessons are presented as events whereby an event is characterised by a shift
in activity.
Lesson 1: Teacher Madalo
The title of this illustrated lesson was “Kutalika kwa zinthu” meaning “Lengths of objects”.
The following were the success criteria of the lesson, which in MDI are objects of learning:
• Measure length in metres
• Measure length in centimetres
Madalo had 130 learners in class. Her class had 70 textbooks, seven 1m rulers and almost every
learner had a 30cm ruler. The learners were placed into seven groups of 18 to 20 learners in
each group and they shared 8 to 10 textbooks and one 1m ruler per group.
Event 1: Demonstrating how to measure length
In the first event, Madalo demonstrated how to measure length using a 1m ruler. She first
showed the learners a 1m chalkboard ruler and told them that the ruler is 1m long. She asked
98

one learner to identify and show other learners where the ruler was labelled 1m. She then
measured the length of the chalkboard using the ruler. As she measured, Madalo emphasised
how the ruler should be placed when measuring. She said, “tikamayeza, ichi timayika straight
komanso timayika poyambira mulingo wa mzere womwe tikuyesawo.” [When measuring
length, we put this straight and we start reading from the beginning of the line]. While she was
measuring the length, she was asking learners questions like: “Bolodi ndi yotalika ma mita
angati? [How long is the board in metres?] Madalo wrote the learners’ responses on the
chalkboard. She repeated the activity by measuring the breadth of the chalkboard.
Event 2: Learners’ practicing how to measure length in metres
In the second event, the learners were divided into 7 groups and each group was given a 1m
ruler. The groups were sent outside the classroom with instructions to measure lengths of
school buildings such as classroom blocks, the head teacher’s office and the bathrooms. Madalo
emphasised that each group should record their measures. She said, “ena akuyesa, ena
azikalemba kutalika kwa zinthuzo” [When some are measuring, others should be recording the
measurements].
Event 3: Learners reporting their findings
In the third event, the learners reported the lengths of various items they measured outside their
classroom, after which Madalo discussed with the learners the different lengths they reported.
During the discussion, she asked questions like: “Pakati pa window ndi chitseko chachitali ndi
chani?” [Between the window and the door, which is longer?] Other questions were, “Kodi
pakati pa kalasi la standard 1 ndi standard 2 lalikulu ndi liti?” [Between the Standard 1 and
standard 2 classroom block, which is bigger?]
In the next lesson, Madalo used the same procedure to teach learners how to measure in
centimetres. These two lessons served as lessons on introduction of standard units of length.
Other lessons after these two were converting length from metres to centimeters and vice versa.
Lesson 2: Teacher Agatha
The title of this illustrated lesson was “Kukula kwa zinthu” meaning Capacities of containers.
The following were the success criteria of the lesson, which in MDI are object of learning:
• Measure capacities of containers in litres
• Measure capacities of containers in millilitres
The lesson was divided into four events, with a new event distinguished by a new activity. The
activities ranged from teacher asking questions and learners answering questions, hands-on
measuring activities and teacher explanations. Below is a detailed description of the lesson:
Event 1: Identifying capacities of bottles
The teacher showed learners bottles of 1l, 2l, 3l and 5l capacities, one at a time, and asked
them to identify the capacity of each bottle. The bottles were empty juice or cooking oil
bottles that are commonly found in Malawi and are therefore familiar to learners. The
common question was:
[Teacher: What is the capacity of this bottle?]
[Learners: 2l, 3l, 5l]
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Event 2: Discussing the relationship between any two bottles
The teacher held a 2l and 1l bottles in her hands. She then asked learners to identify the
capacity of each bottle, which they did correctly?. She then asked the learners: How many
1l bottles can fill up a 2l bottle? The teacher repeated this activity by showing learners a
500ml and a 1l bottle. She asked learners: how many 500ml bottles can fill up a 1l bottle?
The teacher then wrote on the chalkboard: 1l = 1000ml
[Teacher: How many 500ml can fill up a 1l bottle]
[Learners: Correct answer: 2 bottles]. Some incorrect answers: 1, 3, 4
Event 3: Establishing the relationship between two bottles
In this activity learners were put in four groups. Each group had between 12 and 15 learners.
The teacher distributed a 500ml, 1l and 2l bottles to each group of learners. She also gave
each group a 20l bucket of water. The teacher asked learners to find out how many 500ml
bottles can fill up a 2l bottle. The learners repeated the same activity using a 1l bottle.
Learners were drawing water from the 20l bucket, filling up one bottle and pouring into
another bottle.
[Teacher: How many 1l bottles can fill up a 2l bottle?]
[Learners: Correct answer: 2] Some incorrect answers: 3, 4, 5
The teacher showed that the correct answer is 2 by filling up a 2l bottle using a 1l bottle.
Event 4: Explaining the relationship between millilitres and litres
In this event, the teacher asked learners to explain what they were doing in their groups. One
member of each group explained the process of establishing the relationship between any
two bottles like this:
[Teacher: Explain to the class what you did in your group and what you found]
[Learners: We were given a 2l and 500ml bottle. We were also given a bucket of water. We
drew water from the bucket using a 500ml bottle and poured the water in a 2l bottle. We
found that four 500ml bottles can fill up a 2l bottle. Therefore 2000ml =2l]
The teacher wrote on the chalkboard the following:
i.
500ml + 500ml = 1000ml =1l
ii.
500ml + 500ml +500ml + 500ml = 2000ml =2l
Teacher then asked if any learners had their own bottles. There were 100ml, 150ml, 250ml
and 500ml bottles of water or juice for learners. The teacher was asking questions like: how
many 100ml bottles can fill up a 200ml bottle? How many 250ml bottles can fill up a 500ml
bottle?
The lesson was extended to other capacities not present in class during the lesson. The
teacher asked questions like: How many 2l bottles can fill up a 10l bottle? How many 5l
bottles can fill up a 10l bottle?

Lesson 3: Teacher Patuma
The title of this illustrated lesson was “Kulemera kwa Zinthu” meaning mass of objects. The
following were the success criteria of the lesson: measure mass in kilograms (kg) and grams
(g). The lesson has been divided into three events, with a new event distinguished by a new
activity. Below is a detailed description of the lesson:
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Event 1: Measuring mass using non-standard units
The teacher carried two stones (A and B) in her hands and asked learners to identify which
one was heavier than the other.
[Teacher: Which stone is heavier between Stone A and B]
[Learners: Stone A]
Event 2: Measuring mass using unmarked simple balances
Learners were shown a simple balance and the teacher explained how it is used to determine
which object has more mass than the other or if any two objects have the same mass.
[Teacher: The balance tilts on the side where there is a heavier mass. That shows that one
object is heavier than the other. When the two objects have the same mass, the balance
does not tilt.]
The teacher demonstrated how to measure two stones by putting them in bags and hanging
the bags on the simple balance. The learners were able to identify the stone with a larger
mass. This activity was repeated using different objects, such as the chalkboard duster, stones,
books and pencils. Learners carried out the rest of the activities in pairs.
Event 3: Comparing masses of objects with a 1kg packet of sugar.
In this activity learners were comparing the mass of an object with a 1kg packet of sugar on
a simple balance. The teacher put a stone in one bag and a 1kg packet of sugar in another bag
and hung the 2 bags on a simple balance.
[Teacher: Which is heavier between a 1kg packet of sugar and a stone?]
[Learners: A packet of sugar]
Discussion of findings
This section discusses findings of the study in terms of standard of units of length, capacity and
mass and in accordance with the MDI framework.
a. Standard units of length
The sample lesson 1 presented above has a clear object of learning, that is, to measure lengths
in metres and centimetres. Throughout the observed lessons, learners participated in hands-on
measuring activities, both in class and outside their classrooms. They were also involved in
answering questions about lengths and widths of items that they were measuring in metres.
Similarly, the teacher provided explanations on how to use a ruler when measuring and
ensuring that the ruler was being used effectively. These activities are in line with the MDI
framework. They form part of object of learning, learner participation and teachers’
explanatory talk.
The lesson also had exemplification in form of examples and tasks that learners were given to
carry out. It was observed that learners were mostly following instructions from the teacher in
carrying out their activities. The tasks were a repetition of what they had already learnt in
standard 3 and these involved less reasoning. The tasks were mostly simple instructions from
the teacher.
These findings agree with what other researchers found out about the teaching of measuring
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length. For example, Wilson & Osborne (1992) found out that while the basic idea of direct
measurement is simple, there are complex mental accomplishments within measuring which
are often downplayed in a typical lesson. Kamii (2006) found out that typical instruction
focuses more on measurement as an empirical procedure, such as placing paper clips along a
pencil and counting them, rather than a procedure requiring reasoning. Similarly in the sample
lesson presented above, the tasks did not require much reasoning but rather a direct following
of instructions. As such, an accomplishment of tasks did not imply that learners understood the
concept of standard units of length or that they could easily apply the same in real-life situations
as per the rationale stipulated in the curriculum. Considering that learners had similar
measuring activities and experiences in Standard 3, it was expected that in Standard 4, the level
of activities could involve more and higher order measuring tasks. According to the MDI
analytical framework, learners could move from carrying out known procedures to explain
their choice of procedure. For example, they could be asked to explain how to measure lengths
of different objects, why do we measure with a ruler or tape measure and the difference between
a metre and centimeter measure.
b. Standard units of capacity
The sample lesson 2 presented above aimed at teaching the concept of measuring in litres and
millilitres. The lesson had 4 events and these were: identifying capacities of bottles, discussing
the relationship between any two bottles, establishing the relationship between two bottles and
explaining the relationship between millilitre and litre. In this lesson, the teacher had several
bottles with known capacities like 500ml, 1l, 2l and 5l. Learners were carrying out measuring
in ml and l activities using the known capacities. In each activity, the teacher gave instructions
on how to carry out the activity and was asking mostly low-level questions to guide learners’
activities. It was noted that the tasks were of level 1 and 2 of exemplification according to the
MDI analytical framework. Level 1 tasks include following instructions from the teacher to
carry out procedures while level 2 tasks include matching and comparing activities. It was
observed that learners were applying the level one skills to compare capacities of different
containers. However, the same could be used to apply learners’ skills and knowledge of
capacity to real life situations. The lesson described above and all the observed lessons on
capacity did not link learners’ new knowledge to their previous ideas of capacities of containers
of different sizes. Although the object of learning was measuring in litres and millilitres, the
lessons concentrated on the few bottles available in class. There was no teacher explanation to
show that capacities of bottles and containers of various sizes, big and small, are also measured
in litres and millilitres.
c. Standard units of mass
The sample lesson 3 on measuring mass was divided into three events and these were:
measuring mass using non-standard units, measuring mass using unmarked simple balances
and comparing masses. The first event acted like revision of work done in standard 1 and 2. In
this lesson, learners were involved in answering questions based on the experiments that were
done by the teacher. The teacher measured items on a simple balance and learners were
observing and answering questions. According to the MDI analytical framework, it was
observed that the questions that learners were mostly answering were level 1 questions. They
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included questions that demanded yes/no answers and simple explanations, respectively. In
other lessons learners were involved in measuring mass of objects like stones, books and
pencils by simply comparing which is heavier than the other. They were also comparing objects
with known masses like 1kg packet of sugar and 500g packet of sugar.
The object of learning was clearly stated as measuring mass in grams and kilograms. It was
observed that most of what learners did in this class was to compare masses of objects. The
teacher was asking questions on mostly which is heavier than the other as she measured the
items on a simple balance. While the object of learning was clear, the tasks and teacher
explanatory talk in this lesson were seen to be of level 1 because they involved mostly yes or
no answers. Learners were observing what the teacher was doing and, in the process, answering
low order questions.
Conclusion
This study sought to address the question: how do teachers teach the concept of standard units
of length, capacity and mass to Standard 4 learners in Malawi? The study used the Mathematics
Discourse in Instruction (MDI) theoretical and analytical framework to analyse the qualitative
data collected from three teachers in three schools. Data was collected through lesson
observation and video recording. In this paper, three sampled lessons on standard units of
length, capacity and mass have been presented.
Findings of this study showed that the teaching of standard units of measurement in standard 4
has well stated goals of learning. The goals of teaching measurement in Standard 4 in Malawi
is to enable learners to measure length in metres and centimeters, measure capacity in litres
and millilitres and measure mass in grams and kilograms. Secondly, it was observed that the
teaching of capacity involved mostly hands-on activities and written tasks from the textbook.
Teachers gave instructions to learners on how to measure length, capacity and mass, and the
learners followed these instructions in carrying out practical hands-on activities. Although the
teaching of standard units of measure involved hands-on activities, it was observed that the
tasks that learners were given were of low order level. According to the MDI framework, loworder level tasks include to carry out known operations and procedures e.g. multiply, factorise,
solve. In this study, learners were carrying out procedures on measuring that they also did in
Standard 3. These included measuring lengths in metres using rulers, measuring capacity in
litres and measuring mass in grams. Although level 2 tasks such as matching and comparing
were observed, they were few. Other level 2 tasks that were rarely observed were providing
simple explanations for measuring procedures by the learners.
Thirdly, findings of this study showed that learners were answering level 1 and 2 questions
from their teachers. In the teaching of standard units of mass, for example, learners were mostly
answering yes/no questions. The ‘how’ questions that demanded phrases or sentences for
answers were rarely observed. Similarly, level 3 questions demanding learners reasons for
carrying out some procedures were not observed. As such, the level of learner participation in
answering questions was characterized as level 1. Fourthly, teacher explanations in this study
were analysed. It was observed that teachers’ explanations were of level 1 to 3. Their
explanations included the use of colloquial language to name objects, some math language and
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appropriate mathematical language.
Based on these findings, I conclude that the teaching of standard units of length, capacity and
mass in Standard 4 in Malawi had well defined object of learning, hands on tasks, both lowand high-level teacher explanatory talk and low order questions. These findings have both
positive and negative impact on the learning of measurement in Standard 4. Teachers were
aware of what learners ought to achieve in the lessons. The teachers also provided explanations
that would enable learners to attain the desirable outcomes. However, the level of tasks and
questions that were asked were of low order level and this might have an effect on learners
understanding of standard units of length, capacity and mass. According to the curriculum,
learners were introduced to the idea of standard units of length, capacity and mass in Standard
3, they were therefore, expected to move from lower to higher levels of exemplification and
learner participation in Standard 4. Therefore, further research needs to be done to explore
ways of teaching standard units of length, capacity and mass in Standard 4 so that learners’
tasks should be improved.
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MATHEMATICAL MEANING-MAKING: IT’S NOT JUST ALL TALK
Sally-Ann Robertson & Mellony Graven
South African Numeracy Chair Project, Rhodes University, Grahamstown.
Abstract
This paper shares insights into a slice of micro-ethnographic data which illustrate some of the
ways in which mathematical meaning was co-constructed in the course of an after-school
mathematics club session. Interactions between the four participating Grade 3 learners and
their club facilitator indicate that, while most of the verbal input came from the club facilitator,
other modes of communication (through the use of gestures, images, inscriptions, and of
concrete objects) enabled the children to jointly construct a solution for the mathematical
challenge set before them. The paper points to the importance of multi-modality for
mathematical meaning-making, most particularly in settings where learners may as yet lack
full linguistic confidence and proficiency to actively engage verbally.
Introduction
There is no denying the importance of classroom talk in strengthening children’s mathematical
understanding, particularly talk whereby the teacher creates an environment that foregrounds
learners’ productive engagement in shared verbal discussions around mathematical thoughts,
ideas and practices. In this paper we explore whether verbal discussion is the primary
mechanism for productively engaging with (and making meaning of) mathematical concepts
or whether, in the context of learners with limited proficiency in the language of learning and
teaching, representations and gestures become the primary mechanisms for meaning-making,
above, even, verbal language. This said, we acknowledge recent research suggesting that
gesturing and speaking, rather than being separate communicative processes, are in fact a
single, unified communicative process (Krause & Farsini, 2021).
For analytic purposes we want to bring attention to the role of gesturing as worthy of the
spotlight, or, as Lerman put it, worthy of “a moment in the zoom of a lens” (2001, p. 87). We
are interested in reflecting on the role such gesturing plays in collaborative mathematical sensemaking and problem-solving situations, most particularly in circumstances where learners are
not yet proficient in either the language of learning and teaching or in their use of mathematical
language.
We want also to contest un-nuanced claims which construe a predominance of teacher talk in
negative terms. Criticisms of teachers for talking too much abound; often aired in contexts
where attempts are being made – legitimately – to break away from behaviourist-oriented ‘jugand-mug’ stereotypes of teaching as involving a teacher in ‘pouring knowledge’ into the ‘empty
heads’ of his or her charges. We call into question, however, blanket suggestions that teacher
talk exceeding learner talk be considered an “observable measure” (Cuban, 1984, p.3) of
teacher-, rather than learner-centred practice. We argue that negative assessments based on
quantity of teacher talk, rather than on thoughtful analyses of the nature of such talk may serve
to undermine a teacher’s communicative intuitions. We further contend that a skilled teacher
is able to mediate learners’ conceptual engagement through sensitive attention to the semiotic
power of other (non-verbal) elements within teaching/learning environments. This perhaps
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pertains particularly in contexts where, for whatever reason, learners have yet to develop their
capacity to fully verbally articulate their thinking around the mathematical ideas they encounter
in such settings. The teaching/learning environment we share in this paper is a case in point.
The four learners participating in the after-school mathematics club session examined here are
in the relative foothills of their formalised mathematical encounters: Grade 3; and their ability
to engage verbally with the club facilitator is further compromised by the fact that the club
operates predominantly through the medium of English. None of these children are native
English speakers, and none of them have, as yet, had significant exposure to English within
their community. As such, they are what would be termed ‘emergent bilinguals’. A key
characteristic of emergent bilinguals is that their receptive skills in the new language outstrip
their productive skills (Krashen & Terrell, 1995). Put simply, they are able to comprehend a
great deal more of what they see and hear in the new language than they are themselves able
yet to produce, in either written or oral form.
While we have had the opportunity of briefly reporting on aspects of the data from this
particular after-school mathematics club session on three previous occasions (see Robertson &
Graven, 2021a, b, and c), this paper represents our first attempt at providing a more fullyfledged account of it.
Conceptual and Theoretical Framework and Literature Review
We take as our starting point the view that learning takes place in a social context through a
process of co-construction of understanding around whatever ‘subject’ is under consideration,
and further, that the construction process is mediated through the presence of more
knowledgeable others (Vygotsky, 1978, pp. 86-87), be these others in human or in artefact
form (Abtahi, Graven, & Lerman, 2017). In such contexts, language almost invariably
represents the primary ‘tool’: first as a “means of communication”; and “subsequently … to
organize … thought” (Vygotsky, 1997a, pp. 34-35), or, differently stated, “a means to
understand others, but also a means to understand oneself” (Vygotsky, 1997b, p. 95).
As is self-evidently claimed by Zittoun and Brinkman (2012, p. 1809), learning “is best
conceived as meaning making”. Language is not, however, the only tool for making and/or
conveying such meaning. As Adami (2017) notes, notwithstanding that the focus here has
tended to be mainly on the verbal mode (be it in spoken or written form), communication is
always multimodal, representing a combination of different semiotic resources (modes), each
of which “has specific affordances and potentials for making meaning” (p. 2). Kelly, et al.
(1999) are amongst the many who recommend expanding “the linguistic unit of analysis to
include information conveyed through a communicator’s eyes, hands, or tone of voice—which,
along with speech, seem to actively codetermine the meaning of an utterance” (p. 588). Equally
important for meaning-making are the physical objects in the environment. While Vygotsky’s
notion of ‘more knowledgeable others’ is most often taken to refer to other adults or children
in the teaching/learning setting, tools designed by more knowledgeable others ought, Abtahi
(2017) argues, to be added to the mix. As she explains, “the particular affordances of the tools,
if perceived by the child in relation to the task at hand, sometimes can guide him or her in the
process of thinking about a mathematics problem or of solving it” (Abtahi, 2017, p. 36). Such
a tool present at the after-school mathematics club session analysed in this paper was the
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session facilitator’s provision of a packet of 24 candy bars (these are packaged in 24 in stores
and 24 is written on the outside of the packaging) plus whiteboards and pens. Both the
facilitator and the club learners used these extensively to map out their ideas or trial some of
their mathematical thinking. These and other physical items, together with the gestural and
representational activity of learners on them, appeared to provide as much of a semiotic
resource for meaning-making as verbal utterances, which, for the learners, tended to be limited
to single word or short phrase responses to the facilitator’s probing.
Independently of these various multimodal means of communicating meaning, the discipline
of mathematics itself is recognised as being particularly rich in semiotic resources (O’Halloran,
2011). The three main semiotic resources in mathematics are language per se; symbols (e.g.
operational signs: +/-/x/÷); and visual images (e.g. diagrams; graphs). Working across these
different resources, as Lemke (2002) notes, calls for considerable “semiotic integration” (p.
22). Such integration is the more challenging when learners have the further hurdle of
mastering their mathematics in and through a second language. In the context of such semiotic
complexities, research such as that done by Krause and Farsani (2021) is to be welcomed.
Citing other research as having indicated that “bilingual students benefit from gesture-rich
instruction even more than their monolingual peers” (2021, p. 144), these authors rue the
relative dearth of research on ways in which gesture use may be more consciously integrated
into teachers’ pedagogical repertoires as a means of providing bilingual learners with additional
semiotic support in their mathematical meaning-making endeavours.
South African learners’ achievements on national, regional, and international bench-marking
assessments for school mathematics are cause for concern. Many factors contribute to these
low achievement levels, but of particular concern for the purposes of this paper is the language
issue. Figures provided by South Africa’s Department of Basic Education (2010) indicate that,
while less than one-tenth of the South African population are native speakers of English, by
Grade 4 the teaching and learning for almost four-fifths of learners takes place (officially at
least) through the medium of English. In the two most recent TIMSS Reports (2015 and 2019),
discrepancies between the languages of home and of school were explicitly identified as having
contributed to the Country’s averaged Grade 5 achievement scores falling below the basic 400point international benchmark (Reddy et al., 2016; Reddy et al., n.d.).
Concern for South African’s low levels of achievement in mathematics led to the establishment
of six national government-private funded chairs, each mandated with seeking solutions for the
various challenges facing South African mathematics education. One such Chair, with a
specific focus on remediating circumstances at the primary school level, is located at Rhodes
University. One of the remediating strategies instituted by this Chair was the setting up of afterschool mathematics clubs. As Graven (2015) notes, a core intent of such clubs was to increase
“individualised learner attention [so] facilitating increasing participatory and sense-making
dispositions” (p. 2). A further hope deriving from these after-school spaces was that, once back
in the formal classroom setting, club members “might become catalysts [to their peers] for
demonstrating new ways of engaging in their mathematics lessons” (Graven, 2015, p. 3). This
paper analyses some of the interactions taking place during a single session of one such club,
attended, as previously noted, by four Grade 3 learners. The second author was the session
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facilitator. She is hereinafter referred to as ‘the teacher’.
Methodology
The data base for this paper comes mainly from a video-recording of the club session. The
research site is a kind of ‘opportunity’ sample in the sense that the Chair’s after-school
mathematics club spaces provide a dual platform: mathematical enrichment opportunities for
club members while at the same time being potentially rich “empirical fields” for the
researchers attached to the Chair (Graven, 2015, p. 3). In terms of research ethics principles,
prior permission to use the club spaces in this latter way was sought, from both the participating
schools’ governing bodies and from learners’ parents/ guardians. Permission to share data in
fora such as the present SAARMSTE research community was granted on the basis of informed
consent and assurances that the anonymity of participating individuals and institutions would
be protected.
This paper presents a somewhat more fine-grained ethnographic analysis of this particular
after-school mathematics club session than we have reported previously (see Robertson &
Graven, 2021a, b, and c). Ethnography involves description and interpretation of social
phenomena or events in their natural “uncontrived, real-world” contexts (Bertram &
Christiansen, 2014, p. 44). Because ethnographers recognise the absence of a single objective
view of reality, the requirement is that they explore the subjective perceptions and belief
systems of those involved in the research, participants as well as researchers (Nunan, 1992). In
terms of participants, we have not attempted to explore learners’ perceptions about the session;
our focus is on the teacher, who – concurrently – as noted, is one of the researchers and authors
for and of this paper. We are interested in her perceptions on the nature of her interactions with
the four club learners during the session from a mathematics pedagogy perspective. In this
sense she is an ‘insider’. We are interested also in sharing her assessments of these interactions
from her researcher/co-author perspective, so positioning her in this sense also as something of
an ‘outsider’. The second researcher-co-author’s position is purely that of ‘outsider’. What she
brings to the analysis are her insights into issues around second language teaching and learning
contexts and the crucial role played by other modes for communicating meaning where
learners’ L2 linguistic proficiencies are limited. We find the Schütz-ian idea of first- and
second-order constructs useful here for distinguishing between these ‘insider’ and ‘outsider’
perspectives: first-order being the teacher-as-participant’s account of the club session; secondorder being the co-authors’ interpretative analysis of the session (an analysis which includes
the researcher-co-author-as-participant’s account). (See Blaikie, 2007, p. 92).
Repeated viewings of the video-recording produced a detailed transcription of the verbal and
non-verbal communications that unfolded as the teacher mediated the club learners’ progress
towards finding the solution of the mathematical challenge, she had set them. Following on
from these viewings, the co-authors engaged in extensive discussion of the video-recorded
material. An important element in these discussions was the teacher-researcher-co-author’s
first-order observations and commentary on this. Of particular focus here were her explanations
as to what had motivated her pedagogical decision-making relative to her mediation of the
session’s interactions. As we reveal in the next section, she acknowledged that quite a number
of her in-the-moment mediating choices were intuitive rather than pre-considered. In this next
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section we describe in broad outline how the after-school mathematics club session unfolded,
and use selected extracts from the video-recording transcription to further illuminate our
discussion of our findings.
Presentation and discussion of findings
The participants in this after-school mathematics club session were all, as noted in the
introductory section, ‘emergent bilinguals’, and were voluntary participants. They were three
girls and one boy. In keeping with the anonymity clause in the Chair’s permissions agreement,
we have assigned them the following pseudonyms: Anathi, Beth, Clara, and Daniel.
The after-school club sessions operated in a room at an after-care centre opposite the school.
As the photograph below shows, the club members and the teacher were gathered around a pair
of tables.

Photo 1: The after-school mathematics club group begin to tackle their problem-solving
challenge
The participants’ proximity to one another facilitated exchanges of ideas, and also afforded the
teacher ready access to the children’s verbal and non-verbal expressions of interest,
uncertainty, excitement, struggle, and so forth. All members of the group had their own
whiteboards and pens on which to inscribe mathematical workings out plus any other evidence
of their ongoing thought processes. In front of the teacher was a packet of candy sticks
(“Fizzers”) which the teacher showed to club members as the stimulus for their mathematical
problem-solving challenge (to share 24 fizzers equally among 5 people with no remainders).
Not shown in the photograph is the videographer (Mr H), positioned to the teacher’s right.
The teacher set a relaxed tone for the session right from the outset. So, for example, having
asked each child to write their names on their whiteboards, she was quick to reassure them in
the following terms: “Alright. Have you written your names? Quickly! It doesn’t have to be
neat. Remember? It doesn’t have to be neat.” In similar vein, when the children were working
on place value, and the teacher was responding by ‘playing devil’s advocate’, one of the girls
appeared to be shyly self-conscious about how best she should articulate what she was thinking.
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The teacher encouraged her, saying: “Ahhh! [smiling reassuringly] Come! Come! I’m saying
funny things, Clara. You must talk back to me.”
As indicated, the main task for the club session was a problem-solving challenge aimed at
eliciting the need for fractions beyond the half and quarter fractions they had heard about and
learnt about at school. The teacher explained to the club members that she would like them to
help her work out how many of the 24 candy sticks in the packet each person should get if the
sticks were to be shared between the four children and the videographer.
Teacher: Twenty-four ‘fizzers’ … You are five: Mr H. and the four of you. How many must I
give you each?
In everyday terms the teacher emphasised no remainders, and that everyone must get the same
amount. The challenge, in mathematical terms, was to solve 245 with the answer in mixed
number format (5 4/5, rather than 5 remainder 4).
The children’s whiteboard inscriptions shown in Photo 1 are testament to the variety in their
initial approaches to this challenge, a variety that prompted the teacher to exclaim: “Wow!
Look at all of these wonderful productions! Such different ways of thinking you have all used.”
In the lead-up to this challenge the teacher had revisited aspects of the club members’ number
sense. This included identification of the pattern of odd and even numbers (that even numbers
always end in 2, 4, 6, 8, or 0; that odd numbers always end in 1, 3, 5, 7, or 9) and the fact that,
whereas even numbers of items can always be shared equally between two people, when an
odd number of items is to be shared between two people, there will always be “an extra”. Below
we present an extract from the video transcription illustrating their discussion around odd and
even numbers and the fact that odd numbers do not readily divide equally into two. As the
extract illustrates, the dominant voice in this exchange, as, indeed, was typical for the entire
session, was that of the teacher. This notwithstanding, her verbal input appears to have been
essentially invitational, rather than monologically didactical, and the children’s responses,
although somewhat monosyllabic, suggest that they were responding to this input in
mathematically appropriate ways (in other words, they were able to ‘make meaning’ of it).
Teacher
What is special about even numbers? … The issue with even
numbers is, if I share them, if I share an even number, look
here, here’s twenty-four fizzers. Can you see? Twenty-four
fizzers. Can you see that? If I share them, just for the two of
you, am I going to have any left over? No. You’re going to
get twelve, twelve.

Learner(s)

Twelve, twelve.
Do you agree? Twelve, twelve, twenty-four. Are there any
left over?
[Chorus] No.
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No. That means that it’s an even number. Do you agree? …
When we share with two people, when we share by two, it
will always pair up. We can always do it in pairs. … Okay.
… What we learned from Daniel earlier is that even numbers
you can always share. So, look here. If we got two sweets, we
can give one to each person. Do you agree? [These verbal
utterances are accompanied by hand actions indicating
sharing between two and pairing up].
Yes.
So that’s even. If we have got four sweets, and we are sharing
for two people ~
Two.
… If we have got 6 sweets ~
Three.
~ and we are sharing with two people - and we said the ...
there are twenty-four, and if I share them between the two of
you, you get 12 each. If there were 25, would it be even or
odd?
[Chorus]Odd.
Why? Okay. We know it ends in a five, so, according to Amy,
it’s odd. … If we share the twenty-five, I have got 12 here,
and I have got 12 for Daniel ~
Twenty-four.
Having established that sharing an odd number between two always results in ‘an extra’, the
teacher then introduced the idea that to then further share this ‘extra’ they would need to
introduce using fractions.
Teacher
And now, what am I going to do with this extra sweet?

Learner(s)
Share it.

Share it. And so, the minute we have one left, Daniel said left
over, we have to halve, then it’s an odd number. Very good.
Okay. Sharing it would be twelve and a half. And when
you’ve got a fraction in the sharing between two people, then
it is an odd number. … Okay three. Here we are. I’ve got
three fizzers. I want to share these three fizzers. … Three.
Here we are. I have got three fizzers between the two of you.
One and a half.
Do you agree? Look here. Look here. Show me. Show me.
When asked, the club members confirmed that up to this point in their regular classroom-based
mathematics lessons they had dealt only with the fractions ‘half’ and ‘quarter’. The challenge
they were now being asked to solve would require that they came to realise that they needed a
‘new’ size of fraction (fifths). As the children made their initial estimates of how many candy
sticks each of five people should get, they did not take up the teacher’s cue about a need to use
fractions; nor were they inhibited by mathematical niceties. Instead, they came up with a
functional, every-day, albeit mathematically inaccurate, solution to the challenge.
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Teacher
So, you each get five, and Mr H only gets four?

Learner(s)
Yes.

… Okay. Look at this solution. [Teacher asks learners to look
at one of the children’s whiteboard workings-out.] Can
everybody see? You each got four and then you used 20. And
then I gave each of you another one, so that was five, and Mr
H only got four. Mr H is crying now. He is not happy. He is
not happy. … He is crying. Can you see? Why is Mr H
crying?
He is getting four.
This club member’s first attempt at sharing is reminiscent of an anecdote shared by Professor
Steve Lerman during a presentation he gave to a group of mathematics teacher education
students. He had wanted to illustrate the difference between Vygotsky’s notions of
‘spontaneous’ as compared to ‘scientific’ concepts, and used the following example of children
sharing a chocolate bar.
If I am in the playground as a little child and somebody says, “I am going to share
my chocolate with you,” and breaks the chocolate into two pieces, it is fair enough
for me to say, “Your half is bigger than my half.” Not fair to say that in the
classroom – in the mathematics classroom. It is only a half if it is exactly the same
size as the other piece. (Lerman, 2014, p. 13)
The club teacher’s reaction to the spontaneous, but inequitable, sharing between the children
and Mr H caused one of the children (Daniel) to then suggest that the solution was four-and-a
half. The teacher did not contradict this suggestion. Instead, she requested of Daniel that he
follow through by satisfying the mathematical norm of providing proof of his contention. As
the transcript extract shows, while Daniel was short on proof (instead simply gesturing towards
the drawing he had already done on his whiteboard), he remained convinced that his solution
was the correct one.
Teacher
Hmm, now let’s see. What are you saying? You said it’s four
and a half, hey, Daniel? And now you are convincing me,
hey, with these drawings? [Daniel had drawn five stick
figures with lines from each that linked to a row of tally lines
below, representing the fizzers.] Okay. Good. Because
remember your job is to convince me. And once you have
convinced me of your answer, then I am actually going to
give you each a fizzer.

Learner(s)

I said four and a half.
Okay, but prove it to me, Daniel. Prove it to me. Show me.
It’s four and a half.
At this point the teacher chose to use the physical fizzers to re-enact Daniel’s drawing (and
also Clara’s, which was quite similar). The teacher used her arms and hands to pretend to share,
through gestures, a one by one ‘dishing out’ of the fizzers. This gesturing demonstration was
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quick, and did not involve completely solving the challenge. Rather, it indicated the actions of
the process represented in Clara’s and Daniels whiteboard drawings to help the other two
children, Anathi and Beth, access the meanings of their clubmates’ drawn representations. The
teacher then challenged Daniel to show how halving each of the remaining four fizzers will
solve the problem (as in his confident, and repeated, suggestion of four and a half as the
answer). Daniel’s inability to justify his solution led the children to recognise that halves were
not a productive route. After some further reflection, Clara picked up one of the fizzers and
began gesturing with her fingers a ‘cutting motion’ in four places on the fizzer. Encouraging
this line of thought, the teacher suggested Clara use a marker to actually draw divisions on the
candy’s wrapper. As Photos 2 and 3, below, show, Clara first drew four equally-spaced lines
on the wrapper, effectively signalling the places for ‘dividing up’ the candy-stick into five
equal parts, then followed this up with a diagrammatic representation of this on her whiteboard.

Photo 2: Clara draws dividing lines
on the fizzer

Photo 3: Clara transcodes her division
strategy into diagrammatic form

Teacher: Ahh! Let’s see what she is doing! Do you see what she is doing? Did you see what
she did now? … What is she doing? She is ‘cutting’ each piece into five.
The teacher’s positive comments about Clara’s physical representations appeared to spur
Daniel on, because he suddenly excitedly exclaimed: “I know it! I know it! I know it! I got it!
I got it!” Returning to his drawing on his whiteboard, he indicated that each person should get
four and four-fifths fizzers (even though in representing this he initially inverted his numerator
and denominator, rendering four fifths as five over four). After some consolidation and
enacting with pretend finger cuts as to how the last four fizzers should each be divided, so
reinforcing the idea of using ‘fifths’ and ‘vyfdes’ (Afrikaans: ‘fifth’), the group reached
consensus. The answer to the problem was indeed that each person would get four and fourfifths fizzers. The teacher then congratulated Daniel on his very close written representation of
the correct answer.
Teacher: And you were writing it! Dit was baie slim. [Afrikaans: ‘That was very clever’] But
you know what mathematicians do? [She uses her whiteboard to show the children what the
standardised symbolic form of writing four-fifths and then four and four-fifths should look like.]
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They write it like this - the four over the five. [Daniel quickly rubs away his inverted
representation, replacing it with five as denominator, four as numerator.]
We close our Findings section with the following reflection from the teacher.
My reflection on this episode is that indeed utterances and gestures and physical and
written representations are a unitary process of communication. While a key aim of
mine was to get learners to develop very verbal mathematical language and be able
to express mathematical ideas albeit in everyday informal language to begin with, I
realised that learners were reluctant to voice their mathematical ideas while they
had no reluctance to show their thinking in drawings and gestures. And that while
the verbal utterances were relatively limited, the mathematical communication and
investment in the problem-solving activity was high throughout, and the discovery
of the need for fractions beyond halves and quarters was achieved. Following this
discovery, some formal mathematical language and conventions in terms of the
writing of fractions was introduced. However, the power of the mathematical
thinking and the grappling of the learners centred around their communicative acts
- primarily in the form of gesturing, drawings, and very limited short one- or twoword verbal utterances.
On further reflection on this exercise, I wondered why I had spoken so much, and
indeed felt a sense of embarrassment when sharing the video with fellow
researchers. However, as this had been one of my most exciting sessions with club
learners, and one in which I felt there had been major mathematical ‘aha’ moments
for learners that were paired with expressions that I sensed indicated excitement at
the power of mathematical thinking and grappling for solving real-world problems,
I began to wonder about whether the dominance of my contribution was indeed
problematic. I certainly felt that this was a strongly learner-centred session. Every
aspect of engagement (following the initial setup of the problem) was in response to
learners’ acts of communication and their mathematical thinking. What allowed for
this joint mathematical sense-making was providing the learners with the
opportunity to communicate mathematically, freely using gestures, physical objects
and messily-drawn informal symbolic representations while accepting some
limitations in their willingness and ability to verbalise their thinking. This said, in
subsequent sessions I did push to develop their confidence in speaking
mathematically; sometimes using the form of rote (whole group repeating of key
terms) which also has its detractors amongst members of our academy.
Concluding discussion
We noted in our introductory section the risk that an emphasis on the quantity (as opposed to
the nature) of teacher talk may undermine teachers’ communicative intuitions. The teacher’s
reflections with which we closed our preceding section bear witness to this very point. They
convey a very real sense of unease. There is no escaping that the dominant voice throughout
this after-school club session was that of the teacher. But in the circumstances, might it be
unreasonable to expect – let alone require – anything else? It is clear that the club members,
despite their limited proficiency in English, were able to successfully draw on the other
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semiotic modes at their disposal in order to reach the solution to the mathematical challenge
set before them. Furthermore, throughout the problem-solving process the children were able
to engage a range of problem-solving strategies involving mathematical sense-making. They
were able also to reflect on their proposed drawn models, and to adapt and extend these when
challenged to defend them. Throughout the lesson the club members’ verbal utterances were
indeed limited, but this, we argue, speaks directly to the effectiveness of the various non-verbal
semiotic resources at their disposal, which they successfully exploited.
In closing, we wish to make clear the fact that we do not see the desirability of promoting
multimodality affordances merely as a compensatory or ‘condoned’ factor for emergent
bilinguals. Rather we view it as harnessing as much meaning-making potential as possible for
whatever exploratory situations mathematics teachers and learners find themselves in. We also
wish to note that the interactive and flexible dynamics of a small group (as compared to
working with a large class) supported the teacher in her interactions with the club members.
As they were engaging in the problem-solving process, she was able to follow, probe and
respond to their actions, gestures and drawings throughout the evolving process. She was also
able to re-voice their informal grappling with more orthodox ‘classroom mathematical talk’.
The abstract nature of mathematics is a challenge for many learners, regardless of whether or
not they are speakers of the language of teaching and learning. So, while we of course accept
that emergent bilinguals may be more ‘vulnerable’ to compromised meaning-making, we
advocate for maximising the range of semiotic resources available to all learners, irrespective
of context.
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GRADE 8 LEARNERS’ MISCONCEPTIONS IN SURFACE AREA AND
VOLUME RELATIONSHIPS
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Abstract
This paper focuses on learners’ understanding of the relationship between the concepts surface
area and volume of prisms, using a case study, following the qualitative research design. A
scholastic test was administered among 29 learners. In-depth interviews were then conducted
with six of the 29 learners, selected upon individual test item responses. This paper shows that
most learners lacked conceptual understanding of the concepts volume and surface area.
Learners struggled to give the surface area to volume ratios of the prisms they constructed.
Learners displayed various misconceptions when solving problems involving surface area and
volume. The misconceptions that learners displayed in attempts to compare surface area and
volume relationships indicated inadequate mastery of facts and concepts in learning
mathematics. Suggestions are also provided, for improvement teaching of surface area and
volume, in order to maximise conceptual development and understanding. In this paper, we
are going to look at how grade 8 learners compare the dimensions of different prisms of the
same volume against their surface area.
Introduction
In teaching mathematics at Senior Phase for more than two decades, we have experienced those
learners, especially at Grade 8 level, struggle to comprehend those prisms with the same
volume can have different surface areas. Consequently, most learners perceived those prisms
with larger volumes subsequently had larger surface areas.
It is for this reason that this paper has been prepared, to share learners’ perceptions about
surface area and volume and highlight on misconceptions they displayed. Apart from
discussing possible causes of misconceptions, we suggest strategies educators can use in order
to minimise the misconceptions.
Research in mathematics has shown that learners display numerous misconceptions when
dealing with the concepts surface area and volume. Sisman and Aksu (2015) discovered that
many learners confuse the concept of surface area with that of volume. It was argued that most
learners defined surface area and volume by their formulae, and sometimes interchanged them.
Machaba (2018), Van de Walle, Karp and Bay-Williams (2014) suggest that this could be
because students are taught the formulae for both concepts at about the same time, hence they
tend to get the formulae confused, resulting in misconceptions.
This paper is based on the study conducted by Sibanda (2020), which posed, among others, the
questions:
• How do Grade 8 learners compare the size of prisms of the same volume with their
surface areas?
• What misconceptions do Grade 8 learners display when comparing the relationships
between surface area and volume?
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•

What are the sources or causes of misconceptions among Grade 8 learners’
understanding of surface area and volume?

In this paper, we contend that most Grade 8 learners lack conceptual understanding of the
concepts surface area and volume due to insufficient mastery of basic facts, concepts or skills,
resulting in misconception manifestations.
We will discuss the location of this study in the curriculum; the thought processes involved in
learning surface area and volume; the theoretical framework used; its methodology, analysis
and conclusions in relation to the research questions. Finally, we will suggest and recommend
a model that can help minimise misconceptions in the learning of surface area and volume.
Literature review/conceptual framework
What is surface area and volume? Surface area can be defined as the number of identical
square faces on the outer surface of a shape (Mbedzi and Samson, 2013); it tells us how much
material is needed to cover the shape. On the other hand, volume is the quantity of threedimensional space occupied by a liquid, solid or gas, (Sasanguie, Gobel, Moll, Smets and
Reynvoet, 2013). It is the space occupied by a substance or enclosed by a surface. In other
words, the concept of volume refers to the amount of matter contained in an object (Sáiz, 2003).
Kara (2013) explains that volume is defined by the boundary surfaces of an object in relation
to its surroundings in space.
Relationships between the definitions of surface area and volume: The concept surface area
is developed from the concept of area, which can be defined as the space covered or bounded
by a two-dimensional figure. As learners develop the concept of surface area, they build on
their previous knowledge of the concept area of 2-D figures. As the definition of area states
some “space covered”, while that of volume mentions “space occupied”, learners are bound to
make associations and treat surface area and volume the same, unless sufficient mastery of
facts and concepts is prioritised.
Location in the curriculum: Volume and surface area are both sub-concepts of measurement,
which are dealt with in the Senior Phase Mathematics Curriculum Assessment Policy
Statement (CAPS), (DBE, 2012), in the current South African curriculum. The CAPS
document’s specific focus at Grade 8 level is the use of appropriate formulae in measuring the
surface area and volume of cubes, rectangular prisms and triangular prisms as well as
comparing the relationships between the two concepts (DBE, 2012).
Misconceptions: Brodie (2010) states that the main element of constructivist research in the
past has been work on misconceptions. Constructivism is a paradigm which postulates that
knowledge is multi-faceted; a distinct phenomenon can have compound interpretations.
Learners’ misconceptions are generally systematic and consistent resistance to instruction.
These misconceptions are arguably meaningful and practically, defensibly correct, from the
learner’s perspective; hence many researchers prefer referring to them as “alternative
conceptions” (Brodie, 2010).
Research Design and Methodology:
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The study followed a qualitative research design, which explored how Grade 8 learners
comprehend surface area and volume through a test, followed by an interview. The test
comprised a five-part question on constructing prisms of different sizes but with the same
volume, then comparing the calculated surface area and volume as a ratio, thereafter deducing
the relationships between the prism sizes and their surface areas. In the investigation the lengths
and widths of the learners’ constructed prisms varied, while the height was restricted to one
unit. The research was conducted with a Grade 8 class of 29 learners. The Grade 8 class was
chosen as it is the reception year to secondary school education. Furthermore, learners at this
level had covered surface area and volume topics for at least a year in senior phase. A
qualitative research approach was chosen as it helped us best answer the research questions,
which aimed at exploring learners’ experiences in representing, understanding, and interpreting
surface area and volume. It is for this reason that we opted to use the case study design.
The study was conducted through the collection of data by the following two methods:
• an analysis of the participants’ responses to a test on surface area and volume
• interviews with a sample of six selected participants from the group that wrote the test
The research instrument
Answer all of the questions in the spaces provided, show all calculations where necessary. In
this test, a
represents a unit square, while a
represents a unit cube, unless stated
otherwise.

121

Use this table to compare the relationship between surface area and volume of cuboids.
Shape letter name Surface Area
Volume
Ratio of surface area
and dimensions
to volume values
A
Length – 54 cm
Width – 4 cm
Height - 1 cm

(1 cm x 54 cm) x 2 + 54 cm x 4cm x 1cm
(1cm x 4cm) x 2
=216 cm³
+ (4cm x 54cm) x 2
= (108+8+432)cm²
= 548 cm²

548:216
= 274:108
=137:54

B
C
D
Write your paragraph and conclusion upon your findings here:
___________________________________________________________________
___________________________________________________________________
__
Rationale for the choice of question:
To verify the misconceptions of confusing the concept of volume with that of surface area,
including interchangeable use of their formulae, as well as the misconception of counting
visible faces or unit cubes instead of calculating the surface area or volume:
This question involved manipulation of arrays in blocks, followed by the use of a formula in
determining the surface area and volume of the prisms thus formed. However, one could also
establish these without the use of the formula but just by definition through counting the unit
cubes used in constructing the block as well as the unit squares for surface area. It had five
parts, requiring manipulation, finding dimensions, calculating, comparing and making at least
three entries on the table.
The question introduced the application of surface area to volume relationships. This question
had four items that included the use of formulae. The question assessed the application of the
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volume and surface area concepts to check whether the learners used insight or merely overgeneralised the use of the formulae. The question required the learners’ intuition in rearranging
a given cube into different rectangular prisms of the same volume. The learners then compared
the surface areas of the different rectangular prisms formed. The newly formed prisms all had
differing lengths and widths but maintained the same height of one unit. In addition, it was
expected that learners would realize that learners compare the surface area to volume ratio and
make conclusions. A conclusion was expected to be reached on the relationship between the
surface areas of different rectangular prisms of the same volume. The conclusion needed was
that longer prisms have larger surface areas than shorter ones of the same volume. It was also
expected that participants would conclude that shapes can have the same volume but different
surface areas.
Findings: Table 1 below shows how the participants in this research responded to each part of
the question in the test. The responses are coded correct, partly correct, incorrect and not
attempted. The number of learners as well as the percentage in each code is recorded on the
table. Part 1a being giving the correct dimensions, 1b-calculating surface area, 1c- calculating
volume, 1d-comparing surface area to volume as a ratio and 1e-deducing conclusions after
comparing entries of four different prisms.
Table.1. Distribution of learners’ responses to the test items
Test
Code of responses per test item
Item
Correct
Partly correct
Incorrect
1a
6/29 = 21%
1/29 = 3%
11/29 = 38%
1b
1/29 = 3%
4/29 = 14%
13/29 = 45%
1c
7/29 = 24%
1/29 = 3%
7/29 = 24%
1d
5/29 = 17%
0/29 = 0%
5/29 = 17%
1e
0/29 = 0%
3/29 = 10%
2/29 = 7%
Total
19/145
9/145
38/145
%
13%
6%
26%

Not attempted
11/29 = 38%
11/29 = 38%
14/29 = 49%
19/29 = 66%
24/29 = 83%
79/145
55%

Findings
Misconceptions in this question were expected to be confirmed during the interviews, as most
learners either did not attempt responding to the item or had not completed their work due to
time constraints.
This question dealt with constructing different rectangular prisms of the same volume,
thereafter, find the relationship between their surface area and volume. The comparison was
between different lengths, resulting in the conclusion that longer prisms have larger surface
areas than shorter ones of the same volume.
The participants were required to dismantle a large cube built of 216 small cubes, one cubic
unit each. Having dismantled the block, the participants would then construct different prisms
with all 216 small cubes. There was only one restriction: No one cube should be on top of the
other. It meant that the height of each constructed prism would be one unit.
Eight different prisms would have been constructed, with the following dimensions: 1x1x216;
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1x2x108; 1x3x73; 1x 4x54; 1x 6x36; 1x8x27; 1x9x24; 1x12x18. The various respective surface
area values would then be calculated, together with the volumes. However, it was expected that
the learners would realise that the volume remained the same. The participants were also
expected to reach the desired conclusion by comparing these prisms dimensions against their
surface areas.
One example was provided on how to go around the question from 1a up to 1d. It meant that
from the eight possible prisms, the participants were only going to construct three from which,
together with the example, they would be able to compare and make a conclusion.
Table 1 indicates that 6/29 of the learners, (21%) of the participants could establish correct
dimensions of the alternative constructed prism with the same volume as the one in part 1a.
The statistic leaves 79% of the participants having difficulty in finding dimensions of different
prisms that could be constructed from a block of 216 unit cubes. Regarding finding the surface
areas of the constructed prisms in Question 1b, only 1/29 participants (3%) had the correct
response. Conversely, 97% of participants who could not find the surface area of their own
constructed prisms. Since the participants were constructing prisms from 216 congruent cubes,
it was expected they would deduce the volumes of the different prisms to be the same (equal),
in part 1c. Unfortunately, it seemed not so easy to derive as Table 1 indicates that only 7/29
(24%) participants managed that. It follows that 76% of the participants could not calculate the
volume of prisms.
Questions 1a to 1c were enabling activities, facilitating the learners to reach the ratio of surface
area to volume of 1d as well as a conclusion about the relationship in Question 1e. 17% of the
participants got comparison ratio correct, as shown in Table 1, with 83% struggling with the
question. Part (e) of the question required the participants to draft a conclusion from their
discoveries regarding the relationship between surface area and lengths of different prisms of
the same volume. The most suitable response was that longer prisms have larger surface areas
than shorter prisms of the same volume. None of the participants reached this conclusion, as is
shown in Table 1, displaying 100% inability among the learners; a big area of concern posed
in the learning process. As shown in the learner extracts below, the type of Question 1d and 1e
were new to the learners’ experiences, hence had the highest incorrect frequency.
Among the incorrect responses in this question were participants who wrote dimensions with
heights above one unit. These participants probably misread or did not understand the
restriction stated in the question instructions, regarding one layered-prisms. Other participants
drew different sorts of polyhedra, and wrote the formulae for finding their respective surface
areas and volumes. Most participants had incomplete written work. A few participants followed
the example up to the calculation of surface area and volume but not the comparison ratio in
column 1d. It was difficult for the participants to get to the point of deducing the required
conclusion. This could have been due to their incomplete work as most learners had constructed
only one of the three required prisms, which made it impossible to compare results and
eventually make conclusions. The exact reasons had to be found through the post-test in-depth
interviews which followed.
When asked to construct different prisms and find the surface area and volume, and then
124

compare them in ratio form, participant G3 wrote the following from 1a through 1d:

Figure 1: Participant G3’s written script response to test item 1a-d

When asked to support the written response during the interview, participant G3 reasoned as
follows:
Researcher: We see you did not complete the task, what could have been the reason?
Participant G3: I didn’t understand really what to do.
Researcher: But you worked out the first prism, seems like you knew what to do then. Please
tell us how you found your dimensions, surface area and volume of your sketch.
Participant G3: the length is 24, the width is 9 and the height is 1. So for surface area I say 24
x9 x2 that is 216 + 432 = 648cm² and volume is 24 x 9 x1 =216cm³, leaving our ratio as
648:216
In this response, participant G3 obtained the correct volume but the incorrect surface area. The
researchers probed to determine the reason behind the incorrectly obtained surface area.
Researcher: You said 24x9x2 that gives us 432; would you please show us where the 216 that
you added came from.
Participant G3: I think it is from 1x9x24
Researcher: What were you looking for by multiplying 1x9x24?
Participant G3: It is in the formula
Researcher: Which formula is that and what is it for?
Participant G3: It is for volume and surface area.
While participant G3 claimed the use of some formulae, it was mixed up, without the real
knowledge of which formula and when or how to use it. The same was evident in the following
supposedly formula for surface area.
Researcher: So when you added the volume to 432, what were you looking for?
Participant G3: I am sure it gives us the surface area. That is the rule.
Researcher: Alright, here you said (24 x9) x 2, which 2 is this?
Participant G3: This is when you want to get the exponent. You multiply by 2 for surface area.
Researcher: In your conclusion, you said the measurements do not change but position of the
prism changes, can you explain here?
Participant G3: It still remains the same, but other things change.
Researcher: Which other things change?
Participant G3: The length, width and height, but measurements remain the same.

125

Figure 2: Participant G3’s written script response to Test item 1e

Participant G3 lacked the knowledge and vocabulary to use for describing the relationships
required in this question. The participant failed to explain that while changing dimensions of
prism, measurement changed the surface area, but kept the volume unchanged. There was a
misconception of the use of the formula, where the learner mentioned exponents for unit of
measurement. The final conclusion that longer prisms have larger surface areas than shorter
prisms of the same volume was not reached. The misconception prevalent in participant G3
was confusing surface area with volume, including interchanging formulae and sometimes
using the wrong formula altogether.
Another learner, Participant H3 responded in the following manner:

Figure3: Participant H3’s written script response to Test item 1a – d

Researcher: Please explain how you obtained the answers to this question.
Participant H3: I drew another cube in different ways but the surface area to remain the same.
Researcher: Show us how you obtained your dimensions.
Participant H3: I have 6 x 6 x 6 for my dimensions, so volume is 216cm³ and the surface area
is also 216cm².
Participant H3 had not read the instructions clearly, in the same manner participant G3 had not
followed to instructions in the same question. This resulted in the incorrect dimensions being
supplied and jeopardised the intended result. Participant H3 also seemed to be more formulae
oriented.
Researcher: Explain the relationship between the surface area and the dimensions of prisms
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with the same volume.
Participant H3: I noticed that the volume does not change. It remains the same.
Researcher: And what about the other quantities?
Participant H3: The surface area and the measurements.
Researcher: How do they change, do you notice any pattern?
Participant H3: They change because l changed them. I think it is because length x width x
height changes all the time.
Researcher: What does length x width x height provide you and what makes it change all the
time?
Participant H3: It is the surface area of these blocks. It keeps changing when volume does not
change.
It was evident that participant H3 was confusing the surface area with the volume and using
the same formula for both quantities. Participant H3 also failed to describe the relationship
between the dimensions of prisms of the same volume with their surface area. These were the
same characteristics found in participant G3, in addition to the lack of a proper vocabulary for
the descriptions. Similarly, participant H3 did not reach the desired conclusion.
Researcher: Explain why you did not complete writing about the relationship between surface
are and volume.
Participant H3: I had no clue of what to do, but l could see that the volume remained the same.

Figure 0: Participant H3’s written script response to Test item 1e.

Participant H3’s lack of knowledge to maneuver in this question could be ascribed to
insufficient mastery of concepts. Another participant who displayed similar misconceptions as
participant G3 and H3 was participant N3.
Participant N3 wrote this script in response to the question:

Figure 5: Participant N3’s response to Test item 1 a - d

When asked to motivate this answer during the post-test interview, participant N3 stated the
following:
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Researcher: Please explain why you left the surface area, volume and relationship
unanswered?
Participant N3: I couldn’t think of a way to find everything but figured out that in the end there
would be the same amount of block, same amount of volume but different structures, maybe
different surface areas.
Researcher: How would you know that the surface area would be different?
Participant N3: Because of the different units they give us.
Researcher: How would you find the surface area of your prisms?
Participant N3: By using the formula Lx B x H
Researcher: And how would you find the volume of your structures?
Participant N3: Also by saying Lx B x H.
Participant N3 used the same formula for both volume and surface area, a misconception
discussed in Table 1, also noticed in participant G3 and H3. Participant N3’s conclusion was
similar to the one given by the other two participants discussed in this section.

Figure 6: Participant N3’s response to Test item 1 e

With the correct dimensions, the learners could find the surface area and volume of the
constructed prisms. There was, however, a weakness in the comparisons between surface area
and volume. Regarding drafting a conclusion following the results of an investigation, the
participants could not independently deduce the desired outcome. One could conclude that the
participants were not exposed to all the levels of the cognitive domains in mathematics
learning. It is only the recall and routine procedures that the learners seemed to excel in; there
was a lack of synthesis, application and evaluation in the learner’s work. It appeared though
learners were not used to solving higher order mathematical problems.
Discussion
How learners describe the relationship between surface area and volume
Regarding the comparison between the surface area and volume relationship, more than 83%
of the learners did not notice that different sized prisms could have the same volume but
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different surface areas. Only as few as 12% of the interviewees could deduce, after intensive
probing, that longer prisms had larger surface areas than shorter ones of the same volume.
Table 1 shows that none (0%) of the participants responded correctly to this type of problem
(1e). Learners were only comfortable with routine operations of calculating surface area and
volume but could not make conclusions using information from computed results. Some
learners could get the ratio of surface area to volume correct but failed to explain what it meant,
stating that they had no idea what the question required them to do. Only 6% of the participants
could notice that different cuboids had the same volume but varying surface areas;
nevertheless, they could not deduce the required relationship. This seemed a new concept for
the learners, a question they had never seen before.
The fact that participating learners could not independently demonstrate the relationships
between surface area and volume, a requisite of the current South African CAPS curriculum,
points to the insufficient mastery of concepts during the learning process. The participants’
responses indicated some difficulty in enumerating cubes in arrays of three-dimensional
structures and shapes. There is need for more study into how learners learn the concepts of
surface area and volume, including maybe how they are taught.
In a similar research conducted by the Korean Society of Mathematical Education (Yim, Yim
and Km 2019), on learner performance in measurement- including surface area and volume,
just under 42% of the participants (sixth grade learners), were able to compare the relationship
between surface area and volume. This is an indication that this problem is not only local, but
an area of concern internationally. Among the indentified errors in that research were using
improper units of measurement, omitting units and interchanging surface area with volume.
There was also a considerable amount of questions that were not attempted in the Korean
works. Yim, Yim and Km (2019) suggest that learning should begin with easier concepts like
volume, before surface area, which they considered, more complex.
What misconceptions are evident when learners solve problems involving giving the
relationship between surface area and volume? : The following misconceptions were noted
in the learners’ work and interviews on solving surface area and volume problems:
1. Confusing surface area with volume, including interchanging their formulae.
2. Confusing the units of measurement in surface area and volume, including their
omission thereof.
Possible causes of identified learner misconceptions
Insufficient mastery of basic facts, concepts and skills: We have seen from the learners’
responses, that there was insufficient mastery of basic facts as Hwang, Huang & Dong (2009)
note.
Over-generalisation of basic facts and formulae: In this study, the formulae for finding
surface area and volume of prisms was over-generalised, concurring with Battista’s (2003) and
Machaba (2018).
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Rote learning of calculating (routine) procedures without understanding: Rote-learning
of the formula deprived learners of opportunities to discuss and discover the mathematics they
were expected to learn—considering that learners have different learning styles.
Conclusion
Implications and recommendations: Most of the learners’ misconceptions in surface area
and volume revolved around insufficient mastery of basic facts, concepts and skills. In most
instances, the vocabulary and language necessary for concept development in mathematics is
overshadowed by routine computational procedures, leading to many misconceptions. It
follows that high standard of planning, presentation and evaluation is required across the board,
from curriculum planning to lesson delivery in the classroom, in order to minimize
misconceptions.
According to the Common Core Standards (CCSSO, 2010), sixth-grade learners begin the
exploration of surface area of prisms through building on of their knowledge of the areas of
two-dimensional figures. One of the best approaches to learning the surface area of threedimensional figures is by creating several card-stock rectangular prisms, cubes or cylinders
that have sides held together with small pieces of Velcro. In this way, learners would think
about the components of the “net” of the figure as they break the figure into faces and calculate
the area.
The use of interactive or manipulative activities is important for learners to explore surface
area and volume (Chiphambo, Mashologu and Mtsi 2020). These help learners explore how
changing dimensions of polyhedral affects the surface area and volume. The use of
manipulative activities in exploring surface area and volume follows the constructivism
paradigm in education. Learners construct new knowledge, building on the prior knowledge
they already acquired (Brodie, 2010). Explorations of surface area and volume through
animation activities are available online too. It is very important for learners to realize that
volume does not dictate surface area and also recognize that the pattern between surface area
and volume is similar to the one between area and perimeter. Prisms that are more cube-like
have less surface area than prisms with the same volume that are long and narrow (Van de
Walle, Karp, Bay-Williams 2014).
In order to increase conceptual understanding, learners should be provided enough time
resources and activities for formula development. This follows the theories of constructivism.
When learners develop formulae, they gain conceptual understanding of the ideas and
relationships involved, thereby minimising misconceptions. This helps learners to engage in
“doing mathematics,” which results in less likelihood of confusing surface area with volume.
The misconception of confusing surface area and volume formulae is largely due to an
overemphasis on formula, with little or no conceptual background (Van de Walle et al. 2014).
The 21st century learners are characterised with multiple intelligences, requiring the exploration
of different teaching and learning styles for adequate concept formation. Numerous forms of
concept presentation should be applied in methods that prompt inquiry-based learning, to
motivate active involvement of the brain. Multiple examples and non-examples of concepts are
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required, for the learners to compare and contrast given phenomena. These 21st century learning
and teaching styles complement the theories of constructivism. We conclude by emphasizing
that learners must be provided ample time and resources to develop concepts at their own pace,
through individually preferred learning styles, which answers to differentiated learning
(Haniya and Roberts-Lieb, 2017).
References
Battista, M. T. (2003). Levels of Sophistication in Elementary Students Reasoning about
Length. International Group for the Psychology of Mathematics Education, 2, 73-80.Cat. No.
03CH37428) (Vol. 1, pp. 156-165). IEEE.
Brodie, K. (2010). Teaching Mathematical Reasoning in Secondary School Classrooms. Springer.
Science & Business Media
CCSSO (Council of Chief State School Officers). (2010). Common core state standards. Retrieved
from http://corestandards.org
Chamberlin, M. & Candelaria, M.S. (2014). Investigating area and volume: Instruction for prospective
teachers. A lesson experiment. International Electronic Journal of 2014. 9(2), 113-134,2014.
Chiphambo, S. M., Mashologu, M. W. N., & Mtsi, N. (2020, October). EFFECT OF PHYSICAL
MANIPULATIVES ON LEARNERS’UNDERSTANDING OF SURFACE AREA AND
VOLUME OF PRISMS. In SOUTH AFRICA INTERNATIONAL CONFERENCE ON
EDUCATION (p. 328).
Department of Basic Education (DBE), 2016, The Annual National Assessments of 2015. Diagnostic
report intermediate and senior phases. Mathematics, DBE, Pretoria
Haniya, S., & Roberts-Lieb, S. (2017). Differentiated Learning: Diversity Dimensions of e-Learning.
In e-Learning Ecologies (pp. 183-206). Routledge.
Hwang, W.-Y., Su, J.-H., Huang, Y.-M., & Dong, J.-J. (2009). A Study of Multi-Representation of
Geometry Problem Solving. Educational Technology & Society, 12(3), 229–247.
https://doi.org/10.1007/978-3-540-73011-8_44
Kara, M. (2013) Students’ reasoning about invariance of volume as a quantity. Illinois State University.
UMI Publishing ProQuest Dissertations Publishing. 2013.3592420 search.proquest.com
Machaba, F. (2018). Insights and misconceptions of Grade 10 learners. Pythagoras. The concepts of
area and perimeter, 37(1), 1-11.https://doi.org/10.4102/pythagoras.v37i1.304
Mbedzi, S. & Samson, D (2013). Investigating surface area and volume of rectangular prisms. Learning
and Teaching Mathematics. 15(1), 3-6. https://hdl.handle.net/10520/EJC146076
Miles, M.B., Huberman, A.M. & Saldaña (2018). Qualitative Data Analysis: A methods sourcebook
(Fourth ed.). London: Sage.
Sáiz, M. (2003). Primary Teachers' Conceptions about the Concept of Volume: The Case of VolumeMeasurable Objects. International Group for the Psychology of Mathematics Education, 4(7),
95-102.
Sasanguie, D., Göbel, S. M., Moll, K., Smets, K., &Reynvoet, B. (2013). Approximate number sense,
symbolic number processing, or number–space mappings: What underlies mathematics
achievement? Journal
of
experimental
child
psychology, 114(3),
418431.https://doi.org/10.1016/j.jecp.2012.10.012
Sibanda, E. (2020). Grade 8 learners’ misconceptions in learning the concepts surface area and volume
at a high school in Johannesburg East District. [Dissertation, University of South Africa].
Database/Archive name/ Url
Sisman, T.G. & Aksu, M. (2016). A study on sixth grade students’ misconceptions and errors in spatial
measurement: Length, area, and volume. International Journal of Science and Mathematics
131

Education [online], 14(7), 1293–1319.https://doi.org/10.1007/s10763-015-9642-5
Van de Walle, J.A., Karp, K.S., & Bay-Williams, J.M. (2014). Elementary and middle school
mathematics: Teaching developmentally (Eds ed.). Pearson Education.
Yim, Y., Yim, Y., & Km, S. M. (2019). A study on the performance of sixth-grade elementary school
students about the perimeter and area of plane figure and the surface area and volume of solid
figure.
Thd
Mathematical
Education,
58(2),
283-298.
https://doi.org/10.7468/MATHEDU.2019.58.2.283

132

MATHEMATICS TEACHERS’ PREFERENCES REGARDING
CONTINUOUS PROFESSIONAL DEVELOPMENT ACTIVITIES
Charles R. Smith1, Cyril Julie1 , Benita P Nel1 & Faaiz Gierdien2
University of the Western Cape1 & Stellenbosch University2
Abstract
Based on research studies that have found that continuing professional development (CPD)
offerings do not always align with what teachers’ desire, this study explored the kinds of
activities that teachers preferred in these offerings. The study was situated in adult learning
theories and functional context theory. A quantitative research design was employed. The
teachers were participants in a CPD initiative, and 51 teachers participated in the survey. Data
was gathered utilising a questionnaire. Results indicate that these teachers highly preferred
engaging in learning to better themselves as teachers, improve the achievement scores of their
learners and improve their own subject content knowledge. Teachers predominantly prefer to
learn through experimenting in their own classrooms and by reflecting on their own practice,
by collaborating with other teachers at their own schools and, to a lesser extent, by
participating in other CPD activities. The conclusion is that these teachers prefer to engage in
CPD activities closely linked to their classroom practice.
Keywords: professional development, professional learning, teachers’ preferences, quality
teaching and learning, adult learning
The critical role that teachers have in determining what mathematics is taught in classrooms
and how it is taught is indisputable. Consequently, it is commonly acknowledged today
that one of the most effective ways to raise the quality of mathematics teaching in
schools is to expand the professional development of teachers of mathematics
(Neubrand, 2018)
A criticism levelled at most continuous professional development (CPD) programmes is that
teachers are not involved in the design of such programmes. Consequently, CPD courses often
do not align with teachers’ learning needs. A common approach to CPD is to immerse teachers
in subject content. Indeed, most in-service courses conducted are based on a short-term
transmission model, do not consider the ecology of a particular classroom or school and provide
no follow-up support. Evan et al. (2004) argued that CPD which centres only on deepening
mathematics content knowledge and on familiarising teachers with curriculum materials has
proven to be inadequate. They contended that:
Teaching in the classroom is much more complicated than a
straightforward implementation of a curriculum. It involves choosing
wisely among various curriculum materials, designing adequate
learning environments, adapting the pace of instruction, conducting
discussions, challenging and extending student thinking, and so on. (p.
228)
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Utami and Prestridge (2018) highlighted the tension between policy driven CPD and selfdirected CPD. They found that policy driven CPD generally takes the form of workshops in
which teachers are treated as passive receivers who are deficient and in need of fixing. This
type of CPD seems to not always be effective. This is because teachers are coerced to attend
these initiatives and that the content is very often not related to their needs but is rather related
to bureaucratically designed agendas. What results is either acquiescent or indifferent
participation by teachers.
In this article, the intention is not to create a dichotomy between a policy driven and a teachercentred approach to CPD. By a teacher-centred approach, we mean an approach to CPD that is
based on the developmental needs expressed by teachers. In reality, there needs to be a balance
in what is provided in terms of CPD for teachers. Sometimes policy driven CPD of short
duration are needed, for example when changes in the curriculum are introduced or when
teachers are skilled for new directions in assessment practices instituted by educational
authorities.
Teachers have agency over what they garner from learning opportunities afforded to them, both
during CPD interventions as well as in classroom settings. Researchers have also concluded
that the effectiveness of teacher learning opportunities and CPD programmes is contingent on
meeting teachers’ learning needs (Buabeng et al., 2018). These authors studied what teachers
found most valuable in teacher learning opportunities to enhance their own and their learners’
performance. They concluded that teachers perceived that their most beneficial professional
learning and development took place when they critically reflected on their own practice
through personal inquiry.
Brunetti and Marsden (2018) make the point that in order for CPD providers to plan and
implement suitable professional development for teachers, they must have a clear
understanding of the nature and characteristics of such development. Sprott (2019) goes
further and suggested that there is a need for differentiated, job-embedded professional
development for teachers. This will promote teacher development that can respond to
contemporary society's changing contexts.
A few studies in the South African context considered teachers’ views on CPD workshops and
concluded that teachers are more motivated to attend workshops if they feel that their
expectations will be met (Lessing & De Witt, 2007; Steyn, 2010, Ravhuhali et al., 2015). The
current study is aimed at contributing to the South African knowledge base in this regard by
surveying the perceptions of teachers across a few districts in two provinces of South Africa.
By also considering a possible hierarchy of CPD activities preferred by teachers as beneficial
to their professional development, this study may influence the current discourse on upscaling
CPD initiatives.
Louws et. al., (2017) pointed out that “it is of interest to explore what teachers themselves
choose as their learning goals, what kind of learning activities they choose to engage in and
what reasons they have for professional learning” (p.172). Chin and Benne (1961) suggested
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three main approaches to improving or changing the practices of professionals. These
approaches include: (1) the power-coercive approach, (2) the rational-empirical approach and
(3) the normative-re-educative approach. Framed in terms of CPD, these approaches signify
the following:
•
•

•

The first approach is a top-down process whereby teachers are mandated to attend CPD
interventions or face some sort of sanction if they do not comply.
The second approach is premised on the supposition that to improve practice, teachers need
to be given information on which to act. It is commonly found that education administrators
employ the first two approaches because they are quick and easy to arrange and focus on
short-term solutions for educational challenges and poor performance.
The third approach recognises teacher agency in professional development. It may also be
characterised as a collaborative, problem-solving way of learning whereby participants make
their own decisions about what, how and why, when they participate in professional learning
opportunities (Imants et al, 2020).

Evident from the discussions above is that CPD providers must also give teachers a
voice in the planning and delivery of CPD. McElearney et al., (2019) found that teachers’
developmental needs were met via a wide menu of activities and not just through courses.
Louws et al. (2017) voiced concern regarding programmes for CPD, namely that teachers
themselves are not involved in choosing the content. Consequently, CPD courses often do not
align with teachers’ own learning needs. Amour and Makopoulou (2012) raised questions
about the implications of basing CPD design on inconsistent theories of teachers as learners.
This challenge in CPD gave rise to the research question: “What professional
development/professional learning experiences are preferred by teachers participating in a CPD
initiative?”
Theoretical perspectives
A brief survey of relevant literature is presented to explore the pertinent features that have been
established over time regarding how teachers learn. Teacher development may be regarded as
teacher learning (Gibbons & Cobb, 2017; Opfer & Pedder, 2011; Smith, 2015; Stewart, 2014;
Timperley, 2011). This is so because teachers are adult professionals. Hence adult learning
theories provide a useful framework for this study. Seminal works on adult learning still hold
relevance and are acknowledged by current researchers (Louws et al., 2017).
Day (2002, p. 4) most comprehensively defines the range of CPD descriptions and provision
by alluding to the following features of CPD:
1. CPD is comprised of consists of all natural learning experiences including planned and
unplanned activities;
2. Takes place in and individual, group or school contexts;
3. Focusses on knowledge, skills and emotional intelligence essential to good professional
thinking, and
4. Allow teachers to review, renew and extend their commitment as change agents to the moral
purposes of teaching.
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In the case of teachers, the Organisation for Economic Co-operation and Development (OECD)
(2005, p. 124) has identified the following four issues as important for CPD:
(1)
Activities intended to facilitate the implementation of policy or educational reforms,
which are often taken by large groups of teachers together, for example, through
conferences designed to provide new information
(2)
Task-oriented professional development aimed towards preparation of staff for new
functions, which are often taken by individual or small groups of teachers, and which
may include courses, self-study and so on
(3)
School-based professional development aimed at serving the aim of school
development and which often involve groups of teachers from the same school working
jointly on a problem or developing a programme
(4)
Personal professional development chosen by the individual participant for professional
enrichment and further education.
The literature on adult learning theories provides interesting insights that may illuminate some
empirical findings from the research reviewed for this article. Some key points are summarised
here. Adults are motivated to learn as they experience needs and interests that learning would
satisfy (Knowles, 1990). This is supported by the functional theory of adult learning which
states that learning should be problem based and experience centred and meaningful to the
adult learner (Gibb, 1960). Thus, adult learning is problem centred, task centred or life centred
(Ozuah, 2016).
Knowles’s (1984) perspective on adult learning is based on six main assumptions: self-concept,
role of experience, readiness to learn, orientation to learning, internal motivation and the need
to know. Forrest and Peterson (2006) clarified each of these assumption as follows (see also
Chan, 2010):
Self-concept: Adult learners are self-directed, autonomous, and independent.
The role of experience: The repository of an adult’s experience is a rich resource.
The readiness to learn: Adults learn what they believe they need to know.
An orientation to learning: Adults learn for immediate applications.
Internal motivation: Adults are more internally motivated than externally motivated.
The need to know: Adults need to know the value and reason for learning.

(1)
(2)
(3)
(4)
(5)
(6)

Critical continuous professional development factors from teachers’ perspective
O’Sullivan et al. (2012) identified five factors that made CPD effective from teachers’
perspectives. These factors are applicability, reflection, specialist input from an external expert,
collaborative activity, and accreditation. Matherson and Windle (2017) reported similar
findings from their investigation of the extant literature. They discovered that teachers want
professional learning opportunities that:
(1)
(2)
(3)
(4)

are interactive, engaging, and relevant for their students,
show them a more practical way to deliver content,
are teacher-driven, and
are sustained over time (pp. 30 – 31).
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Garet et al. (2001, p 196) identified the following core features of professional development
activities that have significant, positive effects on teachers’ self-reported increases in
knowledge and skills and changes in classroom practice: (a) focus on content knowledge; (b)
opportunities for active learning; and (c) coherence with other learning activities. It is primarily
through these core features that the following structural features significantly affect teacher
learning: (a) the form of the activity (e.g., workshop vs. study group); (b) collective
participation of teachers from the same school, grade, or subject; and (c) the duration of the
activity.
Harland and Kinder (1997, p.129) formulated a number of the possible outcomes of CPD: (1)
Material and provisionary outcomes are the resources that accrue from participation in CPD
activities, such as worksheets, lesson plans and equipment; (2) Informational outcomes refer
to information concerning new developments in the field and reports on high stakes
examinations and other research as well as policy declarations and their implications for
practice; (3) New awareness is a shift in assumptions about what constitutes the appropriate
content and teaching strategies of a particular topic in mathematics; (4) Value congruence
refers to the degree of alignment that exists between the CPD participant’s curriculum
accountabilities and the CPD providers’ messages about practice; (5) Affective outcomes are
the emotional changes, such as excitement or stimulation, which may follow from a CPD
experience ; (6) Motivational and attitudinal outcomes refer to the enhanced enthusiasm and
motivation to implement ideas derived from CPD; (7) Knowledge and skills refer to the
acquisition of new understanding or know-how relating to curriculum content and pedagogy;
(8) Institutional outcomes describe the collective impact upon groups of teachers and their
practice and (9) Impact on practice denotes change in classroom repertoire or other forms of
changes in professional practice brought about via the outcomes listed above.
In the next few paragraphs, we discuss the following affordances to teachers’ professional
learning that emanate from the extant research literature.
The need to know the usability of the knowledge they encounter
The first assertion is that adults need to know the utility and value of the material that they are
learning before embarking on learning. Adults are motivated to learn to the extent that they
perceive that the knowledge will help them to perform tasks or solve problems that they face
in real life and when there is a focus on relevant problems and practical applications of concepts
(Ozuah, 2016).
A non-threatening learning environment
Adults show preference for psychologically safe learning situations. Amongst others, this
means that adult learning, according to Knowles (1984), is dependent on the learner’s selfconcept, which highly values agency and independence. Whenever these aspects are
threatened, learning is inhibited. Facilitators who use highly technical language or display
arrogance are thus inhibitors of adult learning.
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Collaboration
Collaboration is a prerequisite for social learning. One example of how this type of
collaboration manifests in recent CPD literature is the institution of professional learning
communities (PLCs). A PLC is established when a group of teachers collaboratively engage in
professional development activities with the purpose to improve: (1) their own practice and (2)
the performance of their learners. These collaborations are framed by the structural architecture
based on the accepted features of a PLC (Burke, 2013; Reichstetter, 2006; Stoll & Louis, 2007).
Smith (2015) found that teachers valued the following features of PLCs: A common vision for
student learning, collective solution seeking, collaborative construction of teaching and
learning resources, sharing of private practice through collegial reflection and feedback, and
shared and supportive leadership.
Relevance
Based on Gibb’s (1960) functional learning theory relevance is paramount for teacher learning.
The main premise here is that adult learning is promoted based on content relevance.
Importantly, learning is accomplished through the context of the needs of practice, giving
learners the ability to transfer their learning successfully to their daily work tasks (Sticht, 1988).
Merriam and Leahy (2005) concluded that professional learning experiences which are closely
aligned with actual practice are more likely to be appropriated by teachers.
Research design
The research design employed for this paper is based on a quantitative research approach
(Creswell, 1999). For this research, all the mathematics teachers who participated in a CPD
initiative in the Northern Cape and the Western Cape provinces were asked to complete the
research questionnaire. Completion of the questionnaire was voluntary. The response rate was
approximately 72% (51 out of 70 teachers). Of the 51 teachers, 27 were male and 24 females
with ages ranging from 21 to 61 years. The mean age of the sample was 35 years and the
average years of experience amounted to 17,8 years. Twenty-seven teachers taught
mathematics in the Further Education and Training band (Grades 10 to 12), 39 teachers taught
mathematics in the senior phase (Grades 7 to 9) and five teachers taught in the intermediate
phase (Grades 4 to 6). No teachers in the foundation phase (Grades R to 3) participated in the
survey. In general, teachers were classified according to the highest grade that they taught.
Data collection and analysis procedures
As stated above the data collection instrument was a questionnaire. The instrument was adapted
from the work of Louws et. al. (2017). This adapted version, customised for the South African
context, was then employed to collect data relevant to the South African context for the
mathematics teachers involved in the CPD initiative. The adaptation was made based on
intimate knowledge of the South African education system by the authors.
Questionnaire items were not mathematics specific and could very well be used with teachers
at other school subjects. The questionnaire contained 32 items measured on a scale from 1 to
4, in which 4 indicated the least preferred and 1 the most preferred. The questions were
categorised into five subscales measuring the following:
•

Subscale 1: Why teachers engage in CPD
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•
•
•
•

Subscale 2: What types of CPD learning activities are preferred by teachers
Subscale 3: Learning goals
Subscale 4: Content of professional learning activities
Subscale 5: How learning needs will be established.

Each subscale included several statements to be ranked from 1 to 4. Data was captured on an
Excel spreadsheet and analysed using descriptive statistical methods. A reliability test was run
on SPSS V26. The test rendered a reliability value, Cronbach’s alpha, of 0.901. This value was
greater than 0.7 and indicated an acceptable value for the internal reliability of the
questionnaire. As a measure of control, the data was also subjected to Rasch analysis, as is
done in rating scale analysis, to ascertain whether the Rasch rankings of the items would render
the same ranking as given by ranking of the means. The rankings were the same.
Results
The mean for each item was then applied to rank the items from most preferred to least
preferred. For the sake of further analysis, the median and mode for each item are supplied in
Table 1.
Table 1 provides results based on the procedure described above. The first observation is that
survey outcomes may be categorised into three sections, as indicated by the median. The
shading of the table is intended to make this clearly noticeable. The first section, indicated by
a median of 1, represent those items that are highly preferable in terms of CPD. The second
section (median = 2) represent those items which we classified as moderately preferable, and
the third section (median = 3) are those items least preferable.
In section 1 (ranking 1 to 13) of the table, the emphasis is on improvement, with a focus on
performance. Section 2 of the table (ranking 14 to 25) has process as focal point. The fact that
these items are moderately preferable may be explained by the fact that implementation of CPD
innovations is not unproblematic. Section 3 of the table (ranking 26 to 32) essentially addresses
identification of knowledge gaps and external directive for attending CPD.
Table 1
Ranking of items
Item
Rank
1
2
3
4
5
6

Description
4.2 To improve myself as a teacher
4.5 To improve the learning outcomes
for my learners
4.1 To improve myself as a person
6.6 By wanting to know the latest
trends in the teaching of my subject
5.4 Innovative classroom practices
6.1 By looking at my learners’ results

% Response choice
1
2
3
4
84.3 7.8
5.9
2.0
74.5 17.6 5.9
2.0

Mean
1.26
1.35

Median
1
1

Mode
1
1

1.49
1.49

1
1

1

72.5
70.6

11.8
19.6

9.8
9.5

5.9
3.9

1.50
1.53

1
1

1

64.7
66.7

25.5
21.6

3.9
3.9

5.9
5.9
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7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

2.6 They want to be better teachers
1.53
1
1
68.6 15.7 9.5
2.4 They want to improve their 1.57
1
1
64.7 17.6 13.7
content knowledge
2.7 They want to help their learners
1.57
1
1
68.6 13.7 9.8
2.4 They personally think that it is 1.57
1
1
41.2 29.4 25.5
important (e.g., for promotion)
4.3 To improve my content 1.61
1
1
58.8 23.5 15.7
knowledge
5.1 Subject content
1.71
1
1
56.9 21.6 15.7
3.5 By participating in professional 1.71
1
1
54.9 25.5 13.7
development activities
3.1 By experimenting in my own 1.73
2
1
49.0 35.3 9.8
classroom
5.3 Design of investigations and 1.84
2
1
41.2 37.3 17.6
projects (school-based assessment)
3.3 By reflecting on my own practice 1.84
2
2
39.3 41.2 15.7
4.4 To improve my knowledge of 1.84
2
1
51.0 23.5 15.7
pedagogy
3.6 By collaborating with teachers at 1.92
2
1
41.2 37.3 9.8
my school
3.2 By attending university courses
2.06
2
1
33.3 33.3 27.5
5.7 Subject pedagogy
2.06
2
2
27.5 45.1 21.6
5.6 ICT
2.08
2
1
35.3 31.4 23.5
5.2 Classroom management
2.16
2
1
31.4 29.4 31.4
5.8 Setting and marking tests and 2.33
2
2
27.5 29.4 25.5
examinations
5.5 Lesson planning
2.35
2
2
21.6 33.3 33.3
3.4 By attending conferences
2.35
2
2
21.6 37.3 25.5
6.2 By taking a test to establish by my 2.49
3
3
17.6 31.4 35.3
own knowledge gaps
6.4 By considering a topic that 2.63
3
3
19.6 17.6 41.2
interests me and that I find enjoyable
2.1 They need PD points for SACE
2.63
3
3
25.5 15.7 29.4
2.3 They believe that school 2.71
3
3
15.7 23.5 35.3
management expects them to
6.5 By considering my promotion 2.80
3
3
17.6 11.8 43.1
prospects
2.2 They believe that the subject 2.90
3
3
5.9
27.5 37.3
advisors expect them to
6.3 By looking at my IQMS scores
3.12
3
4
9.8
11.8 35.3
(It should be noted that 1 corresponds to most preferred and 4 to least preferred items).
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5.9
3.9
7.8
3.9
2.0
5.9
5.9
5.9
3.9
3.9
9.8
11.8
5.9
5.9
9.8
7.8
17.6
11.8
15.7
15.7
19.6
29.4
25.5
27.5
29.4
43.1

Discussion of the results
In terms of the highest frequencies, most teachers indicated that they engaged in professional
learning through CPD because they wanted to be better teachers (84.3%) and to see their
learners’ results improve (74.5%). This was followed by about 71% of the sampled teachers
who indicated that they wished to be informed about the latest trends in school mathematics.
The need for improved content knowledge (64.7% and 58.8% for the two items related to
content knowledge under subscales 1 and 3 respectively dealing with the issue) was also
indicated as an important reason to engage in CPD initiatives. The word ‘PD’ was also used in
the questionnaire, so there was an assumption that the respondents viewed PD and PL as the
same CPD activities. This indicates that teachers involved in CPD activities do so because of
their eagerness to improve their learners’ performance by working on being better teachers.
They also link their being better teachers to improving their content knowledge. This ties into
Ozuah’s (2016) claim that adults are motivated to learn, which will assist them in improving
that which they face in their everyday A
The item that most teachers rejected to establish their learning needs was using the Integrated
Quality Management System (IQMS) whereby teachers are evaluated by school management
and peers annually. About 43% of the teachers indicated this mechanism as the least preferred
to determine their learning needs. This could be understood in terms of a general negative view
of the IQMS implementation in South Africa as teachers are not convinced that this system is
always implemented with a developmental agenda. The fact that teachers view this as least
desirable may be seen as a rejection of external imposition on their professional autonomy and
agency.
Although not as pronounced as the aforementioned item, the following also showed a low
preference among teachers: attendance of CPD activities because mathematics subject advisors
expected them to attend (29.4% indicated this as their least preferred and 37.3% as their second
least preferred reason), attendance for advancing promotion prospects (27.5% indicated this as
their least preferred and 43.1% as their second least preferred reason), attendance due to the
school management’s demands (25.5% indicated this as their least preferred and 35.3% as their
second least preferred reason) and attendance as a way to satisfy the requirements of the South
African Council for Educators (SACE) (a combined 58.8% for the least and second least
preferred reasons).
Both the most and least preferred items resonate with one of Knowles’s (1984) assumptions
about adult learning that internal motivation drives learning. Teachers therefore prefer to
engage in CPD initiatives due to their personal conviction that they should improve themselves
as teachers to enhance the achievement of their learners. They are therefore not primarily driven
by external factors such as being coerced by the school management, district officials and
promotion possibilities.
Amongst the preferred courses that teachers would like to attend are those linked to knowledge
about the latest trends in the teaching of mathematics (70.6% for the most preferred category)
and subject matter content (58.8% for the most preferred category), and these courses should
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include innovative classroom practices (90.2%) and subject content (78.5%). This concurs with
the findings of Matherson and Windle (2017). A possible factor linked to this is the rapid pace
at which the world is changing. This ever-changing context motivates teachers to want to learn
more, and therefore they are inclined to attend CPD initiatives in their “need to know” (Chan,
2010, p. 28).
A combination of the most preferred and second most preferred selections by teachers revealed
that teachers prefer to learn through experimenting in their own classrooms (84.3%), reflecting
on their own practice (80.5%), participating in CPD activities (80.4%), and collaborating with
other teachers at their schools (78.5%). It can be assumed that teachers prefer to learn within
their own working environment (their own classrooms and their own schools) above a generic
environment (Smith, 2015). They want their learning to be relevant to their own classrooms
where they can reflect on their own teaching and collaborate with their peers in the same school.
These preferences allude to Sticht’s (1988) functional context theory whereby the needs of the
practice are foregrounded, which might be successfully transferred to the tasks of teachers’
daily lives.
Conclusion
Through the questionnaire, teachers revealed their preferred CPD learning experiences. The
reasons for their involvement in CPD activities include their desire to better themselves as
teachers and as individuals, which also includes improving their content knowledge to
ultimately improve the learning outcomes of their learners. Teachers predominantly prefer to
learn through experimenting in their own classrooms and by reflecting on their own practice,
by collaborating with other teachers at their own schools and, to a lesser extent, by participating
in other CPD activities. This alludes to their preference for engaging in CPD activities closely
linked to their classroom practice, which are innovative, include the latest trends and enhance
the design of investigations and assessments.
This research provides worthwhile information to policy makers and administrators. It
provides insights into the psyche of teachers regarding CPD. This data may be used in a
meaningful way when CPD intermediations are planned and deployed. This study accentuates
the fact that teachers should be involved in defining their own learning needs. Teachers’
learning affinities should undergird the design of CPD activities and offerings.
Limitations
The study is limited in that the sample is very small, and thus no generalisations are possible
beyond the context where these teachers are located. Most of the teachers who participated are
from an Afrikaans speaking background, and this may have a limiting effect on the study.
However, there is a great degree of alignment with the results of other studies. Furthermore,
the sample only included mathematics teachers.
Recommendations
Education administrators and school management could consider the preferences expressed by
teachers and their reservations concerning certain regulated ways of determining CPD needs
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as expressed in this paper. This will go a long way to encourage teachers to participate in CPD
activities. Furthermore, the process will be enhanced by forming CPD committees at school
level to assist teachers to assess their own CPD needs and develop their own learning goals and
match their CPD to their learning goals. To ensure efficacy schools could reflect yearly on
progress and feedback based on the CPD activities of the previous year. It is important to create
a culture of continual improvement at school and district level built on a cycle of planning,
implementing and reflecting on a yearly basis.
More research is needed in the South African context about the initiation as well as the efficacy
of teacher-initiated and teacher-led approaches to CPD, no matter in which subject. Another
gap in the literature is the developmental needs and concomitant CPD preferences of subject
advisors. This may be a further area for research.
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ANALYSING UNDERGRADUATE STUDENTS’ SCHEMA
DEVELOPMENT OF MULTIVARIABLE LIMITS
Benjamin Tatira
Walter Sisulu University, South Africa
Abstract
The lack of clarity in evaluating multivariable limits motivated this study. This was an
empirical study seeking to characterise undergraduate students’ conceptualisation of
multivariable limits using the Action-Process-Object-Schema framework. Data for the study
were generated from 194 students’ written assignment and 14 conveniently selected individual
semi-structured interviews. Results revealed that inadequate high-order skills hampered
students’ development of the schema in multivariable limits. The inherent nature of
indeterminate multivariable limits created a cognitive impediment when students attempted to
construct the multivariable limits schema. There exists no specific ordering of paths for
approaching the limit and there is no end to the process of selecting new paths should the limit
exist.
Keywords
APOS theory; L'Hôpital rule; multivariable limits; schema development; undergraduate
students.
Introduction
Mathematics education students at a comprehensive university in South Africa take calculus
courses in their preparation to be mathematics teachers. In pre-calculus they cover topics like
limits, continuity, differential and integral calculus, mathematical induction, binomial
expansions and sets/relations and functions. In advanced calculus, they are exposed to matrices,
ordinary differential equations, multivariate calculus and real analysis. Relative to pre-calculus
which students master comfortably, advanced calculus poses some cognitive challenges to
students. In particular, their conceptualisation of limits in multivariable functions was shaky
and warrants an investigation.
The limit concept is a significant component of calculus. Every single concept of calculus
involves limits in one way or another. In fact, without limits, calculus cease to exist. Moreover,
limits characterise the most basic level of what we call calculus, in contrast with other branches
of mathematics like geometry and algebra (Denbel, 2014). Despite the importance of limits in
calculus, students’ thorough understanding of limits is uncommon (Areaya & Sidelil, 2012).
This is due in part to the conceptual complexity of computation of limits. Tall (1992) noted
that limits are the first concept that students encounter where they do not necessarily find the
result by straightforward computation. This situation is made worse by some instructors who
approach limits procedurally, which creates cognitive difficulties due to the complexity and
richness of limits. De Villiers and Jugmohan (2012) mention that if students have little
understanding of underlying principles, they therefore resort to memorising and applying
procedures and rules. Their procedural success seemingly masks underlying conceptual gaps
or difficulties.
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The behaviour of limits of functions of more than one variable is more unfamiliar to students
than single variable functions (Gary, 2020). For functions of one variable there are only two
ways that 𝑥 can approach a point 𝑎, that is, from the left or right. But limits involving functions
of two or more variables can be considerably more difficult to deal with. This difficulty is due
to the existence of many ways to approach a point in the plane. If
lim 𝑓(𝑥, 𝑦) = 𝐿, then
(𝑥,𝑦)→(𝑎,𝑏)

as (𝑥, 𝑦) gets close to (𝑎, 𝑏), 𝑓(𝑥, 𝑦) gets close to 𝐿. But there are an infinite number of ways
to approach (𝑎, 𝑏) along any one of an infinite number of lines, parabolas or curves. This study
describes the development of the schema of limits in the context of multivariable functions. A
schema is a coherent construction of knowledge of a mathematical concept “which can be
invoked in order to resolve problem situations.” (Parraguez & Oktaç, 2010, p. 2113).
According to APOS theory, schema development passes through the action, processes and
objects levels and other previously constructed schemas that are related to the same concept or
topic (Trigueros & Oktaç, 2019). The function schema and single variable limits schema form
part of schema development for the concept of multivariable limits.
The limit concept is instrumental in secondary pre-service teacher undergraduate education in
South Africa. In grade 12, there is a topic on differential calculus where learners are introduced
to the intuitive definition of limits, differentiation from first principles and rates of change
(Department of Basic Education, 2011; Maharaj, 2010). Hence, there is need for future
mathematics teachers to have a complete understanding of limits at an advanced level in order
to cope to instructional demands when they start teaching. The purpose of this study was to
characterise the levels of schema development of multivariable limits as students solve
problems involving multivariable limits. There is scant research about the schema development
as undergraduate students learn multivariable limits in terms of the Action-Process-ObjectSchema (APOS) theory. As such, the research questions for this study are: (i) how do
undergraduate mathematics education students conceptualise multivariable limits and (ii) what
mental structures can be inferred from students’ work when they solve activities that involve
multivariable limits?
Literature and theoretical perspectives
Over the past decades, there have been many studies on how students understand limits of
single-variable limits and most of these use the APOS theoretical underpinning. Again most of
these revealed that students struggle to understand limits, which is the result of many students
not having mastered procedural (low-order) and conceptual (high-order) skills. These
constitute mental structures in APOS theory. At the University of KwaZulu-Natal, Maharaj
(2010) taught and administered a multiple-choice test to first-year students on limits. His results
confirmed that students encountered difficulties in computing limits due to the lack of requisite
mental structures at the process, object and schema levels. He suggested more time needs to be
devoted to assisting students develop the outstanding mental structures. Using APOS theory,
Mrdja, Romano and Zubac (2015) revealed also that students had errors and misconceptions
on limits that arose from under-developed conception and processes of limits of functions. The
point to note is that limits of functions have no universally applicable algorithm, but each
function has its own manipulation prescripts. As in results from Maharaj (2010), Indonesian
undergraduate students only displayed actions skills to precisely calculate limits as a procedure,
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but could not attain higher-level conceptions (Afgani, Suryadi & Dahlan, 2017).
Multivariable functions have no universally established method of resolving, but are nontrivial
problems that have been a subject of recent research. However, very few studies in literature
focussed on multivariable limits. In my literature search, I managed to find only two studies, a
theoretical and an empirical one. Fisher (2010) described the manner in which seven students
conceptualised multivariable limits using the APOS theory and Sfard’s description of
reification. After using task-based interviews and analysing data, the result revealed that due
to the weaknesses in conceptualising the infinite nature of limits, students struggle to
understand multivariable limits. Even the use of 3-dimensional computer graphics did not do
much to alleviate the problem. Unlike single-variable functions, the approaches to
multivariable functions are infinite when the limit exists, which baffles students intending to
verify the existence of such limits. To shunt this perplexity of unlimited approaches to a limit
point, Gary (2020) suggested another method to evaluate indeterminate limits that do exist,
which is the L’Hôpital’s Rule. This method works very well for single-variable indeterminate
limits, but Gary said the LHôpital’s rule for multivariable limits is impossible, due to
𝜕2𝑓

uncertainty of the variable to differentiate with respect to. Using partial derivatives 𝜕𝑥𝜕𝑦 in the
L’Hôpital’s rule can only give information about how the function changes in two different
directions, while limits depend on how the function changes in all directions. There are
functions that have the same partial derivatives at (0,0) but have differing behaviour if (0,0) is
approached along the line 𝑦 = 𝑥, for example.
The theoretical framework I have used in this study is the APOS theory, which characterises
the hierarchical development of students’ knowledge as they learn a particular mathematics
concept, from actions first, then to processes, objects and finally schema. Students firstly
conceive a concept as an action. At action stage, students can perform single or multiple-step
algorithms which are triggered by external stimuli. Performing a direct substitution to evaluate
the limit of a continuous function at a point is an action transformation. Actions are interiorised
when students reflect upon them and run through the steps mentally. The individual student is
in full control of the transformation internally hence can reflect and describe the action
mentally (Cottrill et al., 1996). The infinite number of calculations as the variables tend to a
point which may or may not be defined can only be understood at a process conception (Areaya
& Sidelil, 2012). The encapsulation of a process give rise to an object, which is attained when
an individual becomes aware of the totality of a process and can perform actions to these newly
𝑎

formed entities. Students determine the limit of a rational function if it exists (𝑏), if it does not
𝑎

0

exist (0) or it needs further investigation (0). Finally, the actions, processes and objects related
to a particular concept form a coherent structure called a schema, which can be brought to bear
upon any problem situation. Hereby, students reflect holistically the applicability of a
transformation and perform necessary actions on evaluating limits. Incorporating APOS theory
would lead to a better understanding of the schema development (Jojo, Maharaj & Brijlall,
2012).
Methodology
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This study used a qualitative content analysis as its research design to characterise students’
conceptualisation of multivariable limits. The data for this study were collected from a written
assignment and semi-structured interviews with 194 and 14 undergraduate mathematics
education students respectively. All these students were enrolled in a traditional instruction
calculus course at a rural-based university in South Africa. The assignment was undertaken by
the whole class since it was part of their formal tasks. The 14 students for the interview were
selected from the initial 159 using purposive sampling technique. The 14 were selected based
on the differences in the constructions they displayed in the assignment. The assignment was
composed of two problems on evaluating multivariable limits and the interview was made up
of further computational problems and some explanatory questions. The interviews were to
delve deeper into students’ state of knowledge on multivariable limits in the light of their earlier
responses of the assignment. Furthermore, preliminary analysis of the written task helped to
shape the interview questions. In the interviews which took about 20 minutes on each
interviewee, the role of the researcher was to administer questions and to probe students’
thoughts. The interviews were audiotaped and transcribed for analysis. Ethics approval for the
study was duly obtained from relevant university structures. In relation to ethical
considerations, the participants were informed concerning privacy of their names, data
collection process and the scope of the study. Reliability for this study was guaranteed by using
two instruments to measure the students’ construction of multivariable limits schema. The
verbal responses corroborated and probed further findings from the written responses. The
assignment was part of the students' formal tasks hence it was a genuine reflection of their
understanding of the multivariable limits. Use of multiple sources of data to examine an
assertion is termed data triangulation, which helps build confidence in the findings (Leavy,
2017).
Results
I present the results for the assignment first, followed by those from the semi-structured
interviews. Two questions were posed in the assignment where students were required to
determine whether the limit exist and then evaluate it if it exists. These were to evaluate limits
of:

lim

(𝑥,𝑦)→(0,0)

𝑥 2 −𝑥𝑦+𝑦 2
𝑥 2 +𝑦 2

and

lim

(𝑥,𝑦)→(1,1)

2𝑥 2 −𝑥𝑦−𝑦 2
𝑥 2 −𝑦 2

. The coding system by Asiala, Cottrill,

Dubinsky and Schingendorf (1997) was enacted to evaluate students’ responses as follows:
categories for incorrect responses (W), responses that show some progress towards the solution
(P) and for totally correct responses (C). These categories give an indication of how well
students have learnt the concept of multivariable limits.
The frequencies for question 1 are given in Table 1. As this was a formal task, no student
skipped the question.
Table 1. Frequencies of students’ responses for question 1.
Category
W
P
C
Total
Frequencies
5
29
144 194
Of the five who got this question wrong, two did a direct substitution of 𝑥 = 0 and 𝑦 = 0 to
get

0
0

to which they concluded that the limit did not exist, as shown in Figure 1. This clearly

shows students’ confusion between the terms undefined and indeterminate.
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Figure 1. An indeterminate form treated as undefined by P113.
𝑥𝑦
Two students attempted to simplify the expression and got 1 − 𝑥 2 +𝑦 2 which was still
indeterminate as the original. And one student tried to use the L’Hopital’s rule which was in
vain because with more than one variable, it is not certain which variable to differentiate with
respect to (see Figure 2).

Figure 2. Futile attempts to use the L’Hopital’s rule by partial derivatives by P78.
Of the 29 students who got partially correct responses, more than half concluded that the limit
was 1 after only taking approaches along 𝑥 = 0 and 𝑦 = 0. If they had taken a third path, they
would have obtained a different limit. Three more students approached along three paths and
got different limits, but they forgot to write a conclusion whether the limit existed or not. The
rest made some manipulation errors in trying to simply the expression and also in computing
limits along the specified approaches. Finally, 144 students used the three paths 𝑥 = 0, 𝑦 =
0 and 𝑦 = 𝑥 which produced different limits, which obviously meant that the limit did not exist.
One student chose the 𝑦 = 𝑚𝑥 path which gave the correct answer straightaway. Similarly,
some students also used the following paths which all yielded differing limits: 𝑦 = 0 and 𝑦 =
𝑚𝑥; 𝑦 = 0 and 𝑦 = 𝑥; and 𝑥 = 𝑦 2 and 𝑦 = 𝑥. However, the mental constructions required for
this question were at action level.
The frequencies for question 2 are shown in Table 2. This time there were some students who
felt they had to skip the question completely, shown in the column for blank response (B).
Table 2. Frequency for students’ responses to question 2
Category
B
W
P
C
Total
Frequencies
5
34
4
151 194
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The number of incorrect responses is a source of concern. The keystone for this question was
to first factorise the expression and then plug in the limit values. A total of 17 students could
not figure this out. They went ahead and used the method of taking approaches along the 𝑥axis and the 𝑦-axis. Since the two approaches yielded different limits, they immediately
concluded that the limit does not exist, as illustrated in Figure 3. But taking paths at the origin
is incorrect since the limit point was (1,1).

Figure 3. Use of the approaches method instead of factorisation by P117.
Upon realising that the limit point is (1,1), five students aptly took the paths of approaches as
𝑥 = 1 and 𝑦 = 1. Using only the said approaches, they obtained the limit of one in both
directions and then falsely concluded that the limit exists. Four more students used other paths
to approach the limit but without success. One student attempted to differentiate so as to use
the L’Hopital’s rule as shown in Figure 4.

Figure 4. The attempted use of the L’Hopital’s rule by P78.
Another student substituted the values 𝑥 = 0 and 𝑦 = 0 into the functions and got an undefined
state, which translates to non-existence of the limit. However, the student eventually wrote
error as the answer. Four more students committed manipulation error in their attempts to
simplify the expression and substituting the limit values. For example, P33 did not understand
division of algebraic expression as shown in Figure 5.

151

Figure 5. Flawed simplification of algebraic expression by P33.
For the majority of students who partially achieved the question, the main source of errors was
the manipulation of the expression. Muzangwa and Chifamba (2012) termed these executive
errors: the student fails to carry out manipulations but the underlying principles concerned have
1

3

been understood. One student slipped and got the limit of 2 instead of 2 (see Figure 6) and two
3

others obtained 2 instead of 2.

Figure 6. A slip in the substitution leading to a wrong final answer by P159.
The fourth student misplaced a negative sign in the process of factorising the expression. Since
the errors were non-systemic, students could well overcome these in future given sufficient
practice. A total of 145 students correctly factorised the expression and then substituted the
3

limit values to the answer 2. Some students approached along the horizontal axis or 𝑦 = 1.
After substituting 𝑦 = 1 into the expression, they then factorised the ensuing expression.
3

Finally, they substituted 𝑥 = 1 to get the final result 2. This is illustrated in Figure 7. This
represents a case of delayed factorisation yet true. As with question 1, the step-by-step nature
of the solution appealed more to action construction of knowledge. The results confirm that
students do not have serious problems with these.
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Figure 7. Delayed factorisation yet correct by P20.
The semi-structured interviews were employed to complement and seek further clarity to some
of the students’ responses in the assignment. Of significance was the inclusion of a question
on the limit of a function where the limit presumably exists, so that I could ascertain how
students approached these in the midst of uncertainties of multivariable limits that exist. There
were three core questions in the interview, and an additional follow-up question directed to
certain students as was deemed necessary by the researcher.
The computation of the 3-variable limit in question 1,

lim

𝑥 3 −𝑧𝑒 2𝑦

(𝑥,𝑦,𝑧)→(−1,0,4) 6𝑥+2𝑦−3𝑧

, required

plugging the given values. The function was continuous at the specified point; hence through
substitution it was possible to find the limit. Most students managed to do exactly that, and
give a generalised response concerning direct substitution, as shown in the dialogue with P52:
P52: We first substitute ...
I: Ok, do that please.
5

P52: [does it on paper] The answer I got is 18.
I: Ok. Do we always substitute directly ...?
P52: If ... when we try to substitute and the denominator is zero and then numerator is
a value then the limit does not exist because its undefined. If we get 0 in the numerator
and denominator it means we have to further investigate.
The few who could not find the correct answer got embroiled in manipulation errors after
substituting into the expression. In response to the question whether direct substitution is
always the way to go, mixed responses were displayed. Indeed, students concurred that they
initially substitute and whatever they get is the limit, as explained by P52. Then, if the result is
0

undefined, that signifies the limit does not exist. In addition, if the result is indeterminate (0),
then further investigation is needed. Students like P58 had difficulty to put these points across
though he was right:
P58: We don't always substitute directly because if ... If the limit exists, then you get an
answer right there. But if you get 0/0 it’s undefined so it is incorrect you should continue
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and substitute until you find the answer. After then the limit exists.
Most students could not distinguish the terms undefined and indeterminate, which was evident
in P58’s response. The same was noted in the assignment responses. In response to whether we
always substitute directly to get limits, all student mentioned that they do not always do that.
Some mentioned that they have to factorise or rationalise the expression, but unbeknown to
them, after simplifying the expression, they still need to substitute certain values to get the final
answer. Even to determine whether limit is indeterminate, undefined or does not exist,
substitution plays a pivotal role.
Questions 2 required students to give verbal explanations to the existence of multivariable
functions of indeterminate form 0/0. Then they applied this idea to a given problem in question
3 which was

lim

𝑥 3 +𝑦 3

(𝑥,𝑦)→(0,0) 𝑥 2 +𝑦 2

. It was indeed apparent to all students that a counter-example was

enough to prove that the limit does not exist. However, this question was carefully chosen so
that the limit does exist (so to say). Only five students commented that the limit of functions
of this sort at times do exist.
p178: It does not mean they all do not exist.
I: You are saying they do not all?
p178: Yes, some may exist. Usually, we use the method whereby we look at the value
we get when 𝑥 = 0 and compare it with the value that we get for 𝑦 = 𝑥.
p52: It depends. We further investigate the question using directions.
p190: I don’t think not all of them.
In their attempts to motivate, four of the five got in the confusion between the terms undefined
and indeterminate, hence they could not get show that the limit exists for the problem in
question 3, as shown in Figure 8.

Figure 8. Mix-up between the terms undefined and indeterminate by P178.
After concluding that its undefined, P178 stopped there as expected under those circumstances.
P121 was able to support his initial claim that limits do exist for the indeterminate functions in
question 3 as illustrated in Figure 9. However, this student only concluded after finding the
same limit from only three paths; 𝑦 = 0, 𝑥 = 0 and 𝑦 = 𝑥.
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Figure 9. Attempts to show that the limit does exist for indeterminate form by P121.
Nine students were quite convinced that the limit for indeterminate functions is not at all
possible. During instruction, they mainly proved that a limit does not exist, which is rather
straightforward, hence they concluded that all do not exist. Thus, it was a shock to some to see
that the problem in question 3 still yielded the same limit after countless approaches. Also, they
may never had done a similar problem before in class, as indicated by P68.
P68: Yes, it doesn’t exist.
I: Motivate
P68: In all the functions that we have done it shows it doesn’t exist. The 0/0 is like it’s
undefined. No 0/0 is not undefined. its indeterminate.
P46, like P68 above started by trying direct substitution and then factorisation, both of which
did not work. Interestingly, after resolving limits along three paths, he discovered that the limit
is the same.
P46: I don’t think they ever exist, Sir.
I: Ok thank you. Let me give you a particular question.
P46: I have checked if I can use direct substitution but then what I have seen is I cannot
use direct substitution here. I have tried the second method of factorising and I have
failed to factorise.
I: Yes
P46: From what I did here all the values are the same.
I: So, what is your conclusion?
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P46: It does exist. I thought it does not always exist if its indeterminate but now I realise
it now.
P46 went from an unbeliever to a believer concerning the existence of indeterminate
multivariable functions. But the question remained in their minds that since there are practically
infinite paths that approach the limit point, after how many attempts should they comfortably
stop and conclude that the limit exists. Presumably baffled by this fact, students were carefree
on the number of paths they took to reach a conclusion that the limit exist. Most settled for the
three basic paths, 𝑥 = 0, 𝑦 = 0 and 𝑦 = 𝑥 whilst P170 settled for five paths. None went beyond
five. Literature has not provided answers to this question either.
Question 4 in the interview was a follow-up on the use of the L’Hopital’s rule in evaluating
limits. This method is without doubt very useful to evaluate indeterminate single-variable
0

∞

0

∞

functions of the form or . Its use to evaluate multivariable functions is still unconfirmed and
is the domain of advanced theoretical calculus. P168 suggested using L’Hopital’s rule to
evaluate the limit of the function in question 3 but later dumped the idea when he encountered
difficulties with its use.
I: You mentioned about the LH rule at some stage, didn’t you?
P168: Yes, but I didn’t try it because I saw that in this way: I can do the limit by taking
y=0 and when x=0.
I: Can we apply the LH rule when we have got two variables like this?
P168: Ooh.
I: The question is; you are going to differentiate with respect to what? We have two
variables.
P168: I never tried when we have two variables.
The idea of L’Hopital’s rule was also introduced to P46 who seemed to be flexible in his
thinking on multivariable limits. He had this to say:
I: Can we apply the LH rule to multivariable limits?
P46: We can. Yes, I think it applies.
I: If I should ask; which variable are you going to differentiate with respect to?
P46: And that’s where the problem is.
I: For example, we have got x and y. You are going to differentiate with respect to
what?
P46: Ooh. I don’t think LH rule applies.
Both students came to the conclusion that it was not possible to use the L’Hopital’s rule. Thus,
even with the knowledge of partial derivatives, use of L’Hopital’s rule in multivariable limits
is still hazy, not until students get to advanced theoretical calculus. The focus of this study is
on mathematics for educators, which is not so advanced and theoretical.
Discussion
The two questions in the assignment predominantly appealed to the students’ action mental
constructions in evaluating multivariable limits. Question 1 was a step-by-step computation
until a counter-approach was found, which leads to the conclusion that the limit does not exist.
Question 2 was procedural again, whereby students first factorised the expression and
substituted the limit values. These two questions were meant to reflect the expectations of
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APOS theory whereby students first understand mathematics concepts at action level (Kazunga
& Bansilal, 2020)). As such, the results revealed that about three-quarters of the students in the
study scored all the points in both questions in the assessment task. Kazunga and Bansilal
(2020) posited that students respond correctly to items requiring action-level engagements.
The first question in the interview required a direct substitution and again most students
managed to do that. For functions which are continuous at the limit point, direct substitution is
expected. In any case students knew the action of substitution in single variable limits in the
previous course. At action level, it appears as if the limit of a function as (𝑥, 𝑦) approaches
(𝑎, 𝑏) is the same as the value of the function at (𝑎, 𝑏). The function needs not be defined at
(𝑎, 𝑏), but (𝑥, 𝑦) infinitely gets closer and closer to (𝑎, 𝑏). It takes good process skills for
students to conceptualise aspect of limits, which is coupled with an infinite number of
approaches to (𝑎, 𝑏) for indeterminate multivariable limits. Performing actions process to
indeterminate multivariable limits encapsulates students’ quest for the limits schema.
After doing direct substitution and the result is a real number or undefined, the limit exists or
does not exist respectively. If not, the result is indeterminate and further investigation becomes
necessary. It is at this stage that action skills interiorise to processes. The first challenge which
students encountered was lack of a clear understanding of the terminologies of limits. To them
0/0 is undefined rather than indeterminate. It may not have affected their computations towards
evaluating limits, but displays lack of process mental constructions. If the function is
indeterminate at the limit point, students arbitrarily choose different paths and evaluate limits
along these. As long as the limits from all the different paths are the same, the student must
continue with the process until s/he gets a different limit. In that case the limit ceases to exist.
If students do not get a counter limit, they must continue selecting different paths. In theory,
this process should proceed to infinity to guarantee that the limit indeed exists. None of the
students in the study demonstrated mental constructions of this infinite process, which is key
to indeterminate multivariable limits. There was no internal conceptualisation of the infinite
nature of limits of indeterminate multivariable functions which presumably exists. Some
students stopped after only two paths (𝑥 = 0 and 𝑦 = 0) and prematurely concluded the limit
exists.
In the interviews, students unreservedly concluded the existence of a limit only after a few
approaches. Students only considered basic paths: 𝑦 = 0, 𝑥 = 0, 𝑦 = 𝑥, 𝑦 = 𝑥 2 and 𝑦 =
𝑚𝑥. Nevertheless, some students demonstrated process conception of multivariable limits by
the way they incorporated alternative methods to evaluating multivariable limits. At first, all
students used the method of substituting directly in accordance to the action conception of
limits. When that method did not give a real number, students attempted to factorise/rationalise
and then substitute to get the limit. When that did not work also, they used multiple approaches
method as the last resort. Some attempts to use the L’Hopital’s rule were made but without
success. The L’Hopital’s rule is best for single-variable limits but rather complicated for
multivariable ones since partial derivatives comes into play. The L’Hopital’s rule in context of
partial derivatives is of the schema of advanced calculus (Gary, 2020) and beyond the scope of
education undergraduate calculus. The students who tried to use it hit a dead-end as a result.
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The questions in the interview invoked students’ object skills as they were required to give
verbal explanation of their understanding of multivariable limits and then apply actions and
processes in given problems. Even though students regarded 0/0 as undefined, they did not
conclude that the limit does not exist as it should be the case. Some students tried to justify by
saying that anything divided by zero is undefined, regardless of the value of the numerator.
Surprisingly they went ahead and used different approaches as a way of finding the limit, in
the manner of indeterminate functions. The totality of the limit concept was not well-developed
in this regard. Few students aptly regarded 0/0 as indeterminate and went ahead to perform
actions to evaluate limits using different paths.
The aspect of direct substitution as a way of evaluating limits was not well encapsulated.
Students think evaluating limits entails substituting the limit value into the function (Denbel,
2014). Students’ reasoning was that if they get 0/0, they should substitute directly, but use
different paths instead. However, to get 0/0, it is after direct substitution. Moreover, after
factorisation or the different paths method, they still substitute afterwards to get the limiting
value. Furthermore, students had a misconception that limits of indeterminate functions can
never exist. But after the interviews, their thinking was transformed when they realised that the
limits of such functions actually exist. But due to the infinite nature of approaches to the limit,
there cannot be a guarantee that all the paths yield the same limits. The existence of limits can
only be deduced in theory. Once a student can see all the steps of an infinite process as a single
operation that can be done and completed, he can conceive of the infinite as a completed totality
(Dubinsky, Weller, Mcdonald and Brown, 2005). Empirically, proving that limits from all the
paths are equal relies on the process skills. This was the expected schema which students were
supposed to attain but it was not fully developed (Fisher, 2010). They were content with
confirming the existence of a limit from only a few standard paths. Determining properties of
multivariable limits and relating them to other concepts is evidence of an object conception.
Students’ challenges in this regard confirm that developing an object concept is often difficult
and protracted (Salgado & Trigueros, 2015).
Conclusion and implications
To students who had previously done single-variable limits, conceptualising multivariable
limits was not entirely difficult. They had developed the schema for limits of one variable
which they coordinated with the object conception to advance the schema for multivariable
limits. Based on that, their action conception of multivariable limits was adequate. Oftentimes,
some students remain at the action stage and cling to procedural thinking (Tall, 2004). Students
have in mind that the limit is about mechanical substitutions (Denbel, 2014). Consequently,
many students had challenges with limits of indeterminate functions possibly in response to
students not having appropriate mental structures at the process and object levels (Mrdja,
Romano & Zubac, 2015; Maharaj, 2010). This had the effect of stifling the full schema
development of multivariable limits in a landscape where the methods for resolving
indeterminate limits in several variables are not universally established. The inherent nature of
indeterminate multivariable limits that exist in itself created a cognitive impediment when
constructing the multivariable limits schema. No specific ordering of paths exists and there is
no end to the process of selecting new paths should the limit exist.
158

It is my hope that results of this study will contribute to the knowledge of how undergraduate
students understand multivariable limits at all levels of APOS theory. For sufficient
development of the schema for multivariable limits, more time should be devoted to instruction
in order to help students to develop mental structures at the process and object levels. Many
students study multivariable limits evaluation without really understanding indeterminate
rational functions. Thus, this study underscores the significance of developing process and
object skills of multivariable functions (Borji & Martinez-Planell, 2020). This can be done in
non-traditional instruction mode by using computer graphics to enhance visualisation of limits.
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Abstract
This study examined the relationship between the students’ conceptual knowledge (CK) and
procedural knowledge (PK) of solving linear programming (LP) tasks by graphical method.
The mixed methods approach with an explanatory design was adopted. The sample comprised
of 608 form four (11th grade) students from eight secondary schools (both public and private),
four from central Uganda and four from eastern Uganda. The students’ age ranged from 1619 years. A pre-test diagnostic test was administered to assess their procedural and conceptual
competence. This was followed by an intervention involving the application of the heuristic
problem-solving approach that lasted for approximately three months. A post-test was later
administered to examine students’ CK, PK and their fluency in solving LP tasks. The results
showed that although the majority of students exhibited proficiency in PK, at least 70% of the
students could not satisfactorily demonstrate both forms of knowledge components. Notably,
PK was found to be a function of CK (albeit not equivalent), and vice versa for some students
with procedural flexibility and understanding. The findings further suggest that teachers
should effectively apply the heuristic problem-solving approach to enhance students’
conceptual fluency, procedural competency and algebraic thinking. This may help them
overcome errors during instruction and assessment of mathematical concepts and LP in
particular.
Keywords: equations, inequalities, linear programming, conceptual knowledge, procedural
knowledge
Introduction
Students’ proficiency in mathematics depends largely on the development of their conceptual
knowledge (CK) and procedural knowledge (PK) (Schneider et al., 2011). Linear programming
(LP), a branch of operations research deals with decision-making using symbolic
representations. Linear programming is taught to secondary school and university students as
one of the topics (units) aimed at developing students’ mathematical optimization techniques
in solving word problems in real life scenarios. This is perhaps because life is all about
opportunity cost as people optimize the available resources. Different curricula emphasize that
the learning of LP should equip secondary school students with elementary modeling skills for
use in advanced-level mathematics courses, and in decision-making (Aboelmagd, 2018; Höller
et al., 2020; Kenney et al., 2020; Wu & Ge, 2012). However, this may not be the case as there
are multiple factors that may hinder students’ understanding and solving of LP tasks in realworld optimization problems.
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The NCTM (2014) recommends that for mathematical proficiency, the learning of mathematics
should integrate development of five interrelated strands of “conceptual understanding,
procedural fluency, strategic competence, adaptive reasoning, and productive disposition”
(p.7). Indeed, Kilpatrick, Swafford, and Findell (2001) proposed the above five interwoven and
interdependent strands to highlight what, when, and how mathematics should be learnt. The
first two strands of conceptual understanding and procedural fluency were the basis of this
study. According to Kilpatrick et al., “Conceptual understanding refers to an integrated and
functional grasp of mathematical ideas” (p.118) while “Procedural fluency refers to knowledge
of procedures, knowledge of when and how to use them appropriately, and skill in performing
them flexibly, accurately, and efficiently” (p.121). In the context of LP, both conceptual
understanding and procedural fluency provide students with adequate knowledge and skills to
understand LP word problems, apply the basic algebraic knowledge of equations, operations,
inequalities to effectively mathematize and represent equations and inequalities. Thereafter,
students develop procedural understanding through logical thinking, reflection, explanation,
and justification when finding and optimizing the feasible region and finally, they gain
confidence in applying the knowledge and skills in solving other related but challenging nonroutine LP tasks.
Conceptual knowledge is about students’ understanding and interpretation of “how and why”
previous knowledge and experiences can be applied in the new setting and context to solve
non-routine problems. It is viewed as the network of interrelationships and understanding of
the previous knowledge and linking it to new knowledge. This type of learning excludes the
use of mnemonics which aid rote learning and reproduction of previously learned concepts.
Procedural knowledge is viewed as a supportive component to CK and involves the rehearsal
of appropriate iterative steps to effectively solve mathematical tasks. If students’ PK is
connected to CK, they may retain problem-solving procedures and use them in solving new
and challenging tasks. To develop PK, teachers should vary the methods of instruction from
the usual conventional to the problem-solving heuristic approaches for students’ procedural
fluency.
Students’ CK and PK of LP is based on their fundamental understanding of algebra, equations,
and inequalities, as well as their inherent graphical representations. Extensive empirical
research findings show that the relationship between equations and inequalities provide
students with the basic understanding and procedures for solving LP problems and for
developing problem-solving abilities (Almog & Ilany, 2012; Chamberlin et al., 2020; Demby,
1997; Heydari et al., 2015; Jupri & Drijvers, 2016; Vlassis, 2002, 2004; Warren, 2003).
However, the learning of LP is cognitively, conceptually, and procedurally demanding
(Kenney et al., 2020). Most secondary school curricula emphasize the graphical solution of LP
problems in two dimensions (other methods are outside the scope of this study). This means
students are expected to transform and construct relationships between inequalities and
equations by plotting them on the coordinate axes. However, students’ difficulties in solving
inequality problems are enormous and stem from their inability to understand and apply the
basic algebraic knowledge (Almog & Ilany, 2012; Jupri & Drijvers, 2016; Makonye & Fakude,
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2016; Makonye & Shingirayi, 2014; Pongsakdi et al., 2020; Tsamir & Almog, 2001; Tsamir &
Bazzini, 2004; Verikios & Farmaki, 2010). Yet, inequalities and equations are basic concepts
that may significantly contribute to the development and understanding of LP concepts.
Research has shown that if students’ PK is connected to CK, the problem-solving procedures
are retained and used in solving new and challenging tasks (Rittle-Johnson et al., 2015). In this
context, students’ understanding of basic concepts of equations and inequalities may aid their
deeper and broader procedural understanding of solving LP tasks. In addition, when students
use prior conceptual knowledge of LP to practice, modify, and adapt appropriate and critical
steps in problem-solving, their proficiency in solving LP tasks may be guaranteed. In this
paper, we assessed students’ CK and PK in LP. This is because the solutions to non-routine LP
problems usually follow specific procedures based on prior students’ understanding, and
processes of mathematical graphical manipulations and principles until the optimal solution is
obtained.
Conceptual Framework on Conceptual Knowledge (CK) and Procedural Knowledge (PK)
Hiebert and Lefevre (1986) were the proponents of CK and PK. However, they were challenged
by Star and Star (2012) after defining CK and PK in terms of “the quality of one’s knowledge
of concepts” (p.407). Since then, the two knowledge concepts appear distinct (Star &
Stylianides, 2013) yet they are interrelated and inseparable (Rittle-Johnson et al., 2015). RittleJohnson and Alibali (1999) argued that CK and PK do not develop independently. They
reasoned that the generation and adoption of PK is a function of CK. Indeed, students who are
gifted and have developed conceptually tend to have higher procedural abilities and skills as
compared to those with procedural fluency only. However, although this study does not cover
children under the age of 10, research shows that children learn procedural fluency before
developing their conceptual understanding (Rittle-Johnson and Alibali (1999). The converse is
true for students with vast experience in applying related procedures in problem-solving.
Several empirical studies show that the two knowledge components of CK and PK have been
widely applied in mathematics (Adrian & Nora, 2004; Bentley & Bossé, 2018; Borji et al.,
2019; Borji & Alamolhodaei, 2020; Isleyen, 2003; Kusumah et al., 2016; Mahir, 2009; Qetrani
et al., 2021; Schneider et al., 2011).
Important to note is that CK and PK are related to relational and instrumental understanding
and learning. According to Skemp (1987) in his book “the psychology of learning
mathematics”, he emphasized assimilation and integration of rules, concepts, algorithms, skills,
principles; and appropriately relating them to the mental schema so that the prior knowledge
and understanding can be applied to acquire new knowledge, and for further learning. These
principles are closely related to the Piagetian role of schemata. To Piaget, the integration of
CK and its assimilation are basic principles for mathematical proficiency. Therefore, it was
anticipated that both CK and PK are fundamental concepts in fostering students’ mathematical
proficiency and LP in particular.
According to the National Council of Teachers of Mathematics (NCTM, 2014), “effective
teaching of mathematics builds fluency with procedures on a foundation of conceptual
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understanding so that students, over time, become skillful in using procedures flexibly as they
solve contextual and mathematical problems” (p.42). However, most mathematics curricula in
secondary schools emphasize students’ acquisition and proficiency in PK. Yet, PK precedes
any scaffolding by CK and understanding (Rittle-Johnson et al., 2015; Long, 2015). In all these
studies, a universal observation is that students are expected to use mental conceptual
knowledge and procedures to learn “when and how” to apply rules, algorithms, principles,
symbols in problem-solving.
The learning of mathematics tasks is generally challenging because the tasks usually range
from simple to complex irrespective of students’ level of cognitive development. Such
problems require prior knowledge and understanding of underlying concepts and procedures.
It is paramount to note that both CK and PK may or may not be needed for proficiency in
problem-solving. The question is, does PK influence CK and vice versa? What is the
relationship between the two knowledge concepts? To better understand this relationship and
develop students' proficiency in mathematics, these and other questions should be answered.
For instance, Bahr (2008) investigated a state of balance between CK and PK amongst
mathematics educators aimed at enhancing instruction, assessment, and proficiency. The
results revealed that students learn in a sequence and that CK precedes PK with a wider
variability on the balance between the two knowledge concepts.
Conceptual Knowledge and Procedural Knowledge of LP Tasks in the Ugandan Context
This study was based on the Ugandan lower secondary school curriculum (NCDC, 2018) to
outline basic algebraic components related to the learning of equations, inequalities, and LP.
According to the learning activities and outcomes on LP (as outlined in the curriculum), a
learner is expected to: "(a) form linear inequalities based on real-life situations (b) represent
the inequalities on the graph and identifies the required region and (c) find and interpret the
optimum solution of a set of linear inequalities in two unknowns” (p.56). To achieve this goal,
the learning of LP should integrate both CK and PK of LP. However, students' proficiency in
LP has been challenged by their inability in understanding the basic CK. Specifically, most
students do not seem to understand algebraic equations and inequalities that may foster their
proficiency in LP (UNEB., 2016, 2018, 2019). Thus, students should understand the basic
concepts of equations and inequalities and effectively apply them in learning and solving LP
tasks.
The Purpose of the Study
The main objective of this study was to investigate the causal evidence of the 11th grade
students’ conceptual knowledge and procedural knowledge, and further provide the
relationship between the two knowledge concepts in solving LP tasks. Specifically, this study
aimed at finding answers to the following research questions:
(i)
What CK and PK do students exhibit during the learning and assessment of LP
tasks?
(ii)
What is the relationship between students’ CK and PK of solving LP tasks?
Methodology
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Research Design
A mixed-method approach was used to examine the relationship between students’ CK and PK
in solving LP tasks (Creswell & Plano Clark, 2018; Creswell, 2014). In phase 1, there was a
classroom observation to assess the nature of learning LP. Phase 2 involved a quasiexperimental non-equivalent control group design where the pre-test was administered,
followed by the treatment. In phase 3, a post-test was then administered to examine the
treatment effect with regard to students’ acquisition and retention of CK and PK of solving LP
tasks. The description of the intervention is provided below.
The Heuristic Problem-Solving Approach
The approach was based on Polya’s problem solving heuristics. Polya (2004) in his book “How
to Solve it” outlined four stages of problem-solving learners go through to satisfactorily solve
a mathematics problem. These stages include:
(i)
Understanding the problem
(ii)
Devising the plan
(iii) Carrying out the plan
(iv)
Looking back
The above Polya’s problem solving heuristics were used as a pedagogical approach/framework
for developing students’ understanding in terms of their CK and PK of learning LP. Students
were asked questions by their respective teachers to test their prerequisite knowledge and
understanding of procedures and appropriate solutions to solving LP problems. There was an
interaction between students and teachers and amongst students within and outside the class in
a collaborative manner. Both teachers and students were able to conceptualize LP problems
together, reflected on Polya’s stages of problem solving by summarizing the given information
listing the unknown and known information with regard to solving LP problems. Individually
and as a group, students reciprocated by making a connection (equations, inequalities and LP)
between the known and unknown terms by relating to other auxiliary problems when answering
more challenging LP problems. With the help of the teacher or in their groups, they were able
to ask relevant questions, verify the procedures for obtaining optimal solutions. Finally, they
were able to verify whether or not the argument was correct. Similar procedures were applied
to solve related and more challenging textbook exercises and unfamiliar LP problems when
solving everyday world optimization problems. Teachers were able to help students identify
their misconceptions and errors and also justify answers to the given LP problems. Students
were then able to share and explain solution sketches to other students and/or teachers to justify
and confirm their understanding.
Intervention
The intervention was in three phases. First, there was classroom observation and administration
of a pre-test between October and December 2020. The purpose of a pre-test was to assess
students' prior CK and PK of LP. Second, subject teachers were trained on the application of
the heuristic problem-solving approach to teach LP conceptually and procedurally. The
teachers’ training sessions took two weeks to acquaint them with the learning approach. This
was followed by the implementation of the heuristic approach that took approximately two
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months. Third, a post-test was administered in February 2021 to examine the treatment effect
between the comparison and the experimental groups. Students’ participation in answering the
tests was completely voluntary. After the post-test, a team of mathematics experts scored the
students’ paper and pen answer scripts using a harmonized marking guide. To avoid bias during
the marking exercise, no expert marked the entire students’ script. A “conveyor belt system”
was adopted where every expert marked one question only and passed the students' answer
script to the next expert. Ten percent of the marked scripts were systematically sampled for
moderation by an independent expert. Any inconsistencies that arose from the marking exercise
were addressed. Students' marks were converted to 100%, recorded in SPSS and later exported
to STATA for further statistical treatment.
The Research Participants
This research was part of an intervention study that involved 608 11th grade (senior four class
in Ugandan context) students from eight secondary schools (public and private), four in central
(Mukono district) Uganda, and four from eastern (Mbale district) Uganda. By gender, 342
(56.25%) were female and 266 (43.75%) were male. Their age ranged from 17 to 20 (M=17.70
SD=0.95). Of the 608 students, 317 (52.14%) were from the comparison group while 291
(47.86%) were from the experimental group.
The Sample
All the 11th grade Ugandan students for the school academic year 2020/2021 constituted the
sampling frame. The sample consisted of intact classes from all the eight selected secondary
schools in central Uganda and eastern Uganda.
Sampling Techniques
Multistage cluster sampling method was used to choose four secondary schools from each
region. First, purposive sampling was used to select the two regions based on academic
criterion. Central Uganda known for excellent results and eastern Uganda, for poor grades at
national examinations. Second, four secondary schools were chosen from each region (two
schools from each region with almost similar characteristics were assigned to the experimental
group). According to Fraenkel, Wallen, and Hyun (2011), cluster sampling was suitable for
this study because it was cost-effective to reach the intended participants.
Research Instruments, Validity and Reliability
Classroom Observation
A classroom observation tool adapted from Shafer et al. (1997) was used. The tool was piloted
and rated by six experts to suit the Ugandan context (2 senior secondary teachers of
mathematics, 2 teacher trainers at National Teachers’ Colleges, and 2 lecturers for mathematics
education). The experts were selected based on their vast experience in teaching and examining
mathematics for at least 15 years. The observational scale was piloted to record students’
learning process outside the study sample. The interrater correlation coefficients between each
of the two categories of experts mentioned above were 0.75, 0.81, and 0.78 respectively. Shafer
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et al.'s scale was found to be valid and reliable to measure students' LP learning outcomes
within the Ugandan context
Two tasks in LP diagnostic test (pre-test and post-test) were equivalent based on mathematics
curriculum, and reflected both CK and PK of learning LP. Both tasks (Table 1) were similar
but standardized by varying features based on the content from the Ugandan mathematics
curriculum designed and approved by National Curriculum Development Centre (NCDC,
2018). Task 1 and task 2 reflected PK and CK respectively. The tasks were all validated (face
and content) by mathematics experts (2 secondary school teachers, 2 teacher trainers, and 2
lecturers for mathematics education at the university) with experience of at least 15 years. The
two senior examiners with experience of at least 15 years in teaching mathematics at lower
secondary school level also rated the clarity and suitability of the test content. The relationship
between the two raters was 0.86. All experts provided their feedback on the suitability of each
question and their recommendations were integrated into the construct. The CK and PK tests
were then pilot tested with forty students from a secondary school outside the study sample.
Using test retest, the same test (see Table 1) was administered to the same group of students at
an interval of two weeks, and was found to be reliable (r=0.92) based on Fraenkel, Wallen, and
Hyun's (2011) recommendations.
Ethical clearance
Ethical clearance was provided by the research and innovation committee at the researchers’
University. Subsequent clearances were got from relevant educational authorities before
accessing participants. The participants were explained to the purpose of the study before they
consented and assented to guarantee anonymity, confidentiality, and voluntary participation.
Table 1 below shows an example of test items administered. Question 1 is procedural in nature.
In this question, students were required to write correct inequalities from the given word
problem to elicit the modelling process, use appropriate scale to plot inequalities on the same
coordinate axes, determine the feasible region by shading out the unwanted regions, and finally
optimizing the LP problem. It is procedural in the sense that students should correctly answer
the first sections, and use answers in subsequent steps. In case of students’ misconception and
errors made in the initial subsections, this would automatically lead to the wrong feasible region
and consequently wrong optimized numerical solution. Question 2 is isomorphic equivalent,
conceptual in nature and appears to be of high order and requires the reversal of procedures
applied in question 1. It is conceptual in the sense that it requires conceptual insightfulness
involving students’ prior understanding of relevant algebraic and geometrical concepts of
equations, inequalities and the connection between the two to satisfactorily write inequalities
from the given feasible region and optimize accordingly.
Table 2 Linear Programming Procedural Knowledge and Conceptual Knowledge tasks
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Task 1. (Procedural Knowledge).
The club is to hire a mini-bus and a bus to take students. Each trip for the bus will cost Shs.500,000
and that of a mini-bus will cost Shs.300,000. Due to the Covid-19 pandemic, the bus will transport
36 students and the minibus, 9 students. The maximum number of students allowed to go for the
excursion is 216. The number of trips the bus makes does not have to exceed those made by the
mini-bus. The club had mobilized Shs.3,000,000 for the transportation of students.
(a) Write down five inequalities representing the above information.
(b) Plot a graph for the inequalities shading out the unwanted regions.
(c) How many journeys should the bus and mini-bus make to minimize transport? (20marks).
Task 2. (Conceptual Knowledge). Use the figure below to answer the following questions:

(a)
(b)

Write down all the inequalities satisfying the unshaded (feasible) region.
Determine the minimum value of 3𝑥 − 𝑦. (20 marks).

Results
Data Analysis
The data were analyzed using the STATA software (version 13). First, propensity score
matching (PSM) analysis was performed. The PSM method was applied to balance nonequivalent groups and to control for selection bias on a set of baseline characteristics
(Rosenbaum & Rubin, 2007). The propensity score is the conditional probability of subjects
being assigned to the treatment group as a function of baseline characteristics (Fan & Nowell,
2015; Lane & SherRhonda, 2015; Rosenbaum et al., 2007). The common support across
propensity score distributions was used to match subjects in experimental and comparison
groups. There was, however, evidence of a high level of common support. Hence, out of the
608 observations, only six observations were dropped because they did not align with the
treatment category to create a balance between groups. After dropping six observations, 602
observations remained for analysis. Of the 602 observations, 311 (51.66%) were from the
comparison group while 291(48.34%) observations were from the experimental group.
Propensity scores enabled the researcher to control threats to internal validity arising from non168

randomization. Finally, descriptive statistics (mean, standard deviation, and standard error) and
inferential statistics (paired samples t-test) were used for data analysis.
Findings
This study aimed at investigating the relationship between students’ conceptual knowledge and
procedural knowledge of solving LP tasks by graphical method. To answer the first research
question about students’ CK and PK exhibited during the learning and assessment of LP tasks
before and after an intervention, this study examined students’ paper and pen responses to the
two LP tasks. The answers were categorized into four:(i) correct procedure and concepts; for
this category, students satisfactorily answered questions 1 and 2 and their answers directly
correlated with the experts’ marking guide. (ii) partially correct meant that students either failed
completely one of the questions and passed the other question or some procedures/concepts
were incorrect due to misconceptions and errors). Some of these have been displayed in Figure
1 below.
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Figure 1 showing vignettes of CK and PK of LP, and the respective errors committed by
students
(iii) wrong procedures and concepts meant that students displayed wrong procedures and
concepts, and finally, blank spaces (with no conceptual or procedural answers) is a category
where students avoided answering any of the two questions perhaps due to inadequate or no
CK and PK of LP.
Table 2 Showing Students’ Performance in Task 1 and Task 2 for Pre-test and Post-test
Students’ Performance
Pre-test
Post-test
Task 1 (PK) Task 2 (CK) Task 1 (PK) Task 2 (CK)
Correct procedure and concepts
63(21.65%)
17(5.84%)
141(48.45%) 70(24.05%)
Partially correct (with some errors) 114(39.18%) 62(21.31%) 69(23.71%) 131(45.02%)
Wrong procedures and concepts
75(25.77%)
91(31.27%) 54(18.56%) 61(20.96%)
Blank spaces (no answer)
39(13.40%)
121(41.58%) 27(9.28%)
29(9.97%)
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Figure 2 Students' CK and PK Average Scores by Gender
Conceptual Knowledge and Procedural Knowledge of Solving LP tasks.
From Table 2, and figure 1, 61% of the students passed task 1 while 39% either presented
wrong procedures or left blank spaces. This was suggestive that the students had limited PK
and could not adequately comprehend the LP tasks by connecting equations, inequalities and
LP. During the pre-test, 114 students had limited PK and could not lead to satisfactory optimal
solutions. The classroom observation and analysis revealed that 39% of the students could not
use the knowledge of equations and inequalities to correctly connect to the procedures for
finding the solution to task 1. The heuristic problem-solving approach involving the application
of both PK and CK of LP slightly improved the students' scores as seen in the post-test. A slight
improvement in the scores of tasks 1 by 11% was also observed. This was perhaps attributed
to students’ application of familiar procedures that they held before treatment.
Task 2 was the most poorly performed in the pre-test. In this case, 73% of the students failed
to apply the basic conceptual knowledge of equations and inequalities in writing correct
inequalities while 23% of the students exhibited competency in CK. There was evidence of
failure of this category of students to use appropriate symbols in writing equations and related
inequalities, and their representation on the coordinate axes. During the post-test (just like it
was the case in task 1), students slightly improved (69% vs 27) indicating that the treatment
could have influenced their abilities in CK. On the other hand, 31% had multiple
misconceptions and errors, and could not use the appropriate prior conceptual knowledge to
adequately solve task 2. Some students in this category wrote correct inequalities from the
feasible region but could not numerically optimize the problem. This was suggestive that the
link between the CK and PK had not been fully developed.
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The Relationship between Students’ CK and PK of LP Tasks
The findings aimed at testing the null hypothesis (H:0 ) There is no significant difference
between students’ LP average performance on CK and PK tasks. Before running a paired
sample t-test, the normality assumption was tested and data was fairly normal. It was therefore
necessary to test the significant difference (and the size) between students’ LP average scores
in CK and PK task.
Table 3 Showing the Means and Standard Deviations for CK and PK Scores after Posttest
CK % Scores
PK %
scores
N
291
291
Mean
41.01
55.49
Std. Error of Mean
1.192
1.161
Std. Deviation
20.326
19.804
Table 4 Paired Samples Test
Paired Differences
95% CI of the
Difference
Std. Error
M
S.D. Mean
Lower
Upper
t
df Sig. (2-tailed)
Pair PK - CK
14.49 19.98
1.17
12.18
16.79
12.37 290 .000
The average differences were significant at p < .05.
On average, students performed slightly but significantly better (Table 3) in PK task (𝑀 =
55.49, 𝑆𝐸 = 1.16) as compared to CK tasks (𝑀 = 41.01, 𝑆𝐸 = 1.19), 𝑡(290) = 12.37, 𝑝 < .05, d
= .72 (95% 𝐶𝐼 [.55 .89]). Results displayed in Table 4 further show that the average difference
between PK and CK scores was 14.49 (95% 𝐶𝐼 [12.18, 16.79]) between experimental and
comparison groups in pre-test and post-test. Moreover, Cohen's d = 0.72˃0.5 confirms that the
difference was not only significant but also with a substantial effect size (Field, 2009). By
gender, the male students performed significantly better in both CK and PK tasks than their
female counterparts (Figure 1). Moreover, the relationship between CK and PK was moderate
(r = 0.51). We therefore based on the results in Table 1, Table 4 and the value of the correlation
coefficient to reject the H0 and conclude that there was a significant difference between
students’ CK and PK of learning LP tasks.
Classroom Observation
The conceptual and procedural learning of LP in all the four schools was similar. The results
from classroom observation revealed that all mathematics teachers from the experimental
group provided both procedural and conceptual explanations regarding the learning of LP in
each of the two tasks. For students to comprehend and apply basic concepts, adequate time was
provided between treatment and the post-test. Frequent classroom exercises and consultations
amongst the students and with the subject teachers, were given for practice to acquaint
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themselves with the application of CK and PK in solving LP tasks. The errors which were
observed in the pre-test were subsequently reduced as most students were competent at the
time of post-test. Initially, students had learned these concepts using teacher centred methods.
It was possible that the heuristic problem-solving approach enhanced students' CK and PK. To
conclude, both types of knowledge were supportive for students' understanding and proficiency
in CK and PK LP tasks.
Discussion
This study examined the relationship between CK and PK in solving LP tasks by graphical
method. First, although empirical literature suggests that PK is a function of CK, the results
largely showed that this was the opposite (Table 2, Fig. 1). It is likely that students’ CK in LP
influenced their PK to a limited extent although the two knowledge components are
interrelated. Indeed, students who had adequate CK showed proficiency in procedures when
solving LP tasks. There was a slight difference in PK and CK scores (Table 2, Table 3).
Students performed better in task 1 compared to task 2. The findings further showed that as
students continued practicing varied yet challenging LP non-routine tasks, their PK improved.
Thus, the two knowledge concepts were interrelated but not equivalent. This perhaps explains
a slight change in PK and CK average scores by 4.48%.
Second, the findings demonstrate that to some students, the CK of LP was iteratively applied
to yield PK. Some students could not directly follow the procedures but were able to use their
CK to arrive at the correct solution (Figure 1). However, some students demonstrated
procedural fluency in answering LP tasks without necessarily understanding how and why the
solutions were arrived at. It was reciprocated to a small extent as the “first learners” adapted
both CK and PK. Thus, their understanding of CK helped to firmly build their problem-solving
strategies and procedures. For this category of students, any misconceptions and errors were
easily detected and crossed out. Hence, the procedures were altered to obtain correct optimal
solutions. However, some students who detected and crossed out incorrect procedures in their
work were limited by CK. Indeed, if students had sufficient CK, they may have satisfactorily
answered task 2. These findings are consistent with Kalobo's (2017), Mogari and Willers's
(2018), and Star (2012) findings.
During instruction, it was observed that students who struggled with multiple errors in CK and
PK tasks were helped by the teachers to reduce their frequency. It was an opportunity for
teachers to quickly recognize students’ errors, and integrate them by varying appropriate
learning approaches and procedures. Research has shown that identifying students’ learning
challenges and correcting them enhances their conceptual understanding and application of
concepts in new contexts (Hurrell, (2021; Rittle-Johnson et al., 2015; Rittle-Johnson & Alibali,
1999; Schneider et al., 2011). Consequently, students construct new knowledge based on new
procedures. This approach fosters students’ understanding and retention of new concepts.
Also, when students realized that the procedures were easy to implement after the intervention,
some students did not bother to explore the reasons behind such procedures. They did not
observe the conceptual patterns in their work provided the solution was obtained. When the
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new procedures were introduced, the students observed their patterns to check whether or not
they provided the shorter or perhaps the same solutions relative to the previous procedures
held. Consequently, students shifted and adapted to the new procedures based on Polya’s
approach. At least half of the students who received treatment greatly improved their PK yet
they had limited CK. Due to students’ individual and academic differences, PK might have
influenced CK of LP tasks.
Conclusion
This study investigated the relationship between students’ PK and CK in solving LP tasks by
graphical method. The findings show that students' CK and PK of LP are interrelated. It was
observed that some students still held errors in equations and inequalities which may have
limited their proficiency in solving LP tasks. This suggested that although students exhibited
proficiency in PK, their CK and argumentation was still insufficient. This study had some
limitations. First, the results were based on four Ugandan secondary schools. This study can be
replicated to include a relatively large sample size in Uganda and in other contexts and settings
to compare and contrast our findings. Second, students' CK and PK may depend on other
background characteristics. This can be the starting point for future researchers. Despite the
above limitations, this study suggests some implications for classroom instruction. The
conceptualization of CK and PK has the potential to provide teachers with the practical clues
for creating enabling classroom environments that can foster students’ motivation and learning
of mathematics and LP in particular. Teachers should teach LP explicitly by reviewing the
basic fundamental concepts of equations and inequalities before learning LP. In so doing, the
errors become learning opportunities and integral elements. Teaching fundamental concepts
and varying procedures promote students' understanding.
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Abstract
Investigation by the Department of Basic Education found that most teachers experience
challenges in assisting learners experiencing difficulties in learning mathematics. This paper
aims to identify the support that teachers need to assist learners experiencing difficulties in
learning mathematics in the Foundation Phase. It also envisages providing strategies to enable
teachers to assist these learners. Four schools in the Gauteng province were used to solicit
rich data from the participants. It was found that teachers lacked knowledge and understanding
on how to support learners experiencing difficulties in learning mathematics. Teachers were
also not appropriately trained and supported by the relevant stakeholders. There was also a
lack of appropriate resources. Using Fuller’s concerns-based model, this paper argues that
mathematics teachers need appropriate professional development and support as well as
appropriate resources A further recommendation is that the pacing of content in the
Curriculum and Assessment Policy Statements be reviewed.
Introduction
Mathematics education is a necessity for people to actively participate in daily life and diverse
communities (Sa’ad, Adamu & Sadiq, 2014; Jojo, 2019). Globally, also in South Africa, low
mathematical achievements and competencies of learners have become a serious concern
(Engelbrecht, 2016; Trusz, 2018). The Department of Basic Education (DBE) identified
difficulties in learning mathematics as a major challenge among Foundation Phase learners in
the Annual National Assessment (DBE, 2014). The national average percentage of Grade 3
learners’ performance in mathematics was a mere 56%. Teachers have the greatest influence
and impact on children’s achievement in mathematics (Ashraf et al., 2015). However,
according to Jaya and Geetha (2009), many teachers are unsure and anxious about supporting
young learners who experience difficulties in learning mathematics. The DBE (2014) found
that teachers’ mathematical competencies were of concern. For this paper, the authors primarily
attempted to determine how teachers’ support can be strengthened to assist learners
experiencing difficulties in mathematics by proposing different strategies. Secondly, the factors
that affect the successful implementation of teacher support to assist learners with
mathematical learning difficulties (MLDs) were also investigated.
Literature Review
Mathematical learning difficulties in the Foundation Phase
The term mathematical learning difficulty (MLD) is generally used to define a variety of
difficulties in obtaining mathematical skills and comprehension, more specifically in arithmetic
and problem-solving (Karagiannakis, Baccaglini-Frank & Papadatos, 2014). There are learners
in every classroom who experience MLDs (Dednam, 2011), especially grasping and
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understanding mathematics terms, concepts, number names, signs, and symbols (Babtie &
Emerson, 2015). Due to these difficulties, most learners experience mathematics anxiety,
mathematics phobia, school phobia, and a lack of interest in doing mathematics (Sa’ad et al.,
2014).
Early detection of learners experiencing MLDs is important, as teachers can then provide them
with the support, they need so that they can actively participate in society. Early identification
of MLD will expedite relevant support structures to help learners gain the confidence and selfesteem to do mathematics (Gold & Richards, 2012). Emerson and Babtie (2013) state that
MLDs could lead to challenges in learners’ schooling careers leading to unemployment,
depression and rebelling against rules and regulations.
To support learners with MLDs, teachers need appropriate training in early identification,
curriculum adaptation, and ongoing support (Jaya & Geetha, 2009). Lika (2016) and Lumadi
(2013) found that many teachers exhibit negative attitudes when it comes to supporting learners
with difficulties in learning mathematics, due to their lack of knowledge and understanding of
this domain.
Strategies to support teachers to assist learners with MLD in the Foundation Phase
Teachers have an immense responsibility to teach learners the fundamental skills and
comprehension needed for mathematical understanding, especially those learners who
experience MLDs (Hott & Isbell, 2014). Nevertheless, studies by Fuchs et al. (2008) and Jaya
& Geetha (2009) indicate that teachers feel inadequate to support learners with MLDs.
According to the Department of Education (DoE) (2001), the policy on inclusive education
provides teachers guidance on how to adapt the curriculum to the needs of learners. Some of
the strategies teachers can use to support learners with MLDs include differentiated instruction,
peer teaching, small group teaching, individual teaching, media, and lesson study.
Differentiated instruction is defined as a strategy to support all learners in a classroom, taking
their different abilities, needs, learning styles, and backgrounds into consideration (Van de
Walle, Karp & Bay-Williams, 2016).
Wang (2016) states that peer teaching and learning is an effective and successful educational
intervention for learners with difficulties in learning mathematics. Peer teaching and learning
are done in pairs as learners find it much easier to learn from one another (Engelbrecht, 2016).
More knowledgeable learners should support those learners experiencing MLDs until they have
mastered the necessary skills or understanding (Van de Walle et al., 2016).
Individualised teaching (Karp & Howell, 2004 in Charlesworth & Lind, 2013) is a term used
to define teaching that takes place in a highly structured environment led by the teacher. This
is another strategy to support learners experiencing learning difficulties.
The teacher can also make use of media or assistive technologies, such as calculators, iPads®
and mathematics software to promote the comprehension of mathematical content to foster
mathematical learning and teaching. In a study conducted by Adebisi, Liman, and Longpoe
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(2015), it was found that assistive technologies could support and enhance learning. These
technologies create an interactive learning environment, which helps promote learning
(Engelbrecht, 2016). Lesson study is another strategy that can be used to support teachers. This
is a way of mentoring teachers through discussions between experienced and novice teachers
to deliberate the planning, implementation, assessment, and enhancement of classroom lessons
(Rock & Wilson, 2005).
Policies and teacher training
Policy implementation has a significant role in mathematics teaching and learning. The South
African Curriculum and Assessment Policy Statement (CAPS) for mathematics outlines the
curriculum content coverage (DBE, 2011a). Together with CAPS, teachers are required to
consult the Education White Paper 6 – Special Needs Education: Building an Inclusive
Education and Training System (WP6) in the planning of teaching and assessment of learners
with MLDs. This report allows teachers the flexibility and support to employ different
strategies to assist learners through differentiated teaching and learning. The guidelines in the
report as well as the DBE’s Guidelines for Responding to Learning Diversity, provide teachers
with information on how to support learners with difficulties in learning mathematics (DBE,
2010). Another important policy to consider is the National Protocol for Assessment (DBE,
2002), which is a policy that standardised the recording and reporting processes for grades R
to 12. This policy encourages teachers to report to parents on the learner’s progress and to work
in partnership with parents to support the learner.
Ashraf et al. (2015) are of the view that teachers need to receive training regarding the
implementation of policies and how to support learners with MLDs. According to Fuje and
Tandon (2018), most teachers lack knowledge about policies and how to implement them.
Nkambule and Amsterdam (2018) found that many teachers do not adequately understand the
policy statements, which in turn has an impact on how they support learners with MLDs.
It is imperative that teachers are trained on policy matters, especially when supporting learners
with MLDs. Nkambule and Amsterdam (2018) are of the opinion that the lack of
implementation and understanding is due to the many changes in policies and curriculum. The
curriculum in South Africa has been streamlined and strengthened from outcomes-based
education (OBE) to the current CAPS. So far, there have been four curriculum changes. This
has caused much confusion and apathy among teachers due to a lack of advocacy and training
(Maharajh, Nkosi & Mkhize, 2016).
The success of teacher training is dependent on the availability of resources, namely teachers
(human resources), textbooks (physical resources), time, and class size (cultural resources).
According to Adler (2000), teachers are important human resources in education. Their content
and pedagogical knowledge of mathematics and how to support learners cannot be
compromised. The Organisation for Economic Co-operation and Development identified
cultural resources, such as time allocated to teaching and learning, as well as class size (OECD,
2012) also having an impact on the kinds of support that teachers can provide to learners.
According to Maharajh et al. (2016), the lack of these appropriate resources will negatively
impact the implementation of the curriculum and support of learners.
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Teachers also experience a lack of support from their school management teams, curriculum
specialists, and the Department of Education. This lack of support negatively affects their
attitudes towards assisting learners with learning difficulties. Nkambule and Amsterdam
(2018) found, in their study, that most teachers do not receive the necessary support from
subject advisors or curriculum specialists in their districts. This negatively influences how
mathematics teachers support learners in their classrooms.
Theoretical Framework
The concerns-based model of teacher development (CBMoTD) of Frances Fuller is used as a
theoretical framework in this study. The CBMoTD identifies three concerns that teachers face
within the teaching and learning environment, namely self-concerns, task/situational concerns,
and teachers’ concerns regarding their impact on learners’ learning (Fuller, 1969). Selfconcerns relate to how teachers view themselves and their teaching methodologies and
strategies (Fuller, 1969). This analyses whether teachers’ self-concerns have a negative impact
on learners’ acquisition of mathematics. The daily responsibilities of a teacher are captured in
tasks or situations that they have to deal with, which may cause uncertainty regarding the use
of resources and planning to support learners. The concerns teachers experience regarding their
impact on learners’ learning, encapsulate their uncertainties regarding how they can and should
support learners with MLDs (Fuller, 1969). This model provides insight into the successful
implementation of a mathematics curriculum and the support of learners experiencing MLD.
By addressing all the concerns highlighted in the CBMoTD and reducing their impact, teachers
will be able to support learners with MLDs and help them reach their full potential. If teachers
feel equipped to address or eradicate the concerns, they face to successfully support learners
with MLD, it will enable them to support learners experiencing MLD.
Research Design and Method
A qualitative research approach was applied. The study was situated within an interpretivist
paradigm, intending to elicit participants’ views on how teachers support learners experiencing
difficulties in learning mathematics in the Foundation Phase. This approach provided the
opportunity to understand participants’ experiences, concerns, beliefs, values, and truths set
against the background of the study (Thanh & Thanh, 2015). Nine female teachers were
purposively sampled from the Tshwane District in Gauteng. The reason for this is that the
participants had to be teachers teaching Foundation Phase mathematics for a minimum of five
years. They also had to have some experience teaching learners who were experiencing MLDs.
The data generation methods were semi-structured individual interviews, document analysis,
and a reflection journal. The semi-structured interview questions focused on how teachers
support learners experiencing difficulties in learning mathematics and what kinds of support
they received to assist learners experiencing difficulties in learning mathematics. The
interviews consisted of various questions and sought to understand teachers’ experience and
their concerns.
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The ethical code of conduct outlined by the university as well as the Department of Basic
Education was upheld. Participants were informed of consent, anonymity, and confidentiality
(Arifin, 2018). The teachers' identities were protected by pseudonyms. For example, Teacher
A, B, C, and so forth. An inductive data analysis mode of inquiry was utilised and was based
largely on information obtained from the interviews (Hays & Singh, 2012). The data was
analysed using a thematic approach. Themes were identified from multiple data sources
(Kuckartz, 2014). The following six steps were employed when the data was analysed as
discussed by Kuckartz (2014): transcribing the data, identifying the main themes, organising
the data based on the themes, and identifying sub-themes related to the primary themes were
then done before the analysis and presentation of the data.
Presentation and Discussion of Findings
Fuller’s CBMoTD made it possible to understand teachers’ concerns on how to support learners
experiencing difficulties in mathematics. The CBMoTD supported the process of identifying
internal and external concerns that teachers faced in supporting learners experiencing
difficulties. Therefore, this theoretical framework was useful and relevant in determining the
findings of the study to identify the processes teachers must address in order to successfully
improve their support for students who have difficulties learning mathematics.
Views of teacher support to Foundation Phase learners was categorised into three broad themes,
namely the teacher’s knowledge and understanding of how to support learners experiencing
difficulties in learning mathematics; factors limiting teachers in supporting learners
experiencing difficulties in learning mathematics; and the nature of support needed to
strengthen teacher support to these learners. These three themes emanated from the data
gathered.
This section below presents the findings that originated from the participants’ verbatim
responses.
Discussion of Results
Teacher knowledge and understanding of how to support Foundation Phase learners
experiencing difficulties in learning mathematics
This theme addresses what teachers know and understand about supporting learners
experiencing difficulties in learning mathematics.
Teachers’ understanding of the policy context
It is important to analyse what teachers’ understanding of the policy context is since these
documents are what their teaching practices need to be based on. The policies relevant to this
study are Mathematics CAPS (DBE, 2011a), Education White Paper 6 – Special Needs
Education: Building an Inclusive Education and Training System (DoE, 2001), Guidelines for
Responding to Learner Diversity (DBE, 2011b), and National Protocol for Assessment (DBE,
2002). These policies were developed to support teachers regarding what to teach and how to
assist learners. The data revealed that most teachers felt that they did not have sufficient and
appropriate knowledge and understanding of these policies. They had superficial understanding
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of these policies based on what they were told in workshops and training.
All nine participants indicated that they use the Mathematics CAPS to plan their teaching,
learning and assessment opportunities. They reiterated the importance of the CAPS as the
policy document of the DBE with statements such as, “We have to use the CAPS daily because
everything we do has to be aligned with the outcomes set by the DBE”. After asking Teacher
A to elaborate on her knowledge of the WP6, her response, “No, I don’t know. I have never
heard of the White Paper 6 before. What is it about?” made it clear that she did not have a
thorough understanding or, in fact, any knowledge of the policy. After a brief explanation, she
confirmed this stating, “No, I have not heard of it but I will definitely go look at it”. None of
the other teachers mentioned Education White Paper 6 – Special Needs Education: Building an
Inclusive Education and Training System. When asked about it, they all indicated that they had
no knowledge of it. Teacher C added that she uses “a lot of the stuff that we developed in the
previous curriculum [known as the Revised National Curriculum Statement] because there
were very good ideas and they teach the same content and concepts as the current curriculum”.
Even though the DBE develops policies, the training therein is not sufficient – as found by this
study and supported by the literature on this subject (Maharajh et al., 2016).
Teachers’ perceptions of supporting learners with difficulties in learning mathematics
During the individual interviews, teachers were asked about their perceptions of supporting
learners with difficulties in learning mathematics. All nine teachers agreed that it is imperative
and their ‘calling as teachers’ to support their learners in mathematics. From the reflective
journal, the author noted that there was consensus among all teachers regarding their
responsibility and accountability for their learners’ success in mathematics learning.
The teachers’ overall positive perceptions regarding supporting learners experiencing
difficulties in learning mathematics became apparent when training and development
opportunities were discussed. Teachers’ perceptions are imperative when learners with MLD
are to be successfully supported. If teachers have a negative disposition towards these learners,
they might feel hesitant to support the learners with the help they require (Lika, 2016). Teacher
F presented the most positive disposition towards supporting learners experiencing MLDs.
Using music to calm the classroom environment, she made sure that no mathematical anxiety
was experienced by the learners.
Teacher B indicated that she uses peer teaching and learning to help learners’ mathematical
comprehension, saying “… if I see I still struggle [to support the learner], I will use some smart
kid who is in class to explain the concept better. Sometimes children can understand some
maths from their friends better”.
Teacher H also reacted positively when asked how she supports learners with difficulties in
learning mathematics, “If I see [that] a child struggles with a specific thing in class, then I will
go to that specific learner and I will sit with them, and explain it again, and then I'll take a
pencil to show the child what he or she has done wrong and then redo the calculation with the
child”.
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Teacher C indicated that she supports learners, stating “I take my weak ones and I [have
them] sit with somebody else. Obviously not during an assessment, but I just draw on
everything that I've got. We've got lots of books in the library that we can use to get ideas,
and I also Google a lot of stuff, because I mean those people are incredibly creative to come
up with ideas like that. But, once again, I try and make it interesting and I don't like teaching
the same thing in the same way twice. If they [the learners] don't get it – you've [got to] come
up with a more innovative way, so think on your feet”.
The teacher opts for innovative and creative support structures to assist these learners. From
her planning files, I have noted that the teacher has indicated the use of technology,
especially computers and computer games, to help her learners.
Another teacher that also positively elaborated on methods to support these learners was
Teacher E. This teacher advocates the use of practical examples to facilitate these learners’
understanding, “I support the learners by working concretely. I will literally use a physical
example, many times then we take paper plates and we cut the paper plates and we paste it
again like a puzzle. I have all kinds of blocks at my disposal. So, we try to do it very concretely
and practically”.
Notes from the reflection journal indicated that teachers are sometimes hesitant to support
learners with MLDs. This statement concurs with Busch, Pederson, Espin and Weissenburger
(2001) who state that teachers are hesitant to support learners with MLDs as they are worried
that the learners’ self-esteem might be affected. They also cite teachers’ feelings of frustration
and a lack of confidence. Teachers’ lack of mathematical content knowledge also influences
their disposition regarding the support of learners with MLDs (Crawford, 2018). Nevertheless,
if teachers were to receive sufficient training and development opportunities, their dispositions
could become positive towards supporting these learners (Lumadi, 2013).
Factors limiting teachers in supporting learners experiencing difficulties in learning
mathematics
To guide this theme, teachers were asked what some of the challenges to teaching and assessing
learners with MLDs are. This question provided teachers with an opportunity to share their
views, needs and challenges they experience.
Internal factors that limit the support of learners experiencing difficulties in learning
mathematics
Internal factors that limit teacher support are situations that the teacher has no control over.
These include learners who experience MLDs, resources, and learning styles. Most of the
teachers interviewed believed that learners who experience MLDs are a cause for concern.
They stated that they cannot follow the CAPS as prescribed by the DBE. The pacing of content
is too slow and most learners with a learning difficulty in mathematics need more time and
support. The content pacing in the curriculum does not accommodate the slow learner in the
class. There is no time for revision or consolidation of concepts.
Furthermore, four teachers were of the opinion that learners are born with a talent or skill to be
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competent in mathematics. As a result, teachers might be less supportive of learners when they
experience difficulties, thinking that the students lacked the necessary skills from birth.
Teacher B indicated this saying, “… they are born with a talent, because you can clearly see
in a child's performance that he or she is language-oriented or mathematically-oriented’.
Teacher G felt that “… some of them have a natural inclination towards mathematics …’ and
Teacher I supported this statement by adding that “… some people are more mathematicallyoriented than other people …”.
External factors that limit the support of learners experiencing difficulties in learning
mathematics
The most notable external factor that limits teacher support as identified by the teachers was
the time allocated by the curriculum for the teaching, learning, and assessment of mathematics.
The teachers expressed their concerns regarding the number of evaluations the curriculum
requires to be completed. Teacher F alluded to this, “I must teach the concept today and
tomorrow I must assess it, and then the concept isn't captured yet, but they are assessed in it.
So, for me, that is the problem. That is why we experience learning difficulties because children
don't understand the concepts”.
Teacher B also mentioned the challenge that the number of formal evaluations creates in terms
of the time available to support learners with difficulties in learning mathematics. Other
noteworthy findings were teachers’ dispositions towards mathematics; teacher sensitivity to
learners experiencing MLD; language barriers; and teachers’ content knowledge of
mathematics. These are all situations that the teachers have control over and with more support
and training these challenges can be minimised or eliminated.
Crawford (2018) states that teachers’ dispositions toward mathematics have a direct
consequence on learners’ learning. They display these negative feelings due to their own
previous experience with mathematics, as well as their perception of their competence in
mathematics. Moreover, teachers may experience a resistance to teaching mathematics due to
a lack of theoretical knowledge and support from different role players in the educational
environment (Crawford, 2018). This also impacts teachers’ sensitivity regarding learners that
experience MLD. Teachers who do not show sensitivity to learners' errors can result in barriers
to learning mathematics (Engelbrecht, 2016).
As a crucial part of a learner's mathematics performance, teachers should be well versed in the
mathematical content stipulated in the curriculum (Venkat & Spaull, 2015). Teachers who lack
a fundamental understanding of mathematical teaching and learning cannot “bring the
productive pedagogical transformations of knowledge that is required for teaching into view”
(Venkat & Spaull, 2015:129).
Strategies to strengthen teacher support to assist learners experiencing difficulties in
learning mathematics.
Professional training and development
Appropriate ongoing training and development is crucial for effective teaching and learning.
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During the interviews, teachers felt that their formal training neglected to provide in-depth
knowledge regarding how they could support learners experiencing difficulties in mathematics.
Teacher F mentioned that the training opportunities are “… too [few and] far between. It was
two years ago, and I would really like to do a follow-up course. I would like to go for training
every year because mathematics isn't a thing that stands still. I would like the training for
teachers to take place more frequently and for it to be instructive and meaningful”.
Teacher H, concurred, “I do not think that there are enough workshops for it, you can never
learn enough, I do not think that there is anything that is currently enriching us in a quarter or
taught to us what exactly we must do with serious learning problems. I would just say that there
need to be more workshops that specifically focus on difficulties in learning mathematics”.
Maharajh et al. (2016) state that to enhance curriculum delivery, teachers need to have access
to high-quality training and learning support materials. The Centre for Development and
Enterprise (2011:26) provides a detailed look at the current training of teachers in South Africa,
“… one of the main reasons South African schools are performing so badly may be the poor
training of teachers, particularly in specialised subjects such as mathematics …” is a clear
indication of the quality and continuity of teacher development in South Africa. Fuje and
Tandon (2018) also believe that teacher training has a direct influence on learners’
performance.
Stakeholder’s involvement and support
One human factor identified by teachers as contributing to their lack of support was the lack of
parental involvement. Parental involvement is a vital aspect in the successful implementation
of the curriculum and identification of learning difficulties in mathematics. The Education
White Paper 6 – Special Needs Education: Building an Inclusive Education and Training
System (DoE, 2001) affirms that a lack of parental involvement contributes to learning
challenges since learners are not supported at home. According to Teacher B, the lack of
parental involvement negatively influences learners’ understanding of mathematical
knowledge and skills because “the parents are not focused on raising awareness of numbers
and concepts like multiplication and division for the child from their childhood”. Teacher F
thinks that parents are not informed or aware of what the curriculum content entails because
“The parents aren't necessarily aware and then they teach them [the learners] the wrong things
at home, such as vertical addition and subtraction, which is something we do not teach to them
in Grade 3. That is not part of our curriculum. So, now the child is confused because they are
taught something different at home than what they are taught at school”.
Nevertheless, the teachers felt that all the other role players in the educational environment
provided them with sufficient support. They also felt that they could refer the learners to these
role players if they experienced difficulty supporting them. These role players were the
“school-based support team” (Teachers A, E, F, & I), the “deputy head” (Teacher A), a “head
of department” (Teacher E & F) “an occupational therapist” (Teacher C, D, & E), “an
educational psychologist” (Teacher E, F, & H), “a speech therapist” (Teacher C & E), a “play
therapist” (Teacher E), and “the department” (Teacher I). The Education White Paper 6 –
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Special Needs Education: Building an Inclusive Education and Training System (DBE,
2001:20) raised the following statement regarding how teachers should be assisted to support
learners with MLD, “One of the tasks of the district support team was to assist educators in
institutions in creating greater flexibility in their teaching methods and the assessment of
learning. They will also provide illustrative learning programmes, learning support materials,
and assessment instruments”.
Alternative pedagogies
Teachers should utilise different strategies to support learners experiencing MLD, which
include peer teaching and lesson study (Booth & Coles, 2017). In the study, the two abovementioned strategies were most commonly utilised by teachers, followed by small groups and
individual instruction. The strategy that lacked implementation was using media. Literature
(Charlesworth & Lind, 2013; Engelbrecht, 2016) highlight the importance of using media but
teachers felt that they cannot carry out these approaches successfully due to a lack of time
dedicated to the teaching and learning of mathematics as well as the large number of learners
in classes. South Africa's educational system suffers from overcrowded classrooms, which
create a challenging teaching environment for teachers (Zenda, 2019).
Appropriate resources
Five of the teachers interviewed agreed that resources play a significant role in helping learners
in the class. Teachers indicated that they do not have the necessary resource materials,
especially concrete apparatus, stationery, textbooks, and library facilities to support learners
experiencing difficulties in learning mathematics. Teachers A, D, and E stated that they do not
have concrete teaching materials in their classes. The Foundation Phase is mainly characterised
by concrete teaching aids that help students visualise and feel the resources. Thus, they gain a
deeper understanding of the concepts taught.
Teachers felt that time also played a role in their lack of support. Teacher B expressed her
concern by adding, “Our biggest challenge is time for teaching, learning and assessment. The
curriculum is too fast paced and we cannot help our learners who experience problems. We
are forced to cover the curriculum. We have to ignore some of the learning difficulties in maths
and move on. Our HoDs want us to cover all sections and we have no time”.
Recommendations and Conclusion
Participants in this study were allowed to share their views of what they do to support learners
and factors limiting their support. Their knowledge of different policies to support learners
with MLDs were also discussed. The interviews allowed the participants to express their views
and discuss the challenges they face in supporting students who have difficulty learning
mathematics.
For teachers to successfully and effectively support learners experiencing difficulties in
mathematics the following recommendations are proposed. Firstly, ongoing professional
teacher development and training is required. Once-off training and development programmes
do not adequately prepare teachers to assist learners experiencing difficulties in learning
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mathematics. The latter was found in the data presented by the teachers as a major contributing
factor for the successful support that teachers require. All teachers must be appropriately
trained in the knowledge and understanding of the different policies that impact education.
From the findings, it is evident that most teachers have little or no idea of the inclusive
education policy, the principles, and the basic tenets.
Another recommendation is that the DBE should ensure that all schools should be provided
“mathematics toolkits”. These toolkits are an excellent source of concrete resources which
Foundation Phase teachers can use in their classrooms and will successfully support teachers
who need to support learners with MLDs. Furthermore, the Foundation Phase should be
allocated special funds to purchase concrete resource materials for all learners. Some of these
are described in the CAPS (DBE, 2011a), however they are not provided to schools. The final
recommendation is that the CAPS should be reviewed, especially regarding the content
coverage for each grade in the Foundation Phase. The pacing of the content should be reevaluated and cognisance must be given to learners who are experiencing difficulties.
Appropriate and adequate time allocated for each content area will help teachers to plan for
revision and consolidation of concepts.
In conclusion, if teacher support to learners experiencing MLDs is to be successfully
implemented in schools, the researcher proposes that the South African Department of
Education seriously consider the above-mentioned recommendations. If teachers are
empowered with knowledge and an understanding of MLD and how to support learners
experiencing MLD, young children will be taught the skills required to become active
participants in society and minimise any anxiety they might have toward mathematics.
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Abstract
The current paper reports on the place of learner views in examining pre-service teachers’
(PSTs’) enacted Topic Specific Pedagogical Content Knowledge (eTSPCK). The paper
emerged from a larger study which employed a mixed methods research design in exploring
PSTs’ TSPCK and its influence on learner outcomes in the South African school context. In
this paper, the focus was on the qualitative analysis of PSTs’ eTSPCK and learner views. The
participants were three (3) PSTs who delivered two lessons each focusing on Organic
chemistry during a school-based teaching practicum which was attended by 74 physical
sciences Grade 12 learners. The sources of data for this study were the video recordings of the
PSTs’ teaching, stimulated recall interviews conducted with the PSTs, and learner views
collected through focus group semi-structured interviews following the PSTs’ teachings. Both
the quantitative and qualitative methods were employed in analysing PSTs’ eTSPCK and
learner views. The findings from the analysis revealed that the learners’ descriptions, of how
the PSTs’ teaching contributed to their learning, indicated the PSTs’ interactive usage of
TSPCK components as a visible important factor which unlocked their conceptual
understanding. The implication and recommendation for teachers are that the possession of
different components of TSPCK and their interaction is essential as it is what is visible to
learners as the factor unlocking their learning.
Keywords: Pedagogical Content Knowledge (PCK), Enacted Topic Specific PCK, Learner
views
Introduction
In the complexity of teaching and learning process, effective classroom instructions require
sharing of unique roles between teachers and learners, as they both aim at eventually achieving
the same set of learning objectives. While a teacher is shouldered with the task of presenting
content strategically to learners and encouraged to adopt a facilitative role, learners too are
expected to take greater responsibility for their learning. Teachers’ professional knowledge has
particularly been identified as one significant factor which positively influences the quality of
instructional practices and learning (Hill & Chin, 2018). In science education, Pedagogical
Content Knowledge (PCK) is highly esteemed as one unique domain of teachers’ professional
knowledge for effective learner-centred teaching, making difficult discipline content
understandable and promoting learners’ understanding (Shulman, 1986). With the increasing
studies on improving the teaching and learning of sciences by focusing on teachers’ PCK, there
is a growing call for more empirical studies which provide insights about the observation and
evaluation of teachers’ PCK in terms of its impact on learning (Keller et al., 2017). This is
particularly important in the context of school science teaching and learning in South Africa
where much research work has been done in improving pre-service teachers’ (PSTs’) PCK
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within core science topics using the construct of Topic Specific PCK (TSPCK). Across the
PCK literature, little is known about how teachers’ particularly PSTs’ PCK or their TSPCK
influences learners’ achievement and/or their views about the quality of their teachers’
professional knowledge for teaching (Halim et al., 2014). This paper, a component of a larger
study (Akinyemi, 2020), focuses majorly on what learners have to say about how the PSTs’
teaching contributed to their learning. We believe this study will contribute in expanding our
understanding about the interactive use of knowledge components of PCK (Aydin et al., 2014)
from the learners’ perspective, and further shed light on the value to be derived in empirically
considering learners as active participants in their own learning. The research question asked
in this question is: How does the PSTs’ enacted TSPCK appear and get visualized from the
learners’ point of view?
Importance of learner views in describing the influence of PCK on learning
Research on learner views about the quality of practicing teachers’ classroom instructions
report, that learners expect their teachers to demonstrate strong knowledge of content and
effective use of instructional strategies (Jang et al., 2009). Accordingly, the same holds about
learners’ expectation of strong teachers’ PCK (Halim et al., 2014). It is commonly understood
that collecting learner views offers recommendations and guidance to teachers’ professional
development and hence, enables the advancement of instructional practices (Halim et al.,
2014). Furthermore, the assessments of quality of teacher knowledge that disregard learner
views are prone to miss out on the psycho-sociological facets of classroom instructions and
thus unlikely to reflect a holistic picture of the impacts of classroom instructions. Making
teachers aware of the needs of learners, who differ in learning styles and competences, through
professional development programmes, should be prioritized in improving learning. It is
commonly understood that there exists the possibility that what learners experienced during
classroom teaching and learning may differ from the teachers’ intention (Jang et al., 2017) and
even from the researcher’s observations. Hence, exploring teachers’ PCK from the learners’
point of view is of great value in addressing possible teacher knowledge development
holistically.
As alluded to in the section above, only a handful of empirical studies on teachers’ PCK have
considered learner views. Halim et al. (2014) included learner views as an important channel
for describing the nature of experienced teachers’ PCK and subject matter knowledge in
relation to pedagogy. The authors reported that while all participant learners of different
achieving abilities regarded PCK components as essential, their ability to succinctly distinguish
them was significantly different per their different level of achieving ability. In another study,
Chang, Jang and Chen (2015) explored learner views about their instructors’ technological
PCK. The authors found out that authentic feedback from learners can encourage instructors to
reflect more on their teaching and improve on teaching strategies. While experienced teachers’
PCK has been the focus in most studies, for a holistic understanding of PCK knowledge
components and how these influence learning, more qualitative studies are most importantly
needed with a focus on PSTs in order to inform the design of Initial Teacher Education
programmes. Therefore, by focusing on the lessons delivered by PSTs on Organic chemistry,
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this study reports from the in-depth qualitative analysis of PSTs’ enacted TSPCK and
examination of learner views about what they perceived visibly contributed to their learning.
Theoretical Framework: Looking at teacher professional knowledge through the
TSPCK lens
This study employed the theoretical foundations embedded in PCK as a framework for
describing the complex and tacit nature of teacher knowledge for teaching sciences. One
important foundational understanding regarding Lee Shulman’s conceptualization of PCK
revolves around teachers transforming their comprehended content knowledge in some ways
to make content understandable to learners (Shulman, 1986). In the recent development, a more
descriptive model of PCK has been developed. The refined consensus model of PCK (Carlson
& Daehler, 2019), pulled together the generated understandings about PCK to formulate a
language for describing the construct’s multi-dimension nature in grainsize determined by its
location at either a discipline, topic, or concept specific level. The model furthermore makes
provision for describing the knower who is acquiring or demonstrating the quality of his/her
acquired knowledge. Provision is further made for describing the contexts in which the
acquired teacher knowledge is demonstrated (planning vs enacted). The learner, who receives
teaching and subsequently learns, is placed at the centre of all considerations which
demonstrate an understanding of possible ultimate impacts of some sorts of teacher knowledge
on learner achievement.
The immediate implication as derived from the refined model is the requirement to describe
the dimensions of PCK explored in a given study. In this study, the focus is on PCK at the
topic specific grainsize, TSPCK. The personal TSPCK of PSTs in the context of classroom
enactment (eTSPCK) was targeted with an eye on examining learner views about the
demonstrated eTSPCK. TSPCK has been described according to the five content specific
knowledge components known. These are: learner prior knowledge including misconceptions;
curricular saliency consisting of big ideas; subordinate concepts and sequencing of concepts;
what is difficult to understand; representations at the macroscopic-, symbolic, and submicroscopic levels; and conceptual teaching strategies which draw on other four contentspecific knowledge components interactively (Mavhunga & Rollnick, 2013). At the centre of
determining the quality of TSPCK, the extent of interaction among these five content-specific
knowledge components brings about depth in explanations and pedagogical transformation of
teachers’ content knowledge. Hence, the learner views, in relation to the demonstrated
interactive usage of the knowledge components of TSPCK in a delivered lesson, were the
primary interest and a unit of analysis in this study.
Methodology
The current paper reports on a qualitative aspect of a larger study which employed a mixed
methods research design in investigating TSPCK demonstrated in planning, its enactment
during actual teaching and how it influenced learner outcomes. The paper qualitatively
examined learner views about their perceived specific aspects of PSTs’ eTSPCK which seemed
to have positively influenced their conceptual understandings. As a research strategy, we
employed case study of three (3) physical sciences PSTs (Sophia, Amber, and Liz –
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pseudonyms) who taught classes of Grade 12 physical sciences learners (n= 74, Age range =
15 – 17; Female = 34, Male = 30) during a school-based practicum. The strategy allowed
targeted in-depth explorations of interactions within the groups of the sample. The classes were
in three equivalent South African English-Speaking Secondary Schools. The three PSTs were
a subset of seventeen (17) 4th year physical sciences students who were exposed to a 6-weeks
intervention located in a chemistry methodology course in a South African University. The
intervention is commonly referred to as a signature intervention detailed in the original study
exploring PSTs’ TSPCK (Mavhunga & Rollnick, 2013), and has since been repeated and
documented in several other empirical studies. At the centre of the intervention was the focus
on developing participants’ understanding TSPCK components and their interactions in
pedagogically transforming the content knowledge of Organic Chemistry.
Data collection and analysis
The data about the PSTs’ eTSPCK was collected through the video recordings and audio
recordings of the PSTs’ lessons according to the approved ethics protocols. All PSTs covered
the same Big Ideas in Organic Chemistry, which focused on functional groups, IUPAC naming,
and physical properties with structures of organic compounds. On average the lessons lasted
for 40-45minutes each. Stimulated recall interviews were conducted with the PSTs after their
lessons in order to understand the reasoning behind the instructional strategies they employed.
In analysing eTSPCK as seen in the PSTs’ teachings, an in-depth qualitative analysis was
employed looking for TSPCK episodes in the teaching. In the lessons delivered by a teacher,
TSPCK episodes refer to specific moments where there is clear evidence of the teacher drawing
on two or more TSPCK knowledge components interactively in explaining content to the
learners. Hence, the purpose of the in-depth qualitative analysis conducted in this study was to
identify teaching segments which demonstrated PSTs’ interactive use of two or more TSPCK
components as it was done in similar previous PCK studies (e.g., Park & Chen, 2012). Once a
TSPCK episode has been identified, it is described richly in terms of visible knowledge
components identified and the manner in which the identified knowledge components interact.
The analysis was captured in pictorial illustration called a TSPCK map which also reflects the
nature of the teacher task from which the interaction of knowledge components emerged. The
scoring of quality of the interactions was done using a 3-criterion based TSPCK rubric
(Mavhunga & Miheso, 2021), an extract shown in Figure 1 below.
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Figure 1: Enacted TSPCK rubric (Mavhunga & Miheso, 2021)
Based on how many TSPCK components are interacting in a given teaching segment identified,
the TSPCK rubric enables the grouping of TSPCK episodes into three categories. These are:
simple TSPCK episodes, consisting of two TSPCK components interacting; proficient TSPCK
episodes consisting of three TSPCK components interacting; and sophisticated TSPCK
episodes consisting of more than three TSPCK episodes interacting. For example, a typical
teaching segment from which a proficient TSPCK episode emerged is given in the Figure 2
below.

Figure 2: An example a teaching segment with emergence of a proficient TSPCK episode
Having the three categories of TSPCK episodes helped in constructing a TSPCK profile which
illustrates the sequence of emergence of TSPCK episodes for a given lesson delivered by each
PST. The TSPCK episode profile generated for each PST’s lesson was coded into a set of
numerical scores where 1 represents a simple TSPCK episode, 2 represents a proficient TSPCK
episode and 3 represents a sophisticated TSPCK. This allowed for quantitative analysis of
eTSPCK. The scoring of each PST’s TSPCK episode for each lesson was validated by three
independent raters producing a good level of agreement by the acceptable Cohen Kappa interrater reliability of 0.92 (Creswell, 2021). At the end of the PSTs’ teachings, semi-structured
interviews, were conducted with the learners who were organized into focus groups.
Participation of learners was on a voluntary basis. Sample questions included:
(i)
In your view, what did the student-teacher do or say that specifically helped you to
understand? Please, give examples.
(ii)
In your view, what did the student-teacher do in class that you liked most?
(iii) In your view, what did the student-teacher do in class that you did not like?
(iv)
In your view, what do you think would help you to understand better?
The learners were encouraged to be explicit in their responses as much as they could. The
interviews were audio-recorded, and then transcribed verbatim. The data were qualitatively
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analysed by identifying the emerging themes through regular reviewing of interview transcripts
to reach consensus (Creswell, 2012). Emerging themes, within the findings from each class of
participant learners, were triangulated by identifying converging lines of evidence from the
analysis of PSTs’ lessons for eTSPCK (Patton, 2002). All ethic procedures were strictly
followed in selecting participants, collecting, and analysing data.
Findings
The analysis of learner views and PSTs’ enacted TSPCK in this study revealed an important
finding. It was revealed that the learners’ descriptions, of how the PSTs’ teaching contributed
to their learning, indicated the PSTs’ interactive usage of TSPCK components as a visible
important factor which unlocked their conceptual understanding. This observation was in
agreement with the findings emerging from the examination of PSTs’ eTSPCK as seen in their
lessons. The findings are presented below.
Pre-service teachers demonstrated interactive usage of TSPCK components in their
teaching
The in-depth qualitative analysis of PSTs’ lessons revealed that the PSTs demonstrated
multiple TSPCK episodes of different quality according to the rubric used in this study, spread
across each lesson. Figure 3 below presents the TSPCK episode profiles for each of the PSTs.
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Figure 3: PSTs’ TSPCK profiles
The TSPCK profiles above revealed that there was an idiosyncratic mix of all three quality
categories emerging from each of the PSTs’ teaching. While the purpose of profiling the quality
of TSPCK is not to report on an overall verdict of the quality of the lessons, it has been observed
however that lessons with high quantities of higher order quality TSPCK episodes reflect
increased depth and richness in teacher explanations. For example, the TSPCK profiles for
Sophia and Amber demonstrate dominance of a combination of higher quality categories
(proficient and sophisticated) of TSPCK episodes. Accordingly, Liz’s TSPCK profile
demonstrate emergence of a combination with a lower frequency of sophisticated TSPCK
episodes. The proficient and more specifically, sophisticated TSPCK episodes are indicative
of the desirable deep depth of explanations that reflect teacher’s understandings of CK
interaction with multiple content-specific knowledge components of TSPCK which result in
pedagogical transformation of content. The emerging TSPCK episode profiles were confirmed
by PSTs during the stimulated recall interviews and their comments indicated recognition of
the powerful effect of multiple component interactions in enabling deeper explanations.
Overall, the PSTs demonstrated understanding of the value and the competence to draw
interactively on three or more TSPCK components in making content of Organic Chemistry
accessible to learners.
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Learners’ views demonstrate recognition of PSTs’ understanding of interactive usage of
multiple TSPCK components
The salient observation revealed by the examination of learner views is that, without using the
researchers’ vocabulary of naming the TSPCK knowledge components, the participant learners
were able to identify these knowledge components through thick descriptions and also,
distinguish the PSTs’ strategies used to refer to multiple components interactively at a given
time. The extracts provided under the examples below illustrate this point.
Example 1: In response to the question that asked “In your view, what did the student-teacher
do or say that specifically helped you to understand? Please give examples”, the learners’
responses revolved around the questions asked by the PSTs during teaching as well the
conceptual explanations provided by the PSTs. For example, Learner Thabo responded as
follows: “Ma’am’s teaching was interesting, she likes asking us many questions yhoo but the
questions helped me to quickly remember what we learnt in our previous lessons and the
questions also clarified some aspects which are hard to easily remember and understand…”.
This response suggests the awareness of the teacher’s demonstration of the understanding of
what knowledge learners should bring into the classroom teaching of a lesson, an element of
TSPCK component ‘Learner Prior Knowledge’ (LP). It also refers to noticing an area of
conceptual difficulty being addressed by the teacher. This is an element of the TSPCK
component ‘what is difficult to understand’ (WD).
Also, in her response, Learner Anele stated that “I enjoy how she used examples of things that
are common in our environment in her teaching, it helped me to understand the lesson, she
also showed us symbols and wrote chemical formulae in a clear way that are familiar, this
helped me on the concepts which were confusing like the arrangements of atoms in similar
functional groups….”. The use of familiar examples seems to situate learning in the learners’
everyday experiences and hence, reflect aspect of the PSTs’ understanding of TSPCK
component, Learner Prior Knowledge (LP) as observed in the learner’s response. The use of
symbols and chemical formula also talks to Representations (RP) at a symbolic level. As
indicated by the learner, the PSTs’ efforts to clarify areas of confusion reflect their
understanding of the TSPCK component ‘what is difficult to understand’ (WD).
Example 2: As in the example 1 above, in response to the question which asked, “In your view,
what did the student-teacher do in the class that you liked most?”, the learners’ responses
revolved around the questions asked by the PSTs during teaching as well the conceptual
explanations provided by the PSTs. For example, Mary responded by saying “Whenever she
taught us lessons, she would draw nice diagrams and ask us questions so as to help us to see
what should be our focus, yeah, she would direct our attention to some important aspects, I
would say this helped me to understand all her lessons”. While the teacher’s use of diagrams
reflects the teacher’s understanding of the TSPCK component, ‘representations’ (RP) at a
symbolic level, focusing learners’ attention on the important aspects of the lessons is an
element of the TSPCK component ‘curricular saliency’ (CS). The teacher’s understanding of
these two TSPCK components could be noticed in the learner’s response.
Also, Learner Thabang responded to the question by saying: “I like how she explained the
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lessons to us, her explanations are simple, they are clear, the way she explained helped me to
see aspects where I was wrong, she helped to discover the wrong ideas and she corrected us
accordingly by showing us structures of organic compounds”. The simplicity and clarity of
PSTs’ explanations appeared to address learners’ wrong ideas, an element of TSPCK
component ‘Learner Prior Knowledge’ (LP) interactively used with the TSPCK component
‘Representations’ (RP) at a symbolic level.
Linking example 1 and 2 to the PSTs’ teaching segments: In the example 1 and 2 above,
learners’ descriptions of how the PSTs’ teaching affected their learning positively revolved
around both the questions asked and conceptual explanations provided by the PSTs during
teaching. These were observed in the analysis for the PSTs’ eTSPCK. For example, the PST
Sophia’s one of the teaching segments centred on discussing the carboxylic acid functional
group (Lesson 1, 23-26 minutes). With the intention of investigating what the learners already
knew, Sophia drew the structure of carboxylic acid functional group and without mentioning
its name, she asked them what it represents. While responding to the Sophia’s question, learner
Peace correctly referred to ‘R’ as the alkyl group, however, learner Zulu pointed at the ‘C=O’
(as shown in the structure drawn on the chalk board) as the carbon monoxide. Then, Sophia
realized the need to make the learners understand that seeing ‘CO’ (drawn as C=O) in organic
molecules functional groups is more than taking it as carbon monoxide as they were well
familiar with while learning about inorganic compounds. By this statement, Sophia showed an
understanding of the learners’ knowledge of identifying components of inorganic compounds
which could be similar in structures to what constitutes organic molecules. This is an element
of TSPCK component ‘Learner Prior Knowledge’ (LP) as seen in the Sophia’s statement which
reads thus:

By using the structures of carbon monoxide and carbonyl group drawn on the board, Sophia
referred to as important for learners to know, the understanding that while carbon monoxide
on its own does not require more bonding for stability, carbonyl group does require an alkyl
radical, to which it is commonly attached in organic molecules. This explanation reveals
Sophia’s knowledge of what was important for learners to understand, an element of TSPCK
‘curricular saliency’ (CS) interactively demonstrated with the knowledge of the use of TSPCK
component ‘representations’ (RP) at a symbolic level. Then, Sophia explained what constitutes
the carboxylic acid functional group by emphasizing the presence of a carbonyl group and
hydroxyl group, cautioning, and reminding learners that the hydroxyl group also helps in
identifying members of alcohols homologous as they earlier learnt. Likewise, she indicated
that because carboxylic acids have got the same functional group, all members would undergo
the same organic reactions. Linking a functional group to organic reactions across the members
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of a given homologous series in this way is an important aspect of the topic, giving an additional
depth to Sophia’s explanations. She further asked the learners what they would call the key
characteristic of carboxylic acids. To this question, one of the learners (Micha) answered by
stating “they are acids”. Then, Sophia commented as follows:

As shown in the excerpt above, Sophia referred to the acidity of carboxylic acids but with a
caution, considering it as “one hard thing about carboxylic acids” an indication of a possible
difficulty. This was explained with the reason that carboxylic acids are generally considered as
weak acids because of their partial dissociation in aqueous solution. Calling the learners’
attention to comparing acidity of carboxylic acids to other mineral acids reflects an aspect of
Sophia’s knowledge of what is difficult to understand, (WD), a TSPCK component. Emerging
from this Sophia’s teaching segment was a sophisticated TSPCK episode (LP/RP/CS-WD)
associated with the learner’s incorrect response to the question asked and then, emerging from
the conceptual explanations provided by Sophia. This is illustrated as shown in the Figure 4
below.

Figure 4: Emergence of a Sophisticated TSPCK episode from Sophia’s teaching segment
Furthermore, a teaching segment with an instance of conceptual explanations provided was
observed in the Liz’s lesson (Lesson 1, 13-20 minutes). She began by using the structures of
thiol functional group to make learners understand while in thiol functional group, sulfhydryl
group is bonded to an alkyl group whereas hydroxyl group is bonded to an alkyl group in
alcohol functional group. Using these structures shows Liz’s knowledge of the TSPCK
component ‘representations’ (RP) at a symbolic level. As an important aspect of the concept,
she emphasised ‘sulfhydryl group’ as the functional group, an element of TSPCK component
‘curricular saliency’ (CS). She also encouraged the learners to keep remembering the structure
in order to avoid mistakes as it could be hard to note that in thiol functional group, there is
‘hydryl’ while ‘hydroxyl’ is instead present in the alcohol functional group. This
encouragement reflects her knowledge of a possible area of difficulty, an element of the
TSPCK component ‘what is difficult to understand’ (WD).
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In eventually describing one of the ways of identifying thiols in the laboratory, Liz gave a
familiar example of the odour of rotten eggs with the intention of making the learners learn
from the perspective of everyday knowledge. This reflects an aspect of Liz’s knowledge of
learner prior knowledge (LP), dealing with what learners were familiar with in relation to the
concepts being presented. Emerging from the Liz’s teaching segment, which focused on thiol
functional group, was a sophisticated TSPCK episode (RP/CS/WD/LP) as shown in the Figure
5.

Figure 5: TSPCK episode from Liz’s teaching segment
Example 3: In response to the question which asked, “In your view, what did the studentteacher do in the class that you did not like?” while majority of the learners said there was
nothing, some learners complained that the PSTs talked too fast as revealed by James for
example “…. I don’t like how fast ma’am talked when she taught us lessons”.
Example 4: In response to the question which asked, “In your view, what do you think would
help you to understand better?” some of the learners occupying the back seats complained
about the PSTs’ voices not so loudly heard. For example, Luke stated that “I just wish ma’am
can speak louder because sometimes some of us at the back cannot hear what she says”. Some
learners also suggested that PSTs should consider code switching at some points in their
teaching as stated by Rose “I see some words are somehow big for me to understand easily so
I think it would really help if she can explain in our local language may be in some cases, yes”.
While some learners equally referred to incorporating more laboratory experiments as a way
of enhancing their learning, some other learners mentioned getting take-home assignments and
having privileges of listening to the PSTs teach more lessons.
Discussions and conclusions
The purpose of this study was to investigate how TSPCK, enacted by the PSTs in the classroom
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teaching of Organic Chemistry, appears and gets visualized from the learners’ point of view.
The study emerged from a larger study that explored the PSTs’ development of TSPCK, its
enactment in the actual classroom teaching and influence on learner outcomes measured as
both the learner achievement and views (Akinyemi, 2020). It was found in this study that the
learners’ descriptions of what the PSTs did, which contributed to their learning of Organic
chemistry, reflected the PSTs’ interactive usage of content-specific knowledge components of
TSPCK as seen in the analysis of PSTs’ eTSPCK. It is interesting to note the learners’
recognition of the specific teacher’s strategy in bringing forth their conceptual understanding
of content focused on. The learners in this study recognized the different TSPCK components
in their teachers’ teaching particularly, the components of learner prior knowledge, curricular
saliency, what is difficult to understand and representations. They further recognized moments
when these were used in a complementary manner. In addition to praises, they were equally
able to identify what was not working well. The behavioral factors like a low-pitched voice
and use of heavy vocabularies were pointed out by the learners. They also had ideas of what
additional factors could assist them learn more. The point made in this study is that learner
views are signaling the value of an almost lost component in the process of developing
teachers’ PCK. This refers to the value of a confident learner who can make sense of new
knowledge presented to him/her by the teacher and the process of teaching that delivers the
learning. This finding is of significance in the PCK literature in three aspects. First, regarding
PCK development, the finding highlights the role of learners’ experience in receiving teachers’
developing PCK as an important way of strengthening teachers’ PCK. Second, in the context
of digitalization, teacher education programmes are to plan for inclusion of learner views about
how they receive the enacted teacher knowledge on digital platforms. Third, in terms of the
refined PCK model, learners are not only to be impacted by the enactment of teachers’ PCK;
they are also to influence its development, guiding the path towards refinement and expertise.
While the limitation of the current study lies in that its findings emerged from a small sample
of three PSTs focusing on classroom teaching of only one chemistry topic, they are valuable
and cannot be ignored as they have serious implications as discussed above. Further studies
should consider using a larger sample size and exploring this issue focusing on the modified
version of PCK for use in digital-online learning contexts.
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EVALUATION OF A ROBOTICS INTERVENTION TO ENHANCE
THE LEARNING OF NEWTON’S SECOND LAW MOTION
CONCEPTS
Katlego Leshabane, C Coetzee and K Moodley
University of Pretoria
Abstract
The usage of robotics in a Grade 12 Technical Sciences class was investigated to better
understand it as an emerging pedagogy that allows students to apply creative thinking and
generate new solutions to situations involving Newton's Second Law of Motion. The study's
conceptual framework was based on constructivism, constructionism, and the Cognitive
Refinement Instructional Approach (CRIA), which supports the idea that Lego Mindstorms
robotics tools can be used as manipulatives to generate new knowledge through assimilation
and accommodation. This paper presents the quantitative findings from an intervention study
where learners were randomly assigned to an experimental group (n = 21) that took part in
the robotics intervention and a control group (n = 21) that continued with conventional extra
classes. The independent-samples t-test showed that there was a significant difference in the
post-test scores between the control group (M= 3.19, SD= 1.16) and experimental group
(M=4.57, SD= 1.43); t(40)= 3.42, p = 0.001. The study discovered that robotics has a greater
impact on Technical Sciences students' academic test scores than the usual intervention in
Newton's Second Law. This study's scientific value and importance will add to science teaching
techniques and learning in the technical-academic schooling stream
Introduction
Educational robotics, according to Angel-Fernandez and Vincze (2018), is a branch of study
that employs robots in teaching and decision-making. The goal of introducing robots is to
improve teaching and learning by integrating educational activities, resources, and technology
in new and innovative ways. Lego robots can have an impact on science and technology
education at all levels, from kindergarten to graduate school (Afari & Khine, 2017). Robotics
can be employed as a pedagogical tool, as well as a learning aid through social, collaborative
learning activities (Karim et al., 2015; Angel-Fernandez & Vincze, 2018). Furthermore, Altin
and Pedaste (2013) argue that robotics should be included in the curriculum as both a learning
object and a component of other courses.
Designing, building, and programming a robot while learning is part of robotics education.
This one-of-a-kind education program delivers theoretical understanding and practical
application in STEM fundamentals while also assisting students in developing critical thinking,
team-building, and potentially even presentation abilities. The goals of robotics education can
be addressed by combining experiments that build scientific perceptions with methods that
capture the imagination, such as LEGO MINDSTORMS®, designed by well-known toy
company LEGO®, to illustrate scientific ideas in a fun and accessible way. The researcher
employed robotics in a Technical Sciences class to investigate if there was a change in learners'
test scores in the mechanics area, specifically regarding Newton's second law of motion. The
primary purpose was to compare the exam scores of Grade 12 students who took part in a
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robotics intervention to those who did not take part in the intervention and attended the
traditional intervention class where the teacher revised past question papers with the learners.
Hypothesis
Null hypothesis one (H0): The test scores of learners who participate in the robotics
intervention program and those who do not participate in the robotics intervention program are
not significantly different.
Alternate hypothesis one (H1): The test scores of learners who participate in the robotics
intervention program and those who do not participate in the robotics intervention program
differ significantly.
Literature Review
Theories underpinning robotics education: Constructivism and Constructionism
In most educational robotics studies (Altin & Pedaste, 2013; Karim et al., 2015; Tocháeka et
al., 2016), the interaction between constructivism and constructionism in the learning process
is apparent. Constructivism is based on the idea that one can build knowledge and
understanding by reflecting on their experiences. Individuals can make sense of their own
experiences using mental models or rules, and learning is the process of adapting these models
to suit new experiences. Learners are actively and continuously creating their abilities and
knowledge through participation and involvement, according to constructivism (Altin &
Pedaste, 2013; Karim et al., 2015).
Learners are empowered to learn in connected, meaningful ways in a constructionist setting
because they can develop imaginative items that work by content that is meaningful to them in
their surroundings (Berland et al., 2014). The constructionism hypothesis expands learners'
knowledge by requiring them to participate in a series of practical tasks in which they build
appealing and realistic artefacts. In educational robotics research, constructionism has been
utilized as a framework to understand how learners progress their abilities and knowledge
through the usage of robotics technologies (Cho et al., 2017). There is a deliberate involvement
in the creation of objects that symbolize what the learner "thinks with."
Learners were encouraged to become active participants in their learning and researchers in
activities based on Newton's second law, in which assistance was offered to scaffold physics
topics while they explored them through meaningful play. Because the student is permitted to
create and program a variety of robots using Lego Mindstorms pieces, Piaget and Vygotsky's
concepts appear to be highlighted through the concept of the learner as a knowledge constructor
(Afari & Khine, 2017). The learner manipulates artefacts by constructing tangible objects,
hence improving knowledge acquisition.
Robotics supporting Technical Sciences
In the next 20 years, the 21st-century learner is expected to work in an industry driven by
automated jobs, with robotics as the driving force behind this massive worldwide job creation
(Sergeyev, et al., 2018). In today's quickly changing environment, learners must be encouraged
to think in new ways, and novel techniques to promote learning are required.
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Educational robotics should be integrated into the school curriculum as one approach to
educating students for such a future. Afari and Khine (2017) go on to say that problem-solving,
critical thinking, and collaboration skills are all skills that can be learned through robotics.
When constructing a learning activity, robotics has unique characteristics: it is fundamentally
multidisciplinary, allowing collaboration and immersion into a variety of themes. Toh et al.
(2016) looked at papers published in the recent decade to see how effective robots are in
education. Researchers used non-experimental and quasi-experimental methodologies to
validate their usage of robots; the research indicated some degree of developmental influence
on children's cognitive, conceptual, language, and social skills.
The role of robots in teaching disciplines including mathematics, physics, music, and languages
was examined by Afari and Khine (2017) and Karim et al. (2015). The existing literature
(Karim et al., 2015) emphasizes the social usage of robots to aid in the development of
children's cognition and intelligence. Furthermore, in physics, robot-based activities were said
to support particular concepts and skills. According to research by Alimisis (2012) and others,
the students displayed creative thinking and practical comprehension as a result of studying the
principles (Yanik et al., 2016).
Kinematics, Newton's Laws of Motion, ratios, and graph interpretation were the topics that
demonstrated an improvement in knowledge of the ideas. In studies (Alimisis, 2012; Karim et
al., 2015; Yanik et al., 2016), the LEGO Mindstorms robot was used to cooperatively
understand the relationship between the variables of time, distance, and velocity in kinematics.
In such kinetics-related exercises, the tangible feature of robotics enables learners to actively
adjust factors such as forces, friction, weight, ramp inclination, and wheel radius, which inertly
targets Newton's equations of motion (Karim et al., 2015). Energy and energy conversion
concepts are addressed through construction activities such as rubber bands, whilst ratio
concepts are internalized through the various sizes of gears, cogs, and pulleys that can be
utilized to illustrate theoretical gear ratio models (Karim et al., 2015).
The use of Robotics to support Technical Sciences
Technical Sciences (Grade 10–12) is described in the Curriculum and Assessment Policy
Statement (CAPS) as a subject that strives to promote a greater knowledge of the scientific
concepts that underpin all technological disciplines. Some abstract concepts in Technical
Sciences require a focus on their real-world application value for learners to grasp their
significance and use. According to Garcia and Al-Safadi (2014), the real-world application of
an intangible concept boosts learners' interest in a course and elevates the importance of the
subject. Garcia and Al-Safadi (2014) define intervention strategies in education as "systematic
instructions in programs where there is a need to enhance progress and improve learners'
academic performance." When a teacher notices a gap in a student's ability, intervention
strategies are used to help them improve their performance and broaden their knowledge.
Tutoring, student support programs, behaviour support programs, life skills programs, external
support programs, parental involvement, instructor capacity building, integration of warm-up
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activities, using small groups, and emphasizing real-life applications are some of the
intervention strategies described by Garcia and Al-Safadi (2014).
Robotics education for skills development, collaboration and differentiated learning
Toh et al. (2016) analyzed research on robots in education and found that several studies
demonstrated an increase in mean scores from pre-test to post-test, implying that robotics
helped reinforce STEM concepts in those circumstances. In addition, according to Toh et al.
(2016), some of the skills demonstrated by learning with robots include an increase in
conceptual understanding, evidence of tenacity, motivation, and responsiveness. In addition,
teachers indicated that robot-based activities improved their students' involvement, attitude,
and motivation (Karim et al., 2015).
Learners work together during robotics education activities and are allowed to be intimately
engaged in the problem-solving and collaborative efforts that increase their learning experience
with their classmates. Luckin et al. (2016) argue that robotics can provide intelligent support
for collaborative learning while also increasing motivation. Furthermore, Toh et al. (2016)
noted that elementary school students who were involved in the development and assembly of
their robotic objects improved their problem-solving skills and collaboration.
Robotics could help with diversified learning because teachers are unable to address the needs
of all students, and not all students reach their full potential in school (Forcier, 2016; Luckin et
al., 2016). Because robots have the ability and capability to capture and maintain learner
attention, the teacher can assign different activities at varied paces to different students at the
same time (Luckin et al., 2016).
Authentic learning Real-world application using robotics
Technical Sciences is intended to allow students to connect their everyday knowledge with
what they learn in the classroom; nevertheless, many opportunities are missed because most
concepts are taught in the abstract. Because abstract concepts are difficult to grasp because they
cannot be applied to real-world events, and standard pedagogical approaches exacerbate this
problem, Chetty (2015) advocated adding Lego Mindstorms to provide a unique opportunity
to change the classroom environment. Additionally, learners can use the Lego Mindstorms
robot to solve real-world problems. During the experiment, programming concepts are
reinforced, and motivation is boosted to some extent (Chetty, 2015).
Given the expected skills demands of the 4th Industrial Revolution, robotics has real-world
relevance, and it implicitly sets tasks that allow learners to apply creative thinking and develop
new solutions (Banas & York, 2014). In addition, according to Chetty (2015), the Lego
Mindstorms platform allows learners to engage in real-world challenges rather than traditional
learning. Most robotics in education research, such as those described by Toh et al. (2016),
emphasizes the need for an engaging and participatory experience. Timms (2016) proposes the
use of robotics in education as a means of overcoming the traditional limits of the technology
paradigm and teaching pedagogy by enabling more social interactions that are more appropriate
to our biological predispositions in learning.
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Conceptual Framework
Newton's second rule of motion is a difficult topic in the mechanics theme, which can be linked
to learners' resistive beliefs across the world (Hestenes et al., 1992). Robotics is presented as
an intervention method in Technical Sciences to address student misunderstandings and
provide a new learning and teaching pedagogy for Newton's Second Law of motion. In light of
the dearth of literature on a theoretical framework encompassing Newton's second law of
motion and robotics, a new conceptual framework was developed against the backdrop of
constructivism, constructionism, and Lemmer's Cognitive Refinement Instructional Approach
(CRIA) model.
Cognitive Refinement Instructional Approach (CRIA)
A conceptual refinement model, according to Lemmer (2018), leverages what learners observe
in their everyday experiences to generate conceptual knowledge that is enhanced to formal
physics knowledge. The discovery of a useful resource from everyday activities that may be
extended into scientific concepts is the first step in cognitive refinement training (Lemmer,
2018). The CRIA comprise a conceptual change approach to overcome learner misconceptions
and has four basic principles which are 1. Authentic activities, 2. Generalization, 3. Conceptual
Knowledge and 4. Abstraction to formal Knowledge.
Application of principles
To help learners answer questions using Newton's Second Law, the CRIA's core concepts were
implemented into robotics exercises in the following way:
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1. Robotics activities that connect
classroom lessons to real-life situations
Lego Mindstorms robotics kits are abstract
learning aids in science; they enable real
learning where learners can construct their
learning from their experiences using their
physical senses.

3. Conceptual knowledge
Assimilation occurs as a result of inductive
generalizations based on previous
experiences in various robotics operations.
Conceptual learning occurs as a result of
repeated exposure to key features. Existing
cognitive schemas are being refined and
rearranged in order to guide understanding
of physics topics.

2. Generalisation
Learners' attention is drawn to general
important elements in new and existing
material during robotics activities. Students
should be guided on how to focus their
attention on essential components of what
should be known, as networks between past
and new information gradually generate
knowledge.

4. Abstraction to Formal Knowledge
Learners are prompted to reflect on their learning, be aware of
misconceptions, and be mindful of what they already know and
their limitations when they are asked open-ended questions.
Formal physics is added to the recall and expansion of conceptual
structures. The awareness of learners being attentive of their
learning and constraints is the distinction between formal
knowledge and conceptual knowledge

Figure 2: Application of CRIA principles in the robotics intervention
Methodology
Quasi-experimental design
A quasi-experimental approach was used in the quantitative investigation, which was less
rigorous than true-experimental methods. According to Creswell (2014), the goal of
experimental research is to see if a certain outcome can be reached by using a specific treatment
of the phenomenon. In this quasi-experimental investigation, there were two groups: The
experimental group was given a robotics intervention and is referred to as such. The control
group was not given the robotics intervention and instead received the traditional type of
intervention, which consists of a teacher drilling past question papers based on Newton’s
Second Law. The research sought to address the following question: What influence does
robotics have on the achievement scores of learners in Technical Sciences, specifically for
Newton’s Second Law concepts?
The research began with a pre-test and post-test comprising ten multiple-choice questions
structured thematically as a pre-test and post-test. Data was collected at the school location,
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which provided a natural environment for the participants, reducing the risk of them
encountering an issue or problem throughout the study.
Population
Alvi (2016) identified the target audience as individuals who satisfied the given condition,
which was a Grade 12 Technical Science class following the CAPS curriculum. Asiamah,
Mensah, and Oteng-Abayie (2017) and Alvi (2016) discussed the significance of identifying
the accessible population in an investigation. The students were from a Technical School in
Mamelodi, Tshwane South District, a demographic that the researcher had access to. The group
under consideration was Grade 12 Technical Science Learners, some of whom had been taking
Technical Science since Grade 10, while others had moved from Physical Science to Technical
Science along the way to Grade 12.
Description of Sample
A total of 42 Technical Sciences learners participated in the study. They were assigned to an
experimental group (n = 21) that took part in the robotics intervention, and a control group (n
= 21) that continued with conventional extra classes. A total of 11 females (52.4%) and 10
males (47.6%) formed part of the experimental group. In the control group, nine females
(42.8%) and 12 males (57.2%) continued with extra classes and did not participate in the
robotics intervention. . All the participants completed both the pre-test and the post-test.
Results and Discussion
Comparison of statistical parameters: Pre- and Post-intervention
The mean number of participants in the group (N), maximum marks on the test (Max), mean
(M), standard deviation (SD), skewness, and kurtosis value, which provide meaning to the raw
marks from the study, and the mean difference (MD) of both the control and experimental
groups, were calculated using SPSS (Statistical Package for Social Science) software.
Table 3: Comparison of statistics before and after the intervention
Group

Test
type

N

M

Media
n

Mode

SD

MD Kurtosis

Skewness

Pretest
Post
-test
Experimenta Prel group
test
Post
-test

21

3.19

3

2

1.6

0.0

2.74

1.43

21

3.19

3

3

1.16

4.69

1.67

21

3.42

3

3

1.2

21

4.57

5

5

1.43

Control
group

1.15 1.96

-0.95

0.81

-0.83

Each group had 21 individuals, as shown in Table 4.3 (N = 21). The control group's mean was
M = 3.19, SD = 1.6 before the intervention, and M = 3.19, SD = 1.16 after the intervention.
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The control group's mean difference (MD) was found to be MD = 0. This demonstrates that
traditional additional classes were ineffective in improving test scores.
The experimental group's pre-test mean was M = 3.42, SD = 1.2 before the robotics
intervention, and after the robotics intervention, the group's mean was M = 4.57, SD = 1.43.
MD = 1.15 was determined to be the experimental group's mean difference, which was
calculated by comparing the experimental group's mean before and after the intervention. As
described by Cain, Zhang, & Yuan, (2017). assessing the internal validity of the results requires
understanding if the data fulfils the normalcy assumption. Kurtosis is a measure of whether
data are heavy-tailed or light-tailed as compared to the normal distribution (Cain, et. al., 2017).
In the pre-test, the data set of the control group showed a higher kurtosis value of 2.74 while
the experimental group had a value of 1.96, which means that the experimental group data was
more normally distributed than the control group. The experimental group pre-test was
moderately skewed with a skewness of -0.95 while the control group was highly skewed with
a skewness of 1.43.
In the post-test, the control group's data set exhibited a high kurtosis of 4.69, indicating that it
contained outliers and was consequently heavy-tailed in comparison to the normal distribution.
The experimental group's data set had a relatively low kurtosis of 0.81, indicating that the data
was more normally distributed and so conformed to the pre-test normal distribution
assumption. With a skewness of -0.83, the experimental post-test data was moderately skewed,
but the control group data was significantly skewed with a skewness of 1.67.
The confidence intervals for the two groups were calculated using SPSS software. According
to Thompson (2002), confidence intervals (CI) may be used to determine statistical significance
and can be used to estimate the real population's range of values. The experimental group
appeared to be impacted by the robotics intervention, with a higher mean in the postintervention test (M = 4.57, 95 % CI [3.92, 5.22]) than in the pre-intervention test (M = 3.42,
95 % CI [2.87, 3.97]). The traditional intervention classes had no significant impact on the
differences between the means in the pre-test (M = 3.19, 95 % CI [2.42, 3.92]) and post-test
(M = 3.19, 95 % CI [2.66, 3.72]) for the control group.
Table 4: Independent samples t-Test

Equal
variances
assumed

Levene's
t-test for Equality of Means
Test for
Equality
of
Variances
F
Sig t
df Sig.
Mean
Std. Error 95% Confidence
(2Difference Difference Interval of the
tailed)
Difference
Lower
Upper
.66 .430 3.42 40 0.001 1.31
0.44
0.69
1.93
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Equal
variances not
assumed

3.42 38 0.001

1.31

0.44

0.69

1.93

Using SPSS software, an independent sample t-test was done. The difference in post-test scores
between the control group (n = 21, M = 3.19, SD = 1.16) and the experimental group (n = 21,
M = 4.57, SD = 1.43) was statistically significant, according to the independent t-test, t(40) =
3.42, p = 0.001.
Levene's Test was the inferential statistic used to examine the equality of variances between
the control and experimental groups. The assumption that variances are equal is tested using
Levene's test (Muijs, 2004). In Table 2, it is shown that indeed the variances between the
control group and the experimental group are approximately the same. In the findings, the Sig.
(2-Tailed) value was p = 0.001, which is less than 0.05. A significant difference between the
two groups is shown by a p-value of less than 0.05. As a result, we may infer that there is a
statistically significant difference between the control and experimental groups' mean test
scores. The Alternate Hypothesis one (H1) is therefore accepted as there is a significant
difference between the test results of learners who participate in the robotics intervention
program and those who do not participate in the robotics intervention.
Item Analysis
An item analysis was made to determine the performance of all the participants in each item
according to the items that did not show improvement after both interventions, the item that
showed the most improvement, and the item with the highest correct responses.
No improvement for either group

Figure 3: Item FF2 in the test instrument where participants did not show improvement
Item FF2 had the lowest correct responses and showed overall poor performance from both
groups. In the control group, only three (3) learners answered correctly before and after the
traditional intervention classes. The results of the experimental group also did not change for
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this item as only two (2) learners answered correctly before and after the robotics intervention.
In terms of distractor efficiency, most participants in the control group (28,5% in the pre-test
and 47,6% in the post-test) selected option D. Option D was also the most prevalent in the
experimental group (42,8% in the pre-test and 38% in the post-test). This showed that option
D was a good distractor of the item. Thus, the researcher inferred that most of the participants
in both groups believed that if the dog applies a constant force, the crate will maintain a constant
speed and if the rope breaks the crate will move slower and stop. This is true because if the
rope breaks the crate will continue to move since friction can be ignored in the given scenario
(as it follows from Newton’s first law of motion).
The only true statement in the given scenario is that if the dog releases the rope when the crate
is on the move, the crate will maintain a constant speed. Participants who selected this correct
option (Option B) show that they understand what follows from Newton’s first law – a body
will remain at rest, or continue in constant motion in a straight line unless acted upon by an
external force. The average item facility of item FF2 was found to be IF (FF2) = 0.12, which
means this item was found to be very difficult by participants from both groups before and after
the intervention. High ability learners failed to answer the item correctly contrary to the
expectations.

Figure 4: Item FT1 in the test instrument where participants did not show improvement
Item FT1 of the test instrument showed a decline in the performance of both groups. In the
control group, eight (8) participants answered correctly before and seven (7) participants
answered correctly after the traditional intervention classes. There was a decline of 4,7% in the
performance of the control group, and only four (4) participants, showed consistent
performance as they answered correctly before and after the traditional intervention classes.
The performance of the experimental group also declined from 16 participants to only ten (10)
participants answering correctly after the robotics intervention. This was a decline of 28,5% in
the performance with seven participants, consistently answering correctly in this item before
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and after the robotics intervention. Option B was the second most common answer, after option
A, which showed that the other two options were not very good distractors for this item. The
item required learners to interpret the given information, draw a free body diagram and apply
Newton’s Second law to arrive at the correct answer. The decline in performance for both
groups for this item was concerning. The average item facility for this item was IF (FT1) =
0.51, which means it was just average – not too easy and not too difficult. The results need to
be further investigated according to the open-end responses of the participants, which will be
reflected in Chapter 5.
Robotics as an effective intervention in concepts of motion: Most correct responses after
the intervention
Item N2M4 had the most right responses from the control group after the intervention, with 13
correct responses, despite 14 learners answering properly for this item in the pre-test.

Figure 5: Item N2M4 in the test instrument
This question was completed better in the experimental group, with 13 individuals answering
correctly in the pre-test and 16 participants answering correctly after the robotics intervention.
The experimental group found this item to be significantly easier than the control group, and
after the robots intervention, the Item facility for only the experimental group was determined
to be 0.76. Item N2M4 may encourage low-achieving students, according to Toksoz and Ertunc
(2017), as it is deemed easy. Because participants were provided with the applied force (in the
horizontal direction) and the frictional force, they were asked to calculate the net force acting
on a system moving at constant acceleration, the question may be categorized as a cognitively
lower-order item.
Item N2M2, which had 17 right replies following the intervention, was the item with the highest
correct responses for the experimental group. This is up from only 12 individuals in the
experimental group who were able to properly answer this question before the robotics
intervention.
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Figure 6: Item N2M2 in the test instrument
The participant's comprehension of the link between net force and acceleration, as well as what
this acceleration entails in terms of velocity, was tested using item N2M2 from the test
instrument. The participants in the experimental group judged this item to be extremely easy
following the robotics intervention, with an item facility value of IF (N2M2) = 0.81. The
learners in the control group, on the other hand, did not find this item simple, as their computed
item facility after the conventional intervention was determined to be IF (N2M2) = 0.45.
Improvement after intervention observed
For the control group, item N2M3 showed the highest improvement, whereas, for the
experimental group, items N2M3 and FF1 showed the most improvement. In the post-test for
item N2M3, the control group improved from five (5) to nine (9) people responding correctly.
For item N2M3, the experimental group improved from five (5) to eleven (11) accurate
responses.

Figure 7: Item N2M3 in the test instrument
Only four participants from the control group were able to correctly reply to this item following
the conventional intervention. After the robotics intervention, seven participants from the
experimental group improved and replied correctly on this item. Item N2M3 was characterized
as a middle-order cognitive demand by the researcher since it asked participants to understand
and apply their knowledge. The participants had to first use their arithmetic skills to calculate
the horizontal component of force F2 and then determine whether the item will accelerate or
travel at a steady velocity in either direction based on the net force. Hestenes et al. (1992), the
authors of the Force Concept Inventory (FCI), hypothesized that certain students are unable to
distinguish between velocity and acceleration and use the words interchangeably. Participants
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who chose option D demonstrated that they couldn't tell the difference between velocity and
acceleration, indicating that this item had a high distractor efficiency, allowing the researcher
to understand some of the common misconceptions held by students, which are supported by
the literature.

Figure 8: Item FF1 in the test instrument
For item FF1, the experimental group improved from four (4) accurate responses in the pretest to ten (10) right responses after the robotics intervention. Item FF1 was characterized as a
middle-order cognitive demand item by the researcher. Participants had to first decipher the
supplied information from the problem statement's keywords, and realize that constant velocity
equals zero acceleration. In the pre-test, the majority of the experimental group (7 out of 21)
chose choice D, while one participant did not attempt to answer the question. Participants who
selected option D believe that block B, with v = 0 m.s-1, has the greatest magnitude of frictional
force acting on it, while block R, with v = 5 m.s-1, has the lowest frictional force acting on it.
These students believe that the item with the greatest frictional force is the one with the lowest
velocity.
Conclusion
It may be stated that while knowledge of Newton's second law of motion increased in terms of
acceleration and net force, the intervention was ineffective in terms of increasing conceptual
comprehension of frictional force and force of tension. Furthermore, Alternate Hypothesis one
(H1) may be accepted since the test results of learners who participated in the robotics
intervention compared to those who did not engage in the robotics intervention are statistically
significant. Between the control and experimental groups, there was a statistically significant
difference in the mean test results. Both the robotics intervention and the traditional
intervention focused on motion problems. According to the intervention, the items that
improved the most after the intervention were N2M2 and N2M4, which were the items relating
to the motion of an object. Items FT1 and FT2 were tension problems and not motion problems,
and while there was an improvement in replies for item FT1, participants did not do well in
item FT2. The implications for teaching Newtons Second Law with Robotics as a tool is for
one to consider the type of problem and the task the learner is required to solve. This means
that when a teacher has identified the learners’ misconceptions, the teacher should then
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consider designing a robotics intervention activity that will enable a learner to construct
meaning and understand the particular concept through the robotics task presented.
Limitations of the Study
Although there were numerous advantages to this research study, the researcher recognizes that
it had some drawbacks. To begin with, a limited sample was chosen, and the data collection
procedure was based on one school location and choosing learners enrolled in Technical
Sciences, thus the findings of the study cannot be considered to be generalizable to all learners
who enrol in Technical Sciences. The research solely looked at Newton's Second Law concepts
that are covered in the 2018 National Curriculum. Several adjustments to the curriculum were
made throughout the research because the program was still in its infancy. Furthermore, due to
the school's existing obstacles and lack of resources, the time spent at the chosen place was
limited. The degree of cognitive demand in the topic of Newton's second law in Technical
Sciences was not comparable to the level of cognitive demand in the test instrument items,
indicating limits in the content breadth and depth of Technical Sciences. The findings, on the
other hand, will give information on how the Department of Basic Education may improve the
content depth of Newton's Second Law's Mechanics section.
Recommendations for future research
Because these findings have significant implications for future study, the following areas are
suggested for additional investigation:
- Conduct longitudinal research on the present Senior Phase cohort (Grade 7 to Grade
9 students) who will be offered the robotics curriculum, and investigate the impact on
learning outcomes and accomplishment in the Further Education and Training phase.
-

In the Further Education and Training Phase, research pedagogical approaches to
teaching digital skills and robotics, such as project-based learning (Grade 10 to Grade
12).
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DISTANCE STUDENTS’ EXPERIENCES OF USING WHATSAPP TO
LEARN PHYSICS EDUCATION
Dennis Luchembe
Mukuba University, Zambia
Abstract
This was a qualitative case study involving 9 third year Physics Education students. The study
investigated Physics Education students’ experiences of utilising WhatsApp when learning
Physics Education lessons. The study was also investigated student preferred method of
learning Physics Education lessons. The class was taught by posting videos and text documents
on WhatsApp. The videos were created by the lecturer. Chart sessions were also conducted on
WhatsApp group. Data was collected through student interviews conducted by phone and
WhatsApp postings. To determine student preferred learning platform the researcher manually
went through student posted answers on their preferred e-learning platform. WhatsApp was
found to be the students’ preferred e-learning platform. For student description of learning
experiences, interview transcripts were analysed using thematic analysis. Student teachers
learning Physics Education described their experience of learning through WhatsApp as been
on time, accessible, interactive and understandable.
Keywords: WhatsApp, Moodle, Physics Education, Distance Education, interaction,
Introduction
Universities in developing countries face challenges such as lack of infrastructure and human
resource (Mpungose, 2019). To mitigate these challenges, some universities in Africa have
adopted the use of e-learning platforms such as Modular Object-Oriented Dynamic Learning
Environment (Moodle). Generally, the utilisation of e-learning platforms is still low in
developing countries. This could be due to inadequate hardware capacity and poor internet
connectivity in some parts of the country (Schurgers et al., 2010). The result of these
challenges was that “most institutions resorted to recorded video or voice lectures” during the
time of Covid –19 (Mukwena & Muchemwa, 2020, p. 210).
Some studies have found that students faced challenges using new technologies that have
emerged on the scene. For example, O’Connell and Dyment (2016) found that students were
not technologically competent in using Web 2.0 technologies such as blogs, e-portfolios and
wikis as assumed by their lecturers but preferred utilising basic technology such as word
processing in completing reflective journaling assignments. This implied that students in higher
institutions of learning might not be conversant with the use of new technologies and lecturers
should not take such issues for granted. Students might prefer to use simple technologies.
Therefore, this article offers insights into student experiences of using WhatsApp in learning
Physics Education lessons.
Context
The university where the study was conducted had regular and distance education programmes
that run parallel to each other and shared resources. Unlike regular students who learn within
the university, distance students learn using modules from their homes and only come for
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physical contact at the end of each term. The physical contact sessions take a duration of two
to three weeks depending on government school calendar as most of the distance students are
in-service teachers. According to the university’s 2021 academic calendar, the period from 1st
March 2021 to 15th March 2021was supposed to be a physical contact session. However, due
to Covid-19 there was no face to face or physical contact during this period resulting in the
university proceeding to conducting online lessons. Therefore, the experiences observed in this
study were based on this period. This was the second consecutive term that the students could
not come to the university for a physical contact session due to Covid -19. Therefore, students
were taught through Moodle.
The university where the research was conducted had a fully functional e-learning platform
which utilised Moodle. This platform was created for lecturers to use for lessons presentations.
The university installed this e-learning platform because it created an environment which
facilitated constructivist and social constructionist approach to learning. According to Costello
(2013), Moodle has increased in popularity because it is an "open source and based around
social constructivist principles" (p.189).
In addition to Moodle lectures were free to use other platforms such as emails, Zoom and
WhatsApp to aid distance students learn and understand the module that they received in their
courses. Therefore, at the time of the study students already had some experience in leaning
using platforms such as Moodle, Zoom, email and WhatsApp. The current study focuses on
third year student teachers’ description of experiences of using WhatsApp in learning Physics
Education lessons.
The class representative created a WhatsApp group called PHY 340 ODL 2020 where the
researcher was one of the group administrators. This group was created in term one of the
academic year. Initially, the WhatsApp group was intended to act as a noticeboard for posting
information to group members. It was turned into an e-learning platform in term two after
distance students could not be allowed to come for their two-week residential sessions due to
Covid-19 pandemic.
At third year, Physics Education programme has four compulsory courses. Two courses were
offered by the School of Mathematical and Natural Sciences while the other two were offered
by the School of Education. The following were the courses;
i. Electronics (PHY 300)
ii. Atomic and Modern Physics (PHY 340)
iii. Exploring Physics Teaching: A Classroom Perspective (PED 330)
iv. Introduction to Educational Research (EDU 300)
Electronics (PHY 300) and Atomic and Modern Physics (PHY 340) were offered by the School
of Mathematical and Natural Sciences. Exploring Physics Teaching: A Classroom Perspective
(PED 330) and Introduction to Educational Research (EDU 300) were offered by the school of
education. Description of students’ experiences involved lessons in Atomic and Modern
Physics (PHY 340) and Exploring Physics Teaching: A Classroom Perspective (PED 330).
Therefore, one educational course and one physics course was picked for the study. PHY 340
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and PED 330 courses were picked because of the lecturer’s experience in handling the distance
education class in the two courses.
Main Research Question
What are Physics Education students’ experiences on the utilising of WhatsApp when learning
Physics Education lessons?
Sub-Research Questions
The following were the Research Questions that guided the study:
i. What are third year students’ preferred method of learning Physics Education lessons?
ii. How do third year students describe their experience of using WhatsApp as a tool for
learning Physics Education lessons?
Significance of the Study
The results of this study are expected to help lecturers identify student experiences in using
WhatsApp in learning Physics Education lessons.
Theoretical and conceptual framework
This section of the paper focuses on the theoretical and conceptual frameworks that guided the
study. The section starts with the theoretical framework followed by the conceptual framework.
Theoretical framework
The rationality for the design of the lessons employed in this study was guided by Moore’s
(1989) theory of interaction. Moore proposed that “as a minimum, distance educators need to
agree on the distinctions between three types of interaction, which I labelled learner-content
interaction, learner-instructor interaction and learner-learner interaction” (p.1). These three
types of interactions proposed by Moore were considered when studying the use of WhatsApp
in third year Physics Education class.
The role of lecturers in this learning process, was informed by Mishra and Koehler’s (2006)
Technological, Pedagogical, and Content Knowledge (TPCK) theoretical framework.
Mpungose (2019) used a qualitative case study to investigate first year students’ use of
WhatsApp to supplement Moodle in South African University where he referred to the theory
introduced by Mishra and Koehler as the Technological, Pedagogical, and Content Knowledge
(TPACK) theoretical framework. He noted its importance in the teaching and learning
platforms that integrated technologies such as computers and smartphones.
Mishra and Koehler (2006) provided the TPCK theoretical framework to guide the use of
technologies in the teaching/learning and of content. They argued that the use of technology in
education required TPACK which could help the lecturer effectively present their lesson by
taking into consideration “how content, pedagogy, and technology dynamically co-constrain
each other” (p.1046). This knowledge could help lecturers effectively use technology during
the teaching and learning process in universities. These two theories were utilised in order to
maximise student learning of Physics Education using an e-learning platform.
Conceptual framework
Figure 1 shows the conceptual framework that guided the study. The framework shows that the
222

lectures packaged the content in PHY 340 and PED 330 to teach to students. Effective teaching
of the content via the WhatsApp platform required the lecturer to apply TPACK. This
conceptual framework shows that interaction process based on Moore's (1989) theory of
interaction was taken into consideration.

Figure 1. Conceptual framework to describe student experiences after learning via WhatsApp
The learning process occurred in form of learner-content interaction, learner-lecturer
interaction, and learner-learner interaction. Therefore interactive processes and students were
at the center of this conceptual framework.
Literature review
Bhuasiri et al. (2012) noted that universities in developing countries are faced with challenges
which are different from those faced by institutions in developed countries. It is, therefore,
important that we consider the needs that our students in developing countries require in order
to effectively learn Physics Education in our universities. However, it must be noted that we
are living in a world which is continuously changing and to appreciate the role that e-learning
performs in our communities we must be up to date with the changes and move accordingly.
This shows the importance of investigating student experiences of learning using new
technologies.
In Cyprus, Ozdamli (2012) noted that the “use of technology must be driven by pedagogical
considerations rather than financial, logistical or technical reasons” (p.927). The aim of
Ozdamli’s study was to “describe the pedagogical framework of mobile learning according to
new trends in developing technology” (p.927). He noted that there were many possibilities in
the use of mobile technology in the teaching and learning process.
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Chung and Ackerman (2015) in the USA investigated student perceptions of Moodle platform.
The results of the study showed that students were satisfied with Moodle due to the control it
gives to learners over their progress and communication. Moodle is a platform that can provide
functions such as student–instructor and student–student interactions or communication.
So (2016) used undergraduate students at a teacher-training institute in Hong Kong to evaluate
the use of smartphones with WhatsApp to support the teaching and learning process in higher
education. Students were assigned into experimental and control groups. Both groups were
taught using the traditional method but the experimental group was also supported with a
lecturer-student interaction through WhatsApp. This occurred outside school time. It was
observed that the experimental group performed better in the post-test scores than the control
group. This result showed that WhatsApp positively impacted learning achievement of student
teachers. Therefore, it is not only Moodle that can positively impact student learning but
WhatsApp can also lead to desirable student teacher performance.
The new technologies that have been introduced must facilitate distance student interaction
which enhances learning. Moore (1989) in his theory on interaction argued that there must be
a distinction between learner-content interaction, learner-instructor interaction and learnerlearner interaction in order for lecturers to organise their lessons in a way which maximises the
effectively of the expected learning interactions. More identified that teleconference groups
were effective for learner-learner interaction, correspondence were effective for learnercontent interaction and lecturer-student interaction. According to Moore’s (1989) work, learner
- learner interaction was difficult due to the type of communication technology that exited at
the time. Therefore, creation of WhatsApp groups can make learner-learner interaction easy.
In South Africa, Mpungose (2019) reported that some South African universities compelled
first year students to use Moodle for learning purposes. Mpungose also noted that Moodle was
free but lecturers faced challenges maintaining a good teaching and learning environment due
to students’ struggles in using Moodle platform. The struggles were caused by students’
disadvantaged school background. Despite the noted challenges in using Moodle, it was found
that students did not face challenges using WhatsApp. However, focusing on content,
technological and pedagogical knowledge without a reflection on student experiences could
cause the learning process to be meaningless. Mpungose noted that students’ experiences
affected their academic performance. This showed the importance of investigating students’
experiences in using a particular e-learning platform.
In Zambia, Simui et al. (2018) carried out a study which was aimed at documenting the use of
WhatsApp as a tool for learner support for distance education students at the University of
Zambia. They found that “WhatsApp acted as a catalyst to enhance quality interaction among
learners in real time across geographical divide” and that student interaction occurred day and
night (p.43). This was given as the reason why student performance for the group which used
WhatsApp was meritorious. The finding shows that developing countries should go further and
find ways in which students can effectively use unofficial but potentially effective e-learning
platforms such as WhatsApp to enhance the teaching and learning in distance education.
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Method of lesson presentation utilised when teaching via WhatsApp
Lessons to be presented to students were put on a slide intended for presentation. The lectures
were pre-recorded on Zoom. Recordings included the video and audio information. The
recording process was done normally as done when there was a Zoom audience. The recorded
lecture was transferred to a smartphone and posted on the WhatsApp group. Preparation of a
lesson in this manner required lecture's knowledge of TPACK. The lesson posted on WhatsApp
were viewed and discussed by students. The recorded lectures had questions which students
were required to answer. Chart sessions were also conducted on the posted lesson. Therefore,
the design of the lessons required lecturer’s consideration of Moore’s (1989) theory of
interaction. This was to enhance distance student interaction with peers as they used the
WhatsApp platform from various places they were based.
Research methodology
This was a qualitative case study of 9 third year Physics Education distance students who were
using WhatsApp to learn. A qualitative case study was used so as to generate information that
was expressive and explorative on the description of experiences of using WhatsApp platform
for learning Physics Education. Student interviews and WhatsApp postings were used for data
collection. WhatsApp posting occurred throughout the study but student interviews were
conducted at the end of the study which happened at the end of term two.
Population
In the current study, 9 third year distance students in Physics Education programme
participated in the study. The school of education had a population of 505 distance education
students of which 126 students were in their third year. It was these 126 students who made up
the population of interest where the 9 students in the Physics Education programme were drawn
from. Therefore, all the third year Physics Education students took part in the study. The
remaining 117 third year students who did not participate in the study were specialising in
Mathematics Education, Biology Education, Chemistry Education and Home Science
Education.
Data collection procedure for students’ preferred method of learning Physics Education
A needs assessment on student preferred e-learning platform was conducted by the researcher
at the begging of term two. This section shows how data was collected to answer Research
Question one which asked “what are third year students’ preferred method of learning Physics
Education lessons?” The research question was answered using WhatsApp postings. This
assessment helped determine the main platform to be used for teaching PHY 340 and PED 330
lessons. To determine students’ preferred method of learning Physics Education, the following
question was posted on the WhatsApp group:
How do you compare the use of Moodle and other platforms such as WhatsApp in
learning Physics Education lessons?
WhatsApp postings in response to the above questions were analysed by the researcher.
Data collection procedures for students’ experiences on the utilising of WhatsApp to support
the learning of Physics Education lessons.
This section shows how data was collected to answer Research Question two which asked “how
do third year students’ describe their experience of using WhatsApp as a tool for learning
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Physics Education lessons?” This research question was answered by using student interviews.
The interviews were conducted at the end of the term using a smartphone. The smartphone
stored interview data. The interviews were guided by the following questions:
a) How would you like to learn, do you want to learn anywhere and everywhere where
you may be or you would rather learn when you come for residential schools?
b) Support your response.
c) How do you describe the interaction you had with your friends?
Student answers to the above interview questions were transcribed and analysed by the
researcher.
Data analysis procedures
For Research Question one, analysis of data focused on student description of preferred
learning platform. The researcher manually went through WhatsApp posted text to determine
student preferred method of learning.
To answer Research Questions two, interview transcripts were analysed using thematic
analysis as proposed by Braun and Clarke (2006). Thematic analysis was used on all the 9
transcripts to identify, analyse and report patterns in the information provided by students
during interviews. Thematic analysis was carried out using CAQDAS called Atlas.ti7. The
CAQDAS software helped "manage, extract, compare, explore, and reassemble meaningful
pieces” from student interviews (Friese, 2014, p.10). Analysis of interview data focused on
student description of learning experiences. From the transcripts, a word, phrase or sentence
found to be describing student experience was coded. The codes were compressed into themes
and themes compressed into key-themes. The themes that fall under the key-theme were used
to describe students’ experiences in using WhatsApp for learning Physics Education lessons.
Findings and discussion
This section presents the findings and the discussion based on WhatsApp postings and
student interview data.
Student preferred method of learning Physics Education
This section presents findings and discussions based on the postings from the WhatsApp group.
The section helps determine students’ preferred method of learning Physics Education lessons.
Students were asked to compare the use of Moodle and other platforms such as WhatsApp in
learning of Physics Education. Students posted their answers to the WhatsApp group. Analysis
of responses showed that 8 students preferred WhatsApp platform over Moodle as shown in
Table 1. Only Student 6 indicated that both learning platforms could be used to learn Physics
Education.
Table 5. Student preferred learning platform

S/N
1

Preferred learning
platform
Name
Moodle WhatsApp
✓
Student 1

Reason for the indicated preference
"I think the best for me is what's up. Coz each
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time I feel like using the mentioned above
platforms have never been successful…..”

2

3

4

5

6

✓

Student 2

✓

Student 3

✓

Student 4

✓

Student 5

Student 6

✓

✓

With WhatsApp “we could discuss as a class at
times we explained to each other using voice
mail”
“Moodle network was a challenge for example if
you want to access something, but for WhatsApp
it was direct for as long as you have bundles, now
for Moodle even if you have bundles sometimes it
will say error”
“Just like what my friends have said whatsapp is
better for me”
"Moodle is quite difficult to use because it does
not notify when something has been sent. It made
me miss charts"
WhatsApp “when you switch on messages are
seen fast. This also gave me problem because
massages from other groups are also received. I
think any its fine for me”

7

Student 7

✓

“I choose whatsapp. Where I stay I have problems
with internet”

8

Student 8

✓

“no access to Moodle. The use of WhatsApp is the
best for everyone regardless of the place"

9

Student 9

✓

"WhatsApp is more convenient and cheaper to use
than email and Moodle"

These student responses support Mpungose (2019) observation that lecturers faced challenges
maintaining a good teaching and learning environment due to students’ struggles in using
Moodle. These findings show that despite the lecturer having the required TPACK, learners
faced challenges using Moodle. This created problems in lesson delivery as it prevented some
student from fully participating in class activities.
In the USA, Chung and Ackerman (2015) observed that Moodle provided student–instructor
and student–student interactions or communication. But as advised by Bhuasiri et al. (2012),
developing countries are faced with challenges which are different from those faced by
institutions in developed countries. This argument by Bhuasiri et al. indicated the importance
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of carrying out student needs assessment in connection to e-learning platforms as was done at
the beginning of the current study.
All in all, these findings show that distance students preferred WhatsApp over Moodle in a
presentation that involved posting of video lessons, text documents such as student assignments
and interactive chart sessions.
Students’ description of their experiences of using WhatsApp platform for learning
Physics Education lessons
This section presents findings and discussions based on student interviews. The section helps
determine students’ experiences learning Physics Education courses via WhatsApp platform.
As earlier noted, Mpungose (2019) advised that focusing on content, technological and
pedagogical knowledge without a reflection on student experiences could cause the learning
process to be meaningless because students’ experiences could affect academic performance.
This shows the importance of investigating students’ experiences in learning Physics Education
using new technologies such as WhatsApp platform.
Lecturer’s TPACK helped create an environment which allowed lecturer-student and studentstudent interaction through the WhatsApp group. As earlier stated, this was supported by
Moore's (1989) theory of interaction which was expected to be at the centre of student learning
experiences. Interview transcripts were analysed using thematic analysis in order to determine
student experiences in using WhatsApp. Table 2 shows codes, themes and key-themes
identified from the 9 interview transcripts. The table contains 18 codes, 12 themes and 4 keythemes.
Table 2. Codes, themes and key-themes for students’ description of experiences
S/N Codes
Learning anywhere
Home
More time
1
Specified learning
Play the video at any time
Response at any time
Easy connectivity
Easier to receiving assignment
Learning anywhere
2
Response at any time
Was quick
It was cheap

3

Help from gadget
Help from colleagues
Not good interaction
Interaction was excellent
Response at any time

Themes

Key-themes

Learning time
Learning anywhere

Time

Easy connectivity
Quick receiving and responding
Cheap

Helpful
Class interaction
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Accessible

Interactive

4

Understanding
Following the steps
Explaining more
Useful videos lessons
Consultation
Learning anywhere
Specified learning
Easier to receiving assignment

Helpful
Lessons easy to follow
Learning occurred
Useful videos
Informative

Understandable

Students’ description of their experiences of learning using WhatsApp platform fall under the
key-themes of ‘time’, ‘accessible’, ‘interactive’ and ‘understandable’. The key-themes
represented description of students’ experiences of learning Physics Education via WhatsApp
platform. Therefore, the three key-themes represents the main findings which are described in
detail in the next sections.
Time
The key-theme referred to as ‘time’ was made up of two themes. Namely, ‘learning time’ and
‘learning anywhere’. The theme identified as ‘learning time’ involved students describing the
time that they found suitable to learn and their experience of learning Physics Education during
this time. Generally, students described the best time for learning Physics Education to be
anytime and anywhere. The use of smartphones to learn anytime and anywhere was also
observed by Collins and Halverson (2018) who noted that new technologies allow learning to
occur in places such as libraries, Internet cafes and workplaces.
For example, on learning through the material posted on WhatsApp, Student 2 responded that
“…… it gave me chance of learning at any time that I am free unlike of the time when the
lecturer is teaching and when you miss, you miss for good, but that one you learn even if you
have missed you just play the video and learn from there”. Though this feature of playing a
recorded video could also occur in case of Moodle, students considered it important feature for
learning through WhatsApp. It was described as a feature which helped students not to miss
lessons as it enabled them watch posted video at a time and place convenient to them.
Accessible
Students considered learning through WhatsApp as an experience which provided easy
accessibility to learning materials. Therefore, ‘accessible’ was the key-theme which was
composed of ‘easy connectivity’, ‘quick receiving and responding’ and finally ‘cheap’. For
example, accessibility of material in relation to student experience of easy connectivity was
described by Student 6 who explained that “okay WhatsApp, when you switch on your data it
brings notifications as quickly as possible, I am able to check it out, the video is saved on your
phone”.
The quick display of notification by WhatsApp enhanced the process of student reading the
posted information and connecting with peers in the group. Therefore, the WhatsApp display
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made it easier for students to quickly notice the received class activities. For example, on
receiving of assignments through WhatsApp, Student 3 responded that “…. WhatsApp when
it comes to sending my assignment it was easier and receiving my assignment is was easier”.
Describing the experience as been easy was important as it could contribute to student
willingness in using WhatsApp platform. Therefore, this is one of the reasons why WhatsApp
was found to be favourable in this study.
Interactive
The key-theme of ‘interactive’ was composed of two themes, namely, ‘class interaction’ and
‘helpful’. When asked about the experience of learning through WhatsApp, Student 3
responded that “it was smooth kaili (because) on WhatsApp anytime you can ask your friends
there is a friend who can help. They can also respond at any time”. This response shows that
the student considered the experience learning process to be helpful and interactive. The
student expected to receive help from peers at any time. The help enhanced student interaction.
This is in line with the findings of Simui et al. (2018) who observed that WhatsApp platform
acted as a catalyst in enhancing interaction amongst learners across geographical divide.
However, there were some instances when students did not consider any of the interaction to
be effective. This occurred, for example, when some students were not online and could not
participate in the discussion. Student 1, for example, noted that “my fellow students on
WhatsApp usually we never used to interact very well because you find that others won’t be
online”. On the same issue, Student 6 responded that “because even if you ask a question, this
one doesn’t know, maybe others are not online it was a bit difficult”. This was the only
described experience that prevented effective interaction amongst members of the class.
Understandable
Finally, students considered learning through WhatsApp as having helped them learn and
understand the lessons. Simui et al. (2018) who conducted a study at the University of Zambia
described the performance of students who were learning through WhatsApp as being
meritorious. For example, Student 9 responded that “the benefits of WhatsApp was that, I
could play the video at any time when I was free and understand”. On the same issue Student
4 answered that “after, after you have posted so I could view it at any time, so I think for me I
think it was a good one for learning”. These responses show that students considered the
material that was posted on WhatsApp to have helped them learn and understand Physics
Education lessons. This shows that WhatsApp positively impacted student learning of Physics
Education courses similar to the finding of So (2016) who found that WhatsApp positively
impacted the learning process at a teacher training institution.
However, Student 6 considered learning through WhatsApp to have been unhelpful. When
asked about her experience learning through WhatsApp, Student 6 responded that “it was
destructive, because you will not only receive learning materials but also other social groups
that you have”. The students wanted to only receive learning material but, in the process,
received other material which she had no use for.
Conclusion
Student teachers learning Physics Education described their experience of learning through
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WhatsApp as being ‘on time’, ‘accessible’, ‘interactive’ and ‘understandable’. Preparation of
lessons depended on lecturer’s TPACK in designing the WhatsApp activities that student
teachers used to interact and learn Physics Education lessons. Moore (1989) claimed that
phones could only enhance learning through learner-learner interaction. Student response in
the current study, as shown that current new technologies such as smartphones could be used
for learner-learner, learner-content and lecturer-learner interactions. All in all, this study has
contributed to the in-depth understanding of distance student, experiences when learning
Physics Education via WhatsApp. Student description of the learning experiences have
revealed that WhatsApp which is not an official e-learning platform could be a key strategy for
teaching Physics Education to distance students.
Implication for practice
1) Universities should provide an environment that promote blending of WhatsApp and the
official e-learning platform such as Moodle for distance education. Universities must be at the
forefront in introducing lecturers to effective ways of blending WhatsApp with official elearning platforms. Therefore, to effectively use WhatsApp, institutions of higher learning must
be actively involved in WhatsApp utilisation and implementation programmes for distance
education.
2) Universities must explain to students on the effective use of unofficial e-learning platforms so
that issues such as that reported by Student 6 who described the use of WhatsApp as destructive
could be prevented.
Recommendations
Universities use different e-learning platforms apart from Moodle. Therefore, future research
should consider student experiences when using other learning platforms such as Astria.
Additionally, an experimental study should be considered where the effectiveness of other elearning platforms available in universities could be compared to that of WhatsApp. This could
help determine the effectiveness of WhatsApp in the teaching and learning of Physics
Education.
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Appendix B
Interviewer: Hello are you ready for the interview today
Student 6: We can do it tomorrow...or even today, even today
Interviewer: Even now?
Student 6: Yes
Interviewer: Okay let me start, i just have a very few questions they are just about four or so
Student 6: Okay no problem
Interviewer: Okay then the first question is how would you like your courses to be taught, to
be taught so that you learn at everywhere at any time or should be taught just on specific times,
or should be arranged that you learn everywhere and anytime, how do you want your lessons
to be taught like?
Student 6: At least everywhere at any time will be better, whenever i am free i can still learn
Interviewer: Okay, now the other question i have is did you at any point visit Moodle or visit
Moodle
Student 6: Yes I did
Interviewer: Okay, now comparing Moodle and WhatsApp which one do you favour yourself
Student 6: I prefer, both were okay
Interviewer: mmm
Student 6: But I prefer WhatsApp
Interviewer: Okay
Student 6: Because it is faster, Moodle is a bit slow
Interviewer: Okay, what do you mean by it is faster and the other one is a bit slow what do you
mean
Student 6: Okay WhatsApp, when you switch on your data it brings notifications as quickly as
possible I am able to check it out, the video is saved on your phone
Interviewer: mmm
Student 6: Videos are sent and books are sent to your phone, but for Moodle you need to be
online
Interviewer: Okay
Student 6: For you to access the video, to watch the video it needs to be online there is nothing
like you store it on your phone no, you have to go back and switch on your data and watch it
over and over again, but for WhatsApp if you download it then it is fine
Interviewer: Okay now
Student 6: But Moodle is also okay
Interviewer: Okay
Student 6: So WhatsApp is easy to access
Interviewer: Okay, now but there you had no problem with network ai
Student 6: No on both network was just okay
Interviewer: Okay, now how do you describe the interaction you had with your friends on
WhatsApp, obviously you interacted on WhatsApp?
Student 6: Ya we used to
Interviewer: How do you describe your interaction in terms of learning?
Student 6: Oho in terms of learning, we did, we did interact but it was a bit difficult
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Interviewer: mmm
Student 6: Because even if you ask a question, this one doesn’t know, maybe others are not
online it was a bit difficult but
Interviewer: Okay, then do you think WhatsApp should continue being used as one of the E Learning platforms? Hello.
Student 6: Learning, it’s easy to access but I wouldn’t say yes
Interviewer: mmm
Student 6: Because it is destructive
Interviewer: It’s what?
Student 6: It’s destructive, because you will not only receive learning materials but also other
social groups that you have, but for Moodle even if you change your phone, you put your email
address you will still find the information there
Interviewer: For Moodle?
Student 6: Yes
Interviewer: Okay so in other words, WhatsApp was destructive
Student 6: Yes
Interviewer: Because you find other materials
Student 6: Like on my case, like on my case, if you lose your phone
Interviewer: mmm
Student 6: Everything is gone, that’s WhatsApp, but Moodle, if you put your email address and
Mukuba you will find all the information there
Interviewer: Okay, okay now what of zoom before you go, did you use zoom at any point
Student 6: Yes I usually use zoom most of the time
Interviewer: Okay, and how was zoom, the experience with zoom
Student 6: Okay the time I was using it, we were using zoom I had no phone
Interviewer: Ooh you had no phone by then
Student 6: Yes I had no phone but now i still use zoom for even when we are doing some
meetings I use zoom, it’s okay as long as there is network were you are
Interviewer: Okay now that’s the information I wanted.
Student 6: Alright sir
Interviewer: And greet everyone home
Student 6: I will, pass my regards as well
Interviewer: Alright thanks
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Abstract
The study investigated how Grade 10 Physical Sciences teachers embed formative assessment
in their classroom practice and examined concomitant challenges they encounter when
embedding formative assessment. The study is underpinned by the socio-cultural theory and
Assessment for Formative Purposes Cycle as the underlying conceptual and theoretical
frameworks, respectively. As theoretical lenses, the socio-cultural perspective and the
Assessment for Formative Purposes Cycle provided insightful elucidation into the modalities
adopted by Grade 10 Physical Sciences teachers when embedding formative assessment in
their classroom practice. Purposive sampling was employed to select twelve Grade 10 Physical
Sciences teachers from twelve high schools. Qualitative data was collected through semistructured focus group interviews and classroom observations. Qualitative data was
thematically analysed. Findings revealed that teachers used a variety of pedagogical strategies
when embedding formative assessment in their classroom practice. However, teachers
demonstrated inadequate grasp of formative assessment and its implications to science
teaching and learning. In addition, they encountered numerous challenges which hindered
effective enactment of formative assessment in science classrooms. It is recommended that
science teachers should be actively involved in the design and development of science
curriculum with a view to enhance their meaningful enactment of formative assessment as an
essential tenet in science education.
Keywords: Formative assessment, perspectives, Further Education and Training’ embed,
Physical Sciences, practice
Introduction
As key agents of educational change, teachers face the key imperative to effectively and
appropriately implement formative assessment in science classrooms in order to enhance
learners’ achievement. Elwood (2006) asserts that formative assessment has become a central
aspect as it is primarily geared towards the improvement of the quality of learning in schools.
Bell and Cowie (2000) posit that formative assessment is not necessarily new in research field
although it is now being extensively used in specific ways that recognize and respond to the
critical needs of learners. According to Wylie and Lyon (2015), when teachers embed
formative assessment in their classroom practice, both teachers and learners adapt to teaching
and learning to meet learners’ needs and diversities. This implies that conceptualization and
embedding of formative assessment require care and broad understanding. This study explored
Grade 10 Physical Sciences teachers’ perspectives on embedding formative assessment in their
classroom practice with a view to promote the inclusion of innovative assessment practices to
enhance the quality of science teaching and learning.
Emphasizing the importance of implementing formative assessment in classroom
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environments, Gardiner (2019) argues that formative assessment is at the heart of continuous
teaching and learning that allows teachers to effectively adjust their teaching to identify and
address learners’ gaps about concepts presented to them. Further Education and Training (FET)
phase curriculum document advocates for the enactment of summative assessment that is
characterized by heavy reliance on written examinations as opposed to innovative formative
assessment. Significant weighting given to summative assessment underscores the need for
formative assessment and thus embedding formative assessment in a classroom practice is not
just an option but a key requirement (DBE, 2011).
The “learning in science project assessment” study conducted in New Zealand investigated
proper ways to embed formative assessment in a science classroom by taking learners’
capabilities into consideration. The study recommended that the enactment of formative
assessment in science classrooms must produce learners with vast knowledge. The legitimate
key question to pose would be: ‘Do science teachers have enough skills to embed formative
assessment in their classroom practice’? Mouton, Louw and Strydom (2013) raised the concern
that science learners are unable to engage with science content as a result of lack of adequate
support and guidance from teachers due to the fact that teachers possess inadequate skills on
embedding formative assessment in their classroom practice. In support of this assertion,
Kampourakis (2018) maintain that some scientific concepts are difficult and abstract for
learners to understand as they involve a broad array of scientific views, ideas and skills. In
South Africa, Physical Sciences is taught by teachers who hold either Bachelor of Education
(BEd) degree or Post Graduate Certificate in Education (PGCE). The BEd and PGCE training
programs make provision for the development of professional skills on the enactment of
formative assessment as an integral of teacher professional practice. Despite this provision,
there is little evidence to suggest that proper implementation of formative assessment is carried
out in science teaching and learning in secondary schools. Hence, this study examined Grade
10 Physical Science teachers’ perspectives on embedding formative assessment in their
classroom practice as well as concomitant challenges encountered with a view to facilitate and
strengthen sustainable use of formative assessment in science education. The empirical
investigation was guided by the following research question.
•

What are Grade 10 Physical Sciences teachers’ perspectives on embedding formative
assessment in their classroom practice?

Literature review
The dawn of democracy in South Africa resulted in fundamental curriculum reforms within the
basic education sector. Commensurate with these fundamental curriculum reforms, South
African schools are facing mounting pressure to dramatically improve learners’ performance
in science to meet international benchmarks as compared to other countries. Although the
research evidence indicates that the No Child Left behind Act (NCLB) of 2001 had a positive
effect on learners’ achievements in mathematics and science education, the positive effects are
more likely evident in lower primary school grades (Jitendra, Corroy & Dupis, 2013). Thus,
there is a need for science teachers, especially, in high schools to continue to seek effective
ways to embed formative assessment in their classroom practice to improve learners’
performance in science. We argue that teachers’ professional competence in enacting formative
236

assessment as an integral part of their classroom practice can serve to enhance the quality of
science teaching and learning.
A study conducted by Nasri, Roslan, Sekuan, Bakar, and Puteh (2010) demonstrated that South
African teachers have a generally positive disposition about formative assessment as they
believe that this form of assessment helps them to cultivate learners with critical and creative
skills. However, teachers perceive the enactment of formative assessment as an administrative
burden as it required them to provide feedback to each learner. For teachers to embed formative
assessment successfully in their classroom practice, they must have key attributes as
instructional leader which include understanding of the curriculum, understanding of learners’
learning as well as the ability to design and modify teaching and learning as a continual process
based on constructive feedback (William, 2011). A qualitative study conducted in the United
States by Wylie and Lyon (2015) involving 202 mathematics and science teachers revealed
that when teachers embed formative assessment, they use formative assessment evidence to
support learning. This implies that teachers must conceptualize formative assessment with
some degree of care. The effectiveness of formative assessment in developing learners’
scientific understanding is purely dependent on science teachers’ perspectives on formative
assessment. Plant (2007) argues that many science teachers do not do justice to assessment
especially in Physical Science teaching and learning as they merely focus only on summative
assessment which occurs towards the end of the unit covered. Summative assessment often
evaluates learners’ ability to perfect and memorize concepts they have learnt for the purpose
of grading and this assessment practice affords teachers limited opportunities to effectively
embed formative assessment in their classroom practice (OECD, 2008).
A study conducted by the Centre for Educational Research and Innovation (CERI) under the
auspices of the Organization for Economic Cooperation and Development recommended some
key elements teachers can employ while embedding formative assessment in their classroom
practice (OECD, 2008). These elements include establishment of classroom culture that
encourages interaction and the use of assessment as a tool, establishment of learning goals and
tracking of individual learner’s progress towards those goals, the use of varied instruction
methods to meet diverse learners’ needs, the use of a varied approach to assess learners’
understanding, feedback on learner’s performance and adaptation of instruction to meet the
identified needs, and active involvement of learners in the learning process. Notably, the key
elements recommended by CERI provide a solid basis for science teachers to strengthen their
classroom practice (OECD, 2008). Locke and Graber (2008) posit that science teachers prefer
to embed formative assessment using methods, elements and strategies that are easier and most
familiar to them as opposed to exploring ways that will cater for the diversity of learners in the
classroom practice. These practical considerations underscore the need to explore teachers’
perspectives on embedding formative assessment in their classroom practice.
Conceptual and theoretical frameworks
The study is underpinned by the socio-cultural theory as the underlying conceptual framework.
The Zone of Proximal Development (ZPD) is a key construct in Lev Vygotsky's theory of
learning and development. Zone of Proximal Development defined by Vygotsky (1978) as "the
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distance between the actual developmental level as determined by independent problem solving
and the level of potential development as determined through problem solving under adult
guidance, or in collaboration with more capable peers" (p. 86). In terms of the socio-cultural
theory, human learning is viewed as a social process and the origination of human intelligence
in the society. Vygotsky (1978) believes that humans use tools from society and culture which
include speech and writing to mediate their social environment. The socio-cultural theory is
predicated on the notion that a learners or child can perform different tasks through guidance
from adult accomplished in the Zone of Proximal Development. The ZPD is the stage in which
the adult guides and provides assistance to the child towards the accomplishment of task with
the adult acting as a More Knowledgeable Other (MKO). The teachers’ role in ZPD is to
mediate learning such that learners gain independence to perform certain tasks on their own.
The Zone of Proximal Development is illustrated in figure 1 below.

Figure 1. Zone of Proximal Development (Vygotsky, 1978)
The rationale for adopting this theory is that it enables teachers and learners to realize their
defined roles during the implementation of formative assessment in the classroom. In support
of this notion, Leahy and Lyon (2005) maintain that assessment is not unidirectional, but rather
involves teachers and learners through activities which enhance teaching and learning. Duran
(2010) emphasized that the provision of scaffolding which include feedback and self-regulation
plays a pivotal role in enhancing learners’ understanding. This study sought to explore how
Physical Science teachers embed formative assessment in their classroom practice. To this end,
the sociocultural perspective served as a theoretical lens to provide insightful elucidation into
the modalities adopted by Grade 10 Physical Science teachers when embedding formative
assessment in their classroom practice. By its very nature, the socio-cultural theory postulates
that teachers provide feedback to learners through formative assessment in order to adjust the
ongoing teaching and learning with a view to improve learners’ achievement of intended
instructional goals. The adoption of the socio-cultural theory enabled the researchers to trace
the extent to which learning is recognized within a social perspective through interaction with
others.
Furthermore, the study is underpinned by the Assessment for Formative Purposes Cycle
proposed by Harlen (2006) as the underlying theoretical framework. The Assessment for
Formative Purposes Cycle is illustrated in Figure 2 below. The framework itself places students
in the center of the cycle as they are actively involved in the learning process. The cycle is
initiated by a clear identification and understanding of the envisaged goals to be achieved at
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the end of the learning process, followed by the activities that students engage with in order to
achieve stipulated learning goals. Finally, the results from student activities will serve as
evidence for learning and will be analyzed and interpreted in order to identify possible gaps
that learners might have and make decisions about the next steps on how to support the learners
to ensure that they have meaningful learning experience to help them achieve learning goals.

Figure 2: Assessment for Formative Purposes Cycle (Harlen, 2006)
Research methodology
Research design
The study adopted a generic qualitative design to explore Grade 10 Physical Sciences teachers’
perspectives on embedding formative assessment in their classroom practice. According to
McMillan and Schumacher (2010), a qualitative study is meant to be descriptive and
interpretive by its very nature.
Participants, sampling and setting
The participants were purposively selected Grade 10 Physical Sciences teachers at schools in
the UMkhanyakude District in the KwaZulu-Natal Province of South Africa. According to
Kumar (2019), purposive sampling allows the researcher to choose participants and it makes
provision for extensive knowledge to be acquired about the event or episode being studied
which leads to in-depth analysis. The study involved twelve Grade 10 Physical Sciences
teachers from twelve high schools. They were all involved in the teaching of Physical Sciences
in the Further Education and Training phase (FET). The participants provided valuable, reliable
and insightful information about their perspectives on integrating formative assessment in their
classroom practice.
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Data collection and analysis
Semi-structured focus group interviews and classroom observations were used to collect
qualitative data. Three groups of teachers were interviewed. The first and second group
consisted of 5 teachers while the third group only had two teachers. The semi-structured focus
group interviews provided both the researcher and participants the flexibility to answer
questions freely in their own words. According to De Vos, Strydom, Founche and Delport
(2011), semi-structured focus group interviews provide opportunities to pose follow up
questions on interesting points or avenues while the process is in progress. Prior to the
commencement of the interviews, all participants were made aware that recording devices will
be used to record semi-structured focus group interviews. The interviews were used to unearth
participants’ perspectives on the enactment of formative assessment in science classrooms as
well as concomitant challenges encountered. Classroom observations were conducted in twelve
high schools. One Grade 10 Physical Sciences lesson per school was observed. Classroom
observations were used to identify modalities adopted by teachers when embedding formative
assessment in their classroom practice. Kumar (2019) asserts that classroom observations can
be used to understand the phenomenon in a social setting. Data was transcribed verbatim and
categorized. Common patterns were identified and emerging themes were generated from
participants’ narratives.
Ethical considerations
Permission to conduct research at schools was obtained from the KwaZulu-Natal Provincial
Education Department. The ethical clearance was sought from University of Zululand.
Informed consent was obtained from the participants before the research was carried out.
Confidentiality and anonymity were guaranteed and participants were free to withdraw at any
stage without repercussions. Pseudonyms were used and the name of participating teachers was
withheld to ensure anonymity.
Findings and discussion
The following key themes were generated to understand the extent to which formative
assessment activities are integrated in a science classroom to enhance learners’ scientific and
conceptual understanding and challenges science teachers’ encounter while embedding
formative assessment in their classroom practice.
Theme 1: Modalities adopted by Physical Sciences teachers when embedding formative
assessment in classroom practice
During semi-structured focus group interviews, participants provided different elements
characterizing embedding of formative assessment in their science classroom practice. The
participants further stated that the enactment of formative assessment in the classroom
environment has to be sustained in order to meet learners’ diverse needs. Participant T7
indicated that she normally uses small group discussions and peer assessment as the use of
these strategies increases learners’ independence and self-esteem in the classroom. She further
postulated that learners become motivated to take ownership of their learning while the teacher
simply acts as a facilitator of learning. Participant T7 asserted:
When teaching science I consider small group discussions, I group them, and give them work to do in
collaboration, then I attend those groups to explain further and this strategy is useful when you want
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learners to lead learning and become independent.

Small group discussions were largely perceived to foster exchange of ideas among learners
when enacting formative assessment. Participant T3 indicated that there is a need to provide
opportunities for learners to work closely with their peers as part of learner-centered lessons.
This sentiment is encapsulated in the following excerpt.
I believe in peer assessment as it makes learners to work with their peers and as a teacher I assist them
where it necessary, peer assessment enable learners to explain different aspects to each other because
some learners understand better if they work with their peers.

In support of the above assertion, Spiller (2012) points out that peer assessment naturally moves
learning from teacher-centred to leaner-centred and this to increases the level of engagement
among learners and enhances their participation in all activities administered. The participants
bemoaned large class size as an impediment to meaningful enactment of formative assessment
in science classrooms. Large class size stifled provision of feedback to individual learners. This
sentiment is reflected in the following excerpt by Participant T1.
Due to large class size I am unable to provide individual or group attention especially to the learners
that are struggling with science so I end up using questioning and feedback strategy addressing the whole
class.

Class size appears to have a significant bearing on the choice of formative assessment activities
implemented in science classrooms. A study conducted by Myhill and Dunkin (2007) revealed
that the use questioning as a formative strategy by teachers improves higher-order thinking
skills as opposed to mere recalling or remembering of facts. Participant T5 explicitly outlined
the manner in which he provides feedback to his learners within the context of large science
class size as encapsulated in the following excerpt.
Providing feedback to my learners work better for me, after I gave them classwork or homework, I make
it a point that we do corrections on the chalkboard as a feedback mechanism, and learners mark their
work using a pencil and ask for clarity if they need it, it becomes difficult for me to provide individual
feedback.

Busch (2016) cautioned that feedback must be orderly and provided regularly to address
learners’ loops they encounter in daily lessons. In a similar vein, Florez and Sammons (2013)
assert that feedback given to learners must be informative and descriptive so that learners can
make sense of it. Science is underpinned by principles and theories supported by experiments
and investigations. During the interviews, almost half of participants agreed that there is a
critical need to demystify abstract scientific concepts for the benefit of the learners. Some of
the participants (Participant T4, T6, T7, T9, T11 and T12) indicated that they use concept maps
when embedding formative assessment in their classroom practice. They emphasized that
concept maps enable learners to see the relationships between ideas, concepts, principles, laws
and theories. The participants further stated that concept maps help science learners to obtain
a deeper understanding about their learning, provides them with an opportunity to visualize
and see the relationship between the complex science concepts systematically by organizing
them. For instance, Participants T6 postulated that:
When I am integrating formative assessment I really believe in using mind maps or concept maps as it
enable learners to see the integration of the certain aspects pertaining the concept presented to them.

Naylor and Keogh (2013) argue that the use of concept maps motivates learners to actively
construct and master correct scientific concepts as they are exposed to the relationships
between concepts. The findings showed that teachers used a variety of pedagogical strategies
depending on the nature of contextual constraints within the classroom environment such as
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class size, availability and accessibility of instructional resources.
Theme 2: Challenges encountered by Physical Sciences teachers when enacting formative
assessment in teaching and learning
Common type of challenges afflicting meaningful enactment of formative assessment in
science classrooms have been documented. These challenges include poor performance in
science, low enrollment in science education as well as poor interest in taking science as major.
These challenges persist despite the provision of recommended approaches to eradicate them
(Ogunkola, 2011). Challenges afflicting meaningful enactment of formative assessment in
science classrooms identified in this study include large class size, lack of physical and material
resources, accessibility, availability and suitability of learner teacher support materials,
reputation of science as a hard subject as well as lack of parental involvement and support.
Class size
Participants who participated in this study agreed that appropriate implementation formative
assessment enhances learning in science classrooms. However, participants lamented
overcrowding at their schools hinders effective implementation of formative assessment in
Physical Science teaching and learning. For instance, Participant T3 said:
I am unable to move around to check how my learners are doing, and I am failing to give individual
attention and control.

Participant T11 provided additional reflection on the effect of class size on meaningful
enactment of formative assessment by stating that:
The implementation of formative assessment activities was extremely challenging due to large class size.
Provision of individualized attention was also stifled.

Pham (2014) contends that large class sizes interfere with the efforts of science teachers to
implement formative assessment and collaborative learning. It is stressful and impractical for
teachers to spend more time and attention in providing feedback to individual learners within
the limited duration of 50 to 60 minutes of the lesson (Pham, 2014).
Lack of resources and accessibility, availability and suitability of learner teacher support
materials
According to Physical Sciences Curriculum and Assessment Policy Statement (CAPS) Grade
10-12 (Department of Basic Education, 2011), every science teacher must have material
resources to perform experiments to ensure the effective teaching and learning of science using
hands-on activities. However, almost all participants indicated that lack of resources make it
difficult to integrate formative assessment activities to enhance learners understanding. This
sentiment is encapsulated in the following excerpt by participant T5.
I teach Physical Sciences using only textbook because in my school we do not have adequate resources
such as chemicals, apparatus and experiments kits, it is therefore difficult to teach science in theory even
if it need to be practical.

Science teachers who participated in this study felt that although government provide schools
with learner teacher support materials such as textbooks, workbooks, instruments, the resources
are not suitable to appropriately address teachers’ needs on the integration of formative
assessment in science classrooms. In this regard, Participant T8 asserted:
The textbooks and workbooks government provide to us as science teachers they are not of our choice,
it difficult for us to teach using them.
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Interpretation of key findings in terms of the adopted conceptual and theoretical
frameworks
The sociocultural perspective provided insightful elucidation into the modalities adopted by
Grade 10 Physical Sciences teachers when embedding formative assessment in their classroom
practice. While Physical Sciences teachers demonstrated positive disposition about the
pedagogical affordances of formative assessment as an innovative pedagogical tool to foster
meaningful teaching and learning in science classrooms, coherent enactment for formative
assessment is bedeviled by critical factors such as large class size and general lack of
instructional resources. General lack of resources appeared to have an adverse impact on the
provision of appropriate scaffolding. In terms of Assessment for Formative Purposes Cycle,
the learning goals were clearly stipulated and communicated to learners before engaging in
formative assessment activities. The enactment of formative assessment highlighted the
existence of pervasive knowledge gaps exhibited by the learners. These knowledge gaps
underscored the need for coherent implementation of remedial interventions to enhance
learners’ conceptual understanding by demystifying abstract scientific concepts. The
enactment of formative assessment provided teachers with opportunities to make professional
judgment about learners’ achievement before proceeding to the next learning steps. Careful
consideration ought to be given to the following aspects when enacting formative assessment
in science teaching and learning, namely: students’ activities, collection of evidence related to
goals, interpretation of evidence, decisions about next steps, and decisions about how to take
next steps.
Recommendations arising from the study
There is a critical need for the development of teacher professional capacity to effectively enact
formative assessment in science teaching and learning. While physical sciences teachers
demonstrated positive disposition about the pedagogical affordances of formative assessment
as a pedagogical tool, considerable scaffolding ought to be provided to enable them to harness
pedagogical benefits of formative assessment through meaningful enactment. The Department
of Basic Education faces the key imperative to provide appropriate material resources and
concomitant teacher professional training to ensure meaningful enactment of formative
assessment in physical sciences teaching and learning in particular. Science teachers should be
actively involved in the design and development of science curriculum with a view to enhance
their meaningful enactment of formative assessment as an essential tenet in science education.
Conclusion
The study demonstrated that meaningful enactment of formative assessment is plagued by a
myriad of contextual factors in science classrooms within the South African context. There is
a critical need for the provision of appropriate material resources and development of
professional capacity to enable teachers as key agents of educational change to fully embrace
pedagogic innovation. Fostering pedagogic innovation in science teaching and learning
requires teachers to adopt innovative pedagogical strategies such as the enactment of formative
assessment. The development of scientific literacy through coherent inculcation of relevant
scientific skills hinges to a large degree on teacher professional competence in adopting
contemporary pedagogical strategies that are geared towards coherent development of 21st
century skills and competencies.
References
243

Bell, B., & Cowie, B. (2000). The characteristics of formative assessment in science education. Science
Education, 85, 536-553.
Busch, B. (2016). Seven ways to give better feedback to your learners, published by the newspaper ‘The
Guardian’ in 10 November 2016.
Centre for Educational Research and Innovation. (2008). Assessment for learning: formative
assessment, international conference ‘Learning in the 21th Century’: Research, Innovation and
Policy.
Department of Basic Education (2011). Curriculum and Assessment Policy Statement: Grade 10-12
Physical Sciences. Pretoria, South Africa.
De Vos, A. S., Strydom, H., Founche, C. B., & Delport, C.S.L. (2011). Research at grass roots for the
Social Sciences and Human service professions. Van Schaik.
Duran, R.P. (2010). Assessing English language learner’s achievement. Review of Research in
Education, 32(1), 292-327.
Elwood, J. (2006). Formative assessment: Possibilities, boundaries and limitations. Assessment in
Education: Principles, Policy & Practice, 13(2), 215-232.
Florez, M. T., & Sammons, P. (2013). Assessment for learning: effect and impact. Oxford University,
Department of Education.
Gardner, J. (2019). Assessment and Learning. SAGE publications.
Jitendra, A. K., Corroy, K. C., & Dupis, D. N. (2013). Characteristics of student risk for Mathematical
difficulties predicting arithmetic word problem solving performance. The role of attention
behavior and reading. Learning disabilities: A Multidisciplinary Journal, 19(2), 51-59.
Kampourakis, K. (2018). On the meaning of concepts in Science education. Science Education, 27(8),
591-592.
Kumar, R. (2019). Research Methodology: A Step by Step Guide for Beginners. London: SAGE
Publications.
Leahy, S., & Lyon, C. (2005). Classroom Assessment: Minute by Minute, Day by Day in classrooms
that use assessment to support learning, teachers continually adapt instruction to meet student
needs. Educational Leadership: Journal of the Department of Supervision and Curriculum
Development, N.E.A, 63(3), 19-24.
Locke, L., & Graber, K. (2008). Elementary school Physical Education: Expectations and Possibilities.
The Elementary School Journal, 108(3), 365-372.
McMillian, J., & Schumacher, S. (2010). Research in Education: Evidence-Based Inquiry, 7th Edition.
Mouton, N., Louw, G., & Strydom, G. (2013). Present-Day Dillemas and Challenges of the South
African Tertiary System. International Business & Economic Research Journal, 12(3), 287296.
Myhill, D., & Dunkin, F. (2007). Questioning Learning. Ore open research Exeter. University of
Exeter.
Nasri, N., Roslan, S. N., Sekuan, M. I., Bakar, K. A., & Puteh, S. N. (2010). Teachers’ perception on
alternative assessment. Procedia-Social and Behavioral Sciences, 7(C), 37-42.
Naylor, S., & Keogh, B. (2013). Concepts cartoons: What have we learnt? Journal of Turkish Science
Education, 10(1), 3-11.
OECD. (2008). Assessment for Learning Formative Assessment. OECD/CERI International
Conference.
Ogunkola, B. J. (2011). Science teachers’ and students perceived difficult topics in the integrated
science curriculum of lower secondary schools in Barbados: 1(2). doi: 10.5430/wje.vln2p17.
Plant, I. (2007). The complex nature of assessment. Physical Education Matter, 2(2), 26-27.
Spiller, D. (2012). Assessment Matters: Self-assessment and peer assessment. Teaching Development
Unit, University of Waikito, New Zealand.
244

Vygotsky, L. S. (1978). Interaction between learning and development. In M. Cole, V. John-Steiner,
S. Scribner, & E. Souberman (Eds.), Mind in Society: The Development of Higher
Psychological Processes (pp. 79-91). Cambridge, MA: Harvard University Press.
Wilian, D. (2018). Embedded formative assessment. Solution tree press.
Wylie, E. C., & Lyon, C. J. (2015). Fidelity of formative assessment implementation: issues of breadth
and quality assessment in education. Principles, Policy and Practice Journal, 22(1), 140-160.

245

THE EFFECTIVENESS OF COMPUTER SIMULATION-BASED
INSTRUCTION FOR TEACHING CHEMICAL REACTION RATES
Mamotena Mpeta, Samuel Jere & S Kaheru
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Abstract
Chemical Reaction Rate (CRR) is one of the Chemistry topics which Grade 12 Physical
Sciences learners find challenging. The purpose of this study was to examine the effect that the
use of Computer Simulation-Based Instruction (CSBI) in teaching CRR in Physical Sciences,
as an alternative strategy to traditional teaching, would have on the academic achievement of
Grade 12 learners in this topic. The Cognitive Theory for Computer Simulation-Based
Instruction was the theoretical framework guiding the study. The study employed a mixed
method approach and a sequential explanatory design was used. The population was all Grade
12 Physical Sciences learners in Mopani District of Limpopo Province in South Africa. The
sample consisted of one hundred and eighteen learners in two classes, from two secondary
schools located in a rural area; one of which served as experimental and the other a control.
The experimental group was taught CRR using CSBI and the control group using the
traditional teaching approach. The null hypothesis tested was: There is no significant
difference in academic achievement of learners taught using CSBI and those taught using
traditional teaching approach. Data were collected using pre-test and post-test in the
quantitative phase of the study. Test on Chemical Reaction Rate Concepts (TCRRC) was the
research instrument used. The qualitative data were collected using semi-structured interviews
with five purposively sampled learners from each of the two groups and analysed using the
qualitative content analysis technique. The quantitative data were analysed through SPSS
Version 26. There was a statistically significant difference in the scores of the experimental
group and the control group in the post-test with a moderate effect size in favour of the
experimental group. The findings were that CSBI is a more effective teaching approach than
traditional method. The findings are expected to inform Chemistry educators, subject advisors
and curriculum developers on strategies that can improve the academic achievement of
learners, in CRR.
Key concepts: Cognitive Theory for Computer Simulation-Based Instruction, Computer
Simulation-Based Instruction, Learner-Centred Instruction, Chemical Reaction Rate.
Introduction
Chemical Reaction Rate (CRR) is a topic in the Chemistry section of Physical Sciences. In
CRR, learners study factors affecting the rate of reaction, mechanisms of chemical reactions
and catalysis. The factors affecting CRR are explained in terms of the collision theory (DBE,
2011). On measuring of the reaction rate, learners are expected to suggest suitable experimental
techniques for measuring rates. These techniques include - measuring of gas volumes, turbidity,
change of colour and change of mass of reaction vessel. CRR, also referred to as ‘chemical
kinetics’, is a basic, important and anchoring concept in Chemistry (Bain & Towns, 2016).
This is because it provides insight into the nature of chemical reactions and chemical change
(Bain & Towns, 2016). Concepts in CRR are linked to other basic concepts in Chemistry, such
246

as thermodynamics and equilibrium and they also find wide application in industry, medicine,
pharmacy and even in explaining some everyday phenomena. An understanding of CRR is
therefore essential for further learning in Chemistry and related future careers.
Regardless of its importance, reports of external examinations show that, learners do not
perform well in Physical Sciences, in general, and in CRR in particular (DBE, 2017). The
difficulty of this topic has also been corroborated in research in other countries, such as
Thailand (Chairam et al., 2015). This poor performance, therefore, calls for investigation into
teaching methods that may have the potential to help learners overcome the difficulties, since
CRR is a crucial topic in Physical Sciences.
Interventions that use computer simulations may be effective in helping learners understand
scientific concepts. Simulated computer animations, for example, were used to teach
geometrical optics to Grade 11 Physical Sciences learners. Girls had sizable and significant
improvement in the post-tests (Kaheru & Kriek, 2016).
The use of simulation in learning challenging topics in Physical Sciences, such as CRR, may
also be appealing to current and future generations of learners. It is observed that today’s
learners are adopting and using information and communication technology (ICT) from an
early age (Prensky, 2007). As information technology becomes increasingly ubiquitous, it is
recognised that there is a pressing need to utilize digital technologies in teaching and learning
in a manner that is responsive to the needs of today’s learners (Gallardo-Echenique et al.,
2015). It is generally accepted that internet devices such as computers, mobile phones and
tablets have potential to support learning (Margaryan et al., 2011). As we live on the verge of
the fourth industrial revolution (Chung & Kim, 2016), digital technology now permeates
through almost every facet of human activity, from industry to entertainment and
communication, therefore, it seems that it is the right way to go, even in teaching and learning.
Review of Literature
Learners have many challenges in understanding of concepts in chemical reaction rates. Many
misconceptions in CRR, have been identified in the literature. Bain and Towns (2016) reviewed
the literature on teaching and learning CRR; the result of the review showed that learners have
misconceptions about the concept of the reaction rate. Some of the misconceptions are reaction rate is reaction time; reaction rate is time required for reactants to form products;
reaction rate is the collision of A and B in a given time; increasing concentration increases
reaction time; reaction rate depends on the concentration of both the reactants and products;
and increasing surface area of a solid reactant increases the probability of collision and the
kinetic energy of the particles (Bain & Towns, 2016). Also, on the concept of reaction rate,
some learners think that, as the amounts of reactants increases, the reaction rate also increases
(Atabek-Yigit, 2018).
While many studies have focussed on identifying the misconceptions learners develop in CRR,
few have attempted to find ways to reduce the problem. These studies can be classified as
those that used the laboratory and those that used simulations. For example, Chairam et al.,
(2015) used a case study approach to explore learners’ understanding of chemical kinetics,
through inquiry-based learning activities. They used a pre- and post-test one group design to
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collect quantitative data. Using independent sample t-test, they concluded that inquiry-based
activities substantially increased learners’ understanding of CRR.
Similarly, Demircioğlu and Yadigaroğlu (2011) studied the effects of laboratory method on
high school learners’ understanding of reaction rate. In this study, a quasi-experimental design
was employed in which the experimental group was taught by the laboratory method while the
control group was taught by the traditional approach. The study showed a significant
difference in achievement between the control group and the experimental group in favour of
the experimental group.
Kaya and Geban (2012) investigated the effect of conceptual change-oriented instruction
through demonstrations on Grade 11 learners’ understanding of rate of reaction concepts. Their
findings were that learners who were taught through demonstrations had significantly better
acquisition of scientific concepts on CRR than those taught by traditional method. In a related
study Kurt and Ayas (2012) investigated the effects of activities developed based on a fourstep constructivist approach to test learners’ understanding and explaining of real-life problems
about reaction rate concepts in chemistry. They concluded that the constructivist approach
helped learners more in explaining real-life problems than the traditional approach.
Fewer studies have focussed on the use of simulations in improving the learners’ conceptual
understanding of CRR. In Nigeria, for example, Olakanmi (2015:630) used ‘an activity’ that
supported learners to connect the micro, sub-micro and symbolic representations to help them
to gain conceptual understanding of rate of reaction. An experimental pre-test/post-test control
group design was used. The results showed that learning using web-based computer
simulations improved the academic performance scores of the experimental group when
compared to the scores of the control group taught using the traditional teacher-talk-and-chalk
approach. Similarly, in Uganda, Odongo (2013:260) studied the effect of computer-plus-talk
teaching sequence to enhance learners’ understanding of chemical reaction rate concepts. The
research was a quasi-experimental study in which the experimental group was taught using the
computer-plus-talk while the experimental group received ‘normal’ teaching. The results of
post-test scores showed that the experimental group demonstrated better understanding of
reaction rate concepts.
As observed by Kaya and Geban (2012), there has not been a thorough investigation of how to
assist learners in conceptual understanding of CRR. For example, no studies have focussed on
the use of Cognitive Theories such as Cognitive Load Theory and Cognitive Theory of Multi
Media Learning to develop a teaching sequence that would engage learners in cognitive
processes that can aid conceptual understanding. This study is unique in that it made use of
cognitive theory as the lens through which the study was done. This has significant implications
on the way the simulations were incorporated in the teaching of CRR. Virtually no studies that
the researchers are aware of investigated the effect of simulations supported with PredictObserve-Explain (POE) to improve learners’ understanding of CRR. These are the gaps that
the present study attempted to fill. Research has shown that when laboratory investigations are
accompanied by POE instructional practices, the investigations are more likely to increase
conceptual understanding, hence, this study focused on the effect of computer simulations,
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accompanied by POE, on learners’ performance in CCR (Chen, Pan, Sung, & Chang, 2013,
Treagust, 2007). Bain and Towns (2016:259) reviewed the literature on the teaching and
learning of chemical reaction rates and concluded that research on learners’ alternative
conceptions on CRR has been exhausted. In their opinion, more research is rather required to
find out which approaches are effective in teaching and learning of CRR.
Poor academic achievement in Physical Sciences, including CRR, has been attributed to a
variety of factors, such as, the instructional strategies used by teachers. In South Africa,
research has shown that there is an over-reliance on traditional teaching strategies (Koopman,
2013), which have been implicated in the poor academic achievement of learners in Physical
Sciences (Malan & Ndlovu, 2014). Traditional instruction has been found to result in low levels
of conceptual understanding in learning CRR concepts, thus, the use of these methods of
teaching, has not been able to raise the academic achievement of learners in CRR (Cakmakci
& Aydogdu, 2011). CSBI has been cited as a vital strategy to enhance the comprehension of
CRR concepts by learners, however, a dearth exists in empirical studies that focus on the use
of CSBI in the teaching of CRR and the effects thereof (Bain & Towns, 2016, Van Driel et al.,
2002). This study, therefore, examined the effects of using CSBI as a strategy when teaching
CRR.
Purpose of the Study
The purpose of this study was to examine the effects of Computer Simulation-Based Instruction
(CSBI) on the academic achievement of learners in the topic, CRR in Chemistry.
Objectives of the Study
The objectives of the study were to:
1. Determine the effectiveness of using CSBI and the traditional approach on the academic
achievement of learners in CRR.
2. Describe how CSBI influences the learners’ conceptual understanding of CRR, compared
to traditional instruction.
Research Questions
The main research question based on the purpose of the study is: What are the effects of using
CSBI on the academic achievement of Grade 12 learners in CRR topic?
The following subsidiary questions were raised:
1. How effective is the use of CSBI compared to the traditional approach on the academic
achievement of learners in CRR concepts?
2. Does Computer Simulation-Based Instruction improve learners’ conceptual
understanding of Chemical Reaction Rate as compared to traditional instruction?
Theoretical Framework
The Theoretical Framework was developed from elements from different cognitive theories of
learning (Figure 1). These cognitive theories are - the Cognitive Theory of Multimedia
Learning (CTML) (Mayer, 2003); Cognitive Load Theory (CLT) (Sweller et al., 1998); and
the sociocultural theory (Vygotsky, 1978). The use of different cognitive theories is supported
by Troudi (2014:2) who asserts that researchers may combine elements from more than one
theoretical model in the formulation of a theoretical framework. The CLT and the CTML
formed the theoretical base that addressed design principles and optimum utilisation of
simulations in CSBI. The sociocultural theory, and the Zone of Proximal Development (ZPD),
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informed the study on the role of the learner and the teacher in CSBI. Cognitive theories are
concerned with how knowledge is constructed, acquired, organized, coded, rehearsed and
retrieved from memory when learning with simulations (Schunk, 2012). As suggested by
Schunk (2012), for instruction to be effective the researcher should adopt the best theoretical
perspective for the intended forms of learning. Cognitive theories, hence, appear to be more
appropriate for complex and difficult topics such as CRR.

Figure 1 The Cognitive Theories for Computer Simulation-Based Instruction
The CTML suggested that redundant information should be excluded from the simulation and
when presenting the simulations, segmenting the simulation and providing pre-training may
lead to better outcomes. The CTML also put emphasis on avoiding split attention in the design
of the simulation. From the CLT it was noted that direct guidance, schema construction and
schema automation were necessary considerations to optimize learning using simulations. The
CLT and the CTML both advocates for reduction in extraneous cognitive load and an increase
in germane cognitive load for optimal instruction using simulations.
The socio-cultural theory showed that scaffolding techniques should be used to ensure that
learning occurs within the ZPD. Scaffolding is a way of freeing learners’ cognitive resources
so that these resources can be available for essential processing leading to increased conceptual
understanding.
Methods
The study, informed by the pragmatic paradigm, was mixed-method research. The first part of
the research was quantitative and the second part was qualitative. The specific mixed-method
design used in this research was the sequential explanatory design (Creswell, 2009) in which
the quantitative data collected in the first phase was explained by in-depth exploration of the
participants’ views in the second, qualitative phase.
The Quantitative Phase
The quantitative phase of this research adopted a quasi-experimental methodology which used
a Non-equivalent Control Group Design (NCGD) with a pre-test and post-test (Cohen et al.,
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2007). The pre-test was administered two weeks before and two weeks after teaching the EG
and the CG.
The EG was taught by one of the researchers using Computer Simulation Based Instruction
(CSBI). Animations, visualizations and interactive virtual laboratory experiences were selected
from simulations on CRR that are freely available on the internet. In selecting the simulations,
the researchers followed the principles used to reduce cognitive overload, guided by the
Cognitive Theory for Computer Simulation-Based Instruction presented (Figure 1). For
example, some of the principles include the pre-training effect, the modality effect, and the
segmentation effect (Mayer, 2010). Each lesson was one-hour long and four lessons on CRR
were planned. The teaching sequence was validated by an expert teacher during the pilot study
before using it in the primary data collection phase of the research. This was done by presenting
the lessons to a sample of learners who did not participate in the study. The teaching sequence
was modified along the findings of the pilot study. The teaching sequence was used to produce
four detailed lesson plans; therefore, the total number of lessons was four, each lesson was one
hour; this translated to four hours of teaching.
Computer Simulation-Based Instruction (CSBI) made use of the Predict-Observe-Explain
(POE) strategy to engage learners during the demonstrations. POE was used for both
simulations and virtual experiments. For example, during Stage 5, of Lesson Plan 2, POE was
used when learners were investigating the effect of particle size on reaction rate by carrying
out a virtual experiment. A screenshot of the virtual experiment is presented in Figure 3.

Figure 3 The effect of surface area on reaction rate (Alberta Education, 2006).
The researcher also taught the Control Group (CG) for the same period but using the Traditional
Instruction approach. All the concepts of CRR were explained to the learners. The only
difference in the teaching between the two groups was that the Control Group (CG) was taught
using Traditional Instruction while the Experimental Group was taught using CSBI but the
content that was taught was the same.
The Qualitative Phase
The qualitative phase of the study collected data that was used to explain and interpret the
quantitative results obtained in the first phase of the study (Creswell, 2009:211). The qualitative
data was collected through semi-structured interviews.
Population of the Study
251

The population of interest in this study were all the Physical Sciences Grade 12 learners in
Mopani District, Limpopo Province of South Africa.
Sample
In this study, non-probability convenience sampling was used for selecting schools and learners
for the quantitative phase of the research, while non-probability purposive sampling was used
for the selection of learners and the teacher who participated in the qualitative phase; the
selected schools were situated in the Mopani District, Limpopo Province in South Africa.
Instruments
The research instrument used was the Test of Chemical Reaction Rates Concepts made up of
thirty, two-tier multiple choice question. To differentiate correct responses by guessing and
correct responses due to conceptual understanding, each multiple-choice test item consisted of
two tiers. The first tier was a content multiple-choice question. The second tier measured the
learner’s confidence in his/her response, thereby, the learner had to choose from the following:
very unconfident, unconfident, confident or very confident. To be considered correct, the
learners had to get the first tie correct and the second tie had to be either confident or very
confident. Otherwise, a correct response to the first tie but a rating of very unconfident or
unconfident, meant that the learner was guessing and so was not considered correct.
The first tie of each question was developed from literature and from the National Senior
Certificate (NSC) examinations (DBE). In ensuring content validity of the TCRRC, each test
item was rated by three expert teachers and one Chief Examiner of Physical Sciences, who had
more than 8 years’ experience in teaching. Each item in the TCRRC was rated by these experts
on a four-point ordinal rating scale where 1 = not relevant; 2 = somewhat relevant; 3 = quite
relevant and 4 = highly relevant (Polit & Beck, 2006:491). Only those items with Content
Validity Index (CVI) = 1.00 were accepted and those with less were modified or rejected as
advised by Polit and Beck (2006:491). The overall validity of the TCRRC was determined by
the Scale-level CVI (SCVI). The TCRRC was considered valid as it had an SCVI of 0.90 (Polit
& Beck, 2006:493).
The reliability of TCRRC was determined through the test-retest process which concerns the
reliability of a test over time (Kline, 2013:7). The test-retest reliability of the TCRRC was
determined by administering the test to a sample of 76 learners who were not part of the main
study. The same test was administered again after six weeks from the time of the administration
of the first test and the test-retest reliability was determined using the Statistical Package for
Social Sciences (SPSS) version 26. The Pearson Correlation was used to examine the
relationship between test scores from the first and the second test administrations. The mean
score in the first test administration was 7.30 (SD = 2.46) and in the second administration was
8.53 (SD = 2.19). The relationship of the test scores in the first and second test administration
was strong and statistically significant [r(74) = .82, p < .01]. The test was deemed reliable
according to Kline (2013:11).
Data Analysis Techniques
Quantitative Data Analysis
Data from the Test of Chemical Reaction Rate Concepts (TCRRC) were analysed using
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Statistical Package for Social Sciences (SPSS) Version 26. An independent sample t-test was
used to test if there was any significant difference between the means of pre-test scores of the
EG and CG performed at p = .05 for the TCRRC. Cohen’s d was computed to find the effect
size (ES) of CSBI on learners’ achievement as it was found that there was a significant
difference in the means of the EG in the pre-test and post-test scores on the TCRRC (Cohen,
1992:157).
Qualitative Data Analysis
The raw data from the interviews were digitally recorded and transcribed verbatim for analysis
which was done using qualitative content analysis (Morse, 2012:199). Qualitative content
analysis is a research method used for a subjective interpretation of the content of text data
through the systematic classification process of coding and identifying themes or patterns
(Hsieh & Shannon, 2005:1278).
Findings
Findings on the effectiveness of the use of CSBI as compared to the traditional approach, on the academic achievement of learners in CRR
concepts

Before using the independent t-test, the raw data were inspected to find out if they satisfied the
following: the dependent variable should be measured on a ratio scale; observations should be
independent of each other; the population from which the samples are taken are normally
distributed and samples are taken from populations of equal variances (Pallant, 2005).
The pre-test raw scores were analysed to determine the normality of the distribution of the
scores using the Statistical Package for Social Sciences (SPSS) version 26. A Shapiro-Wilk’s
t (p > .05) (Razali & Wah, 2011) and a visual inspection of the histograms (Figure 5), normal
Q-Q plots (Figure 6) and box plots (Figure 7), showed that the pre-test scores were,
approximately, normally distributed for both the EG and CG. The EG scores had a skewness
of 0.457 (SE = 0.327) and a kurtosis of -0.269 (SE = 0.644). For the CG, the skewness was
0.128 (SE = 217) and the kurtosis was -0.575 (SE = 0.586) (Doane & Seward, 2011). In both
the EG and the CG, the skewness is positive, indicating distribution towards the right, but more
of that for the EG. The kurtosis is negative and larger for the EG, indicating a wider
distribution, and even more so for the CG. It was deduced that the t-test was suitable for data
analysis.

Figure 5 Histogram of the Pre-test Scores of the Experimental Group (EG) and Control
Group (CG)
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Figure 6 Normal Q-Q Plots for the Pre-test Scores of the Experimental Group (EG) and the
Control Group (CG)

Figure 7 Box Plots of the Pre-test Scores of the Experimental Group (EG) and the Control
Group (CG).
The independent sample t-test was used to find out if there was a statistically significant
difference in the academic achievement of learners before and after the treatment. The results
of the t-test indicated that the scores of the EG (N = 53, M = 3.92, SD = 2.344) and the CG (N
= 65, M = 4.74, SD = 2.62) were not statistically different in the pre-test, t(116) = -1.758, p =
.081, hence, the academic achievement of learners before treatment was the same for both the
EG and CG.
Raw scores obtained in the post-test were inspected to determine if the t-test could be used in
data analysis. A Shapiro-Wilk’s test (p > .05), histograms (Figure 8), normal Q-Q plots (Figure
9) and box plots (Figure 10) showed that the post-test scores were, approximately, normally
distributed for both the EG and the CG (Razali & Wah, 2011). The EG had a skewness of 0.48
(SE = 0.33) and a kurtosis of 0.23 (SE = 0.64). The CG had a skewness of 0.22 (SE = 0.30)
and a kurtosis of -0.09 (SE = 0.59) (Doane & Seward, 2011). In addition, the assumption of
homogeneity of variance was tested and found to satisfy Levene’s F test, F(116) = 3.43, p =
0.07 (Gastwirth et al., 2009).
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Figure 8 Histograms of the Post-test Scores of the Experimental Group (EG) and Control
Group (CG)

Figure 9 Normal Q-Q Plots of Post-test Scores of the Experimental Group (EG) and the
Control Group (CG)

Figure 10 Box Plots of Post-test Scores of the Experimental Group (EG) and the Control
Group (CG)
After treatment, the results of the independent t-test showed that there was a statistically
significant difference in the academic achievement of the EG and the CG. The EG (N = 53)
had a mean post-test score of M = 10.70 (SD = 4.06), and the CG (N = 65) had mean score, M
= 7.85 (SD = 3.08); t(116) = 4.34, p < .005. The independent t-test suggests that the differences
in the academic achievement of the EG and CG were not due to chance but were due to
treatment effects. The mean score for learners taught CRR by CSBI, M=10.70, was greater
than for the learners taught through the traditional approach, M=7.85; d=0.53. The value of
Cohen’s d implies that the effect size of CSBI was moderate. The findings of this study,
therefore, were that CSBI was more effective than the traditional approach in teaching CRR,
with a moderate effect size. The results have practical significance in improving the academic
achievement of learners since Cohen’s d is greater than 0.5 (Mayer, 2010).
Findings on Learners’ Conceptual understanding of Chemical Reaction Rates
The responses of the participants to the structured interview questions were put into three
categories. The participants’ conceptual understanding of each unit of analysis (interview
question) was categorized as Sound Understanding (SU), Partial Understanding (PU) or Lack
of Knowledge (LK). The categories are defined in Table 1 by following ideas from previous
researchers (Cakmakci, 2010, Cakmakci & Aydogdu, 2011, Kurt & Ayas, 2012).
Table 1 Definition of Categories
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Category
Sound Understanding
Partial Understanding
Lack of Knowledge

Definition of Category
Responses that included scientifically-accepted ideas.
Partly correct responses; may include some scientificallyincorrect ideas.
Incorrect, unintelligible ideas or no response or where a learner
indicated that he/she had no idea.

The results of QCA showed that learners taught through CSBI had a greater conceptual
understanding of CRR as compared to those taught through the traditional instruction. The
learners who were taught using CSBI had 74.17% Sound Understanding compared to 25.83%
for those taught through the traditional approach (Table 2). The views of the learners were that
simulations enabled them to observe chemical processes at the sub-microscopic level and this
is what helped them to have conceptual understanding of CRR.
Table 2 Relative Frequency Contingency Table Results for the EG and CG
Group
SU (%)
PU (%)
LK (%) Total
EG
74.17
16.67
9.17
100
CG
25.83
14.17
60
100
In summary, CSBI was more effective than the traditional approach - in improving the learners’
academic achievement as measured by the TCRRC and led to better conceptual understanding
of CRR concepts.
Discussion of Findings, Conclusion and Recommendations
This study, guided by the Cognitive Theory for Computer Simulation-based Instruction, has
shed light on how to effectively incorporate simulations in instruction. It is argued that it is not
just exposing learners to simulations per se that lead to conceptual understanding, but it is the
cognitive processes learners engage in as they use the simulations. The findings in this study
support the Cognitive Theory for Computer Simulation-based Instruction, as this theory had
predicted that the use of the various psychological tools such as simulations, animations, virtual
experiments and the Predict-Observe-Explain (POE) strategy would lead to better academic
outcomes. Specifically, no previous studies had used the Predict-Observe-Explain (POE)
strategy together with simulations to engage learners, in cognitive processes, in the teaching of
CRR. This was the gap that was noted in the review of the literature. The findings of the study
have shown that the use of POE, with simulations, improves academic achievement and
conceptual understanding.
The following are the recommendations based on the findings of the study:
• Replication of the study should be done in South Africa and other countries with a large
sample sizes. The study was based on the topic CRR at Grade 12 level. CSBI, however,
can apply equally well to other topics in Physical Sciences and future research should
also focus on such challenging topics in the curriculum.
• The DBE is recommended to conduct workshops for the implementation of CSBI to
improve the academic achievement of learners. The current teaching methods seem to
be complicit in the low academic achievement of learners for some reasons. For
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example, the CAPS document clearly states the practical experiments that learners are
expected to do in the topic CRR. For such reasons as lack of equipment and chemicals
it is unlikely that these experiments are being conducted. CSBI has the capacity to fill
this gap and save time and financial resources unlike actual laboratory work.
In conclusion, the DBE is recommended to embrace CSBI and consider it as one of the
strategies that it can use to improve the academic achievement of learners. This is particularly
essential as the schools that participated in the study were situated in rural areas which also
applies to most schools in Mopani District. Computer Simulation-Based Instruction holds
promise for the utilization of technology in improving the academic achievement of learners,
in challenging topics like Chemical Reaction Rates. Various stakeholders are encouraged to
consider the potential benefits of implementing CSBI as an alternative to conventional or
traditional approaches in the teaching of CRR and other challenging topics.
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AN ANALYSIS OF TEACHERS’ CLASSROOM DISCOURSE IN BASIC
GENETICS
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Abstract
Genetics is perceived as one of the most difficult topics in biology, indicated by poor learner
performance. Poor performance is usually blamed on language, and it has been noted as one
of the most inescapable demands posed by this topic during the teaching and learning of
terminology. This study focused on how teachers use language (terms) when teaching genetics
to grade 12 learners. Four grade 12 life sciences teachers from three high schools were
observed three times each, video-recorded while teaching genetics. The observations’
transcripts were analysed using an analytical framework developed from an integration of
Gee’s theory of Discourse and Seah and Silver’s ALDIS framework. Atlas ti software was used
for coding and analysis. Findings suggest that besides pure genetics terms, teachers used terms
from other topics. To assist leaners with meanings of basic genetics terms/concepts, teachers
used different strategies which could not be separated from context of use.
Keywords: Discourse, language, genetics, and South Africa
Introduction
The study of genetics is crucial to human life since it may provide answers regarding human
nature, diseases, and development of effectual medicines as well as contributing to our
knowledge about genetics of human life (Fieggen & Ntusi, 2019). However, it has been noted
that genetics is one of the most difficult topics in biology (Prochazkova et al., 2019). What
aggravates this matter is that teachers are also recognized as contributing to learner poor
performance (DBE, 2018). Besides teachers, language has been identified as contributing to
this poor performance greatly (Prinsloo & Harvey, 2018). Therefore, this study focused on
teachers’ use of language (terms/concepts) when teaching genetics.
Challenges associated with language usually stem from English being the language of
instruction since most learners and teachers are English second language speakers (ElliliCherif, & Alkhateeb, 2015; Mthiyane, 2016). This general perception may be due to failure to
understand that the language of science (terminology) is generally difficult (Seah & Silver,
2018). Hence, the focus of this study was not language of instruction but language of science.
The study reported in this article analysed teachers’ use of language (terminology) during
genetics teaching in South African classrooms. The purpose of this study was to explore the
teachers’ use of language (terminology) when teaching basic genetics concepts using Gee’s
Theory of Discourse and the ALDIS Framework as the lens. To this end, the specific research
questions addressed by this study was as follows:
• What are the terms/concepts that come up during the teaching of the genetics topic to
grade 12 learners?
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•
•

How do teachers assist learners through the language (terminology) demands of science
during the teaching of basic genetics concepts?
What contextual features do teachers use to assist learners through the demands of
science during the teaching of basic genetics concepts?

Literature review
Language is a basic tool of science education which is used for learning and teaching science,
building understanding, and communicating science to other people so that they can make
informed decisions and actions (Yore et al., 2003). Basic scientific topics such as genetics are
communicated through written and spoken language (Kaplan et al., 2009). Just like other areas
in science, language in biology is multi-modal implying that it can be verbal or written
discourse, mathematical equations, or graphical representations (Brookes & Etkina, 2007). It
has been noted that teachers play a pivotal role in assisting learners to learn the language of
science (Mortimer & Scott, 2003). Moreover, teachers have been identified as the major source
of information for their learners during the learning process (Thorne et al., 2013). The
discussion above points us to the importance of language in genetics education and
consequently the need to establish knowledge about teachers’ language during teaching.
Several studies have been conducted on teacher use of language in science classrooms. For
example, Mercer (2010) focused on methods of analysing classroom talk Odegaard et al.
(2016) investigated talk and use of language in a science classroom and Seah and Yore (2017)
analysed the role of teachers’ science talk in revealing language demands in a diverse
elementary classroom. Seah and Silver (2018) also examined how science teachers in a
secondary school attended to language demands of science through oral interactions. Jing and
Jing (2018) explored a non-native English teacher’s talk in an English first language classroom
while Mthiyane (2016) analysed pre-service teachers’ beliefs and experiences surrounding the
use of language in science classrooms. While the studies discussed above recognize the
importance of teachers’ language in science classrooms very few have analysed the teachers’
language in action with respect to genetics (Livni-Alcasid et al., 2018; Puig et al., 2017). Most
research conducted in genetics education has been on difficulties encountered during learning
and teaching genetics (for example, studies conducted by Gericke and Wahlberg, 2013 and
Kilic et al., (2016).
The few studies that focus on teachers’ language with respect to genetics include Livni-Alcasid
et al. (2018), who analysed eight textbooks from three countries in terms of the symbol system
used for allele and justifications provided for changes in symbol system. In addition, Puig et al.
(2017) examined how modelling and argumentation interact and connect the worlds of theories
and models, objects, events, and representations. Furthermore, Reinagel and Bray Speth (2016)
engaged students in building conceptual models to explain how genes determine phenotypes.
Buma and Nyamupangedengu (2020) explored teacher talk with respect to student participation
encouraging moves and related instructional strategies employed by a lecturer during genetics
lectures in South Africa.
We have noted that most of the studies relating to language and genetics have been conducted
261

abroad and the one conducted in South Africa Buma and Nyamupangedengu (2020) uses the
Analysing Teacher Moves and the Elaboration frameworks to examine teacher talk. We have
not come across a study that explores the teachers’ use of language (terminology) when
teaching basic genetics concepts using an integration of Gee’s Theory Discourse and the
ALDIS Framework as the lens. Therefore, this study contributes to the existing knowledge of
difficulties with terms through analysis of teachers’ use of language during genetics lessons.
Conceptual framework/Analytical framework
The main theory underpinning this study is Gee’s Theory of Discourse/discourse. An analytical
tool (Figure 1) developed from Gee’s theory integrated with the ALDIS Framework (Seah &
Sliver, 2018) was used as a lens to analyse the language part of Discourse which is represented
by discourse with a lower case ‘d’ and context of use. These frameworks, and the integration
thereof, are briefly discussed below.
Gee (1996: 131) defines Discourse with a capital D as “…a socially accepted association
among ways of using language, other symbolic expressions, and artefacts, of thinking, feeling,
believing, valuing, and acting that can be used to identify oneself as a member of a socially
meaningful group or social network”. This means that Discourse does not only consider the
ways in which people talk and listen to each other, read, and write but also classifies the ways
in which people act, interact, their beliefs, values and feelings into patterns that are peculiar to
specific social networks or affinity groups (Gee, 2001). In terms of context of use of language,
we only considered objects, tools, and technologies.
The original ALDIS framework developed by Seah and Yore (2017) consists of seven
functional categories which are pronouncing, labelling, explaining, differentiating, selecting,
constructing texts, and deconstructing texts. This was updated by Seah and Sliver (2018)
through the addition of two new categories that emerged from their analysis process which are
mnemonics and rationalising. This study adapted the Seah and Silver (2018) version of the
framework by adding three new categories which are comparing, reading aloud and structural
analysis which were uncovered in this study. The two frameworks were integrated as shown in
Figure 1 because Gee’s Theory was falling short in terms of analysing the language
(terminology) part of Discourse (‘d’).
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Figure 1: Conceptual/Analytical Framework
Methodology
Research Design
When conducting research one can adopt quantitative, qualitative, or mixed approach for data
collection and analysis (Barnham, 2015). On the one hand, quantitative research procedures
place much emphasis on objectivity when measuring and describing phenomena which are
maximized by use of numbers, statistics, and control (McMillan & Schumacher, 2010). On the
other hand, qualitative research procedures emphasize the necessity for studying phenomena
in their natural settings as one attempts to make sense of or interpret phenomena (Barnham,
2015). This means that most of the data collected using qualitative methods is in form of words
rather than numbers obtained when using quantitative procedures and may vary according to
the observer. Researchers adopting a mixed approach take advantage of the strengths and
weaknesses of both qualitative and quantitative approaches (Creswell, 2012). A qualitative case
study research approach was adopted for this study because we believe that activities can be
understood better in their natural settings. Thus, we went directly to the schools (classroom)
and collected data through classroom observations. A case study is an in-depth exploration of
a single entity and what is being investigated becomes the case (McMillan & Schumacher,
2010). And according to Creswell (2012) a case can be an activity, process, event, or
individuals.
A case study approach was appropriate for this study because it enable us to closely observe
life sciences teachers as they taught grade 12 learners, basic genetic concepts in their specific
contexts which are their classrooms. Furthermore, this approach allowed us to obtain detailed
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accounts of how life sciences teachers use language when teaching basic genetics to grade 12
learners. Ethical considerations were made in this study by seeking permission from the Wits
Ethics Committee (Protocol number: H19/07/43), the three schools and informed consent from
all participants.
Data sources: Classroom observations
There are three main techniques that can be employed by researchers conducting qualitative
studies which are observations, interviews, and document analysis (Fraenkel et al., 2012). In
this study data were collected using video-recorded classroom observations and field notes.
The four participating teachers were observed three times teaching genetics,
Population and sampling
The four life sciences teachers (Mrs Durand, Mrs Legodi, Mr Zindi and Mr Zulu) who were
teaching grade 12 at three public schools in Johannesburg were purposively selected while their
learners participated because they were taught by these teachers. Pseudonyms were used in this
study to protect the participants’ identities.
Rigor
Issues of rigour can be dealt with qualitatively or quantitatively. This study adopted qualitative
methods for collecting and analysing data hence issues of trustworthiness were addressed
through the use of two different methods observations and field notes to complement each
other. Issues of credibility were addressed through member checking which was done by asking
participants to read the transcripts and confirm the information to be true. In addition, to ensure
credibility, we video-record classroom observations to get a true picture of was transpiring
during these activities. Furthermore, we used data trail to ensure credibility. Data trail entails
transparently describing the research steps taken from the start of a research project to the
development and reporting of the findings and keeping records of the research path throughout
the study (Korstjens & Moser, 2018). As part of data trail, we provided our participants with
copies of videos that were taken during the observations.
Data analysis
Observation transcripts were transcribed and captured into Microsoft, cleaned, and prepared
for entry into a software. Creswell (2012) argues that qualitative researchers are concerned with
gathering many views which they try to condense into themes, meaningful categories, or
patterns so that it is easy to interpret the data. Thus, Atlas ti software tool was used to conduct
the coding and analysis process. An analytical tool developed from the integration of Gee’s
Theory of Discourse and adaptation of the ALDIS Framework was used for the analysis of data
(Figure 1). Figures (word clouds, Sankey diagrams, graphics) presented in the findings section
were generated from the data using Atlas ti software. A Sankey diagram was used in this study
(findings section) because they are visualization that show concurrence of two categorical
variables clearly.
Findings and discussion
Analysis of data was done in three phases using Atlas ti software. It started with identification
264

of terminology associated with genetics by conducting open coding. Axil coding was then
employed to classify the terms into categories in terms of the topics they belong to. The list of
terminology was generated from the data itself. The second part involved the use of the adopted
the ALDIS Framework to capture how the teachers assisted learners through the demands of
the terms identified in the first phase of coding. The nine categories from Seah and Silver
(2018) (Figure 1) were used a code in this case but also allowing new codes to emerge from
the data. The last phase involved identifying the contexts in which the teachers assisted the
learners with meanings of the identified terms through the use of the context categories
presented in Figure 1 as codes. Findings will be presented in terms of identified terminology
that come up during the teaching of the genetics topic to grade 12 learners, followed by how
teachers assisted learners through the language demands of science, and the context in which
the teachers assisted learners through the language demands of science
Identified terminology that come up during the teaching of the genetics topic to grade 12
learners
The terms that showed up during the teaching of genetics during this study are shown in the
word cloud in Figure 2 where gene was the most common word. In addition to terms
specifically associated with genetics, this study showed that teachers also used terms from other
topics. These topics include animal diversity, plant diversity, cells, DNA, evolution, meiosis,
mitosis, plant and animal tissues and reproduction. This supports what literature says about the
topic genetics and other topics. In terms of terms from associated, the most frequent terms came
from the meiosis (122 times). This supports Strand and Boes (2019) who assert that meiosis
and genetics are interlinked, since parental germ cells go through meiosis to produce gametes
carrying specific alleles, and during fertilization two gametes unite to form an offspring.
Therefore, teachers need to understand this connection and teach their learners accordingly so
that they can connect their understanding about chromosome structure and behavior to genetic
inheritance. Meiosis was followed by topic reproduction (116), which supports Chattopadhyay
(2005) who stresses the links between sexual reproduction, meiosis, and genetics. The topics
DNA and cells followed with 99 and 58 respectively. Offner (2013) recognizes the connection
between DNA and genetics and maintains that the teaching of genetics should make the
connection between Mendel’s principles of heredity and DNA. This is because genes code for
proteins and proteins determine phenotype. The link between the topics cells and genetics
supports Chattopadhyay (2005) who acknowledges the link by asserting that knowledge about
structure and function of the cell as well as its organelles and cell division and reproduction is
required for an understanding of genetics. The fact that these were the dominant terms used
when teaching genetics suggests that an understanding of these associated topics by learners
may result in better performance as shown by Chattopadhyay (2005) whose findings showed
students’ confusion about the relationships between genes, chromosomes, genetic information,
and the cell.
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Figure 2: Word cloud showing identified terms
Assisting learners through the language demands of science
Teachers in this study teachers assisted learners through the identified terms/concepts by using
the following functional strategies, differentiating, explaining, labelling, mnemonics,
pronouncing, selecting, comparing, rationalising structural analysis, and reading aloud. These
categories (presented in Figure 4) are consistent with findings obtained Seah and Yore (2017)
who reported that teachers in their study used seven categories which are labelling, explaining,
differentiating, pronouncing, selecting, constructing texts, and deconstructing texts to address
topic specific technical terms while in a similar study Seah and Silver (2018) uncovered two
more categories which are mnemonics and rationalising. However, our study uncovered three
new categories in comparison with those studies, viz., structural analysis, comparing, and
reading aloud. Teachers frequently engaged labelling to assist learners through meanings of
genetic terms which was followed by explaining. The rest of the strategies were used here and
there during observations as presented. This finding can encourage teachers to use other
strategies when teaching genetics to motivate the learners into the topic which is considered as
difficult.
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Figure 3: Graphic showing functional strategies teachers used to foreground meanings of
identified terms
Contextual features used to assist learners through the demands of science
This study shows that the functional strategies used by teachers to assist learners through the
meanings of terms are linked to context (Figure 4). In this study, context entails the following:
song, drama, underlining, content on the board, images on the board, use of learners’ work,
images on transparency, writing, images on slide, content on slide, use of worksheets, use of
real-life scenarios, content on transparency. Figure 4 shows how the functional strategies (in
blue) were used in different contexts (in pink) in this study. The labelling functional strategy
occurred together more with content on the board. Meaning that when using the labelling
strategy, teachers tended to write content on the board or use content that was already on the
board. However, the diagram shows that teachers used the labelling and explaining functional
strategies in different contexts which are using content or images on the board, slide or
transparency depending on what was available to them. While content/images help in visual
learning, which assists learners to remember what they have learned for a long period, this
study shows that the context that had the least concurrence with the functional strategies like
song, drama, use of mathematical problems can also be engaged. Perhaps this will make
genetics learning more captivating and motivate learners more since it is often perceived as
difficult. The link between how language use and context is consistent with Gee’s theory of
Discourse which maintains that language cannot be separated from the context in which it is
used (Gee, 1996), and was evident in the types of examples used to by teachers to illustrate and
explain certain terms. For instance, one of the teachers used structural analysis and explaining
to foreground the meaning of the term metaphase in the context of using learners’ work on the
board as shown in the following except.
153. Mr Zindi
If you are done and I would like a volunteer to go and
draw the chromosomes on the board.
156.
Hanley, would you like to try. [Hanley goes to the
board
and draws]

157.
158.
159.

Eeh…what do you think about-- thank you very
much…what do you think about that?
Is that correct? [Referring to learner’s drawing]
No, it is not correct although you do not want…
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160.

…to say that Sipho?
Who would like to correct that?
[Another learner goes to the board and corrects
Hanley’s
diagram]

161.
162.
163.

164.

Ls:
Mr Zindi:

Remember, the meaning of the prefix meta- means…
[writing on the board]
Middle
So, what is in the middle…
…are THE chromosomes, so they lie on the
equatorial plane.
So, this is CORRECT!

The above excerpt shows how the teacher assist learners through the language demand of the
term metaphase by using a specific context where learners were allowed to draw a diagram into
their workbooks to show the phase metaphase. The learners were allowed engage more with
the term asking one of them to draw her diagram on the board and showcase her ideas to the
rest of the class. The teacher continued to engage the learners using the learners drawing which
was on the board until the correct diagram was drawn on the board by another learner.
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Figure 4: Sankey diagram showing the link between language use and context
Conclusion and Implications
This study showed that besides terms specifically associated with genetics, teachers also used
terms from other associated topics. Teachers’ awareness of this association may result in
teachers knowing associated terms that they need to select and emphasise when teaching other
topics in order for their leaners to understand basic genetics. In addition, they will be aware of
the topics that are not associated with genetics and hence will be discouraged from selecting
terms from those topics when teaching genetics. As a result, they will avoid unnecessary
confusion with terminology.
In addition, this study established ten functional strategies that teachers used to assist learners
through the language demands by differentiating, explaining, labelling, mnemonics,
pronouncing, selecting, rationalising, reading aloud, comparing, and structural analysis of
which labelling and explaining were the most dominant. These findings may encourage teacher
to consider engaging the less frequent strategies more in their classrooms to break the
monotony of using the same strategies over and over again so as to motivate learners more into
the topic.
The study further established that the functional strategies used to assist learners with meanings
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of terms are linked to the context in which they are used. The least common context used
included drama, song, mathematical problem, worksheets, and real-life scenarios. Findings of
this study may encourage teachers to consider engaging this use of these unfamiliar contexts
into their teaching of genetics.
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Abstract
This study investigated the effects of inquiry-based chemistry experimentation on grade eleven
students’ academic performance in chemistry using a non-equivalent, quasi-experimental
research design. The experimental and control groups were taught using the 4-H Inquiry in
Action teaching techniques and the traditional demonstration method of teaching chemistry by
experiments respectively. The solutions and solubility achievement test and the perceived
science inquiry process skills inventory were administered to both groups of students under
similar testing conditions. Mean scores of the solutions and solubility, and the perceived
science inquiry process skills tests for the two independent groups as well as the related
samples of these groups were compared using the Mann-Whitney U and the Wilcoxon Signed
rank tests. The results indicated a significant positive difference in the scores of the solutions
and solubility test and the perceived science inquiry process skills test in favor of the
experimental group. A significant positive difference was also found to exist between the
solutions and solubility pretest and posttest scores for the experimental group, but not the
control group. The solutions and solubility test mean scores were lower than 70%, the Liberian
Ministry of Education’s stipulated minimum score for a pass.
Introduction
Effective teaching of chemistry requires practical work that follows the scientific method. One
of the ways of achieving this is the inquiry-based experimentation, which relies heavily on
learners’ meaningful and active engagement as well as the teachers’ use of appropriate
questioning techniques to stimulate learners’ thought processes in knowledge construction. In
the last decades, many empirical studies have proved that science and chemistry learning
becomes more meaningful when learners engage in innovative experimentation activities
(Tafa, 2012). According to Lunetta et al (2007) experimentation plays a critical role in the
science curriculum with lots of benefits for students’ life - long scientific skill learning
experiences. Important students’ scientific inquiry process skills that may be acquired from
laboratory experiments include safe handling of chemical materials, chemical instrumentation
and analytical techniques. Therefore, teachers’ use of creative chemistry experimentation
teaching techniques may result in learners’ conceptual understanding of the abstract chemical
principles.
According to Omorogbe and Ewansiha (2013), the poor performance of candidates in
chemistry at the Nigerian national and regional examinations clearly indicates challenges in
the science education that need intervention. The principal causes for the said performance
were traced to teachers’ use of teacher centered lessons and verification types of chemistry
experiments, teachers’ lack of pedagogical content knowledge and the lack of adequate supply
of resources for teachers’ professional development.
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In Liberia, the quality and standard of chemistry and science education has generally waned
due to the unavailability of critical needs for active learning environment in high schools (Chan,
et al., 2015). Governments’ efforts to improve students’ academic performances include the
change from a knowledge-based to a newly adopted competency-based curriculum which took
effect in 2018. Although this new curriculum prescribes experimentation for every topic taught
in chemistry, to help learners more concretely demonstrate understanding of the abstract
concepts, laboratory facilities are almost non-existent and experimentations are scarcely
prioritized in schools. The much-needed teacher training in laboratory techniques has not been
prioritized either. In a few schools that have science laboratories, experiments are done largely
in a traditional fashion where teachers demonstrate the experiments and learners merely watch
and copy notes (Chan, Pan, Zhao & Zhao, 2015).
It is reasonable to think that students will get bored with chemistry classes taught in this
manner. This boredom translates into demotivation and general lack of interest. As a result, the
West African Senior School Certificate Examination (WASSCE) results in chemistry have
indicated persistent decline in candidates' performances in recent years. For their part, the West
African Examinations Council (WAEC) in Liberia, which is the examining body that conducts
the WASSCE, described students performances in their chief examiners' reports as "very poor"
WAEC (2017 p.65) and "below average" (WAEC, 2016 p.41). Public outcry about the Liberian
candidates’ persistent deteriorating academic performance in the WASSCE resulted in the
former Head of States, President Ellen Johnson Sirleaf calling for a total overhaul in the
education sector. In response to this concern, a joint education sector review by major
stakeholders in the Liberian education sector was convened in Grand Bassa County in 2015
(Gbollie & Keamu, 2017).
In their resolution, this body declared the Liberian education as a state of national emergency,
with a renewed commitment to improving the learning outcomes and students’ academic
performances at the WASSCE (MOE, 2016). However, according to Gbollie and Keamu,
(2017), the strategies and priorities for the achievement of these goals were not empirically
driven and therefore did not yield the expected results. These glaring indicators of a
fundamental challenge faced in the education and training of the next generation of leaders in
science and technology necessitates a compelling need for empirically investigating the effects
of active learning approaches on students’ learning outcomes.
This study was therefore designed to compare the inquiry-based experimental instructional
approach with the prevalent traditional ones, to determine its effects on learners’ academic
performances. In this respect, the following objectives were stated to guide the study.
a. To compare the solutions and solubility posttest mean scores for the experimental and
control groups.
b. To compare the perceived science inquiry process skills posttest, mean scores for the
experimental and control groups
c. To compare the solutions and solubility pretest and posttest mean scores for the
experimental group
d. To compare the solutions and solubility pretest and posttest mean scores for the control
group.
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Null hypotheses
The following hypotheses were stated and tested to statistically establish the existence of a
difference between the groups in this study.
H01: There is no significant difference between the solutions and solubility posttest mean scores
for the experimental and control groups.
H02: There is no significant difference between the perceived science inquiry process skills
posttest mean scores for the experimental and control groups
H03: There is no significant difference between the solutions and solubility pretest and posttest
mean scores for the experimental group
H04: There is no significant difference in the solutions and solubility pretest and posttest mean
scores for the control group
Literature Review
Although a section of science educators has expressed skepticisms about the effectiveness of
experimentation in enhancing students’ conceptual understanding of science (Cheung, 2011),
evidence has existed in favor of the use of inquiry-based experiments in improving learning
outcomes. Such evidences include the improvement of conceptual understanding over several
decades (Sesen & Tarhan, 2013), attitudes towards science (Aguilera & Perales-Palacios,
2018) and the enhancement of science process skills (Af’idayanii et al., 2018; Bunterm et al.,
2014). In one intervention study, Wilson et al. (2010) found that the inquiry – based
experimentation group outperformed the control group of students on conceptual
understanding, scientific reasoning and scientific arguments in discussions. Also, students
demonstrated a steady progress in science inquiry process skills in a routine study carried out
by Kuhn and Pease (2008). However, in another study conducted by Bunterm et al. (2014),
although there was a higher effect of treatment on the experimental group, significant academic
achievements were observed in both the experimental group that was taught in guided inquirybased instructional methods and the control group that was not. It seems plausible to think that
inquiry-based instruction can enhance lots of important competencies that are relevant to
students’ overall learning needs.
In a meta-analysis of the effects of inquiry-based instruction on students conceptual learning,
attitudes towards science and science process skills by Aktamış et al. (2016), a positive effect
size was found in favor of the inquiry-based approach against the traditional method of
instruction. Similar results were obtained by Minner et al. (2009) in which 138 studies were
reviewed. In a true experimental design research, where students who were taught using a
model-based inquiry method in the experimental group compared with those who were taught
in inquiry – based method without building a model constituting the control group, the modelbased inquiry method was shown to improve students’ scientific inquiry process skills,
although, it failed to improve conceptual understanding (Ogan-Bekiroğlu & Arslan, 2014).
Therefore, while inquiry teaching techniques can lead to greater learning enhancement,
appropriate levels of students’ freedom and involvement in the process can be a key
determinant of the outcome of learning.
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According to the Liberian Ministry of Education (MOE, 2016), evidence suggests that the
quality of science education has declined and student learning outcomes have been
unsatisfactory since 2003. This is despite tremendous efforts by Government and its partners.
The system of education at the secondary school level is plagued with insufficient budgetary
support from government, unqualified teachers, and low–level of commitment by the few
qualified teachers due principally to low and delayed salaries payments (Chan et al., 2015).
The 4-H Program
The 4-H inquiry program originates from the Oregon States University, where it was
established in 1904. The central idea for its establishment is to empower youths to reach their
fullest potential in science disciplines; science being one of the critical areas of focus for youth
development programs. The four Hs represents four personal development areas of focus
namely; the Head, Heart, Hands, and Health. The 4-H Inquiry in Action model was the
instructional model for achieving youth development with the use of the head, heart, hand and
health. Since its establishment, the 4-H program in the USA periodically organizes youth
training programs in science (Pamella, 2019). In one such trainings, Arnold et al., (2013)
developed the science inquiry process skills inventory, validated it, and used it to determine
the science inquiry process skills of 252 students from grades six to nine. They found an
improvement in the acquisition of students’ science process skills scores for every grade level
at the end of the program. Many others have used this model of instruction and have indicated
achievements in students’ cognitive, affective and psychomotor domains (Horton et al, 2007;
Mielke et al., 2010; Riley, & Butler, 2012).
According to Mielke,et al (2010) a call was made out to youths who have never being in the 4H program to enroll and gain relevant life-long skills. Such programs usually target four areas
of youth developments as follows; acquisition of knowledge in science, enhancement of
students’ interests in science, enhancement of students’ positive attitudes to science and
acquisition of science process skills (Dierking, 2008).
The 4-H Inquiry - in - Action model is based on the cycle of science inquiry, and represents
the important steps of the complete inquiry process. In addition, this model encompasses the
experiential and science inquiry learning processes and has widely been applied in youth
science development programs (Arnold et al., 2013).
Theoretical framework
The origin of constructivism dates back to the days of Socrates who suggested that learners and
their teachers should engage in continuous talking by means of which the unraveling of the
unknown may be possible through questioning (Amineh & Asl, 2015). As a learning theory,
constructivism emerged as a result of the lack of trust in, and the criticisms of the older theories
of learning before it. According Powell and Kalina (2009), constructivism offers a science
teaching and learning platform, aimed at improving the instructional quality learning gains. A
large body of research has found that students’ science achievement and motivation scores
increase significantly if they are exposed to learning environments that creates opportunities
for manipulations of learning objects (Khan, Hussain, Ali, Majoka & Ramzan, 2011).
Therefore, educational reformers strongly recommend constructivist teaching strategies for
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sciences (Powell & Kalina, 2009).
There are however many types of constructivism in education but two main ones are; Jean
Piaget’s cognitive constructivism and Lev Vygotsky’s social constructivism (Yilmaz, 2008).
The learning theory that underpins this research is the social constructivism with Lev Vygotsky
as its founding father. Vygotsky stated that the construction of knowledge first needs to be in
a social context, and afterwards, it is personally internalized for better learning experience
(Eggan & Kauchak, 2004). Yilmaz (2008) points out two of Vygotsky’s idea that find
tremendous importance to teaching and learning; the social nature of learning and the Zone of
Proximal Development.
The social constructivist theory believes in the construction of knowledge by collaboration and
group interactions of learners with their peers and with the teacher rather than learners left to
themselves for knowledge construction. This is consistent with the 4 -H Inquiry -in -Action
mode of instruction which allows learners to co-construct knowledge collaboratively with their
classmates in small groups, and with the teacher who offers appropriate guidance. It has a great
benefit for the learner; both cognitively and socially (Powell & Kalina, 2009). During this
collaborative learning process, students are exposed to their peers’ thinking processes, and
appreciate the processes that successful problem solvers go through. It also makes the learning
outcome available to all in a group.
The Zone of Proximal Development emphasizes that children should not be left to solve a
problem alone but instead, they should be taught lessons just beyond their levels of attained
skills by asking probing questions (Amineh & Asl, 2015). This idea of Vygotsky’s theory is
also mirrored in the 4-H Inquiry-in - Action classroom, where the teacher assigns tasks that
just above the students’ level of academic attainment, but provides appropriate guidance, so
that the students don’t experience cognitive load, which impairs learning.
Social constructivism views learners as being intellectually generative; this means that learners
have the capability to design their own question, design their own experiments, carry out
experiments, and solve problems, with an appropriate level of guidance. In other words,
learners’ minds are not empty vessels that should be filled: their minds can be compared to
woods that require igniting. The generative theory of learning was the very basis of the 4-H
Inquiry – in – Action. As students in collaborative groups asked their own scientific question
that guided the inquiry experiment, designed their own experiments in groups, carried out
experiments, and explained their findings, they practiced an important idea in Vygotsky’s
social constructivism theory.
Constructivism requires autonomy in the classroom; an environment that empowers learners to
make errors, and learn from it. Students in this study typically enjoyed freedom to try their
hands on what could work or not. They made errors, corrected the errors, and learned from
them. Teachers observed students as they took responsibility of their learning and offered
appropriate levels of guidance that were supportive. This makes learning achievements made
with this level of autonomy more permanent. The aforementioned tenets of social
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constructivism like effective questioning, learners’ interaction with peers and with the teacher,
learners and teachers being co-inquirers while the teacher also serves as a guide by the side are
in accord with the 4-H Inquiry-in Action instructional approach reflected in every section of
the study.
Methodology
Study participants
The participants in this study, 21.7% of whom had transferred from different previous schools
were eleventh grade students in Bong County, Liberia. Since there were wavering numbers of
students who took part in the various tests, Table 2 provides these details. They represent
students who have recently experienced a curricular transition from knowledge – based to
competency-based curriculum. The eleventh-grade students being in mid-senior high school
typify and represent the high school student experience, which was the basis for their
preference over the Tenth and Twelfth Graders for this study.
Table 2: Number of respondents who filled out the survey questionnaires
Number of students for Pretest Number of
Test
posttest
Experimental
Control
Experimental
Group
Group
Group
Solution and solubility 185
182
192
achievement
Test
(SSAT)
Science Inquiry Process 200
175
169
Skills Test(SIPST)

students for
Control
Group
165

176

The research design
The Non-equivalent control group design, a form of quantitative, quasi-experimental research
design that allows non-random assignment of subjects to study groups, was used. The use of
intact groups of subjects was a more plausible alternative given that students were already
assigned to classes before the researchers got involved with the schools. This design entailed
ascertaining participants’ previous content knowledge of solutions and solubility, and
perceived science inquiry process skills by way of pretest. Thereafter, the treatment followed;
The experimental group was instructed using the Inquiry - in – Action mode of teaching
chemistry experimentation, whereas the control group was taught using the traditional
demonstration method of teaching chemistry experimentation. A week after the end of a sixweek period of instruction, a post test was administered to both group of students under similar
testing conditions to determine the effect of the modes of instruction on each of the outcome
variables.
Sampling technique
12 schools were purposively selected from a population of 30 on the basis of the availability
of laboratory facilities and conducive space for experiments. Using the lottery technique, the
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first four schools were drawn from the 12 to constitute the experimental group, while the second
four constituted the control group. All the eleventh-grade students in the selected schools
formed the study sample of subjects.
The intervention and treatment
The teachers of the inquiry-based and traditional experimentation classes taught the same
topics and content as described in the national curriculum. The only difference in instruction
was the mode of experimentation. The topics taught were as follows; types of solutions, factors
that determine solubility, dilutions and units of concentration, solutions stoichiometry, and
solubility curves. The intervention consisted on average 120 contact hours of instruction per
week for six weeks. In the traditional experimentation, teachers refrained from asking probing
questions, and when students asked questions, teachers provided explicit answers. Teachers
demonstrated the experiment and students watched. Students did not work in groups and
teachers’ movements were restricted to the space between the first rows of seats and the
chalkboard.
However, in the inquiry-based instruction, lessons were broken up into the steps of the 4-H
Inquiry - in - Action. Activities were done in collaborative groups of four or five students.
Appropriate questions using cold call were used to activate students thinking and to guide
inquiry. Cold call is a questioning technique that involves the teacher asking a question without
initially directing it to anyone in the class. After a wait time of approximately 8 seconds, the
teacher suddenly strikes at any student for response. By this time, every student would have
been made to think about the correct answer. Cold call is an excellent questioning technique
because it develops thinking habit in learners. It is also supported by the generative theory of
learning, which holds that minds-on activities are more beneficial to learning than hands-on
activities. Teacher did not respond directly to students’ questions, but rather asked the
questioner first, then another student a guiding question. Because inquiry strategies can be
difficult to implement for novice teachers, weekly debriefing sessions were held in order to
follow-up on progress and challenges, and to progressively reduce teachers’ anxieties, increase
their confidence and suggest recommendations for improvement in subsequent lesson delivery.
The research instruments
Two instruments used to collect data were the Solutions and Solubility Achievement Test and
the Science Inquiry Process Skills Inventory. Following are a detail description of their
structure and validation.
The Solutions and Solubility Achievement Test (SSAT)
The SSAT was constructed from past WASSCE chemistry papers between 2000 and 2020.
Items that were related to the topics covered in the instruction were selected. This was done
through collaboration between the researchers and all the eleventh grade chemistry teachers of
the sampled schools. All items were related to solutions and solubility. Items drawn on this
topic is indicated to challenge candidates in the WASSCE (WAEC, 2016, 2017).
The Science Inquiry Process Skills Test (SIPST)
The science inquiry process skills inventory was adopted from Arnold et al., (2013). It was
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developed in line with the Hand, Heart, Head and Health (4H) Inquiry - in Action model of
science instruction shown in Figure 1.
Figure 1: The 4-H Inquiry-in Action Model

It comprised 11 items, each of which measures an inquiry process skill. These skills include
forming scientific questions, designing scientific procedures, collecting and recording data,
analyzing results, using models to describe results, and creating scientific presentations. To
verify the suitability of this instrument for use in the Liberian context, the instrument was pilot
tested with 40 eleventh grade students at one of the high schools in Bong County. The Cronbach
Alpha reliability was found to be 0.87, which according to Fraenkel et al. (2012) indicates
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satisfactory internal consistency.
Data analysis
Individual student scores for each item were fed into Microsoft Excel spreadsheet for
computation of composite totals for each student. Thereafter, the totals were fed into SPSS
Version 25.0 for analysis using the Mann Whitney U and the Wilconxon Signed Rank test for
comparison of mean scores between and within the independent study groups.
Results
Table 4.1: Mann Whitney U solutions posttest results for comparison of experimental
and control groups
Group

N

SD

Rank
Total

Mean
Rank

Experimental

192

15.56

40473.50

210.80

Control

165

9.38

23429.50

U

p

9734.50

0.000*

142.00

*p < 0.05, the difference is significant
Table 4.1 shows that the solutions and solubility achievement posttest mean rank score of the
experimental group of students (210.80) was higher than those of the control group of students
(142.00). This implies that the experimental group generally outperformed the control group.
A Mann - Whitney U test indicates a p -value of 0.000 at 0.05 level of significance, which
shows that the difference in the SSAT mean scores for the experimental and control group is
statistically significant.
Table 4.2: Mann Whitney U Science inquiry process skills posttest results for
comparison of experimental and control groups
Group

N

SD

Rank
Total

Mean
Rank

Experimental

169

4.53

3205.00

189.50

Control

176

5.44

27660.00

157.16

U

p

12084.000

0.003*

p < 0.05, the difference is significant
Examination of Table 4.2 shows that the perceived science inquiry process skills posttest mean
rank score for the experimental group was higher than that for the control group by 32.34. A
Mann - Whitney U test at 0.05 level of significance resulted in a p - value of 0.003, which
indicates that the difference in perceived science inquiry process skills between the
experimental and control group is statistically significant.
Table 4.3 Wilcoxon Signed Ranks Test Results for comparison of solutions chemistry
concept pretest and posttest scores for experimental and control groups
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Group

Pretestposttest
Negative
Experimental Ranks
Positive
Ranks
Ties
Negative
Control
Ranks
Positive
Ranks
Ties

N

SD

Rank
Total
2822.50

46

Mean
Ranks
61.36

129 12.58 12577.50 97.50
10
74

5846.50

Z

0.000*
7.278

79.01
-4.94

75

15.60 5328.50

p

0.622**

71.05

16

* p < 0.05, the difference is significant
** p > 0.05, the difference is not significant

Table 4.3 shows the solutions and solubility achievement test mean scores for the experimental
and control groups before and after the intervention. In the experimental group, results indicate
a higher mean for the positive ranks than the negative ranks. This suggests that the posttest
mean score is higher than the pretest mean score. A Wilcoxon Signed Rank Test results in a pvalue of 0.00 at 0.005 level of significance. This indicates that the difference between the
posttest and pretest is statistically significant. For the control group, the mean for the negative
is higher than for the positive ranks. This implies that the pretest mean score was higher than
the posttest mean score. A Wilcoxon Signed Rank test resulted in a p-value of 0.622 at 0.05
level of significance. This shows that the difference between the pretest and posttest scores is
not statistically significant.
Table 4.4: Various effect sizes of differences between and with study groups
Study group
Cohen’s d Glass’
Hedges’ g
delta
Experimental and control group-SSAT

0.79

0.65

0.78

Experimental group – SSAT (Pretest/posttest)

0.84

0.94

0.84

Control group –SSAT (Pretest/posttest)

0.01

0.01

0.01

Experimental and control group-SIPS

0.36

0.40

0.36

Table 4.4 displays effect sizes of the differences between and within groups, with calculations
done using online Cohen’s d effect size calculator.
Hypothesis Testing
The null hypotheses were stated as follows:
H01: There is no significant difference in the solutions chemistry concept post-test scores
of the experimental and control groups.
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The solutions and solubility posttest mean score for the experimental group was found to be
significantly higher than that for the control group and the difference between the two groups
cannot be attributed to chance. On the basis of this outcome, the null hypothesis is rejected in
favor of the alternative hypothesis
H02: There is no significant difference the science inquiry process skills posttest scores of
experimental and control groups
The mean science inquiry process skills test score is found to be significantly higher for the
experimental group than the control group and the judgment is reached that the difference in
the perceived science inquiry process skills for the experimental and control groups was not
due to chance. Therefore, on statistical grounds, the null hypothesis is rejected
H03: There is no significant difference in the solutions chemistry pretest and posttest
scores of the experimental group of students
The difference between the mean solutions chemistry pretest and posttest scores for the
experimental group is found to be statistically significant, implying that the difference between
the pretest and posttest solutions chemistry mean scores could not be due to chance. Therefore,
the null hypothesis was rejected on statistical grounds.
H04: There is no significant difference in the solutions chemistry pretest and posttest
scores of the control group of students
The difference between the solutions chemistry pretest and posttest scores for the control is not
found to be statistically significant. This indicates that the control groups’ pretest and posttest
mean solution chemistry test scores are statistically identical. Therefore, on statistical grounds,
the null hypothesis was not rejected.
Discussion of results
The outcome in this study has generally demonstrated the superior nature of the 4-H Inquiryin - Action model in teaching chemistry through experiments, relative to the traditional method.
Although the results indicate significant differences between the experimental and control
groups as well as pretest and posttest on the solutions and solubility achievement test and the
perceived science inquiry process skills for the experimental group, there was no significant
difference between the solutions chemistry pretest and posttest scores for the control group.
The generally significant improvement in the outcome variables could be attributed to the
teaching techniques and strategies. These results however only reveal the relative strength of
the modes of instruction. However, these mean scores fall far below the minimum pass grade
of 70% stipulated by the Liberian Ministry of Education for all subjects. These results present
students’ pass rate in the Liberian system of education as a complex phenomenon. This
observation could be due to the generally weak foundation in knowledge and skill levels of
students, contributed in part by the inadequacy of chemistry teachers’ pedagogical content
knowledge and skills. It does seem that an extended teacher professional development on
inquiry strategies will enhance better delivery of lessons and students’ performance.
An important determinat in this study is the generally large variation in the students’ individual
solution and solubility achievement test scores indicated by large standard deviations between
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and within the independent groups. However, there was a comparatively lower standard
deviation of the perceived science inquiry process skills scores. The perceived science inquiry
process skills for both groups are also similar. This implies that the students are not as different
on their perceived science inquiry process skills as they are on their understanding of the
solutions and solubility concept in both experimental and control groups.
With respect to the significant differences observed between and within study groups, Pallant
(2005) remarks that researchers’ interpretation of findings for large sample sizes should not be
limited to only statistical significance. Therefore, he recommends considering the effect size.
With the exception of the difference in the pretest-posttest solutions chemistry for the control
group, the effect sizes associated with the differences observed in this study are very large,
indicating that these differences also have theoretical and practical relevance. This study
demonstrates the fact that learner success in chemistry and science education is largely a
function of the teaching techniques and strategies.
On account of the observed learning gain, chemistry concept learning gain by the inquiry –
based instructed group, the outcome in this study is similar to many others like those of
Bunterm et al (2014), Koksal and Berberoglu (2014) and Bilgin(2006), who found significant
learning gains between independent study groups in favor of the experimental group and within
both study groups. Similar observations of higher science inquiry process skills were also made
in the comparison groups, demonstrating students’ appreciation of, and improvement in their
perceived science inquiry process skills. However, as independent groups, the students taught
in inquiry-based experimentation believed that they acquired the science inquiry process skills
more than those that did not.
Although evidence in literature of the effects of experimentation on academic success is
somewhat conflicting, the outcome of this study is in agreement with very many other studies
done in different contexts such as the ones conducted by Sesen and Tarhan (2013), Bunterm et
al. (2014) and Koksal and Berberoglu (2014). Therefore, these results have added to the
growing number of strong statistical evidence in favor of inquiry methods of instruction from
the Liberian context.
Conclusion and implications
This study determined the effects of inquiry-based chemistry experimentation instructional
techniques on the academic performance of Eleventh grade students in Bong County in Liberia.
Based on the observations and findings, it can be stated that the inquiry-based method of
teaching chemistry experiment yields greater students’ conceptual understanding in Liberia. It
also positively influences learners’ perceptions about their acquired science inquiry process
skills. The fact that significant difference in the solutions and solubility achievement test was
observed between the experimental group and control group as well as within the experimental
group but not within the control group is confirmatory. Also, given that large effect sizes are
associated with the differences also points to the practical relevance of these outcomes. Worth
noting however is the fact that the findings related to the students’ inquiry process skills are
students’ opinions rather than their observed skills.
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The implications of these research findings are many folds; first, experimentation should be
encouraged and supported in all schools. This may motivate high school student science
learners and thus influence their academic performances in chemistry. The fact that the Inquirybased chemistry experimentation teaching techniques enhanced students’ conceptual
understanding and academic performances in solutions and solubility, but the average grades
were lower than the minimum score for a pass implies that other variables not considered in
this study would need to be studied empirically. School authorities would need to make very
strong emphasis on the recruitment of teachers who are trained in both the science content and
pedagogy of teaching science.
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EXPLORING NATURAL SCIENCES TEACHERS’ CLASSROOM
PEDAGOGICAL COMPETENCIES IN THE TEACHING (AND
LEARNING) OF PARTICULATE NATURE OF MATTER
K.B. Samuel, Washington Dudu and M.J. Sebatana
North West University
Abstract
This study explores how Natural Sciences teachers’ pedagogical competencies shift as a result
of a Teacher Professional Development intervention for promoting the Curriculum Assessment
Policy Statement’s (CAPS) specific aim of ‘understanding the uses of science’ while teaching
Particulate Nature of Matter (PNM). This study forms part of a bigger project. The overarching
theoretical framework which underpins this study is Pedagogical Content Knowledge. This
qualitative study was conveniently conducted in the North West province, South Africa, where
two Natural Sciences teachers were purposefully sampled. Data generation instruments used
in this study include: adopted PCK test and semi-structured interview schedule. The results
show that the participants’ PCK positively shifted. This might be so since the participants were
more aware of the specific aim explored in this study. This study asserts that teachers need
TPD interventions as required by CAPS, especially since some are unqualified for subjects
they teach.
Introduction and background
This study explores how Natural Sciences teachers’ pedagogical competencies shift as a result
of a Teacher Professional Development (TPD) intervention for promoting the Curriculum
Assessment Policy Statement’s (CAPS) specific aim of ‘understanding the uses of science’
while teaching Particulate Nature of Matter (PNM). This study forms part of a bigger project.
In the South African curriculum [Curriculum Assessment Policy Statement (CAPS)], Natural
Sciences at the senior phase level (grade 7-9) is comprised of “four disciplines such as Life
Sciences, Physical Sciences, Earth Sciences and Agricultural Sciences” (DBE, 2011, p. 9). This
study focuses on the grade 9 Natural Sciences. “There are three specific aims in Natural
Sciences – specific aim 1: ‘doing science’ (where learners should be able to complete
investigations, analyse problems and use practical processes and skills in evaluating solutions;
specific aim 2: ‘knowing the subject content and making connections’ (where learners should
have a grasp of scientific, technological and environmental knowledge and be able to apply it
in new contexts; and specific aim 3: ‘understanding the uses of science’ (where learners should
understand the uses of Natural Sciences and indigenous knowledge in society and the
environment)” (DBE, 2011, p. 10). This study focuses on the specific aim 3.
PNM is part of basic concepts in school science curricula worldwide from Grades 6 to 12 where
learners are exposed to the structure of matter and three physical states, classification of matter,
different representational levels and Kinetic Molecular Theory (Yakmaci-Guzel & Adadan,
2013). In South Africa, Natural Sciences learners’ performance in PNM is generally poor
(Reddy, 2017). PNM is chosen for this study since it is considered one of the fundamental
concepts in understanding Chemistry (Chua & Karpudewan, 2020). Chemistry is paired with
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Physics, forming the Physical Sciences discipline in the CAPS (Samuel & Dudu, 2018). There
is a concern that most science teachers possess some relatively good content knowledge (CK)
(Kaptan & Timurlenk, 2012), but struggle to translate it into effective pedagogical content
knowledge (PCK) (Rollnick et al., 2017). In this study, content knowledge refers to content of
PNM. PCK is the teachers’ understanding and transformation of the subject-matter knowledge
into the teaching and learning situation (van Driel et al., 1998). Also in this study, CK and PCK
are the two constructs which constitute pedagogical competencies. Pedagogical competencies
refer to teacher’s abilities to transform their CK into PCK (Aydin & Boz, 2013; Mavhunga,
2016). Teachers’ pedagogical competencies are important in achieving science curriculum
aims (Rahman et al., 2019).
Teachers are expected to adapt to the curriculum shift (Mudaly & Ismail, 2013), which can be
challenging for most teachers (Dudu, 2014), especially in rural areas. It has been a decade since
the South African educational context has experienced a curriculum shift from the Revised
National Curriculum Statement (RNCS) to CAPS. This shift meant a significant change in
teacher roles, for instance, from having to facilitate learning where learners should ‘understand
the uses of Natural Sciences and indigenous knowledge in society and the environment’. This
curriculum shift relies a great deal on teachers to change their classroom practices (Moodley,
2013). Therefore teachers require a great deal of empowerment for them to adapt to such a
curriculum shift which include among others engaging the learners in inquiry based learning
which most teachers were not trained on, and that is besides the contextual factors such as class
size, availability of resources, teacher competence and confidence, time constraints, student
ability, school culture and parents' expectations (Ramnarain & Schuster, 2014). These
challenges may be prevalent in rural schools.
According to Rural Education Draft Policy (DBE, 2017, p. 15), “Rural schools are
characterised by low population, tribal lands, agricultural areas, dispersed settlement, various
social and economic deprivation factors, and distance from services/facilities.” Therefore, as
part of this study, a Teacher Professional Development (TPD) intervention was administered
for rural schools Natural Sciences teachers to strengthen their pedagogical competencies in the
curriculum implementation process. The research question guiding this study is:
•

How does two Natural Sciences teachers’ pedagogical competencies shift as a result of the
Teacher Professional Development intervention for promoting CAPS specific aim of
‘understanding the uses of science’ while teaching Particulate Nature of Matter?

Theoretical framework
The overarching theoretical framework which underpins this study is PCK. Originally coined
by Shulman (1986), PCK is a theoretical construct which can be defined as the form of
knowledge required by a teacher to transform content knowledge into a teachable form during
a teaching and learning situation. PCK was developed alongside six other knowledge bases for
teaching which include CK, general pedagogical knowledge, curriculum knowledge,
knowledge of students and their characteristics, knowledge of educational context and
knowledge of educational ends, purposes, values, philosophical and historical grounds
(Shulman, 1987). Mavhunga and Rollnick (2013) refined PCK for “topic specificity of PCK
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and transformation of the concepts in that topic” (p. 115), resulting in Topic-Specific PCK.
Specifically for this study, Gess-Newsome’s (2015) theoretical construct of Topic-Specific
Professional Knowledge (TSPK) is adopted (see Figure 1). TSPK is relevant for this study
because according to Pitjeng-Mosabala and Rollnick (2018), “it interfaces between PCK
knowledge and practice” (p. 744). In this study, Natural Sciences teachers’ PCK and classroom
practice are salient, exploring their practice before and after a TPD for CAPS specific aim of
‘understanding the uses of science’ while teaching Particulate Nature of Matter -.

Figure 1: The consensus PCK theoretical framework by Gess-Newsome (2015, p. 31)
According to this framework (see Figure 1), a teacher may develop TSPK by drawing on
pedagogical, assessment, curriculum, content and students knowledges. TSPK such as
instructional strategies and content representation to name two, are directly linked to classroom
practice through a series of amplifiers and filters which in turn link to learner outcomes, again
through a series of contextual filters. These filters may assist the teacher to make selections
from their knowledge base for use during teaching and learning situations. This framework’s
dynamic and recursive nature interfaces between PCK knowledge and practice, outlining how
all three constructs feeding back into each other, accounting for teacher learning through
practice and interaction with learners. Thus, teacher’s PCK occurs in a Teacher Professional
Development as knowledge, and then used in the classroom context to achieve curriculum aims
as a skill during teaching.
Literature Review
Relevant literature of the key terms used in this study are explored in this section. It is
noteworthy to mention that there is sufficient literature focusing on Natural Sciences’ PCK for
the curriculum’s three specific aims. Rollnick et al. (2008) posit that qualified and experienced
science teachers are constrained in their teaching due to poor understanding of the concepts
when teaching chemistry which may result in their poor PCK. PCK includes a wide range of
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areas, hence improving the quality of teachers’ pedagogical competencies in science education
remains a challenge (Mavhunga et al., 2016). According to Berry et al. (2008), PCK is complex
but important since it allows a teacher to deeply understand what makes a concept or topic
difficult, and identifying variety of misconceptions learners might have. South Africa needs to
improve the teaching and learning of science curricula according to its context (Dhurumraj et
al., 2020) interface between classroom content and daily lived experiences and applications.
“Lack of qualified science teachers overall is exacerbated in rural areas, where schools have a
relatively harder time funding new teaching positions and recruiting highly qualified teachers
to fill those positions” (Warner et al., 2019, p. 1157). Learners in rural secondary schools
perform poorly in science (Murphy, 2020). Therefore, we need to start somewhere to address
this issue, and ‘somewhere’ is teachers PCK. Teachers’ PCK is closely related to learners’
understanding of science content (Akerson et al., 2000). The specific aim of ‘understanding the
uses of science’ is more significant for learners in rural schools due to rich natural environment
which allows them to learn and apply CK (Avery, 2013). Science teachers in rural schools face
unique challenges compared to their counterparts in urban schools (Mnguni, 2019). The TPD
for Natural Sciences teachers for example, is important to support their dynamic and
challenging issues in the teaching and learning of Chemistry (van Driel & de Jong, 2015)
specifically in rural schools. A job-embedded TPD allows teachers to be life-long learners and
improve their teaching (Bates & Morgan, 2018).
Selvaratnam (2011) conducted a study within similar context as desk study in the North West
Province revealing that most science teachers struggle to present their CK into a teachable
content. Selvaratnam’s findings are reiterated by another study conducted in USA (Sadler et
al., 2013). In the Eastern Cape, South Africa, Vokwana et al. (2021) conducted a study with
the purpose of enacting topic-specific PCK on rural out of field Natural Science teachers in the
teaching and learning of PNM. The findings of their (Vokwana et al., 2021) study revealed
positive shifts in the quality of teachers’ topic-specific PCK post the TPD compared to before
the TPD. Similar to the current study, Pitjeng-Mosabala and Rollnick (2018) conducted a study
in South Africa with the purpose to investigate 14 novice science teachers’ development of
pedagogical competencies while teaching PNM after a TPD. Pitjeng-Mosabala and Rollnick
generated data through pre- and post-TSPCK and interviews among others. The findings of
their study show that of the 14, 10 novice teachers’ overall PCK improved post-TPD, while
others’ either remained unchanged or regressed. Taken together, these findings show how the
initial knowledge of all the teachers was enhanced by the TPD. Needless to mention that the
current study conducted a TPD with Natural Sciences teachers to establish if similar findings
could be produced to achieve the specific aim of ‘understanding the uses of science’.
Research Methodology
Research design
This study adopts a qualitative research design. The qualitative design was deemed relevant to
capture how two Natural Sciences teachers’ pedagogical competencies shift as a result of the
TPD intervention for promoting CAPS specific aim of ‘understanding the uses of science’
while teaching PNM.
290

Site Selection, Sampling Technique, and Sample
This study was conveniently conducted in one of the four districts of the North West province.
The sample of this study consisted of 2 purposefully selected Natural Sciences teachers in 2
rural secondary schools. As mentioned earlier, the 2 Natural Sciences teachers were selected
because they appeared struggling during the TPD intervention. The aim was to establish if their
pedagogical competencies had really been strengthened. This study’s 2 participants were given
pseudonyms, i.e. Thato (27 years old, male) and Tague (34 years old, female) in order to ensure
their confidentiality. Thato had 1 year teaching experience by the time the study was beginning
and possessed Bachelor of Education (B.Ed.) specialising in Life Sciences. Tague had 5 years
teaching experience and possessed two qualifications, namely, Bachelor of Science (B.Sc.)
specialising in Physics and Chemistry, and Post Graduate Certificate of Education (PGCE) for
science education.
Data generation instruments and analysis
In this study, different data generation instruments such as an adopted PNM PCK test
developed by Pitjeng (2014) and semi-structured interview schedule developed by authors were
utilised. It is worth noting that both data generation instruments were utilised two weeks before
and after the TPD intervention in this study. The PNM PCK instrument contains both the
content and the pedagogical knowledges, and is divided into five categories, namely, Category
A: learners’ prior knowledge, Category B: curriculum saliency, Category C: what makes the
topic difficult to understand, Category D: representations/models and Category E: teaching
strategies. “The notion of improved PCK implies that its quality can be determined” (PitjengMosabala & Rollnick, 2018, p. 744). The five categories on the PNM PCK instrument were
rated on a four-point scale as follows: 1-limited, 2-basic, 3-developing, and 4-exemplary.
The PNM PCK test instrument was analysed using an adopted specialised rubric adapted by
Pitjeng (2014). Evaluation of this instrument involved the knowledge of the experts within the
Chemistry education discipline. The items on the semi-structured interviews were compiled to
elicit what could not be penned down by the participants. Therefore, due to the nature of
research questions which intended on probing, interviews were employed. Probing items in
this instrument allowed for validation of the PNM PCK instrument responses. Interview
questions included questions such as, ‘Describe your teaching of PNM regarding the specific
aim of understanding the uses of science?’. Data analysis interviews were analysed using
Thematic Networks analytical tool adapted from Attride-Stirling (2001). A thematic network
is developed starting from the Basic Themes and working inwards toward a Global Theme.
Once a collection of Basic Themes has been derived, they are then classified according to the
underlying story they are telling, and these become the Organizing Themes. Organizing
Themes are then reinterpreted in light of their Basic Themes and are brought together to
illustrate a single conclusion or super-ordinate theme that becomes the Global Theme (AttrideStirling, 2001). It is noteworthy to mention that the five-day TPD intervention took place over
five consecutive weekends focusing on one PNM PCK component per day as outlined on Table
1. Table 1 outlines the TPD interplay between PNM PCK categories, aspects (with regard to
achieving specific aim 3) and topics of focus in the order in which were administered to the
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participants.
Table 1: Interplay between PNM PCK categories, aspects and topics of focus
Knowledge categories
Learners’ prior concepts
Weekend 1
Teaching strategies
Weekend 2
Curriculum material/What
makes topic difficult to teach
Weekend 3
Representations
Weekend 4
Curricular saliency.
Weekend 5

Aspect of intervention
For achieving specific aim 3
Teacher-learner interaction enactment
Dealing with common misconceptions of
Matter
Choice of teaching strategy/method for a
particular topic
Incorporating selected elements of CAPS
Lesson planning from CAPS
Choice of teaching aids when teaching
from CAPS
Topic introduction/opening
Planning and executing practical
experiment
Importance of topic sequencing and
progression within the knowledge strand
and across the grades as prescribed in
CAPS

Topic of focus
Definition of matter
Phases of matter and the
changes it undergoes
Basics of Periodic table
Properties of matter
Building blocks of matter
Chemical equations
Reaction of metals with
oxygen
Ways to preventing rusting
Expansion and contraction of
materials
Pressure
Atoms, elements, compounds
and mixtures

Results presentation, interpretation and discussion
This section presents the study results together with interpretations and discussion in attempt
to answer the research question of this study.
Table 2: PNM PCK instrument results according to the five categories
PNM PCK Categories
Learners’ prior knowledge
Teaching strategies
Curriculum material/What
makes topic difficult to
teach
Representations
Curricular saliency

Pre-Results
Limited
Developing
Limited

Basic
Limited

Thato
Post-Results
Developing
Developing
Developing

Exemplary
Developing

Pre-Results
Basic
Basic
Developing

Developing
Limited

Tague
Post-Results
Developing
Basic
Exemplary

Developing
Exemplary

The results of this study show that both participants’ PCK regarding ‘learners’ prior
knowledge’ category showed a positive shift, where Thato shifted from limited to developing,
and Tague shifted from basic to developing. Prior to the intervention, Thato was asked ‘what
can you say about your teaching of PNM regarding the specific aim of understanding the uses
of science?’, and responded saying: “I was not trained in Physical Sciences, so certain topics
are challenging, yet interesting to me.” Thato’s expression is understandable and was expected
after identifying that he holds a B.Ed in Life Sciences. As mentioned earlier, Natural Sciences
comprise of Life, Physical, Earth and Agricultural Sciences. Therefore, within these four
disciplines, it can be argued that Physical Sciences teachers are better teachers for Natural
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Sciences since Physical Sciences is a combination of Chemistry and Physics with some Earth
and Agricultural Sciences. Hence Thato is of the idea that having trained for Life Sciences
limits his PCK. From Table 1, it can be observed that Thato is limited in three categories of
PCK. This finding shows a gap in the education system in South Africa regarding Natural
Sciences. This finding is also in line with the insertion by Ramnarain and Schuster (2014), and
Warner et al. (2019) relating to a challenge of lack of qualified teachers in rural secondary
schools.
When asked ‘what can you say about your teaching of PNM regarding the specific aim of
understanding the uses of science?’ again during an interview post the intervention, Thato’s
response was: ‘I realised that PNM requires many practical experiments beside those
prescribed in the Annual Teaching Plan. Moreover, PNM is packed with many concepts and
topics to complete.’ This finding shows that Thato’s PCK has improved and explains the results
outlined on Table 1 which show positive shift on Thato’s PCK in all categories. Given Thato’s
shift regarding content presentation category from basic to exemplary, he was asked to
comment on his teaching of PNM during post intervention interviews, and he said: “interacting
with colleagues and watching the presentation that was given on this topic has assisted me a
lot. I managed to source more than enough information from the discussions that we had,
especially the difference between physical and chemical changes which to me are key in
explaining the properties of matter.” This finding shows that the TPD was necessary and
important for Thato. This finding corroborates finding of other studies in the pertinent literature
(van Driel & de Jong, 2015; Bates & Morgan, 2018; Selvaratnam, 2011; Sadler et al., 2013;
Vokwana et al., 2021; Pitjeng-Mosabala & Rollnick, 2018).
During the post intervention interviews, Tague was asked why her responses are the same
regarding the teaching strategies, and she responded as follows: “I find it easy to explain
something thoroughly first even if it takes time. I believe in myself being in charge of teaching
and learning because sometimes putting learners in charge wastes time which we do not have”.
This finding equally corroborates and explains Tague’s results for not shifting in her PCK
regarding two categories. It is difficult to explain this finding, however, it might have to do
with her choosing to stick to the old way of teaching. This finding shows how Tague values
time during teaching and learning situation in the classroom. When asked ‘how do you
incorporate the specific aim of ‘understanding the uses of science’ in your lesson planning and
teaching strategies?’ during the pre-intervention interviews, Tague said: Ok, because Natural
Sciences is a practical subject, we live it, so whenever I teach, like for instance as I was
teaching the Grade 8 they were doing dissolution of substances, so I told them whenever you
make your tea in the morning and when you add sugar and stir, that is dissolution. So, I tell
them that it’s your daily lives it’s not something that you only do at school. This finding is in
agreement with the insertion by Kaptan and Timurlenk (2012), that science teachers possess
some relatively good content knowledge. When asked the same question during the postintervention interviews, Tague replied by saying: although I struggle to transform content in a
simplified manner, I know my strength lies in experiment demonstration. I realised that it is
important to use what the learners use every day (water for an example) and show them what
they should know because this gives them a sense of the truth behind science and scientific
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theories. They do things outside classroom which they do not associate with what they learn.
So, I bring the two environments (science outside classroom and inside classroom) together.
This finding shows that Tague is well aware of conceptual scaffolding, thus being exemplary
on two PCK categories.
Conclusion
The results of this study have shown that schools operate with teachers who are non-specialists
in science subjects and new in the field. Moreover, there is inadequate provisioning of
resources which is rife in rural secondary schools. Thus, this study recommends that teachers
need to be given platforms such as professional development workshops to interact as a
community and share knowledge and good practices specifically about the sciences classroom
practices as required by policy and generally about the curriculum. More importantly, it is
worth noting that findings of this study show a shift in both Natural `Sciences teachers
pedagogical competencies. However, it may not be overlooked that there is a huge room for
improvement in Natural Sciences teachers’ classroom pedagogical competencies.
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Abstract
Research into knowledge retention and attitude towards chemistry among day school students
of Rwandan secondary education is very limited, and teachers still use the ineffective
methodology in chemistry instruction. However, the Competence-Based Curriculum is being
implemented. To make instruction significant and learners more responsible, there was a need
for an innovative approach in chemistry instruction. This study used a quasi-experimental
design to investigate the effects of cooperative learning (CL) on students’ knowledge retention
and attitude towards chemistry. The participants were 257 students from ten-day secondary
schools known as Twelve-Year Basic Education (12YBE) from Rwanda. Students from the
treatment group were taught using CL while their colleagues in the control group were taught
the same content (alkanes, alkenes, alkynes, and alkyl halides) using conventional teaching
methods (CTM). After administering the organic chemistry achievement retention test
(OCART) and the focus group discussion, the results from the multi-analysis of variances
indicated that students exposed to CL get the highest level of retention mean gain in organic
chemistry compared to their counterparts in the control group, their views showed that CL
developed a positive attitude towards chemistry than CTM. It was recommended that Chemistry
teachers be encouraged to incorporate this method in their teaching and discuss with
colleagues in the regular in-service training to increase their methodological ability of
teaching chemistry to improve students’ knowledge retention and attitude towards chemistry.
Further studies are needed to frame this significance into the broader assessment of higherorder thinking concepts.
Keywords: Attitude towards chemistry, basic education, cooperative learning, conventional
teaching methods, day school students, knowledge retention
Introduction
One objective of science education is to develop students’ interest in science and technology
as today’s society depends largely on the development in science and technology. Chemistry
education is also placed at the central position since it leads to the solution of the needs in daily
life and the development of the society (Emendu, 2014). Teachers are expected to devise ways
of making their students develop positive attitudes towards science and science-related
disciplines (Musengimana et al., 2021).
Attitude is the way students behave and think. However, the attitude is not static because
attitudes can be changed depending on the individual. Students who have bad attitudes can
change their attitudes by identifying their problems. When the problem is identified, the attitude
can be remediated. Students’ attitudes towards a subject can be seen in a complex manner, but
the feelings can be reflected through their reactions and characteristics (Abulude & Olawale,
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2016). The teacher’s attitude towards the subjects taught is important to the students’ teaching
and learning process (Odawa, 2011). Students' attitude towards science is formed at an early
age, where parents and teachers can observe the students’ attitude towards science and inspire
them in different ways. When students show a negative attitude in learning science, parents
and teachers can take necessary actions to make the students have a positive attitude towards
science. It is easier to change the children’s attitudes rather than changing adolescents’ attitudes
(Abulude & Olawale, 2016). Thus, good and positive input should be given to children at the
very start of life.
Knowledge retention is the process of students remembering what they have already learned.
Some teaching and learning approach favor knowledge retention. It is likely then connected to
the attitude of students to such approaches. Thus, when students enjoy learning due to an
appropriate teaching method, then they easily retain the learned content. When teachers use
such approaches in teaching, students do not easily forget what they were taught. Specifically,
cooperative learning (CL) can improve attitude and retention. For instance, CL has shown a
great effect on improving academic achievement (Sibomana et al., 2021) and knowledge
retention (Tran et al., 2014). It socializes students and enables them to support each other; it
accelerates students' reasoning (Hasanah, 2020), and improves academic performance, and
eliminates misconceptions (Doymus, 2008). Cooperative learning is the process of giving room
to students to learn together by constructing knowledge together via hands-on activity,
observation, and discussion and presenting results from the group.
Problem statement and study purpose
According to Johnson et al. (2013), CL experience promotes more positive attitudes towards
learning than competitive or individualistic methodologies. Several studies have been
conducted in Rwanda in science teaching and learning, specifically in documenting chemistry
classroom practices. For instance, Ndihokubwayo et al. (2020b) documented classroom
practices using reformed teaching observational protocol (RTOP) and found that teachers are
coping with the newly implemented CBC where Student/Teacher relationships were found
done at 60%. Chemistry practices were documented using classroom observation protocol for
undergraduate STEM (COPUS), and Byusa et al. (2021) found that active learning in chemistry
classes dominates, 54% against 42% of passive learning. Mbonyiryivuze et al. (2021) proved
a significant number of participants with negative attitudes towards physics regarding the effort
required for learning. In this vein, several instructions were implemented to remedy poor
approaches used in Rwandan classroom settings. For instance, PhET simulations were found
of high importance to improve students’ performance (Ndihokubwayo et al., 2020a) and,
together with laboratory activities, improve learners' conceptual understanding (Uwamahoro et
al., 2021). It can be seen that little is known about CL towards learning and interest in chemistry
classrooms. The retention trend was also given a little interest in the current literature. This CL
method of teaching had not been tried out in chemistry teaching and learning in Rwanda, where
students’ knowledge retention and attitude towards chemistry had continued to decline,
especially among day schools known as 12YBE. Therefore, this study intends to investigate
the knowledge retention and attitude towards chemistry learning enhanced by cooperative
learning and to answer the following two research questions:
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1. What are the effects of cooperative learning on students’ retention in chemistry among upper
secondary schools?
2. What are the effects of cooperative learning on students’ attitudes towards chemistry among
upper secondary schools?

Theoretical and conceptual framework
The present study well fits in the Social Constructivism theory of Lev Vygotsky (1980). The
theory situates learning into three frames; cognitive, constructivist, and socialization(Vygotsky
& Cole, 2018). While cognitive learning builds on prior knowledge, constructivism builds new
ideas and concepts based on your discoveries. The socialization process involves the action of
putting learners together and letting them learn cooperatively or collaboratively. Thus, social
constructivists believe that learners learn well and conceive the content when learning together
(Boudry & Buekens, 2011). This means that students learn things for the first time, and their
minds try to place the content learned into the appropriate store; they then consolidate learned
content by helping each other and retaining the learned knowledge or skills by using it or
putting it into action. This theory guides this study by evaluating the implemented CBC in
Rwanda to tracking its progress towards reformed teaching. The study evaluates the retained
knowledge and attitude to the appreciation of gained knowledge as CBC expects the connection
of knowledge, skills, and attitudes and values from Rwandan graduate citizens (Ndihokubwayo
et al., 2019). Figure 1 displays the framework that this study followed.

Figure 1. Conceptual framework

The study involves two independent variables (cooperative learning and conventional teaching
method), while the output or expected results (knowledge retention and positive attitude) are
dependent variables. Thus, retention and attitude depend on inputs from CL or CTM. The more
CL performs better than CTM, the more students retain knowledge and increase their positive
attitude. Several extraneous variables expected to disrupt the outcome, such as classroom
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management, teacher qualification, school environment, students, and subject characteristics,
were minimized. We ensured to minimize the first three variables by picking qualified teachers
with chemistry and education backgrounds, selecting only day schools, and explaining to both
teachers and students the purpose of research to minimize classroom management. Since it was
difficult to minimize the effects of students and subject characteristics, we have reserved them
for analysis. Thus, we have analyzed gender differences and subject combinations differences.
Methodology
Research Design and Sampling Techniques
The study adopted an explanatory approach where the mixed-methods was applied as
quantitative data were collected first, then qualitative data after, to maximize the advantages of
each method by triangulation of different data sources (Creswell, 2012); and to enhance the
complementarity of the data, which were generated to answer the research questions (Fraenkel
et al., 2012). The Matching-Only Pretest- Posttest Control Group Quasi-experimental design
was employed to collect quantitative data since it is consistent with nonrandom selection of
subjects for the study and the use of intact classes in selected schools minimized disruption of
the schools’ timetables and programs (Subedi, 2017) while phenomenological research design
was employed for qualitative data collection through focus group discussions to explore the
attitude of students towards chemistry (Fraenkel et al., 2012).
The sample for quantitative data was constituted of two hundred and fifty-seven (257) senior
five (S5) chemistry students (99 males and 158 females) from ten public secondary day schools
known as Twelve-Year Basic Education (12YBE) which have chemistry as one of the core
subjects in the advanced level of secondary schools in Rwanda. The random cluster sampling
was used to choose the sample size with the inclusion criteria of day schools into nonequivalent intact classes and randomly assigned each one to the treatment and control groups.
In contrast, for qualitative data, participants in the focus group discussion were sampled
purposively and were two students from each school that made a total of twenty (10 from
treatment and ten from control groups). Thus, there were ten students from treatment and ten
students from control groups. Students in the treatment group were given codes of E1, E2, ....,
E10, while those in the control group were given codes of C1, C2, ...., C10.
Research instrument and validation
An Organic Chemistry Achievement Retention Test (OCART) instrument designed by the
researchers using Rwanda Basic Education Board textbooks (https://reb.rw/mainmenu/resources/in-house-produced-learning-and-teaching-materials/) constituted of 35
multiple choice questions about organic chemistry in senior five of secondary schools; the
questionnaire has two sections; the first was composed of 25 multiple-choice items with options
from A to D, one of which is the corrected answer, and the remaining three options are the
distracters (incorrect answers); students were asked to select the correct option by ticking the
letter bearing it. The second was of 10 questions where students were asked to respond by True
or False.
In a pilot study, the Organic Chemistry Achievement Test (OCAT) was administered in two
300

schools from the non-participating schools, and it yielded a reliability coefficient of .824. The
questionnaire (OCART) was administered three weeks after the Organic Chemistry
Achievement Test (OCAT), which was administered after the intervention, and before the
intervention, an Organic Chemistry Achievement Pre-test (OCAPE) was administered; only
the arrangement of questions was applied. Note that these three tests (OCAT, OCART, and
OCAPE) are the same, only named differently to distinguish stages of implementation. The
instrument was face and content validated by a team of two subject experts from the University
of Rwanda College of Education (URCE) and Makerere University, College of Education and
External Studies, Department of Science, Technical and Vocational Education (DSTVE).
The attitude interview guide was designed to collect students’ views about how they had been
learning during the last eight weeks [from November 2020 to March 2021] of the intervention
and its impacts on their attitudes towards chemistry subjects. Group discussion interview guide
was in 4 options: General opinion (s) on the process of teaching and learning; social outcomes/
social skills experienced; interest and curiosity and behavioral in-group/ teamwork. Questions
were arranged logically and made as simple as possible and were written in both English and
Kinyarwanda to avoid any language barrier. Experts were also checking instruments for
qualitative data in measurement and evaluation (university lecturers and supervisors); they
checked validity in terms of content and format; checking the appropriateness of the statements,
and assessed whether they were fitted in one of the subscales of the instruments and clarity of
the instructions to the respondents. Their opinions and judgment were considered by the
researcher while updating the questions and included instructions on how questions were
answered, and were careful in designing the final questions to minimize threats and secure the
trustworthiness. Interview responses were translated into English by a language translator,
reviewed by chemistry educators, and analyzed thematically.
Data Collection and Analysis Procedures
Before collecting data, the researchers ensured requesting an ethical clearance from the unit of
research and innovation at URCE, which was used to seek a research permit at the district
offices. The OCAPE instrument was administered to the two groups as a pre-test to correct for
initial differences in ability and ensure homogeneity in entry behavior (See Table 1 for detailed
data collection procedures).
Table 1. Data collection procedure
Stage
Group 1 (Treatment)
Instrument
validation
Pre-test to
measure the
initial stage
of students’
knowledge
Training on
Cooperative
learning

Group 2 (Control)
-

Organic Chemistry Achievement pre-test
(OCAPE)

Organic Chemistry Achievement
pre-test (OCAPE)

Chemistry teachers from five schools
were trained in effective organic
chemistry teaching (planned together
lesson plans of three units of organic
chemistry, alkanes; alkenes and alkynes;

-
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Timeline
12th -30th
November
2020
01st -11th
December
2020
14th -18th
December
2020

Teaching
intervention

alkyl halides& conducting micro-teaching
sessions). During the training, the
researcher used a summary in powerpoint
presentations and a video of effective use
of CL by Johnson and Johnson focusing
on the five most basic elements or pillars
of cooperative learning; individual
accountability, positive interdependence,
face-to-face promote interaction, Group
processing, and Interpersonal and Small
group skills
Students were taught three units of
organic chemistry using CL by trained
teachers whom the researcher has trained
for this purpose. The researcher made a
follow-up of the teaching process and
provided advice to treatment group
teachers in case need be. Teachers
explained the importance of learning
cooperatively to students and that the
benefits are for all members of the group.
Five characteristics of effective CL led
the intervention.
Teachers formed heterogeneous groups
of 4 to 6 students after explaining how
the tasks would be done, divided roles to
them, and made regular monitoring while
working in groups. Learners were
learning by scaffolding and could ask the
teacher to explain more where they had
confusions; there was a time when
students could present their findings, and
every member of the group could present
and/or support his/her colleague

21st
December
2020 up to
16th
February
2021

Post-test to
measure the
students’
attained
knowledge

OCAT

Students from the control group
were taught the same units (alkanes;
alkenes, alkynes; alkyl halides)
using CTM. Teachers took more
time to explain and give notes to
students; they also gave tasks to
students in unstructured groups
(simply giving tasks without
instructions and most of the time
tasks to be done while at home).
Students themselves could plan how
to respond to questions given; not all
of them could benefit in case of
understanding better since tasks
could be done by some of them and
write their colleagues on the report
sheet. Teachers seem to give group
tasks in case they want to rush to
finish the content and did not give
enough time to students to present
their works; in case this was done,
only the same students could present
an activity that appeared to be for
clever ones only.
A teacher could only inform
students that all group mates will
earn the same marks and took this as
a sufficient strategy that could make
them work together to gain more
OCAT

Post-test to
measure
students’
knowledge
retention

OCART

OCART

15th -17th
March 2021

Post-test to
measure
positive
attitude

Group interview on attitude

Group interview on attitude

25th -26th
March 2021

17th -19th
February
2021

Each lesson lasted 40 minutes, and chemistry was taught seven periods a week. The data
collected were analyzed using SPSS version 23.0, and the hypothesis was tested at a 0.05 level
of significance. The collection of qualitative data was done after and lasted two days; ten
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students from the treatment group were met on the first day for group discussion, the
researchers were asking questions while a cameraman was recording, the following day, we
met students from the control group, and the procedure was the same. The video from each
group was kept in a separate folder. Quantitative data were analyzed using repeated measures
to compute multivariate analysis of variances (MANOVA). In contrast, qualitative data were
analyzed by thematic analysis as in Orodho et al. (2016) and presented in quotes as of
Ndihokubwayo and Nkundabakura (2019). Bloom’s taxonomy of educational objectives,
Bloom et al. (1956) guided the allocation of the test items into the different cognitive processes.
Thus, a revalidation was done by three Ph.D. students in chemistry education at the African
Center of Excellence for Innovative Teaching and Learning Mathematics and Science to
classify the OCAT items. After remediating their suggestions, 9 (26%) of 35 items were
allocated in remembering level, 14 (40%) were found to fit in comprehension level. In
comparison, 12 (34%) were applying the cognitive domain level.
Results
Effects of cooperative learning on students’ retention in chemistry among upper
secondary schools
We have found a very high statistically significant difference (p<.001) between pre-and posttest scores in both control and treatment groups. Detailed analysis and discussion related to this
achievement were discussed in Sibomana et al. (2021). However, such significance was found
after three weeks of administering post-test in a negative direction. A decrease from 68.15% of
post-test score to 68.02% of retention score risen in control class, although it was not
statistically significant (df=256, p>.05, <g>=-0.42%). Secondly, an increase from 74.12%
(post-test) to 74.22% (retention) occurred in treatment class; however, this increase was not
statistically significant too and raised a low learning gain (<g>=0.35%).
Table 2. Descriptive Statistics of control and treatment classes
N
Control class
Pre-test
129
Post-test
129
Retention
129
Treatment class
Pre-test
128
Post-test
128
Retention score

128

Mean (%)
62.10
68.15
68.02
44.28

Std. Deviation
13.37
14.15
13.85
8.81

74.12
74.22

5.68
5.67

To fully answer our first research question [the effects of cooperative learning on students’
retention in chemistry among upper secondary schools], we investigated more on our planned
extraneous variables (school, student, and subject factors). The school characteristics such as
public and government-aided proved no effect at pre-test stage, post-test stage, and retentiontesting stage (see Figures 2a and 2b). Note that the horizontal axis should be read as 1: Pre-test
score at Control group, 2: Post-test score at Control group, 3: Retention score at Control group,
4: Pre-test score at Treatment group, 5: Post-test score at Treatment group, 6: Retention score
at Treatment group.
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Figure 2a. School charact eristics in Control class.
Figure 2b. School characteristics in Treatment
class.

The student characteristics such as female and male proved no effect at the pre-test, post-test,
and retention-testing stages (see Figures 3a and 3b).

Figure 3a. Student characteristics in Control class. Figure 3b. Student characteristics in Treatment class.
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The subject characteristics such as a subject combination of Mathematics-Chemistry-Biology
(MCB) and Biology-Chemistry-Geography (BCG) proved no effect at pre-and post-test stages
(see Figures 4a and 4b) in treatment class. Note that all students in the control groups were
from one subject combination of MCB.

Figure 4a. Subject characteristics in Control class
(MCB). Figure 4b. Subject characteristics in Treatment class.

An insight from the above figures among three characteristics is that students in treatment class
got low scores at pre-test; these characteristics show variations in control class while not much
of variations displayed in treatment class. Such insight informs the potential of the cooperative
learning approach, although these variations did not show statistical significance in most of the
cases.
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After analyzing variances among factors, we then measured the level of understanding across
asked concepts. Figure 4 displays three levels of Bloom's taxonomy by grouping test questions.
After cooperative learning as a teaching intervention, students were able to answer most of the
questions consistently except for some questions such as question-3 in remembering level
(shown by green color). These questions showed a low number of students able to answer after
a period of time after learning had elapsed. Consequently, there were much variations in the
control class at the retention stage, mostly in question-6 and 16 in remembering level, 3, 5, and
17 in understanding level, and question-29 and 30 in the application level.
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Figure 5. Trends on how students performed organic chemistry test items

Effects of cooperative learning on students’ attitude towards chemistry among upper
secondary schools
After quantitative data, we analyzed the views of students about how they appreciated the way
they have been taught in. The focus group discussion revealed four themes in which CL
influenced students’ attitudes towards chemistry subjects.
i)

General opinion (s) on the process of teaching and learning

Within the eight weeks of instruction, students appreciated the learning environment teacher
brought to class. “I appreciated how our teacher would give us assignments to be done in
groups. He would follow up to make sure everybody was participating. He would also allow
us to ask questions about what we had not understood…” (E2, E3). “……….During the last
eight weeks, we were given tasks in groups, and this encouraged and helped us develop and
practice trust-building, leadership, decision-making, communication, and conflict
management skills in our respective groups…..” (E5, E6, E8). However, students in the control
class (taught via CTM) claimed rote learning. “….I could not understand some topics that
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required practical works because the teacher explained to us about it only theoretically…”
(C3, C7, C9, C10).
ii)

Social outcomes/ Social skills experienced

Students appreciated the CL method as it gave room to socialize, interact, and complement
each other. “…Working in a group with comrades and being asked to present sometimes has
helped me to do research about different topics related to what we are learning to get a deeper
understanding of the concept before being given time to present in the plenary…” (E4, E5, E6,
E8). ...All students in our group were believed accountable for doing their share of the work
and for mastery of all of the material in a given task… (E5, E6, E7, E8)
Students also showed that CL developed their confidence to help others by explaining the
content to colleagues that still had difficulties. “…. Previously, I could not stand in front of a
crowd and air out my opinions, but with the time we have been learning these three units of
organic chemistry, I have evolved and been able of explaining to my colleagues with
confidence, vigor, and aired out my views without anything holding me back….” (E5, E6, E7,
E8, E10).
Cooperative learning was proven to spare students’ responsibilities and encourage one another.
“….While working in groups on the work given by our teacher, we took time to discuss it and
share responsibility, where it was possible (if much time was provided) we took time to work
on it individually, then interact with colleagues, providing one another with feedback,
challenging reasoning and conclusions, and perhaps most importantly, teaching and
encouraging one another if some need more explanations; in case we all faced a challenge, the
teacher supported for deeper understanding…..” (E1, E4, E5, E6, E7, E8, E10).
iii)

Interest and Curiosity

Students that were taught using CL were motivated and appreciated learning cooperatively.
“…I was interested in working in a group with my colleagues, especially in case I needed more
explanation on some lessons because I could get their help….” (E4, E7, E8, E9). “…Having
group assignments obliged me to work hard to contribute while sharing with colleagues, and I
liked putting efforts together since all members of the group were supposed to be given the
same marks…” (E4, E8, E10).
Few students were discouraged by CTM and lost future learning interest. “…I developed an
interest to continue learning chemistry in the future…” (C4, C5, E1, E2, E4, E5, E6, E7, E8,
E10). “…I would like to continue learning biology than chemistry in the future since in biology
there are words that I can remember easily….” (C2, C3, C7, C9, C10, E7, E9).
iv)

Behavioral in-group/ Teamwork

Students confirmed that they had gained self-confidence and could break down complex ideas
to others, which some were not able to do previously. “…Learning cooperatively have helped
us to prepare for the next lessons as the teacher thoroughly could give us time to work at our
owns and discover new things which the teacher appreciated and built on to give more
explanations about...” (E1, E2, E4, E5, E6, E7, E8). “…In our group, before starting working
on assignments, we set group goals, periodically assess what we were doing as a team, and
identify changes that may be employed for the improvement of the way our group work and
plan to do so in the future…” (E2, E4, E5, E6, E7, E9). “…The way we have been learning
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made me realize that working alone made me tend to delay completing assignments or skip
them, but when thinking that my colleagues were also counting on what I was doing, I felt
motivated to do the work promptly and request more explanations where possible…” (E1, E2,
E4, E5, E6, E7, E9).
Discussion of findings
The results showed that the treatment group that engaged in learning together through
cooperative learning (CL) produced a bigger overall improvement in scores on the OCART
than their colleagues in the control class taught under the conventional teaching method
(CTM). Thus, students in the CL-class (treatment group), which involved higher participation
in learning, showed greater long-term retention on OCART. However, this retention was not
statistically significant. This might be caused by the nature of the test, which has only questions
of lower-order thinking skills (Knowledge, comprehension, and application).
These findings validate the results of some earlier studies; such as Gupta and Hartwell (2019);
Tran et al. (2014); Udu (2018); which indicate that cooperative learning promotes greater longterm retention of the learned materials and that the learning activities is based on divided
learning tasks, learning by scaffolding, and learning in a socially conducive environment along
with the students’ involvement in the learning process, contributed to their gains in the retention
on the OCART in the treatment group. Students from the control group might have got low
knowledge retention due to the fact of being inclined to do their works alone without sharing
with their peers while in the treatment group, students are part of the learning process and had
time for the individual study, then discuss the subject with their group mates in-depth and
recapped the subject to present it; this is in accordance of Gupta and Hartwell (2019); who
revealed that organic chemistry is not a subject that can be learned passively.
Both government-aided and public schools, gender, and subject combinations showed no
statistically significant difference both in control and treatment classes at pre-test stage, posttest stage, and retention-testing stage. However, qualitative findings revealed that cooperative
learning develops students’ self-confidence, responsibility, gives room for interaction,
socialization, and complementarity. It increases the students’ interest in continuing education.
CL makes students help each other through group work, discussion to reach the end product as
a presentation of the group findings.
Students from the treatment group’s general opinions on the teaching and learning process
showed how CL as an instructional methodology provides them opportunities to develop skills
in group interactions and in working with others that are needed in today’s world. It was found
that their thinking and confidence were improved by the method they were taught in. This
finding indicates one of the characteristics of CL is that group activities enhance students’
elaborative thinking and more frequent giving and receiving explanations which have the
potential to increase the depth of understanding, the quality of reasoning, and the accuracy of
long term retention and positive attitude towards the subject (Dunlosky et al., 2013).
About students’ behavior in-group/ teamwork, students are likely to encourage their colleagues
within the group to do whatever helps the group to succeed and to help one another with a
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group task. In their answers, it was also found that weak students that were used to working
individually were likely to give up when they got stuck and that when working cooperatively,
they kept going on, and those strong students were faced with the task of explaining and
clarifying material to weak ones and most often find gaps in their understanding and fill them
in; this fact stimulates students’ positive attitude towards learning chemistry.
Answers of students from treatment class showed their interest and curiosity in chemistry
subjects; their answers also showed their positive interdependence while in a chemistry lesson
where they perceived that their success or failure lies within their working together as a
group/team. These findings indicated the interest of learners that CL taught in learning
chemistry than those taught by CTM; this is the same as what was reported by Oludipe and
Awokoy (2010) that CL reduces students’ anxiety in learning chemistry.
Conclusion
This study investigated the knowledge retention and attitude towards chemistry learning among
Rwandan secondary school students. It involved two groups of students from ten public and
government-aided day schools; 129 were taught by the conventional teaching method while
128 were taught by the cooperative learning method. Cooperative learning promoted
knowledge retention with no significance; however, it promoted a positive attitude towards
chemistry among secondary school students in Rwanda than conventional teaching methods, a
factor that evidenced its effectiveness as an alternative instructional approach in the current
wave of educational reform. CL has proven practical means of creating a social and engaging
classroom environment that can help students improve knowledge retention and attitude
towards chemistry as well as develop creative and interactive competence and skills needed in
today’s society and national development. The school characteristics such as public and
government-aided, student characteristics such as female and male, as well as subject
combinations such as Mathematics and Geography among Biology students proved no effect
on students’ retention. The cooperative learning did not show a statistically upgraded retention
was depicted from the nature of the test used that promoted only lower-order thinking and
recall. Therefore, this study recommends that Chemistry teachers and other science educators
should adopt a cooperative learning approach in teaching organic chemistry and other difficult
concepts in chemistry to improve students’ knowledge retention and attitude towards
chemistry. Future studies should determine the impact of knowledge retention on learners’
positive attitudes towards chemistry and vice versa. Such a relationship would betterment the
learning outcome from various active learning techniques such as cooperative learning. The
OCAT should also be revised to include higher-order thinking skills and use questions that
require free responses to measure knowledge retention via cooperative learning.
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THE IDENTIFICATION OF THE DILEMMAS ONE FACES WHEN
TEACHING SCIENCE: A DILEMMA DRIVEN SELF-STUDY INQUIRY
INVOLVING THE TEACHING OF EVOLUTION
Tholani Tshuma & Eunice Nyamupangedengu
University of the Witwatersrand
Abstract
This dilemma driven collaborative self-study inquiry generated insights on how to identify
one’s dilemmas of practice. I had always faced dilemmatic issues when teaching evolution to
my twelfth-grade students. I engaged in reflexive practices in my quest to identify the pertinent
dilemmas I was facing, and the benefits and challenges of using a self-study as a methodology
for professional development. The participants involved me the researcher, 24 grade 12
students, two colleagues and two science education experts. Shulman’s PCK and pedagogical
action and reasoning the theoretical lenses used. The collected data included reflective journal
entries, lesson transcripts, discussions with critical friends, and the students’ pre-post
conceptions of evolution. Qualitative and quantitative data analysis revealed that open for
feedback approaches with others are crucial for enhancing professional growth.
Key words: dilemma self-study, collaborative, critical friends
Introduction
This inquiry was set to identify the dilemmas5 of practice I face when teaching evolution to
grade 12 students. My teaching of this topic to Grade 12 students had always been associated
with problematic issues which I was really not clear about. This is because knowing one’s
difficulties in teaching is the first step towards overcoming those teaching challenges and
professional development (Carlson & Daehler, 2019). As an educator, I had come to realise
that I always fall into the trap of working as an isolated practitioner even though probably I
faced the same problematic issues in my practice as others. Based on my lived experiences,
this is because getting open about my classroom issues had always been difficult for me due to
fear of receiving negative comments from others, making myself vulnerable for being judged
or regarded as ‘weak’ by colleagues, and also because of self-pride. This is despite the idea
that the benefits of opening up for others to critique ones’ practice, far outweighs the fear of
being judged or ridiculed (Samaras, 2011).
Some science topics (e.g. evolution) are difficult to comprehend for both the teachers and the
students (Mead e al., 2017). Based on the notion that one cannot teach what one cannot
comprehend (Shulman, 1986), most teachers (including me) find it difficult to teach the topic
of evolution despite that this is the central sense making theme in biology (Dobzarsky, 1973).
My quest was to identify the dilemmas I face in my teaching of evolution in a collaborative set
up. My critical friends and colleagues played crucial validation roles in this inquiry. Three
research question guided this inquiry: a) How do I identify the dilemmas I face when teaching
5

In a self-study, the word dilemma is used to refer to challenges one faces during one’s practice or work space (Fransson &
Grannas, 2011).
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evolution? b) What are the dilemmas that I face during my teaching of evolution to grade 12
students? c) What are the benefits and challenges of using a self-study as a methodology for
professional development?
Reviewed Literature
Reflective practice
This inquiry was based on practitioner reflexivity. According to Loughran and Northfield
(1998, p. 15) '… reflection is a personal process of thinking, refining, reframing and developing
actions'. In this inquiry, I engaged in reflection on the problematic issues I faced when teaching
evolution. I also engaged in metacognition in terms of the emerging classroom practices that
were beyond my teacher training expertise.
Self-study
Self-study scholars do not seem to agree on a single definition of what a self-study is all about
(Samaras, 2011). However, scholars point out that it is a) a personal situated inquiry that arises
from teachers' classroom; b) a collaborative inquiry as it engrosses teachers as researchers
(Samaras, 2011); c) driven by the quest to improve professional knowledge (Alan, 2016); d)
an endeavour that involves constructive criticism on one’s work by critical friends (Samaras,
2011). In this study, I exposed my pedagogical actions and reasoning for critique by my
colleagues, critical friends, and science education experts).
PCK
In this investigation, I reviewed pedagogical content knowledge models as part of my quest to
be aware of the types of knowledge I ought to have to teach evolution effectively. This was
also to enable me to have lenses through which I could reflect on my classroom dilemmatic
issues. Shulman (1986) points out that expert teachers have pedagogical content knowledge,
curricular knowledge, and subject matter knowledge. Content knowledge is '…. the amount
and organization of knowledge per se in the mind of the teacher' (Shulman, 1986, p. 9). The
content knowledge which teachers have determines the quality of knowledge their students will
learn from them (Carlson & Daehler, 2019).
Curricular knowledge is about the teacher's knowledge of curricular resources available for use
when teaching a particular topic and it is also about the knowledge of the depth and breadth of
the subject content to be taught to students in a particular grade (Shulman, 1986). Knowledge
of typical learning difficulties, the best teaching strategies, and students’ prior ideas are the
sub-categories of pedagogical content knowledge that are needed by teachers to teach particular
topics effectively.
The notion of pedagogical action and reasoning
Pedagogical action and reasoning involve teachers using their professional knowledge to
decide on the content to teach and how to teach it (Shulman, 1987). Shulman's (1987) model
of pedagogical action and reasoning involves a cycle of comprehension of content for teaching,
instruction of that content, evaluating the effectiveness of the teaching progress, reflections on
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the strengths and weaknesses of the teaching, and new comprehensions due to the teaching
efforts enacted (Shulman, 1987). In this inquiry, through the use of pedagogical reasoning and
action, my quest was to identify the pertinent dilemmas I was facing during teaching evolution.

Figure 1: A Model of Pedagogical Reasoning and Action. Adapted from Shulman, 1987, p. 15
The science of evolution
The rationale for reviewing evolution content was because 'to teach is first to understand'
(Shulman, 1987, p. 14) and if a teacher has weak content knowledge, then his/her students are
most likely not to learn anything (Carlson & Daehler, 2019).
Futuyma (2011) summarised evolution by natural selection under five 'facts' and three
inferences:
Fact 1: Populations have the potential to undergo exponential growth.
Fact 2: Most populations eventually remain fairly stable with time after having reached a
certain size.
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Fact 3: Members of populations often become too many for the limited natural resources.
Inference 1: Due to competition for natural resources, some offspring die before reproductive
age.
Fact 4: Variations exists in members of the same population.
Fact 5: Most variations have a genetic basis that individuals inherit from their parents.
Inference 2: Individuals with favourable traits tend to survive and those without are prone to
dying out.
Inference 3: This differential surviving and dying out of members of the same population
eventually results in population changes over time.
Thus, my quest was to investigate problematic issues I faced when representing these ideas for
teaching.
Methodological approach
This inquiry followed a self-study methodological approach. Thus, I was both the researcher
and also the one whose practices were being researched upon. The other research participants
were the 24 Grade 12 Life Sciences students at a religious in Johannesburg. The focus of the
study was to unveil the pertinent dilemmas I faced when teaching evolution. The preliminary
efforts included consulting seasoned practitioners, experts in the discipline, presentation at a
regional conference and running workshops with other practitioners. Because these efforts did
not yield any results towards my identification of my dilemmas, I then engaged in cycles
involving my opening up so that others could see through and critique my pedagogical action
and reasoning. Multiple data sets (reflective journal entries which involved the documentation
of all my reflections and thoughts, lesson transcripts, discussions with critical friends, and the
students’ pre-post conceptions of evolution) were collected through my opening up for others
to critique my pedagogical action and reasoning.
In this investigation, my critical friends6 played a validation role through their mediation on
my reflections and thinking (Samaras 2011). This inquiry entailed the planning and conducting
of three lessons spanning 4 hours each. Data was analysed both quantitative and qualitatively.
Informing my analysis was Shulman’s (1986) PCK model and also the Shulman’s (1987)
model of pedagogical action and reasoning. Students’ prior evolution ideas were analysed
before and after my teaching using the scientifically acceptable ideas as espoused in the notion
of the evolutionary synthesis. The identification of my dilemmas involved cycles of discussions
and reflections with my critical friends.
My dilemmatic issues were centred around teaching the topic of evolution for students’
understanding; motivating students to learn evolution; and using the CAPS resources to teach
evolution for students' understanding. I then reflected on my practices in terms of the above
issues. I captured the reflections and discussions as journal entries. Below is an example of a

6

1 Critical friends: my research mentor (PhD holder), 4 researchers doing PhD studies, 3 Masters researchers and 3 science
education lecturers with PhD degrees.

315

journal entry that I made and comments from a critical friend in my quest to figure out pertinent
dilemmas I faced when teaching evolution to twelfth grade students.
This section answers the following research questions:
a) How do I identify the dilemmas I face when teaching evolution?
b) What are the dilemmas that I face during my teaching of evolution to grade 12 students?
Exploring the issue: my teaching of the topic of evolution
The exploration of the challenges I was facing when teaching evolution happened in five steps
as outline below.
Step 1: I reflected on the issue in the light of understanding it. I captured the reflections in my
journal.
Step 2: I presented the reflections to my critical friends and then we discussed the issues for
further probing in my quest to identify dilemma.
Step 3: I used the insights from the discussion with critical friends to produce a narrative that
captured my understanding of the dilemma.
Step 4: I analysed the narrative for aspects that I was set to use to inform my planning and
teaching.
Step 5: I extracted and listed the dilemmas as aspects that I should consider for future teaching.
Below is an example of a journal entry that I made and part of the discussion that happened
when I presented my thoughts to one of my critical friends
The narrative also shows the coding that I did as part of the data analysis. As can be seen in the
narrative, I teased out 8 dilemmas that were embedded in my teaching the topic of evolution.
Thus, in the narrative, I summarised 8 dilemmas that caused me to struggle to teach evolution.
Firstly, I struggle to represent the abstract evolution content into a form that is relatively
concrete (Dilemma-how to concretize abstract evolution concepts) to my students for their
ease of comprehension. Secondly, I do not know how to enact teaching practices that promote
students' 'investigative skills'. Currently, I follow what is stipulated by the South African
Department of Education documents which result in my students doing experiments that mimic
what real scientists did under the pretext of investigative learning approaches. For instance,
in the CAPS syllabus document, there is a section entitled 'Investigations: Poster presentation:
Map out the changes in the evolution of the Genus: Homo' (Department of Education, 2011,
p. 67). Given that the investigation on the changes in the Homo genus has already been done
by scientists and now to expect my high school students to use textbooks and other resources
based on the ideas paved by real scientists to do another 'investigation' of the Homo genus
does not augur well with me. This leaves me with challenges on how to enact such a classroom
'investigation' in the light of my understanding of how a real investigation is done in science
(Dilemma-how to enact a real evolution investigation). Thirdly, I find it hard to teach in ways
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that avoid alienating my students from the science they learn. My traditional teaching mainly
involved imparting a body of evolution knowledge to the students and (Dilemma- how to enact
teacher-centred knowledge transmission teaching) then having them apply this 'received'
knowledge to respond to pre-defined problems according to answers given in my teacher's
guide or memorandum in the past examination paper (Dilemma- how to avoid over-reliance
on examination-driven formative assessments during teaching). Fourthly, I do not know how
to 'demonstrate' or model science to my students (Dilemma-how to model science to students).
Fifthly, I have no idea how to enhance students' self-sustained motivation to learn evolution
(Dilemma: how to enact teaching strategies that enhance students' intrinsic motivation to
learn evolution). Sixthly, I do not know how to align inquiry-based teaching strategies with
theories of how children learn science. For instance, how to align the socio-constructivist
(Vygotsky, 1978) perspectives of learning with hands-on instructions in ways that could
enhance the opportunity for own constructing of knowledge by individual students from set
group encounters (Dilemma: how to enact constructivism of knowledge in the light of my
entrenched traditional teacher-cantered practices). Seventhly, the teacher guides I use do not
offer any pedagogical hints (Tshuma & Sanders, 2016) on four key issues: common evolution
misconceptions that I should watch out for during teaching, how to tackle students'
misconceptions or unscientific prior ideas during my teaching, how to teach the controversial
topic of evolution (James & Craig, 2000) to my high school students to avoid rejection of such
ideas or cause students stress. Furthermore, no advice is offered in terms of how I can make
the abstract topic of evolution comprehensible to students during teaching and learning
(Dilemma: lack of pedagogical ideas on how to deal with misconceptions and abstract ideas).
Eighthly, the CAPS curriculum documents stipulate the teaching of Creationism; Intelligent
Design, and Literalism (e.g. Department of Education 2011 p. 65) and this is a challenge to
me because these can vary from one religious context to another. Furthermore, the CAPS
curriculum documents do not say whether these are acceptable science or not and it is left to
the discretion of each teacher (in this case my discretion) to decide whether to teach these as
science or non-science (Dilemma: how to teach creationism, intelligent design and literalism
prescribed for teaching in the CAPS documents). Lastly, the teacher support materials I use
for teaching take evolution as a section not linked to genetics as evidenced by placing these in
separate chapters without any links between them (Dilemma: how to teach evolution by
natural selection in the context of genetic underpinning).
Step 5: Below are the dilemmas that I teased out from the interrogation of my struggling to
teach evolution. I would need to consider these dilemmas in my future teaching. How to:
• concretize abstract evolution concepts*
• enact an evolution investigation*
• move away from teacher-centred knowledge transmission teaching*
• stop over-relying on examinations-driven formative assessments as means of imparting
content*
• model science to students*
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• enact teaching strategies that enhance students' intrinsic motivation to learn evolution#
• enact social construction of knowledge in the light of my entrenched traditional
teacher-centred practices*
• deal with misconceptions and abstract ideas@*
• teach creationism, intelligent design, and literalism &
• teach evolution as a single inter-liked single unit&
I further interrogated these eight dilemmas for themes that ran through all of them. As
shown above, I placed the same character at the end of each of the 8 dilemmas to code for
the common theme under which it fell. Four themes (represented by *@&#) emerged from
this analysis of the 8 dilemmas. These common themes led to the following dilemmas:

#
My religious students
reject evolutionary
genetics ideas

*&I struggle to teach
evolutionary genetics for
student understanding

#

My students are
demotivated to learn
evolutionary genetics
ideas

*&I struggle to use and
follow the CAPS
documents to teach
evolutionary
genetics effectively
effectively

My classroom
dilemmas

@
My students hold
evolutionary genetics
misconceptions

*My students find
evolutionary genetics
difficult/abstract to
understand

On issues associated with the students’ struggling to understand the topic of evolution, I also
followed the same steps outlined above as discussed next.
Exploration of the issue: My students struggle to understand evolution
This section, deals with how I came to identify my dilemmas associated with my students’
struggling to learn evolution. To do this, I followed steps 1 to 3 as presented above and three
other additional steps. The two issues that emerged from my engagement in the three initial
steps involved the idea of abstract science content, the issue of teaching evolution in the
contexts of genetics underpinning, and the significance of articulating the students' prior ideas
when teaching new content.
Thus, the fourth step (Step 4) involved my review of the notion of 'abstract science ideas' in
the literature. I came to understand that evolution ideas written in biology books or being
learned during a lesson are an abstraction of reality that is not readily available for the students
to refer to in concrete terms. This probably explained why my students struggled to understand
what I was teaching. Step 5 involved my analysis of the students' prior evolution ideas. The
rationale for analysing the students' prior ideas was to find out why my students struggled with
grasping the topic of evolution. In the sixth and final step (Step 6): I extracted and listed the
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identified dilemmas. Step 5 is briefly discussed next.
Step 5: Students' prior ideas as revealed by a pre-test: After having conducted a pre-test,
it emerged that all the students' misconceptions fell under four alternative frameworks. The
students responded to the 55 yes/no answer type of questions in the pre-test instrument. Each
accurate scientific response was given a value of +1 and all erroneous responses were given a
value of –1 each (see columns A and B of Table 2 below). The possible highest score of +55
denoted a student without any misconception and the lowest score of –55 denoted the end of
what I have coined the negative to positive misconceptions continuum, where the student
held misconceptions on all the items responded to before my teaching (see Figure 2 below). A
move along the -55 to +55 continuum was interpreted as an indication of conceptual change on
some of the misconceptions held by the students. The pre-test results showed that my students'
thinking was skewed towards the -55 end of the continuum as shown in column D of Table 2
and also as depicted by yellow shedding in Figure 2. In other words, the pre-test results showed
that the majority of my students used erroneous thinking patterns to make sense and interpret
the world around them (Dilemma: how to teach students who have erroneous prior ideas).
Table 2: Pre-test results on students’ prior ideas
Pre-test scores
A
B
C
D
Respondent Total
Total
Overall
student
scientific
unscientific
evolution
responses
responses
conceptions
1
+3
-52
-49
2
+4
-51
-47
3
+3
-52
-49
4
+2
-53
-51
5
+5
-50
-45
6
+6
-49
-43
7
+2
-53
-51
8
+2
-53
-51
9
+1
-54
-53
10
+3
-52
-49
11
+4
-51
-47
12
+2
-53
-51
13
+5
-50
-45
14
+3
-52
-47
15
+4
-51
-47
16
+2
-53
-51
17
+3
-52
-49
18
+4
-51
-47
19
+3
-52
-49
20
+1
-54
-53
21
+2
-53
-51
22
+2
-53
-51
23
+3
-52
-49
23
+3
-52
-47
24
+5
-50
-45
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Level of
Erroneous thinking

Pre-test
Results
-43 to -53

-55

Students’ conceptions of evolutionary genetics ideas

+55

Figure 2 Students’ negative skewed (yellow shedding) negative to positive misconceptions
continuum as revealed by a pre-pest
The above students’ prior ideas informed me of the dilemma at hand: teaching strategies that
could enhance the movement of my students up the misconceptions continuum towards the
+55 end (Dilemma: how to teach students for conceptual change from pre-identified
misconceptions).
Furthermore, I did a frequency count of the students holding each of the misconceptions under
the four main themes that emerged and I used them to draw frequency graphs. After these data
displays, I compared the students' ideas with those I found in textbooks in another study
(Tshuma & Sanders, 2016). These comparative displays showed me that I had underestimated
my dilemmatic issues because the evolution misconceptions held by students mirrored those
found in their textbooks as shown in Figures 3, 4 and 5 below (Dilemma: how to teach students
who have misconceptions that are similar to those found in the textbooks they use for
learning). Furthermore, the prevalence of the students’ misconceptions amongst the students
tallied those in the text books by different publishers. This compounded my dilemma as I began
to wonder if I was dealing with evolution misconceptions that are entrenched across the societal
spectrum.
Through my open for feedback reflections, I began to realise that my teacher training did not
equip me with pedagogical skills to handle student and textbook misconceptions [Dilemma:
how to teach using students’ textbooks that use creationist ideas to explain science
knowledge].
Furthermore, what made my dilemma complex was that there was a risk that the textbooks I
was supposed to use in redressing the students' misconceptions had the potential to consolidate
those misconceptions. (Dilemma: the curriculum resources I use for teaching have the
potential to reverse my teaching efforts).
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Figure 3. Inaccurate ideas associated with lack of understanding of the mechanisms of evolutionary genetics. Student pretest ideas
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Textbook ideas

Figure 4. Students' pre-test and textbook100
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Stuendent pre-test ideas before teaching

Figure 5. Ideas associated with the NOS and lack of evolutioonary genetics in general
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Based on the pre-test results, I teased out the students' responses and condensed them into a table (see Table 3) that revealed a typology of themes
or frameworks under which high school students' evolution misconceptions fall as was found in this study. It emerged that the misconceptions
were associated with religious beliefs, the nature of science, and lack of understanding of the mechanisms of evolution (Dilemma: I have no idea
how to redress students' misconceptions).
Table 3 Themes or Frameworks associated with the students’ prior ideas (N=24)
Misconceptions
Possible alternative
Percentage Typical most common examples
associated with
(erroneous thing)
frequency
framework influencing the
misconception
Lack
of Lack of understanding of
98%
Individual organisms evolve
understanding of the evolution I the light of
Only the physically fit organisms survive
mechanisms
of genetics
evolution
Religious beliefs

Belief in the existence of a
supreme being

80

Lack
of
understanding of the
nature of science
perhaps
lack
of
general
evolution
knowledge

Erroneous perceptions of
how scientific knowledge is
acquired
Erroneous basic understand
of basic and general
evolution ideas

98

100

Humans were created by God
Evolutionary change by natural selection
can be controlled by the Creator
Evolution is not a science because it cannot
be proved
Darwin observed evolution in action
Evolution only happen in the past and is no
longer happening
The theory of evolution explains that people
evolved from apes

The students’ misconceptions were also found to be problematic even after my teaching. The following section answers the third research question
for this inquiry:
c) What are the benefits and challenges of using a self-study as a methodology for
professional development?
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Students’ post-test results
After my teaching, the post-test results showed students had new misconceptions they did not hold before my teaching as revealed the pre-test. I
traced such misconceptions to my teaching, e.g.:
1. Teacher: But the issue is if for instance, a person has 2 toes and 2 fingers, or they have tree branches or
they walk on 4 legs as you saw and if they are allowed to have children then people with these disorders
will multiply. Shall we allow ourselves to change into, for instance, branch people? [Teacher probing]
2. Jerk: I will advise them to go and see a traditional healer [Student’s misconception that a traditional
healer can cure genetic conditions]
3. Teacher: Now he is bringing in something else, can you tell us more about the traditional healer. [Teacher
probing]
4. Jerk: Traditional healer uses muti [medicine] to cure people [Student’s belief that a traditional healer
can cure conditions]
5. Maria: Just pray for them they will be fine [class laughs]. [Student’s misconception that praying to a
Supreme Being can cure genetic conditions]

The above episode of my teaching depicts the students' misconceptions, i.e. Genetic conditions are diseases and because they are diseases, they
can be cured or reversed within an individual's lifetime, e.g. by traditional medicine from a traditional healer e.g. comment by Jerk (Line 4) or
through faith healing after praying to a Supreme Being as thought by Maria (see Line 5). These are misconceptions because the genome of an
individual is fixed at conception until death, and no medicine or faith healing can ‘cure’ it as suggested by Jerk and Maria.
My reflections: The pre-test I gave to my students indicated that my students did not seem to have what I called 'working knowledge' or a
meaningful understanding of basic genetics ideas. That being the case, it implies that whatever evolution opinions or views they may hold during
and after my teaching could be as a result of my teaching efforts.
This is how James commented on my reflections on this episode of my lesson.
James: Maybe it could help if you think through your teaching in terms of what may have caused your students to build such erroneous conceptions.
Maybe you imparted misconceptions to your students, my friend used to call that cheating in place of teaching [jokingly]. [outer voice]
Whilst James said these remarks jokingly, I felt a bit upset as evident in my thinking at the time:
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My thinking: How can a person in his right senses suggest that I could go into a class and teach students misconceptions? After all, with my more
than a decade and half years of teaching experience, how was that possible? This is an insult. [inner egoistic voice]
My response to James: Maybe you are right, I need to check how I taught to support or dismiss your comments.
It emerged that I was the unintended direct source of student misconceptions as I propagated misconceptions when I used the audio-visuals that
referred to genetic conditions using the term 'diseases'. For instance, the genetic conditions or disorders shown in the screenshots of the audiovisuals I used below, Lesch-Nyhan syndrome (Figure 6) and severe combined immunodeficiency syndrome (Figure 7) are referred to as diseases
(see the underlined words).

Figure 6 Lesch-Nyhan syndrome

Figure 7 Combined immunodeficiency
syndrome
Furthermore, I also noted that I had erroneously spelt out that genetic disorders are diseases in one of my explanations to students:
Teacher: Because of gene mutation, some diseases or conditions negatively affect us. The fish syndrome disease involves bad odour (smell) from
the affected people. … [Teacher misconception]
My inner voice had dismissed James's comments (outer voice) as 'insensitive' when he said I propagated students’ misconceptions during my
teaching. If I had not paused to verify if James' comments were true (i.e. act against my inner voice), I could have missed the opportunity for my
own first-hand experience that the curriculum resources I used and I as a practitioner are possible sources of students' misconceptions.
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The same steps outlined above were followed when analysing data on issues having to do with my students’ motivation to learn evolution and
my dilemmatic issues when using CAPS syllabus documents to teach evolution for students' understanding. Figure 8 below an overview of my
twelve classroom dilemmas that emerged in this inquiry.

Evolutionary genetics
content is fragmented
throughout the CAPS
document
My students are
demotivated to learn
evolutionary genetics
ideas
I struggle to use and
follow the CAPS
documents to teach
evolutionary
genetics effectively
effectively

My religious students
reject evolutionary
genetics ideas
I struggle to teach
evolutionary genetics for
student understanding

My classroom
dilemmas

My students hold
evolutionary genetics
misconceptions

I struggle to teach
evolutionary genetics as a
single inter-linked unit

My students find
evolutionary genetics
difficult/abstract to
understand

Figure 8: Overview of my classroom dilemmas
Findings
This study established that as practitioners in the same or different fields, we tend to fall into the trap of operating as separate silos, and this has
the shortfall of limiting our professional growth. My preliminary attempts to identify the challenges I was facing in my practice as an individual
(consultations with seasoned practitioners, experts in the discipline, presentations at conferences, and workshops with other practitioners)
without opening up to others did not yield any meaningful insights to identify my dilemmas as I could not view issues beyond my individual
expertise. Thus, I learnt that for us as a practitioner to learn from our practice, there is a need to open up our silos and make public our
dilemmatic work issues so that the expertise we have amongst ourselves can be a common pool of expertise for the benefit of all. This is
because, as it emerged in this inquiry, the challenges we face as practitioners have some common aspects.
After the solo preliminary consultations could not help me identify the pertinent dilemmas I was facing in my practice, it is then that I realised
that I was facing not just incidental difficulties which I could easily redress, but dilemmas of practice. Figure 9 below depicts what I coined a
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prototypical framework for identifying one’s dilemmas of practice. After identifying one’s dilemma, this inquiry established that it is then that
dilemma-driven research could be embarked upon for further professional development of all in the discipline when such findings are shared
through workshops, conference presentations, or journal articles.
Furthermore, it emerged that the notion of objectively self-critiquing one's pedagogical actions and reasoning in the wake of negative comments
from others is a typical self-study researcher's dilemma. The idea of making one's practices public for others to critique emerged as a challenge for
me due to self-pride, fear of making myself vulnerable to ‘attack by critical friends’ and also being judged. Getting involved in this self-study
established that the benefits of opening up for others to critique ones’ practice, far outweighs the fear of being judged or ridiculed. This is also
because a problem shared is a problem half-solved.
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Consultations
with seasoned
practitioners
in the
discipline

Identification of a
dissatisfaction in one’s
practice

Identification
of shortfalls
in one’s
traditional
practice

Workshops
with other
practitioners

Identification
of the
students’ prior
ideas
verify

verify

Presentations at
conference in the
discipline
Dilemma identification
phase

Dilemma
of practice

verify

Arising
research
verify opportunities

Review of tools
of trade, e.g.
syllabus,
textbooks

Consultations
with experts in
the discipline

Review of
research
literature
Understanding of the different dilemmas
phase

Figure 9. A prototypical framework for identifying one’s dilemmas of practice that emerged from this inquiry
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verify

Professional growth
opportunities

Conclusions and discussions
This inquiry established that for one to identify one’s dilemma of practice (see Figure 9 above),
one ought to first establish that the dilemmatic issues being faced during one’s practice are not
routine issues that could be easily redressed through e.g. review of research literature or
consulting others.
In addition to this, the idea of opening up on one’s pedagogical actions and reasoning is a
crucial step for one to identify one’s dilemma of practice as it creates a platform from which
one can learn through positive and negative feedback from others. In this investigation, I was
facing problematic issues with my teaching which I could not clearly articulate in terms of what
they are as classroom dilemmas. After opening up for others to critique. twelve dilemmas of
practice emerged. These dilemmas of practice (see Figure 8 above) are centred around a) my
challenges to teach for student comprehension, acceptance and motivation the abstract
evolution ideas, b) my inabilities to use curriculum resources with evolution misconceptions
and fragmented content knowledge for effective student learning, and c) redressing students’
and textbooks misconceptions
The benefits of engaging in a self-study also emerged from this investigation. The experienced
first-hand investigation of one's practice associated with the self-study methodology sets in
motion cycles of inert professional learning in ways that are difficult to be told by an outside
expert researcher. Thus, I came to realise that unlike having external experts identifying our
challenges, investigate them, and then telling us what to do after investigating our experiences
as practitioners, and also because the most effective venue for teacher learning is one that is
situated in our workplaces (e.g. Brown et al., 1989), this study has established that 'one has got
to get out of one’s silos and open up for others to critique' to identify one’s dilemmas of
practice.
For other researchers who may want to use a self-study collaborative approach as a
methodology for professional development, I recommend it based on five professional
development benefits that emerged from this inquiry. Firstly, it enhances teacher learning
through what Lave and Wenger (1991) refer to as situated cognition. In this inquiry, I learned
about my dilemmatic issues through open feedback platforms with others where I drew
insightful feedback from a pool of other practitioners in the same and different fields.
Secondly, it offers an inside first-hand understanding of our practices which may not be easy
to realise if external experts investigate and tell us how things are. Thirdly, it instils cycles of
life-long learning which continue as inert professional development drives across teaching
other topics and other subjects after engagement in the self-study. My new teacher identity
after engaging in this inquiry now entails opening up for feedback from others when I encounter
any dilemmatic issues during my practice.
Fourthly, it offers a platform for a negotiated understanding of how to identify problematic
issues through social constructivism (Vygotsky, 1978) of knowledge about dilemmatic spaces.
Thus, this study highlights the importance of the significant others in a typical self-study as
they bring in the outer voice which opened my eyes towards growing beyond what I know
(inner voice) as an individual, as depicted in Figure 10 above. Thus, through my engagement
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in this self-study, it emerged that what started as problematic issues in my practice ended up as
anchor points for future shaping of my pedagogical action and reasoning.
Fifthly, by engaging in open for feedback cycles of self-reflexive practices within the context
of one’s daily practice, this is a useful approach to reduce the time needed to develop topicspecific PCK for teaching specific topics. In 4 years I engaged in this inquiry, I learnt that
opening up for others to critique one’s pedagogical action and reasoning is a crucial aspect
towards one’s professional development which I failed to acquire in my 19 years of practice.
Furthermore, feedback sessions challenged my subjective perceptions and interpretations in
ways that provided a platform that enhanced my mastery of how to identify my classroom
dilemmas beyond my zone of proximal development (Vygotsky, 1978).
Challenges also arose from engaging in this self-study. Through making my pedagogical
actions and reasoning public, I opened up for either negative or positive feedback. Whilst it
turned out that the positive comments were generally supportive and a welcome development
to me, it is the negative comments that I found a ‘bit harsh’, 'unfriendly', ‘provocative’ and
‘insensitive’. Thus, this inquiry established that whilst the idea of making one's pedagogical
action and reasoning public ‘makes one vulnerable and exposed to attack', this also provide
professional growth beyond one’s expertise realm.
Furthermore, this inquiry established that a self-study scholar experiences a tension between
what I have coined the researcher's 'inner egoistic voice' and the 'outer voice' (negative
comments from others) which if not objectively reconciled by the researcher, can be a
drawback to professional growth which should arise from engaging in open for feedback
collaborative sessions. It emerged that the notion of objectively self-critiquing one's
pedagogical actions and reasoning in the wake of negative comments from others is a selfstudy researcher's dilemma. Figure 10 below depicts my lived professional growth experiences
that emerged as impacted by the outer and inner voices. The interface between the inner and
the outer voices emerged dynamic and flexible depending on the stance taken by the self-study
researcher in terms of accommodating feedback and comments from others. Furthermore, it
also emerged that our professional growth as practitioners lies in our ability to objectively
reconcile our inner voices in the wake of the outer voices which are often 'unkind', 'negative'
or 'emotional tossing'.

Inner voice
(Self-study
scholar)
(fir
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Figure 10. A depiction of my lived experiences: the tension between the inner and the outer voice as
an influence to professional growth

This inquiry therefore establishes and sets in motion that our inner voices as practitioners could
be a hindrance to our professional growth if we do not make conscious efforts to critique our
pedagogical action and reasoning objectively in the wake of contrary comments from others
(second voice).
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