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Abstract

The study investigated the design of TPACK activities for Grade 2 learners that
support the integration of STEAM subjects and develop computational thinking
through coding and robotics.

Coding and robotics are relatively new subjects that are taught in schools to help
learners to be equipped for the 215t century. Teachers face the challenges of not being
able to integrate subjects nor being able to incorporate 215t century and digital skills in
the classroom.

A TPACK conceptual framework was developed as a design tool to observe, evaluate
and reflect on lessons which integrate STEAM subjects into a single lesson. An action
research approach was used across two cycles including four lessons in order to
determine whether STEAM subjects could be integrated in a TPACK designed lesson.
These lessons integrated STEAM subjects using Bee-Bots through a play-based and
project-based approach.

The methodological choice was qualitative as the data gathered was evaluated to
determine the meaning and experiences of the participants. The participants included
seven learners in Grade 2 in an all-girl private school. The researcher took part in the
research as a participatory action research strategy was used. There was an expert
reviewer to help ensure the researcher was not biased.

Analysis of the four lessons presented indicate that the TPACK conceptual framework
was a meaningful design tool. The learners all improved their coding skills and enjoyed
working with the Bee-Bots.

The study shows that utilising Bee-Bots helped to integrate all STEAM subjects in a
TPACK designed lesson presented in Grade 2. Six guidelines were developed to help

teachers to create their own lessons.

Keywords: Bee-Bots; Coding and Robotics; Computational thinking; STEAM;
TPACK; 21% century skills; Digital skills.
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Chapter 1: Introduction
1.1 Introduction

This study investigated the integration of subjects through coding and robotics with
Grade 2 learners as participants. Subjects are normally taught in isolation from one
another, whilst in real life subjects overlap (Yakman & Hyonyong, 2012). This has
given rise to the development of the integration of Science, Technology, Engineering
and Mathematics known as STEM teaching (Katzenmeyer & Lawrenz, 2006). Later
Yakman and Lee (2012) suggested that Art should be included in the integration of
subjects, resulting in Science, Technology, Engineering, Art and Mathematics
(hereafter STEAM) education. Both Land (2013) and Platz (2007) agree that Art
should be included in STEAM, as the creativity at the core of Art teaching integrates

well with the innovation focus in Technology education.

The integration of subjects in teaching creates the opportunity for learner-centred
teaching, promoting the development of skills such as creativity, collaboration and
problem solving. These 21t century skills are promoted as important skills to prepare
learners to live in the rapidly changing environment (UNESCO, 2017; Department of
Basic Education [DBE], 2019a). These changes have seen the advance of digital
technologies and as a result the need for the development of digital skills.
Computational thinking is at the core of digital skills and is a learner’s ability to find a
problem and then solve the problem in the same way a computer would be able to
(Chalmers, 2018; Chen, Shen, Barth-Cohen, Jiang, Huang & Eltoukhy, 2017).

The 215t century skills are typically soft skills that are impacted in the current century
due to the changes in the world, specifically regarding technology (Quieng, Lim &
Lucas, 2015; DBE, 2019a). Digital skills link to the technology a person has access to;
for example, having access to a computer (Jara, Claro, Enri, San Martin, Rodriguez,
Cabello, Ibieta & Labbé, 2015). 215t century skills are a broad range of skills, whilst
digital skills refer to the specific involvement of Information and Communication
Technology (ICT) (Van Laar, Van Deursen, Van Dijk & De Haan, 2017).

The Department of Basic Education in South Africa (hereafter DBE) supports the
development of 215t century and digital skills at a young age (Department of Basic
Education [DBE], 2021). A curriculum was developed to be implemented from 2021
onwards and is referred to as Curriculum and assessment policy Grade R to Grade 3

1



Coding and Robotics (Department of Basic Education [DBE], 2021). This curriculum
looks at five knowledge strands, including pattern recognition and problem solving,
algorithms and coding, robotic skills, internet and e-communication skills and
application of skills. These knowledge strands are taught using computational thinking
and the Engineering Design Process (EDP). The draft curriculum framework from
2019 titled Introducing digital skills for all into GET Curriculum framework Grade R to
9 is based on four pillars, namely application skills, internet and e-communication
skills, data and information management skills, and computational thinking skills and
coding (DBE, 2019a).

At the core of the curriculum is the development of computational thinking. According
to Wing (2008), computational thinking is an integral part of Foundation Phase
education. Computational thinking is the learner’s ability to solve problems to come up
with a solution in the same way that a computer can solve problems (DBE, 2021; Chen
et al., 2017).

It is important to expose learners to digital skills in the Foundation Phase to gain an
understanding of these skills at an early age (DBE, 2019a). These skills are taught
through the integration of subjects and each year learners are able to build on the
skills that they have learnt in the previous year (DBE, 2019a). According to DBE
(2019a) and Resnick, Maloney, Monroy-Hernandez, Rusk, Eastmond, Brennan,
Millner, Rosenbaum, Silver, Silverman & Kafai (2009), learners learn to think
creatively, reason and collaborate with their peers when they programme together.

The skills taught aid them in becoming 215 century learners.

1.2 Problem statement

As stated in the Introduction section, the DBE wants to include computational thinking
into the Coding and Robotics curriculum. However, there appears to be a paucity of
information and research regarding integration of STEAM subjects, developing 215t
century skills, digital skills and coding and robotics in the South African contexts.

These underlying challenges are discussed in more detail.

This section focuses on the four underlying challenges that Foundation Phase
teachers face and that gave rise to this study. This section explores the challenges of

the integration of STEAM subjects, developing 215t century and digital skills for



learners, and incorporating coding and robotics into teaching and learning in the

Foundation Phase.

1.2.1 Integration of STEAM subjects

According to Johnston, Highfield and Hadley (2018) and Yakman and Hyonyong
(2012), many teachers are hesitant to accept the chance to integrate STEAM subjects.
Teachers are in the routine of teaching subjects in isolation from one another.
According to DBE (2019a) and Harper (2017), there is a need to encourage teachers

to integrate subjects successfully.

1.2.2 Developing 215 century skills

215 century skills focus on equipping learners with the skills needed to thrive in the
current world (DBE, 2019a). These skills include being able to collaborate with peers,
thinking creatively and solving problems. 215t century skills are based on current
economic and social developments instead of being based on the past century that

propagated industrial skills.

For learners to be effective in the 215t century, they need to be taught skills,
knowledge, values and attitudes (Koehler, Mishra, Bouck, DeSchryver, Kereluik, Shin,
Wolf & Leigh, 2011; Varkey Foundation’s Atlantis Group, 2019); for learners to have
futures, they need to have learnt skills of the 215 century at a young age (DBE, 2019a).
These are regarded as essential skills to have in this century to develop ideas and
solve problems in a digital context. These skills are going to change the form of

traditional learning (Van Laar, Van Deursen, Van Dijk & De Haan, 2017).

1.2.3 Developing digital skills

Digital skills are the ability one has to use a computer and the access one has to one
(Jaraetal., 2015). These skills are closely linked to one’s economic, social and cultural
background as one needs to have access to digital devices (Jara et al., 2015). The

best way to improve digital skills is through practice (Van Deursen & Van Dijk, 2009).

UNESCO (2017) looks at developing the digital skills of learners to function efficiently
in the 21t century. South Africa is currently falling behind other African countries that
are continuing to grow as a result of the use of technological skills (DBE, 2019a).
Teachers still require support to integrate digital skills effectively into the curriculum.
This is currently being looked at in South Africa by the DBE (DBE, 2019a; Department
of Basic Education [DBE], 2019b).



According to Koehler et al. (2011) most new technologies are not designed with
classroom use in mind. Teachers are faced with the challenge of keeping up with
technology that changes rapidly; often they are hesitant or do not have the skills
needed to re-design activities to be used in the classroom or to create new learning
opportunities for learners. Teachers not only need to be able to redesign the activities,

but also to design their lessons effectively to include digital skills (Koehler et al., 2011).

Teachers find it challenging to keep up with technology and how to incorporate digital
skills into their lessons (Koehler et al., 2011). According to Greca Dufranc, Garcia
Tercefio, Fridberg, Cronquist and Redfors (2020), teachers need to be able to create
lessons using the correct content and pedagogy. This can be a challenge for teachers
as it is time-consuming, and they need to have the skills needed to incorporate digital
skills into their lesson plans. Incorporating these skills into lessons enables learners
to use the digital skills in their learning (Koehler et al., 2011). If teachers are not open-
minded and prepared to change their teaching styles in line with global trends, the
integration of lessons will not be effective, and learners will not be exposed to the

necessary digital skills.

1.2.4 Coding and robotics

The purpose of the Department of Education’s framework is to develop computational
thinking (DBE, 2019a; DBE, 2021). These skills are taught through coding and robotics
that are new subjects in schools. Teachers are currently not prepared to teach coding

or robotics and therefore need to be trained.

Coding and robotics can be defined as the learner’s ability to solve a problem using
their programming skills and can be the algorithm used in the programming (Kanbul &
Uzunboylu, 2017). Coding includes being able to code a step-by-step block code
(Cakir & Guven, 2019). Robotics includes objects with a sensory motor system that
can be coded (Ponticorvo, Rubinacci, Marocco, Truglio & Miglino, 2020). An example

of this is the Bee-Bot as a digital tool that can be used for coding.

Coding is when learners learn to program and complete algorithms. Robotics and
programmable toys can be used to strengthen and develop the skills taught by
teachers (Janka, 2008; Johnston et al., 2018). Teachers need to be provided with skills
to implement the use of coding and robotics effectively in their lessons.



As such, this study explored the integration of STEAM subjects, equipping learners
with 215t century skills, ensuring that digital skills are used with the classroom in mind
and equipping teachers with the skills to teach coding and robotics in the South African

context.

This study focused on the Foundation Phase (Grade R to 3) and on the computational
thinking skills and coding pillar of the draft digital skills curriculum. Development of
computational thinking is regarded as an integral part of Foundation Phase teaching
and learning, supporting learners in investigating problems towards the development

of solutions.

The study investigated coding and robotics activities with a few learners in two groups
of three with an extra learner. The learners were involved in a series of lessons,
incorporating practical coding and robotics activities using various concrete objects.
Bee-Bots (floor robot) were used as the digital tools in the integrated lessons. More
information about Bee-Bots can be found in 1.6.4 and 2.7. The study focused on how
the learners could solve a problem given to them at the beginning of a lesson. Due to
the Covid-19 pandemic, protocols were in place to ensure the safety of the

participants. The core protocols were sanitising, wearing a mask and social distancing.
1.3 Rationale

As a Grade 2 teacher having experienced the challenges discussed in Section 1.2, the
researcher wanted to investigated how teachers can be supported when experiencing
these challenges. Coding and robotics are new subjects taught in schools to help
learners to be equipped for the 215 century.

The focus of this study was on computational thinking skills and coding that relate to
the four pillars of the draft digital curriculum in South Africa (DBE, 2019a). The
emphasis was on coding and robotics in the Foundation Phase and how these can be

integrated into the Grade 2 curriculum through STEAM.

The researcher wanted to investigate how the TPACK framework could assist
teachers in designing an activity to incorporate STEAM integration, 215t century skills,
digital skills and coding and robotics. The lessons were designed to incorporate all

these elements.



1.4 Research questions
The following primary research question guided the study:
Research Question

1.4.1 RQ: How can Bee-Bots be utilised to facilitate TPACK designed STEAM
activities in Grade 27?
The following secondary research questions were explored to address the primary

research question:
Secondary Research Question 1

1.4.2 SRQ1: How can TPACK be utilised to design coding activities?

Secondary Research Question 2
1.4.3 SRQ2: How do learners experience these activities?
1.5 Purpose of the research

The purpose of the research was to investigate the design of TPACK designed
activities that support the integration of Science, Technology, Engineering, Art and
Mathematics (STEAM) and to develop computational thinking for Grade 2 learners.
This study investigated the challenges of supporting teachers to develop 215t century
and digital skills in STEAM teaching through coding and robotics in Foundation Phase

teaching.

This study aimed to supply guidelines for the design of TPACK integrated activities to
integrate STEAM subjects using Bee-Bots via a play-based and project-based

approach.

The purpose of the study was to create guidelines for teachers to create their own

lessons to be facilitated by Bee-Bots.

1.6 Key theoretical concepts

The key theoretical concepts of the study are explained below. STEAM is introduced
and involves the integration of the subjects Science, Technology, Engineering, Art and
Mathematics into a single lesson. The concept of 215t century and digital skills are
introduced. These skills were developed when coding the Bee-Bots. The lessons were

designed to use the TPACK framework as a design tool.



1.6.1 Science, Technology, Engineering, Art and Mathematics (STEAM)

STEAM is the integrated discipline used to prepare learners for Science, Technology,
Engineering, Art and Mathematics through inquiry-based learning that is age-
appropriate. Learning is combined in non-traditional ways through collaboration and
independent problem solving (Jamil, Linder & Stegelin, 2018; Harper, 2017).
Technology is taught as a subject with the core components of structures, processing,
mechanical systems and controls, and electronic systems and controls. These are

taught using the design process (Department of Basic Education [DBE], 2018).

1.6.2 215 century skills

Having 21t century skills enable one to adapt, communicate effectively, collaborate,
solve problems and develop self-management and self-development (Blackley &
Howell, 2019). Teachers and learners can work effectively and responsibly, allowing

individual contributions within a diverse group (DBE, 2019b).
1.6.3 Digital skills

Learning of digital skills takes place when digital tools and resources are used to
enhance learning. Digital skills are not used in isolation but rather to enhance the

learning experience (DBE, 2019b; Johnston et al, 2018).

1.6.4 Bee-Bots

Bee-Bots are programmable floor robots. The Bee-Bots move 15 cm forward or
backward or can turn left or right in a single instruction. Learners can enter up to 40
instructions in a single sequence. Bee-Bots move on a flat surface and rotate 90
degrees. The sounds and lighting up of the eyes allow the learners to know that their
instructions have been entered in. (Janka, 2008) Bee-Bots are digital tools used in
learning and they can assist with the integration of subjects (Kopelke, 2015; Janka,
2008).

1.6.5 TPACK

The TPACK framework stands for Technology, Pedagogy and Content Knowledge. It
was designed to evaluate a teacher’s knowledge to incorporate Technology effectively
into their teaching through the PCK (Pedagogy Content Knowledge) framework
(Koehler & Mishra, 2009; Koehler et al., 2011).



Technology was added to the PCK to access teachers’ ability to include the use of
digital technology, for example the use of computers in their teaching (Koehler &
Mishra, 2009).

1.6.6 Computational thinking

Computational thinking is the learner’s ability to solve problems and explore different
ways to understand the problem (Perignat & Katz-Buonincontro, 2019). The focus of
this study was on computational thinking skills and coding that relate to the four pillars
of the draft digital curriculum in South Africa (DBE, 2019a).

1.7 Delimitation

This study focuses on Grade 2 only and not on the whole Foundation Phase.

The coding tool used was off-line coding in the form of Bee-Bots that are
programmable floor robots. Scratch Junior was not used as set out in the Digital skills
for all in the GET curriculum framework (DBE, 2019a). In this curriculum the learners
are taught to use Scratch Junior that is a form of block coding in line with Mathematical
concepts such as pattern work. The researcher focused on the four pillars of the
curriculum with the main focus on computational thinking skills and coding. Both
Scratch Junior and Bee-Bots allow learners to solve problems, complete a sequence
of code and create opportunities for debugging. Scratch was not used as this is an
online tool and the focus of the study was to use offline coding. Bee-Bots were chosen
for this study as they are a digital tool used for teaching coding.

The study endeavoured to apply the coding concepts mentioned in the syllabus with
Bee-Bots as tools as an alternative to this phase of teaching and not block based
coding and did not investigate block-based coding but rather an alternative to this

phase of teaching.

The study focuses on how teachers can use the TPACK to design activities. The
purpose of the TPACK is a framework to support teachers. The study does not focus
on learners’ experiences even though it was included to some extent. The learner’s
experiences are included, but the main focus is on the teachers. The TPACK is a tool

for teachers to evaluate their teaching practices.



1.8 Methodology overview

The research methodology is unpacked using the research onion of Saunders, Lewis,
and Thornhill (2019). The study followed an interpretivist philosophy as meaning was
created by the participants and interpreted by the researcher and an expert reviewer.
An inductive approach was used as the data was interrogated to find the themes. A
gualitative methodological approach was used as the data was not numerical but
rather based on the experiences of a small sample of participants. An action research
strategy was used and included two cycles. The researcher was part of the data
collection process. The action research was participatory action research as the
researcher collaborated with the participants. The participants included the
researcher, an expert reviewer and seven learners. Seven learners were used and
included learners from both classes after school. The two groups of learners worked
on the same lesson at the same time. Only these seven learners were present in the
lessons. The data instruments used were observations, interviews, artefacts and a

reflective journal.

1.9 Chapter overview

Figure 1.1 illustrates the five chapters in this dissertation. The chapters are explained

in a short overview.

Chapter1:
Introduction

Chapter 4:
Results

Chapter5:

Literaturereview Findings and conclusions

Chapter 3:
Researchmethodology

‘ Chapter2:

Figure 1.1 Chapter overview

1.9.1 Chapter 1: Introduction

This chapter gives an overview of what STEAM is and the 215t century skills that the
DBE focuses on. The four problems found are discussed in the problem statement.
The digital curriculum focuses on the four pillars and the focus of this study is
computational thinking skills and coding. The title Utilising Bee-Bots to facilitate
TPACK designed STEAM activities in Grade 2 is explored using the research
guestions. The key theoretical concepts for the study are explained. The next chapter

explores the literature that is relevant to the problem statement.



1.9.2 Chapter 2: Literature review

Chapter 2 investigates the relationships between the three main headings of
Pedagogy (Foundation Phase Teaching), Technology (coding and robotics) and
Content (STEAM). This focus interlinks with digital skills, STEAM integration and

Grade 2 learning. The TPACK framework is utilised as a design tool in this study.

1.9.3 Chapter 3: Research methodology
The research methodology is outlined using the research onion of Saunders et al.
(2019). The study followed an interpretivist philosophy in an inductive qualitative

approach through an action research strategy.

1.9.4 Chapter 4. Results
The results are structured according to the TPACK framework and incorporate the two

cycles from the action research strategy.

1.9.5 Chapter 5: Findings and conclusions
The conclusion looks at the investigation of the research questions and what findings
have been made. The findings helped to develop guidelines for teachers to design

their own lessons.

1.10 Conclusion

This chapter outlined what the study deals with and why the study was conducted. The
questions needed to guide the investigation are formulated and detailed. An
introduction is given as to what STEAM subjects are and how they may be integrated.
The importance of 215t century and digital skills is outlined. The DBE focuses on the
four pillars of the digital curriculum; the focus of this study is the pillar of computational
thinking skills and coding. The robotic instrument for learning computational skills and

coding was a Bee-Bot.

A framework for designing STEAM lessons that incorporate Technology is introduced
as the TPACK framework. An additional aim of the study includes developing
guidelines for the design of TPACK integrated activities to integrate STEAM subjects
using Bee-Bots via a play-based and project-based approach. The problems that the
researcher identified and the literature that addresses these problems are detailed in

the next chapter.
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Chapter 2: Literature review
2.1 Introduction

Existing literature on the utilisation of coding and robotics to support STEAM teaching
in the Foundation Phase was explored for this chapter. The chapter is divided into two
parts: the underlying theory, and the theoretical and conceptual framework section.
The study integrates three concepts as seen in Figure 2.1, namely the Pedagogy of
Foundation Phase teaching, the content is the teaching of STEAM subjects, and
coding and robotics as educational Technology. At the heart of the study is the
development of computational thinking. The literature review is unpacked according
to these aspects. Sections 2.2 to 0 deal with Foundation Phase Pedagogical concepts,
Section 2.5, 2.6 and 2.9 with STEAM subjects and integration, Section 2.8 with 215t
century and digital skills, Section 2.7 with coding and robotics as Technology and
Section 2.10 with the development of computational thinking as the integration of the
three main concepts. Section 2.12 deals with TPACK as theoretical and conceptual

framework.

Technology:
Coding and robotics

Technologyin STEAM

Computational
thinking

Pedagogy:
Foundation Phase
teaching

Theorists: Piaget,
Vygotsky, Bruner and
Dewey
Teaching strategies:

Play-based and
project-basedlearning

Content:
STEAM

How to teach STEAM

Figure 2.1 Literature review
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The literature that was reviewed explored the topics depicted in Figure 2.1. The figure
shows the flow between Pedagogy, Technology and Content in the context of the
Foundation Phase. Pedagogy is how one teaches and the methods that are used.
Technology includes using educational devices and software as tools for teaching in
the classroom. For example, smartboards and educational apps and toys. Content is
what is taught in different subjects (Koehler & Mishra, 2009). Computational thinking

is how Pedagogy, Technology and Content can all be integrated.

2.2 Foundation Phase teaching

In South Africa the Foundation Phase is the first phase in a learner’s school life; it
starts with Grade R and ends with Grade 3. In this phase the focus is on teaching
learners the primary skills, knowledge and values to embed the foundation for further
learning (Hannaway & Steyn, 2017; Van Heerden, 2014). The process of inquiry,
rather than rote learning, is emphasised as it allows for learners to explore and become
more curious about the world around them (Copple & Bredekamp, 2009; Van Heerden,
2014).

In this section, firstly, literature on underlying Foundation Phase theories that could
support the investigation into the problem statement was explored. The theories of
Piaget, Vygotsky, Bruner and Dewey are regarded as pertinent to the study. Secondly,
relevant teaching strategies, namely play-based and project-based learning are
explored.

2.3 Theories

This section focuses on four educational theorists: Vygotsky, Piaget, Bruner and
Dewey. The developmental processes they proposed as well as the importance of

inquiry and play in these processes are explored.

In exploring the views of two cognitive theorists, Vygotsky and Piaget, a link between
learners’ interests and promoting intellectually challenging activities is observed
(Charlesworth & Lind, 2010). According to Vygotsky, learners develop cognitively
through play and scaffolding by the teacher or a more experienced learner (Meier &
Marais, 2014). When a teacher scaffolds a lesson, they give an example and helpful

hints while allowing the learners to solve the problem independently (Snowman &
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McCown, 2013). Play is an imaginative activity where the learner is able to create

meaning of the world around them (Vygotsky, 1978).

Piaget developed a theory based on four stages of a learner’'s development. These
are explained in Table 2.1.

Table 2.1 Piaget's four stages of development

(Charlesworth & Lind, 2010; Huitt & Hummel, 2003)

Stage Description

Stage 1 This is when learners learn about the world around them through their five

Sensorimotor senses. This stage is from birth to about two years of age. They use their
senses to explore and discover that objects exist even when they cannot
be seen.

Stage 2 This occurs when learners are between the ages of two to seven years old.

Preoperational Language and speech become important in this stage. They learn the most
through play in this stage.

Stage 3 Here the learners are between the ages of seven to 11 years old. In this
Concrete operations | stage they are starting to be able to move from learning from concrete
objects towards being able to visualise objects.

Stage 4 Formal operations develop around 11 years and older. In this stage they
Formal operations develop the ability to think abstractly and to solve abstract concepts and

problems.

According to Piaget, learners construct their knowledge through the environment, and
this enables them to clarify the new knowledge that they are learning as illustrated in
Table 2.1 (Meier & Marais, 2014).

This led to Bruner’s three stages through which a learner learns as illustrated in Table
2.2. Bruner was influenced by Piaget and Vygotsky’s theories of cognitive

development as shown in the description of each stage (Charlesworth & Lind, 2010).

Table 2.2 Bruner's three stages of development

(Charlesworth & Lind, 2010)

Stage Description

Stage 1. Enactive This is where the learner manipulates and explores through play
activities, using concrete objects.

Stage 2. Iconic This is when the learner is able to visualise the concrete objects they
have been playing with.

Stage 3. Symbolic In this stage the learner is able to move into thinking abstractly.

Table 2.1 and Table 2.2 illustrate that there is a process that a learner goes through
to go from one stage to the next. Learners develop new knowledge based on their own

experiences (Charlesworth & Lind, 2010).
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The theories of Piaget, Vygotsky and Bruner are incorporated in this study, based on
their focus on development processes as well as on the focus on play in the process

of learning.

Play allows learners to create meaning in the world around them as well as to make
connections of their own (Murris & Verbeek, 2014). This links to Bell's (2010) views on
project-based learning as an innovative approach that incorporates inquiry,
collaboration and creativity. Learners are able to learn through inquiry while they are
exploring through play. When learners take part in project-based learning they are

learning in an enriched learning environment (Bell, 2010).

Project-based learning was proposed by John Dewey. He is credited in his book titled
Experience and Education that was published in 1938, proposing experiential learning
as the main theme for his theory (Parker & Thomsen, 2019; Pieratt, 2010). This theory
promotes learner inquiry rather than rote learning during the learning process. The
teacher’s role is to observe and direct the learner’s interactions rather than teaching
through instruction alone. The emphasis is placed not only on the teacher-to-learner
interaction but also on the learners-to-learners interactions. Dewey’s theories are still
relevant today and link to learners being able to collaborate effectively (Parker &
Thomsen, 2019; Pieratt, 2010).

In Table 2.3 the processes proposed by the four theorists are compared for the

relevance to this study.
Table 2.3 Comparing Piaget, Vygotsky, Bruner and Dewey

(Charlesworth & Lind, 2010; Dennis, 1940; Parker & Thomsen, 2019; Pieratt, 2010;
Snowman & McCown, 2013)

Theorists Jean Piaget | Lev Vygotsky Jerome John Dewey | Relevance to the
Bruner study
Scaffolding Learning is Learning need | Learning The Activities are
learners not scaffolded. | to be are teacher’s role | scaffolded
scaffolded by | scaffolded | isto observe | according to the
peers and by and direct increase in
teachers. teachers. the learners. | difficulty in each

lesson. Learning
is scaffolded by
both the teacher
and their peers.

Play Learners learn | Learners use Learners Play is Learners learn
mainly play to play with important through play-
through play discover and concrete when it gives | based learning.
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Theorists Jean Piaget | Lev Vygotsky Jerome John Dewey | Relevance to the
Bruner study
during the describe the objects in meaning to
preoperational | world around the the work that
stage. them. enactive needs to be
stage. done.
Cognitive Four stages Development Three Learners Learners use
development | as in Table takes place stages as learn through | concrete objects
2.1 through in Table inquiry and and move
Development | developmental | 2.2. project- towards an
comes from (internal) and based abstract way of
the learner’s environmental learning. thinking.
own maturity. | (external)
factors.
Knowledge Learners Learners use New Learner- Learners use their
and learning | construct prior knowledge | centred prior knowledge
environment | knowledge knowledge to based on learning to help them solve
independently | solve previous where the problems.
through their problems. knowledge. | learners
own . controls their
discoveries. Learning own learning.
takes place
through
problem
solving and
support
from the
teacher.

Table 2.3 illustrates the importance of scaffolding in Vygotsky and Bruner’s work. Play

is important to all the theorists when used in a meaningful way. Each theorist had their

own unique ideas about cognitive development, and the way learners learn best.

Importance for this study

Piaget’s theory was implemented in this study through planning lessons that are in the third

stage of cognitive development where it is important that learners are able to manipulate

concrete objects. The learners needed to be able to visualise how to move the concrete

object of a Bee-Bot.

Vygotsky’s theory of scaffolding was implemented in the lessons as there was an increase
in difficulty in each lesson. The learners were facilitated by the researcher and the expert

reviewer.

Bruner’s concepts were implemented where learners needed to use their previous

knowledge in order to solve problems through the iconic stage of learning.
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Dewey’s concept of project-based learning was implemented in the design of lessons. Each
lesson was structured as a project where the learners needed to problem solve by coding

a Bee-Bot to move around a Bee-Bot mat.

2.4 Strategies

The value of learning through play-based and project-based learning in the Foundation
Phase was introduced in Section 2.3. These strategies are explored further in this

section.

2.4.1 Play-based learning

There are different types of play-based learning. These include playing by oneself,
playing with or beside a peer or playing cooperatively with another learner. Learners
play pretend to develop an understanding of the world around them. They also play
through exercise, for example climbing or running, during which they develop their
gross motor muscles. Learners engage in more challenging activities like to pretend
to fight or wrestle with one another. Teachers can observe play activities and as
learners get older, teachers introduce them to games with rules. This allows learners
to progress from free play activities to structured play activities. (Bergen & Fromberg,
2008; Mayesky, 2012; Snowman & McCown, 2013)

Play-based learning helps to scaffold learning and can add great value to the
integration of subjects. Through play-based learning learners can experience the
feeling of self-determination as they make their own choices, are challenged by the
activity and feel connected to those around them. Learners can develop their own skills

and enjoy what they are learning through play (DBE, 2019a; Johnston et al., 2018).

2.4.2 Project-based learning

Project-based learning allows learners to be guided by a real-life problem that needs
to be solved. This creates the opportunity to inquire more about the problem to be
solved. Through project-based learning learners are able to direct their own learning
through inquiry and are able to use multiple strategies to help them complete the
project successfully. Project-based learning can help to incorporate multiple subjects
into one project. This allows learners to use their skills of self-determination to
complete a project (Bell, 2010; Eguchi, 2014).

16



Importance for this study

Project-based learning can include multiple subjects and can be integrated into one project.

The integration of STEAM subjects forms an important part of each lesson presented.

Play-based and project-based learning were incorporated in the design of the activities
planned during the study. Activities were designed around problems and created the
environment for learners to use their prior knowledge collaboratively during activities while

trying to find solutions through inquiry.

2.5 Content: STEAM

STEM is the teaching of the subjects Science, Technology, Engineering and
Mathematics in integration whereas STEAM includes the teaching of Art. According to
Braund (2020), STEM is a misleading curriculum concept and is seldom implemented
correctly. This study investigates how STEAM subjects can be implemented correctly
with the correct guidelines. According to DBE (2019a) and World Economic Forum
(2020), learners learning in an all-rounded curriculum that integrates the subjects of

STEAM can develop the skills needed to be 215t century learners.

It is important that teachers are prepared through professional development to
integrate STEAM subjects (Garcia-Carrillo, Greca & Fernandez-Hawrylak, 2021).
Teachers should be flexible to allow learners to explore independently (Harper, 2017;
Johnston et al., 2018; Martin-Hansen, 2018). According to Vale, Westaway, Nhase
and Schudel (2020) another challenge in a learner’'s education is the high student-
teacher ratio, as it creates challenges for highly learner-centred learning facilitation

and assessment.

2.5.1 Science

Science in Foundation Phase learning focuses on the skills of observing, comparing,
measuring, experimenting and applying the scientific method of inquiry. Learners have
a desire to inquire and find out more about the world around them. They are able to
process the new information they have been taught by conducting experiments. The
skills that they have acquired enable them to conduct an experiment using the
scientific method (Charlesworth & Lind, 2010; Kok & Van Schoor, 2014; Tsai, 2006).

In the South African context Science is taught as Natural Science and falls into the

subject of Life Skills (Beni, Stears & James, 2017; Department of Basic Education
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[DBE], 2011b). Life Skills incorporate the subjects of Science, Geography and History.
Science education teaches learners scientific knowledge, concepts and the scientific

process (Dixon, Janks, Botha, Earle, Poo, Oldacre, Pather & Schneider, 2018).

2.5.2 Technology

Technology is regarded as a relatively new subject, both internationally and in South
Africa (Pool, Reitsma & Mentz, 2011). The Department of Education characterises
Technology in education as “... the use of knowledge, skills, values and resources to
meet people’s needs and wants by developing practical solutions to problems, taking
social and environmental factors into consideration” (Department of Basic Education
[DBE], 2003, p.8). The subject Technology taught in schools in South Africa comprises
four core content areas, namely structures, processing, mechanical systems and
controls, and electronic systems and controls (DBE, 2018).

When completing a Technology task in the classroom, the design process is used to
solve problems (DBE, 2018). There are five steps in the design process that need to
be followed: Investigate, Design, Make, Evaluate and Communicate (IDMEC). These
steps are explored in Table 2.4 and can take place in different directions as the

process is non-linear (DBE, 2018).

Table 2.4 Design process

(DBE, 2018)
IDMEC Description

Investigate Learners need to find, use and acknowledge information to investigate the
problem.

Design Learners need to design a brief, given specifications, constraints and
initial idea sketches; choose the best design; select materials for their
project.

Make Learners need to draw plans; develop the manufacturing sequence; make
the item or model.

Evaluate Learners evaluate both their design stages and their final product.

Communicate Learners present their solutions; they compile all notes and drawings into
a project report in their workbooks.

The technological design process develops the learner’s ability to IDMEC (Investigate,
Design, Make, Evaluate and Communicate) effectively when solving problems (DBE,
2011b). The design process is an established tool used in Technology education
(Jones, Buntting & de Vries, 2013; Burghardt & Hacker, 2004; Mawson, 2003).
Problem solving is important in Technology education of which it is an essential activity
(Schooner, Nordlof, Klasander & Hallstrom, 2017). The subject Technology normally
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includes teaching with the integration of other subjects as Technology is interlinked to
other subjects (DBE, 2018).

2.5.3 Engineering

The Engineering Design Process (EDS) consists of five steps that need to be followed:
IDMEC (DBE, 2018). These are the same five steps found in the technology design
process. Engineering in CAPS is taught through the EDS as it creates the opportunity
for learners to design solutions to ill-structured problems that they are exposed to
(Braund, 2020; Charlesworth & Lind, 2010; DBE, 2021). In the Foundation Phase
Engineering is taught through the design process. Learners learn through play,
problem solving and inquiry (DiFrancesca, Lee & Mclintyre, 2014).

STEM education has created a place to incorporate Engineering into Foundation
Phase teaching. This ensures that integration takes place between different subjects
(Bagiati, Yoon Yoon, Evangelou & Ngambeki, 2010).

2.5.4 Art

Art is taught using the elements of Art, including line, colour and shape (Pénzes, van
Hooren, Dokter & Hutschemaekers, 2018; DBE, 2011b). In South Africa Art falls under
Visual Art and is taught in the subject of Life Skills in the Foundation Phase (DBE,
2011b). The subject covers both 2-dimensional and 3-dimensional art works where
learners are able to develop their fine and gross motor skills when creating artwork
(DBE, 2011b).

It is important that learners develop their Art skills to nurture their creative and
imaginative knowledge. The teacher in the Foundation Phase should nurture the
learners’ artistic talents and encourage creativity. Therefore, the learning environment
needs to be encouraging for the learners to express themselves freely. (Mayesky,
2012; Murris & Verbeek, 2014).

2.5.5 Mathematics

According to the Department of Basic Education [DBE] (2011a), Mathematics is the
use of symbols and notations to describe numerical, geometric and graphical
relationships. It relates to a learner’'s ability to observe, represent and interpret
patterns. Mathematics helps to develop learners’ mental processes that enhance
problem solving and their ability to think critically. There are five focused content areas
in the Foundation Phase. These are presented in Table 2.5. (DBE, 2011a).
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Table 2.5 Five content areas of Mathematics in Grade 2

(DBE, 2011a)

Five content areas Description of Grade 2 outcomes
Numbers, Operations and e The ability to count forward and backward in an age-appropriate
Relationships number range.

e Recognise, identify and read number symbols and names.
Describe, compare and order numbers.

e Recognise the place value of two-digit numbers and multiples of
10.

e The ability to complete addition, subtraction, multiplication and
division calculations. Solve fractions and metal mathematics

sums.
Patterns, Functions and e Copy, create and extend geographic and number patterns.
Algebra
Space and Shape e Properties and features of shapes and objects. Looking at both
(Geometry) 2-dimensional and 3-dimensional shapes.
e Knowing the language of position and direction; for example,
left, right, up and down.
Measurement e Looking at the mathematical concepts of time, length, mass,
volume and capacity, and perimeter and area of shapes.
Data Handling e The learner’s ability to interpret and depict data on a graph. This

includes bar graphs and pictographs; the ability to collect,
organise, represent, analyse and interpret data.

There is an extensive emphasis in Africa on the subject of Mathematics due to efforts
to remedy poor performance. It is therefore important that teachers are trained on how

to teach Mathematics effectively.

2.6 How to teach STEAM

When teaching STEAM, the subjects of Science, Technology, Engineering, Art and
Mathematics are taught through integrating all the subjects. Kok and Van Schoor
(2014) state that in South Africa the subjects Science and Technology are taught in a
subject called Life Skills. The goal is to ensure that learners are taught about social
relationships, technological processes and natural Sciences (Kok & Van Schoor,
2014). The aim is to teach Science in an integrated manner with the correct
Pedagogical Content Knowledge (Kok & Van Schoor, 2014). According to
Charlesworth and Lind (2010) and Chalufour, Hoisington, Moriarty, Winokur and Worth
(2004), learners learn how to solve problems in Science, Technology, Engineering and
Mathematics. When learners build with blocks, they integrate Science, Engineering
and Mathematics and this helps to develop their spatial awareness (Charlesworth &
Lind, 2010).

When teaching learners though an integrated approach, the teacher can first model

how to solve a problem or skill. This helps to guide the learners through solving the
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problem and then the teacher can see what the learners have learnt (Knight, Wright,
& DeFreese, 2019). When teachers use STEM in their teaching, they move away from
teacher-centred learning to learner-centred learning (Jang, 2016). STEM education
focuses on the skills learners need rather that what the teacher thinks is important
(Jang, 2016). This study focuses on the integration of these STEAM subjects into one
subject. It is important to integrate subjects as it allows learners to learn through

multiple viewpoints that create neural pathways (Highfield, 2010; Land, 2013).

According to Perignat and Katz-Buonincontro (2019) there are five ways that STEAM
integration can happen. These are transdisciplinary, interdisciplinary, multi-
disciplinary, cross-disciplinary, and arts-integration. Transdisciplinary is when the
STEAM subjects are included without boundaries and the lessons focus on inquiry.
Interdisciplinary is when the STEAM subjects are discreet, but theme related. Multi-
disciplinary is when collaboration is included between a few subjects but not all. Cross-
disciplinary looks at the subject through the perspective of another. Arts-integration is
the inclusion of Art into STEM. The method adapted for this study was interdisciplinary
as the focus was on the inclusion of all STEAM subjects into a single lesson. The
lessons were designed to include all the STEAM subjects and a final lesson was done
to see if the learners could incorporate all the STEAM subjects when given a less
structured lesson. The lessons were then observed to see if all the STEAM subjects
were incorporated in a single lesson. This uses the Interdisciplinary way of integration
as STEAM subjects are all incorporated and relate to the theme of the story If | were

a wizard by Paul Hamilton (Hamilton, 2017).

When teaching STEAM with project-based learning, there are steps and methods to
follow as seen in Figure 2.2 (Ridwan, Rahmawati & Hadinugrahaningsih, 2017).
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Relating Planning Developing
Relating subject concepts to Planning the project that Developing the STEAM
STEAM principles integrated the STEAM project

concepts

Transferring Cooperating
STEAM project presented Working collaboratively

and discussed

Figure 2.2 Project-based learning STEAM project
Source: Ridwan et al. (2017)

Project-based learning is a student-led pedagogy and therefore links to STEAM as a
learner-centred approach. Learners are able to solve problems through STEAM
integration. Figure 2.2 shows that learners are able to solve a problem by working
through the five steps of the project. They start by finding a problem through relating
to the topic, then plan how to solve this problem, develop a project to solve the
problem, work collaboratively as a group while they are facilitated by the teacher;

lastly, they present their findings to the problem they have solved (Ridwan et al., 2017).

2.7 Coding and robotics

According to Highfield (2010) and Hamilton (2017), learners are able to develop their
problem solving skills through coding and robotics. Robotics is the device used to code
a string of code as well as any mechanical object that can be sent instructions through
coding (Highfield, 2010; Hamilton, 2017).

2.7.1 Coding

Coding is the means by which we teach computational thinking and it can be taught
with the integration into other subjects (Francis & Davis, 2018). According to DBE
(2019b), when learners are able to code it helps them to build their problem solving

skills and to communicate their ideas effectively. Teaching learners to code enables
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them to develop their skills of creating an algorithm and computational thinking (Turan
& Aydogdu, 2020).

The coding tasks that are created can have multiple solutions; which creates flexible
thinking and encourages learners to reflect on what they have learnt and solved
(Highfield, 2010). Using Bee-Bots as a tool for learning enables learners to problem
solve and have the confidence to think creatively. Bee-Bots allow learners to watch
the concrete movement of their coding steps (Highfield, 2010). Concrete operations
are a learner’s ability to use a concrete object to learn from and draw conclusions
about problems that have been solved (Mayesky, 2012). Learners can manipulate the
objects for example Bee-Bots in this context; this helps them to deepen their

understanding (Mayesky, 2012).

In the Coding and Robotics Curriculum set out by DBE (2021) the curriculum has in
place that Foundation Phase learners must be taught to code by converting simple
algorithms to block-based code. In the curriculum, Grade 2 learners need to be able
to create patterns using their skills of pattern recognition and problem solving to
complete a sequence of code (DBE, 2021). They must also be introduced to
algorithms and be exposed to different terminology, such as repeating sequences and
loops (DBE, 2021). Chalmers (2018) underscores the importance of teaching learners
how to sequence and create loops in their coding as this expands the learners’ coding
skills.

Importance for this study

Bee-Bots are used as an educational technology device. The Bee-Bots move 15 cm forward
or backward or can turn left or right in a single instruction. Learners can enter up to 40
instructions in a single sequence. Bee-Bots move on a flat surface and rotate 90 degrees.
The sounds and lighting up of the eyes allow the learners to know that their instructions
have been entered in (Kopelke, 2015; Janka, 2008).

Picture of a Bee-Bot Picture of 6 x 6 transparent Bee-Bot mat
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The Bee-Bot mat is used to create a grid reference to aid the learners with their coding. The
blocks show the 15 cm the Bee-Bot can move in. In this study, the learners will be given an

instruction card with the grid to first plan the route the Bee-Bot will move in.

Bee-Bot interface (Janka, 2008).

The interface shows the orange arrows that allow the Bee-Bot to move forward, backward,
left and right. When the sequence of code has been entered the learner presses the green
Go button and the Bee-Bot starts moving. When the sequence is complete the blue Clear
button needs to be pressed to clear the memory and start a new code. The Bee-Bot can be
paused to stop in the middle of a coded sequence. The eyes flash and the Bee-Bot beeps
when it has completed the sequence of code. The Bee-Bot is turned on and off on the

bottom where the wheels are also visible.

2.7.2 Robotics

In the draft Coding and Robotics Curriculum set out in DBE (2021), there are two fields
of robotics, namely coding and Engineering. Learners follow the EDS to create a path
for the robot to follow. In the draft curriculum, Grade 2 learners need to be introduced
to the mechanical components of a robot. They must know the basic chassis,

fasteners, axles and wheels of a robotic car. (DBE, 2021).

Robotics is an effective learning tool to incorporate STEM subjects and project-based
learning because it stimulates an interest in learners wanting to explore the technology
around them (Eguchi, 2014). There is a variety of different robotic tools that can be
used in the classroom; for example, making a car and making a robot (DBE, 2019a).
Learners should be able to build robots as well as to code them to do a specific task
(DBE, 2019a).

The movement of the robot is the success factor of integration of Engineering,
Mathematics and computer skills as the movement will not be possible if one of these
skills is not met or successfully integrated (Highfield, 2010; Land, 2013). Young
learners can use robotics to develop their skills of sequencing, cause and effect as

well as Engineering skills (Turan & Aydogdu, 2020).
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2.8 21°%t century and digital skills

2.8.1 21%t century skills

The 21%t skills focus on creativity, innovation, critical thinking and problem solving
(DBE, 2019a; Geist, 2016). These skills are important as a focus in the classroom to
prepare learners effectively for becoming 215 century learners. Learners need to have
mastered the skills of the 215 century to be able to work collaboratively; these lead to
cross curriculum collaboration (Hamilton, 2017; Land, 2013). It is not only learners that
need to work together but also teachers. Teachers need to work collaboratively to
achieve the goals of integration of subjects (Harper, 2017). Teachers therefore
empower their learners to think innovatively and to be able to solve problems that help
the learners to gain important 215t century skills needed for life and work (Dell'Erba,

2019).
2.8.2 Digital skills

Digital skills include the integration of computational thinking, 215t century skills and
coding. They need to be taught in the Foundation Phase to equip the learners with the
skills they will need in the higher grades. These skills can be taught in collaboration
with other subjects to incorporate them into the curriculum. Digital skills that can be
taught at school include coding and using other digital tools (laptops, tablets,
smartboards, etc.) to enhance learning (DBE, 2019a).

The 218t century has shown rapid growth in technology, including technology in the
classroom (Cakir & Guven, 2019). The classroom is an important place to prepare
learners for the world around them. To make learners future-fit they need to be
exposed to technology that grows with worldwide trends (Cakir & Guven, 2019). When
teachers use digital skills in the classroom, they help equip learners with the skills they
need to be 21st century learners (Blackley & Howell, 2019). Furthermore, teachers
teach learners digital safety skills and how to use devices in a way that keeps them
safe (World Economic Forum, 2020). For example, safe search engine usage, adult
permission and using websites that are age-appropriate (World Economic Forum,
2020).
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2.9 Technology in this study

The concept Technology features in two aspects in this study. The first is the reference
to educational technology as presented in the TPACK framework (Section 2.12.1). The
second is in the technology subject in STEAM education (Section 2.5.2).

The educational technology relevant to this study focuses on coding and robotics,
implementing a programmable toy (Bee-Bot) to support STEAM subject integration.
Learners in the Foundation Phase learn well through play and using concrete objects
to explore and discover. Using Bee-Bots allows learners to use a concrete object while
learning through play and they can explore and discover new concepts with their class
(Janka, 2008). Coding and robotics were discussed in detail in Section 2.7.

The Technology subject was discussed in Section 2.5.2. It is mentioned that the
subject comprises four core content areas, namely structures, processing, mechanical
systems and controls, and electronic systems and controls (DBE, 2018). In this study
three of these areas are evident in activities presented to the learners, as learners built
structures, planned and execute processes, worked with electronic systems and the
controls of the Bee-Bot.

The definition of the TPACK framework can be found in Table 2.6; it includes the TCK
as part of the framework as TCK refers to the way teachers use Technology to teach
content. This is important, because the teacher needs to find the best technology to fit

the subject matter being taught.

Using Bee-Bots in the classroom is an example of the integration of educational

technology and Technology as a subject to support STEAM teaching.

2.10 Computational thinking

Computational thinking is developed through learners practising their programming
skills whilst solving complex problems. Robotics is an effective way to introduce
computational thinking as learners code step-by-step movement instructions, and are
able to see the concrete object (Bee-Bot robot in this study) move according to their
coded instructions (Chalmers, 2018). Computational thinking should be introduced at
an early age for learners to develop their digital and coding skills (Papert, 1972; Wing,
2008).
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The DBE introduced a Digital Skills Framework for Grade R to Grade 9 that is divided
into four pillars: application skills, internet and e-communication skills, data and
information management skills, and computational thinking skills and coding. The
focus of this study is on the fourth pillar, computational thinking skills and coding.
Computational skills that are taught in Grade 2 include pattern recognition, problem
solving and steps to code and creating algorithms (DBE, 2019a). The skills from the
Curriculum and assessment policy Grade R to 3 Coding and Robotics (DBE, 2021)
taught to Grade 2 learners are pattern recognition and problem solving, algorithms
and coding, robotic skills, internet and e-communication skills and application of skills.
Computational thinking helps learners to solve complex problems. The focus in these
two curriculums (DBE, 2019b; DBE, 2021) are on pattern recognition, problem solving,
algorithms and coding, robotic skills and the application of skills. The focus is not on
e-communication skills. Digital skills in the Foundation Phase equip learners with the
foundation needed to build onto these skills, as they integrate these skills into their
learning subjects (DBE, 2019a).

The core concepts of 215t century and digital skills, coding and robotics and
Foundation Phase Teaching are incorporated into the framework Introducing digital
skills for all into GET curriculum framework Grade R-9, Draft (DBE, 2019a). According
to the DBE in South Africa, digital skills are multiple sets of skills that learners require
to be 215t century learners. Digital tools used by teachers help them to strengthen and
improve the learning outcomes of learners. Teachers develop their skills through
professional development that provides them with the skills and knowledge needed to

create 215 century learners that are exposed to digital skills and tools (DBE, 2019a).
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2.11 Literature review conclusion

Figure 2.3 is an elaboration of Figure 2.1 and illustrates how the literature is pieced

together.

Technology

Raobatics and coding:
Bee-Bots
@7

21st century and Digital skills:
Coding, creativity, innovation,
critical thinking and problem -~
solving

(2.8)

Technology in this study:

The technology in STEAM and
TPACK framework

(2.9)

~ Computational thinking

Problem solving

Pedagogy Content
Foundation Phase teaching™__ | (2.10) )
Concrete objects b STEAM:

How to teach each subject individually

How to teach STEAM:

Piaget, Vygotsky, Bruner and Dewey (2.5)

(2.3) Integrating all the STEAM
Strategies: subjects
Play-based and project-based learning )

(2.4) S 28

Figure 2.3 Literature review concluded
Figure 2.3 is an elaboration of Figure 2.1 and illustrates how the literature is integrated.
The pedagogy in this study is Foundation Phase teaching, the theories of Piaget,
Vygotsky, Bruner and Dewy and the strategies of project-based and play-based
learning. The content is STEAM subjects in the Foundation Phase. The Technology is
coding and robotics.

The overlap between Pedagogy and Content is how to teach STEAM. This becomes
evident when the teacher has knowledge of the content of all STEAM subjects as well
as how to teach them. The overlap between Technology and Pedagogy is 215 century
and digital skills. This is seen when a teacher knows how to make use of technology

in the classroom to teach any subject matter and thereby effectively teaching 215t
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century skills to learners. The overlap between Technology and content is the

integration between educational technology and the subject Technology.

2.12 Theoretical underpinning

This section focuses on TPACK as the theoretical underpinning and conceptual
framework for this study. Firstly, TPACK is discussed theoretically, and secondly, it is
presented as a conceptual framework to serve as a design tool for creating, observing

and evaluating the lessons.

2.12.1 TPACK framework
TPACK is the theoretical framework for this study as shown in Figure 2.4. The

emphasis is placed on Technology as the TPACK model is an expansion of Shulman’s
(1981) PCK framework. Koehler and Mishra adapted PCK to include Technology, and
this became the TPACK framework (Chalmers, 2018). The TPACK framework is used
to identify and evaluate the teacher’s knowledge of the aspects and integration of
Content, Pedagogy and Technology into teaching (Koehler & Mishra, 2009). Teachers
need to have Pedagogical Content Knowledge (PCK) that enables them to master the
content they will teach and the specific teaching methods they need to use (Chalmers,
2018; Shulman, 1986).
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Figure 2.4 TPACK framework
From Koehler, Mishra and Cain (2013)
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The overlap between the elements of TPACK is evident in Figure 2.4. The emphasis
of the TPACK framework is on Technology as a tool available to teachers to teach
different content. The classroom needs to be a technologically rich environment for
both the teacher and the learners for lessons to be integrated using Technology
(Baran, Chuang & Thompson, 2011; Koehler & Mishra, 2005).

Technology is changing rapidly and needs to be included in the classroom. It has
become a powerful tool to support what is being taught. It is important that teachers
are trained to teach using technology in the classroom. They may need to adapt and
change their teaching to integrate technology effectively (Bennison & Goos, 2010;
Can-Yasar, Inal, Ozgiin & Kandir, 2012; Venketsamy & Wilson, 2020).

Teachers gain knowledge and insight from multiple teaching sources and this helps
them to teach effectively. They can use their knowledge to see which learning
outcomes are beneficial when taught with technology. Through this way of teaching,
teachers can gain insight into the content that they teach and what to focus on. When
using the TPACK framework, teachers can adapt lessons to incorporate technology
(Koehler et al., 2011).

The first generation of TPACK is used to describe the construction of the TPACK
framework. The focus of TPACK is on evaluating the teacher's knowledge of the
subject content, the teaching process and how technology is incorporated into a
lesson. This can be assessed by the learners being able to learn effectively from the
lesson taught by the teacher (Baran et al, 2011; Schmidt, Baran, Thompson, Mishra,
Koehler & Shin, 2009).

In Table 2.6 the TPACK framework is unpacked into eight sections to create a picture
of what each of the components represents.

Table 2.6 TPACK framework

TPACK Description
Pedagogical e Pedagogical Knowledge is the teacher’s knowledge of the process and
Knowledge methods of teaching and learning (Bers, Seddighin & Sullivan, 2013;
(PK) Chalmers, 2018; Koehler & Mishra, 2009).

e These strategies need to be content-specific as the teacher needs to have an
in-depth knowledge of the pedagogy (Bers et al., 2013; Mavhungaa &
Rollnicka, 2013).

Technology e Technology Knowledge is the way the teacher understands how to use

Knowledge technology in the classroom (Bers et al., 2013; Koehler & Mishra, 2009).

(TK) e Technology needs to be integrated into the classroom. It is important that

learners are able to problem solve regardless of whether they are using

Technology or not (Bers et al., 2013).
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TPACK Description

Content e Content Knowledge is important for teachers because the content covered in
Knowledge Grade 1 is different from the content covered in other grades (Bers et al.,
(CK) 2013).

e When teaching Science there is an emphasis on the scientific method; this is
content that needs to be taught (Koehler & Mishra, 2009). The scientific
method is used and the difficulty changes between grades.

Technological | ¢  Technological Pedagogical Knowledge relates to being able to understand

Pedagogical how teaching and learning can change as Technology changes (Koehler &

Knowledge Mishra, 2009).

(TPK) e Teachers may need to be able to adapt the programmes that are normally
created for business to be suitable for the classroom (Koehler & Mishra,
2009).

Technological | ¢  Technological Content Knowledge is important for a teacher to understand

Content how best to use Technology to aid effectively in the teaching of the content

Knowledge (Koehler & Mishra, 2009).

(TCK) e The teacher needs to know which technologies will best fit the subject matter

that needs to be taught (Koehler & Mishra, 2009).
Pedagogical e Pedagogical Content Knowledge is derived from Lee Shulman’s idea and was

Content adapted by Koehler and Mishra to include Technology (Koehler & Mishra,
Knowledge 2009).
(PCK) e Pedagogical Content Knowledge is how teachers understand what they need

to teach and how to teach the content (Koehler & Mishra, 2009; Mavhunga &
Rollnick, 2013).
Technology, e TPACK is the overlap of Technology, Pedagogy and Content Knowledge.

Pedagogy TPACK is how teachers are able to adapt their teaching strategies in how
and Content they teach using technology in their lessons (Koehler & Mishra, 2009).

Knowledge e TPACK can be used in play and formal teaching. The TPACK framework
(TPACK) shows that Content, Pedagogy and Technology all have an important role

and can be used in isolation but also together in the form of the TPACK
framework (Bers et al., 2013; Koehler & Mishra, 2009).

Context e The context is where teaching and learning take place, which is in the
classroom and the grade the learners are in (Koehler & Mishra, 2009).

Table 2.6 shows how the TPACK framework comprises the eight sections that are
linked. The table provides an outline of each part of the acronym. It is important to
understand the TPACK framework and how it is used in the conceptual framework

developed in this study.

2.12.2 Conceptual framework

For the purpose of this study the TPACK framework is used as a design tool to create
lessons with the emphasis on integrating Technology into a STEAM lesson. It is a tool
used to integrate Technology effectively into the three core concepts of Content,
Pedagogy and Technology (Koehler & Mishra, 2009; Rahman, Krishnan & Kapila,
2017). Furthermore, Rahman et al. (2017) regard the TPACK framework as a means
of helping teachers to improve their teaching, enrich learner understanding and create
improved learning outcomes.

The framework and how it relates to the theories in this study was explored in Figure

2.4. There are eight different focus areas that are created in the framework and have
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been numbered from one to eight in Figure 2.5. Angeli, Voogt, Fluck, Webb, Cox,
Malyn-Smith & Zagami (2016) used the TPACK framework to determine what teachers
need to know to teach the subject Computer Science effectively. They also used the
TPACK framework to discover the computational skills that teachers need to be able
to teach. Bers et al. (2013) used the TPACK framework to evaluate a teacher
professional development workshop. They looked at how robotics, engineering,

programming and pedagogies were taught in an early childhood classroom.
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Figure 2.5 TPACK framework and its knowledge components

Adapted from Koehler, Mishra and Cain (2013)
The figure has been adapted for this study and is used as a design tool as shown in
Figure 2.5 and was not used as an evaluation tool as illustrated in Figure 2.4. In Table
2.7 the framework is explained to see how it is used as a design tool.
Table 2.7 The TPACK framework focus areas

Numbers TPACK focus areas Application in this study
1to 8
1 Technological Knowledge ¢ Inthe lessons the educational technological
(TK) knowledge was addressed through making use of
(Coding and robotics) Bee-Bots.

e These are mechanical robots that move on a grid.

e The learners needed to code the Bee-Bots to
move on a planned route.

2 Content Knowledge (CK) e The Content Knowledge included content from all

(STEAM) STEAM subjects in a lesson.
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Numbers TPACK focus areas Application in this study
1to 8

3 Pedagogical Knowledge (PK) | ¢ Pedagogical Knowledge used concrete objects to
(Foundation Phase teaching, complete the lesson as this is a focus in the
theories and strategies) Foundation Phase using the strategies of play-

based and project-based learning.

4 Technological Pedagogical e Technological Pedagogical Knowledge is the
Knowledge (TPK) (215t focus on the 215t century and the digital skills
century /digital skills) needed to complete the lessons.

5 Technological Content e Technological Content Knowledge is how
Knowledge (TCK) Technology as a subject is included to facilitate
(Technology in this study) STEAM integration of STEAM subjects.

6 Pedagogical Content e Pedagogical Content Knowledge relates to how
Knowledge (PCK) teachers teach STEAM subjects.

(How to teach STEAM)

7 Technological Pedagogical e Technological Pedagogical Content Knowledge
Content Knowledge (TPACK) relates to how computational thinking is
(Computational thinking) incorporated into the integration of STEAM

lessons.

8 Context: Grade 2 class e The context is where the lesson took place; this

was in the Foundation Phase using learners from
Grade 2.

Table 2.7 shows how the researcher utilised the TPACK conceptual framework to
design activities. The conceptual framework will look at each focus area separately
and as a result there will be some overlaps. The TPACK framework was used as a
design tool to create and assess lessons. The lessons can be found in Appendix G.

This table indicates how each TPACK focus area was used in the study.

2.13 Conclusion

The Technology, Pedagogy and Content Knowledge (TPACK) framework was
explored in this chapter.

The focus of Pedagogy is inquiry-based learning rather than rote learning in the
Foundation Phase. The importance of inquiry was explored through the theories of
Piaget, Vygotsky, Bruner and Dewey. Each of their theories was implemented in the
study. Collectively they incorporated learning through manipulation of concrete
objects, incorporating scaffolding into the lessons, making use of previous knowledge
as well as ensuring lessons encouraged project-based learning. Play-based and

project-based learning were incorporated in the design of the activities.

The focus of Content was the integration of all STEAM subjects as well as how to

teach the content. STEAM was taught through project-based learning and being
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guided by the teacher as a facilitator. The activities were learner-centred and focused

on problem solving, thereby developing the learners’ ability to think computationally.

The focus of Technology was on how coding and robotics could be used in an
integrated lesson. It is important to be able to distinguish between the two types of
Technology discussed in this chapter. The technological tool in this study is the Bee-
Bot. The subject Technology from STEAM is taught using the design tool in Figure
2.2; in this study the focus is on structures and the electronic systems and controls of

the subject Technology.

The TPACK framework was central to this study and was used to develop a conceptual

framework for designing and evaluating lessons.
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Chapter 3: Research methodology
3.1 Introduction

Saunders et al. (2019) proposed a process to support the unpacking of the research
methodology from abstract to practical. This is presented as a research onion,
depicted in Figure 3.1. The six layers are the philosophy, the research approach, the
research methodology, the research strategy, the time horizons and the techniques
and procedures (Stainton, 2019).

Interpretivism philosophy

Inductive approach

Qualitative methodology

Action research strategy

Longitudinal time horizon

Data instruments: Interviews, artefacts
and research reflection journal.
Analysis: Themes, patterns and coding

Figure 3.1 Research design according to the research onion
Adapted from Saunders et al. (2019)
The research design is illustrated in Figure 3.1. The design is presented in the text
from the outer layer of the research onion, to the inner layers. The research onion
includes interpretivism as philosophy, an inductive approach, a qualitative

methodology, an action research strategy, a cross sectional time horizon and finally
the data collection and analysis.
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3.2 Philosophy: Interpretivism

Interpretivist research philosophy implies that reality is not objectively determined but
is socially constructed (Nieuwenhuis, 2016c¢; Saunders et al., 2019). In this philosophy
no distinction is made between the researcher and the event being studied (Jansen,
2016). The focus is on the learner as an individual and how the researcher investigates

the unique experiences of each learner (Nieuwenhuis, 2016c; Saunders et al., 2019).

The advantage of this approach is the richness and complexity of the data gathered
(Nieuwenhuis, 2016b). The challenge is for the researcher to understand and correctly
interpret the views of the learners (Saunders et al., 2019). To conduct the study
effectively, the researcher has to be empathetic and look at the views of individuals
(Saunders et al., 2019).

In this study the interpretive philosophy is manifested in how learners make sense of
what they learn through the environment and their own actions. Interpretivism was
used to determine whether the learners had unique experiences and outcomes. In this
study the researcher applied the interpretivist philosophy to assess the way in which
the learners used Bee-Bots to integrate STEAM subjects as well as the individuals’
views on their experience.

3.3 Approach: Inductive

The study followed an inductive approach. An inductive approach implies that research
commences with gathering of data (Creswell, 2009). In the inductive approach the
collected data is analysed to find themes and meanings through categorisation
(Creswell, 2009; Yin, 2011). When the inductive approach is used, a researcher can
move from the participants’ points of view to finding the patterns and themes in the
data collected (Willis, 2012).

There is a strong link between qualitative research and inductively analysed research
as the data in both is examined in detail (Hatch, 2007; Saunders et al., 2019). The
gualitative study is based on a research question rather than a hypothesis; therefore,
the inductive approach was used so that the researcher could explore and investigate

rather than trying to predict the outcome (Finlay & Ballinger, 2006; Woods, 2006).

This study analysed the data collected and was guided by the key themes in the
conceptual framework. Meaning was interpreted through categorising the data
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according to the TPACK framework. The TPACK framework was used as a design
tool to create and evaluate the lessons. The researcher posed questions about the
data collected. The outcome was not predicted but rather explored to answer the

research questions.

3.4 Methodological choice: Qualitative

A qualitative research methodology is used when the sample size of participants is
small and the data gathered is open-ended (Saunders et al., 2019). Qualitative data
needs to be interpreted by the researcher to extract meaning (Nieuwenhuis, 2016b;
Saunders et al., 2019). Qualitative data is based on experiences and meaning rather
than number values, which are quantitative data (Nieuwenhuis, 2016b). For data to be
gualitative, the research question needs to be exploratory in nature and open-ended
(Creswell, 2009; Nieuwenhuis, 2016b). The researcher needs to be attentive and able
to extract meaning from the data gathered (Nieuwenhuis, 2016b). The meaning needs
to be found in the individuals and how they experience different things (Nieuwenhuis,
2016b; Saunders et al., 2019).

The advantage of the data being gathered with a small group of participants is that the
researcher can reflect on the data gathered, identify any gaps in the data and provide
data for further researchers to work on (Nieuwenhuis, 2016b). The researcher and the
expert reviewer enjoyed working with small groups of learners. The small groups
enabled the researcher to have time to discuss the lesson with each learner during the
lesson time. The challenge was to understand the experience of each individual
participant (Saunders et al., 2019). It can be time-consuming for the researcher to
make sure no data is left out (Queirds, Faria & Almeida, 2017; Yin, 2011). The
researcher did not find it a challenge to understand the experiences of the learners as
they discussed the activity during the lesson; she helped to add insight to the
experiences of the learners. The process was time consuming to ensure all the data

was correctly analysed and nothing was missed.

Qualitative data analysis was applicable to this study as the researcher explored the
experiences of individual learners and extracted meaning through observations
intended to answer open-ended questions. The researcher and the expert reviewer
reflected on each lesson to see what they understood the learners’ experience and

then compared what they had observed to find a common theme.
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3.5 Strategy: Action research

Participatory action research was used as the researcher was immersed in the study
with other participants. This enabled the researcher to be a part of the inquiry and
reflection process (Fran, MacDougall & Smith, 2006). Participatory action research
allows the researcher to collaborate with the participants in the study (White,
Suchowierska & Campbell, 2004).

3.5.1 Action research

Action research is used in qualitative methodologies. The researcher is important to
the research design and takes part in the study to gain insight into the experiences of
the participants (Mouton, 2001). Action research is used in small-scale research
projects where the researcher takes a hands-on approach (Denscombe, 2014;
Ebersohn, Eloff & Ferreira, 2016). This methodology focuses on a real-world problem
(Coghlan & Brydon-Miller, 2014; Denscombe, 2014; Tomlinson, 1997); it is a mode of
inquiry where the researcher needs to be able to observe, plan and cooperate
(Ebersthn et al., 2016). This mode of inquiry leads to a cyclical movement between
the problem, research questions and the results. The cycles are interactive, and the
process includes planning, implementing (represented as observe and act), and

reflecting (Denscombe, 2014; Ebersohn et al., 2016) as illustrated in Figure 3.4.

A disadvantage of Action research is that it is hard for the researcher to remain
impartial (Denscombe, 2014). According to Baum, MacDougall and Smith (2006)
Action research can be very time consuming. The qualitative methodology was used
for the methodological choice, which incorporated a small sample size. This can be
seen as a disadvantage as the researcher needs to make sure that they do not
generalise the results but rather describe what they saw. A small sample size can be
justified as it is still a representation of the of the population (Boddy, 2016). Despite
these disadvantages Action research was still a good decision as the researcher could

be involved in the research.

According to Coghlan and Brydon-Miller (2014), McKernan (1988), Kemmis (2009)
and Tomlinson (1997), John Dewey helped to give action research its practical quality.
According to Kemmis (2009) and McNiff (2014), John Dewey regarded research as a
process of inquiry. Therefore, it is important that the researcher is able to observe the

learners’ process of inquiry as well as being a part of the planning. According to
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McKernan (1988), the researcher first needs to define the problem, then apply a plan
of action to solve the problem and lastly reflect on the outcomes. This is seen in Figure

3.2 which illustrates an action research cycle of plan, act, observe and reflect.

Observe

Figure 3.2 Action research: plan, act, observe, reflect

Adapted from Costello (2007)
In Figure 3.2 a typical action research cycle is illustrated. At first, the problem needed
to be identified. The researcher then needed to plan how this problem could be solved.
After this, the plan was implemented through action and collaboration. The action was
observed by the researcher and the data gathered through these actions was
analysed. Lastly, the researcher reflected on the findings of the actions to determine
what could be changed. The process was cyclical and continued until the problem had

been solved sufficiently.

In this study, the identified problem was to design STEAM integrated lessons to
support the development of computational thinking through incorporating coding and
robotics. The planning stage involved the creation of lessons using the TPACK
framework as a design tool. During the act phase, the lessons were conducted,
followed by interviews and analysis of the lessons. The researcher and the expert
reviewer assessed the lessons based on the TPACK framework on an observation
sheet after each lesson (Consult Appendix I, Reflection stage) and changes were
considered. This cycle was repeated three times with three different lessons as Cycle
1. Cycle 2 included a fourth lesson and was completed by the learners based on their
experiences and reflections made in Cycle 1.
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According to Kemmis (2009), there is a relationship between the participants and the
researcher as the researcher decides what is done or changed and conducts the
observations. The aim of action research is to change the practices, the understanding
of the practices and the conditions in which they are practised (Coghlan & Brydon-
Miller, 2014; Eilks & Markic, 2011; Kemmis, 2009). Therefore, the researcher was
involved in the planning, conducting and observations of the study, using the TPACK

framework as a tool to create integrated lessons.

Action research has the primary purpose of improving and enhancing one’s own
practice to create an intervention (Coghlan & Brydon-Miller, 2014; Kemmis, 2009).
According to Denscombe (2014), the aim is to improve the teachers’ educational
practices and the way they teach. Coghlan and Brydon-Miller (2014) suggest that an
external researcher will help with the inquiry process as they will aid in identifying areas
for improvement. In this study, there was an expert reviewer to assist with the
interpretation of the data and to help the researcher remain impartial and validate the
research. The study was guided by the goal of improving their own educational

practices as well as creating guidelines for other teachers.

3.5.2 Setting of the study
Table 3.1 shows who the participating learners were and the setting the study was

conducted in.

Table 3.1 Learners and school setting

The learners Only girls

Grade 2 learners

Previous exposure to digital devices

South Africa

All-girl private school

Adapted CAPS (Curriculum Assessment Policy Statements) curriculum
Foundation Phase

Implementing STEAM in subjects based on TPACK

The school

The learners were from Grade 2 and the expert reviewer was a retired teacher from
the school. The focus was on integrating subjects in the Foundation Phase as the
subjects were taught in isolation at the time of data gathering. The researcher aimed
to provide guidelines that could be used by teachers to create integrated STEAM

lessons.
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3.5.3 Conducting the action research

For this study the lessons were designed using the TPACK framework shown in Figure
2.5. in Chapter 2. For the framework to be effective, Content, Pedagogy and
Technological Knowledge all needed to be included. Content Knowledge featured in
each lesson by ensuring that all STEAM subjects were included. The assessment of
the Pedagogy Knowledge in each lesson was done through the inclusion of
Foundation Phase teaching methods, including the use of concrete objects,
incorporation of scaffolding and the use of a story. Technology Knowledge was
observed by using Bee-Bots in each lesson. The focus of this study was on the
integration of STEAM through collaboration in project-based lessons with the
incorporation of Bee-Bots.

3.6 Research design

The research design was based on the action research strategy and followed the

cyclical design of plan, act, observe and reflect as seen in Figure 3.3.

RevisedgDl: Act

Observe

Plan

Observe

Act

Figure 3.3 Action research process

Source: Altrichter, Kemmis, McTaggart and Zuber-Skerritt (2002)
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In Figure 3.3 the flow is seen in the arrows — from plan to act to observe and to reflect.

It is seen in the first cycle and is then repeated in Cycle 2 and flows into Cycle 3.

The researcher used action research to collect data when the lessons were presented.
Figure 3.4 indicates that the first step is to plan the lesson. The second step is to
implement the lesson. Reflection is the third step and took place during each cycle in
the form of observation completed by the researcher and the expert reviewer. These
observations used questions based on the TPACK conceptual framework and the

lesson plans to reflect on which aspects were seen in the lesson found in Appendix E.

Plan

Find the
problem that
needs to be
solved.

Reflect

Looking at
what can be
changed and
improved.

Implement

Implement the
plan through
action and
collaboration.

Figure 3.4 Action research: Plan, Implement, Reflect

Adapted from Ebersohn et al. (2016)

For the purpose of this study, Figure 3.4 was adapted into a figure that illustrates the
action research process used for this study. The action research process of planning,
implementing which encompass the act and observe phase of the action research,
and reflecting took place in two phases, and each focused on a set of lessons. Two
action research cycles took place. The first cycle included Lessons 1 to 3 and the

second cycle included Lesson 4.
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The cycles followed the arrows, moving from plan to act and observe, then to reflect.
For these cycles, act and observe were included in a single step. This is because one
consciously observes what happened during the lessons by making notes, and taking
photos. The researcher and expert reviewer could expand the reflection just after the

lesson to ensure one does not forget important observations.

The research design for this study is depicted in Figure 3.5. There were two cycles in
this study. The first cycle included the three lessons designed, using the TPACK
framework. The second cycle was the fourth lesson where the learners used what they
had learnt from the first cycle to complete the lesson. The output of Cycle 2 was used
to create guidelines for teachers to create their own lessons.

The action research cycle depicted in Figure 3.5 was adapted from the cyclical
movement found in Figure 3.3 and the steps in Figure 3.4. Each aspect of Figure 3.5
is explained in more detail in Chapter 4. The research process summary is illustrated
in Table 3.2 and shows the process that the researcher followed. The research

process aimed to answer the research questions posed by the researcher.

Guidelines

Plan

Cycle 2
Lesson 4

Cyclel
Lesson 1-3

Act and
observe

Act and
observe

Reflect

Reflect

Figure 3.5 Action research in this study

Adapted from Altrichter et al. (2002)

Table 3.2 shows the five steps needed for the research process and includes the data
instruments for each step as well as who the participants were. Each step has a
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focused research question and the table shows which part of the action research cycle

the step falls in.

Table 3.2 Research process summary

Steps Data Instrument Participants Research Action Appendix
Question Research
Cyclical
Stage
1 Design e TPACK e Researcher |SRQ 1. How can Planning Appendix C
the activity Guidelines e Expert TPACK be utilised Appendix G
sheet reviewer to design coding
e Journal activities?
record
2 Evaluate | e Reviewsheet | ¢ Researcher |SRQ 1.Howcan |Planning |Appendix D
the activity based on Expert TPACK be utilised
TPACK reviewer to design coding
e Journal activities?
record
3 Activities | ¢ Observation | e Researcher |SRQ 1.Howcan |Actand Appendix E
and sheetbased | e Expert TPACK be utilised |observe
observation on TPACK reviewer to design coding
e Photographs | ¢ Seven activities?
e Journal learners
record SRQ 2. How do
learners
experience these
activities?
4 Analysis e Photographs | ¢ Researcher |SRQ 1. How can Reflect Appendix F
of the e Interviews e Expert TPACK be utilised Appendix J
activity o Artefacts reviewer to design coding
e Research e Seven activities?
Reflection learners
journa| SRQ 2. How do
learners
experience these
activities?
5 e Guidelines e Researcher |RQ. How can Bee- |Guidelines | Appendix L
Guidelines for teachers Bots be utilised to |/ Output
to create their facilitate TPACK
own activities designed STEAM
activities in Grade
2?

Table 3.2 shows the steps that were followed to adhere to the action research cyclical
stages. There are five steps that were followed in a specific order. The researcher and
the expert reviewer designed the activities and then evaluated them. They observed
and analysed the activities that the learners took part in. The analysis (reflection) and

design of guidelines were the last step.

Figure 3.6 is an extension of Cycle 1 from Figure 3.5. In Figure 3.6 the dark arrow
points to where the researcher started the process by finding the problem that needed

to be solved and led to the plan.
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Plan
Main research question
(RQ)

Researcher and expert reviewer

Cycle 1
Lessons 1-3

Reflect
Secondary research question
(SRQ2)
Researcher and expert reviewer

hd

Act and observe

Secondary research question
(srRQ1)

Learners, researcher and expert
reviewer

Figure 3.6 Action Research Cycle 1

Each lesson was planned and reviewed based on the TPACK conceptual framework
before it was presented. The open arrows indicate the movement of the cycle from
plan to act and observe to reflect and back to plan. Each of the three lessons had to
be planned, observed, and then reflected on before moving to the next lesson. Figure
3.6 shows the individual stages, the research question that was being observed and

the participants involved.

Figure 3.7 is an extension of Figure 3.5 to show Cycle 2. The reflections made in Cycle

1 were used as input for planning in Cycle 2 where the final lesson took place.
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Plan
Main research question
(RQ) Guidelines
Researcher and expert
reviewer
Cycle 1
Lessons 4
Act and ohserve
Reflect )
Secondary research question
Secondary research question
v g (SRQ1)
SR
(SRQ2) Learners, researcher and expert
Researcher and expert reviewer reviewer

Figure 3.7 Action Research Cycle 2

In the final lesson the learners chose the problem that they wanted to solve and the
researcher observed whether they could include all STEAM subjects when completing
a lesson. Figure 3.7 shows the individual stages, the research question that was being
observed and the participants involved. The final output from Cycle 2 after reflection

included the guidelines for teachers to design their own lessons.

3.7 Longitudinal time horizon

The time horizon was longitudinal as the data was collected over a period of time and
was compared (Melnikovas, 2018). The strategy of action research is often used with
the longitudinal time horizon (Saunders & Tosey, 2012/2013). There were two action
research cycles and the data was collected over two weeks. This allowed the data in
Cycle 1 to be compared to the data collected in Cycle 2. Four lessons were presented,
each lasting 45; time was set aside for the interviews with the expert reviewer and the

learners. Cycle 1 took place with one lesson a day from the 17" to 19" of November
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2020. Cycle 2 which included a single lesson, took place on the 20" of November and

the interviews happened on the 23" of November.

3.8 Data collection and analysis techniques and procedures

For the data collection to begin the participants for the study needed to be selected.
The data instruments were needed to ensure enough information was collected from

the data. The data was then analysed for themes.

3.8.1 Selection of participants

The learners were selected based on stratified purposive sampling as they were
chosen with a specific purpose in mind (Nieuwenhuis, 2016c). Stratified purposive
sampling was chosen as the group was homogeneous as they are all had the same
important characteristics needed for the research (Nieuwenhuis, 2016c). The learners
were selected from the school where the researcher works, which is an all-girls school
and therefor all the participants were girls. The learners worked in groups of three and
there were two groups, one group from each Grade 2 class. They were chosen
randomly if they could stay after school hours. The parents/guardians had to give their

consent for their daughters to be participants.

The participants and their roles are discussed in Table 3.3. For this study there were

three different participant types: The learners, an expert reviewer and the researcher.

Table 3.3 Participants

Participant Characteristics Consent Role in the Study
Learners e In Grade 2 ¢ Signed assent e Take part in the lessons in a
e Consent and assent from learners learner’s role. Group A and
given e Signed consent Group B.
from e Take part in an interview.
parents/guardians
Expert ¢ Qualified Foundation ¢ Signed consent ¢ Design, evaluate, observe and
reviewer Phase teacher form reflect on the lessons.
e Knowledge of integrating |e Appendix B ¢ Analyse the content of the
subjects lessons.
e Knowledge of IT e Take part in an interview.
integration ¢ Help the researcher to remain
¢ Knowledge of digital unbiased.
devices, including Bee-
Bots
Researcher |e Qualified Foundation ¢ Design, evaluate, observe and
Phase teacher reflect on the lessons.
¢ Facilitate the lessons in a
teacher role.
e Create lesson guidelines for
teachers to use.
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As shown in Table 3.3, the expert reviewer worked closely with the researcher to
design and evaluate the activities. The expert reviewer was a good choice as she met
all the requirements. She was a retired Foundation Phase teacher with 31 years
teaching experience; she was an IT integration teacher and had extensive knowledge
of Bee-Bots. They also observed and analysed the activities together after they had
been presented. The learners solved the problems presented in the activities. The

learners were all girls from an all-girls private school and took part in the 4 lessons.

3.8.2 Data collection and instruments

There were five steps that the researcher followed for the collection of data. Table 3.4
depicts the role players in each step, the research question being explored and the
data instruments that were included to document the outcomes of each step. There
were five data collection instruments: review of activities, observation of activities,
interviews of the learners and the expert reviewer, artefacts in the form of photographs
and a reflection journal of the researcher. The research journal was used to make
notes of the researcher’s observations. The observations were made to make it easier
to remember what had happened in the lessons and to recall important aspects that

stood out.

Table 3.4 Steps in the research progress

Step Step Description Role Players Relationship to Data

Number Research Questions Instrument

Used

1 ¢ Design the activities that | e Researcher ¢ SRQL1. How can e Lessons
are to be presented. The TPACK be utilised to plans
lessons can be found in design coding
Appendix C activities?

2 ¢ Evaluate the activities ¢ Researcher ¢ SRQ1. How can ¢ Review
based on the review and expert TPACK be utilised to sheet
sheet as found in reviewer. design coding
Appendix D. activities?

3 e Observe the activities e Researcher ¢ SRQ1. How can e Observation
using the observation and expert TPACK be utilised to sheet
sheet found in Appendix reviewer design coding activities | e Photographs
E. observe the and SRQ2. How do ¢ Reflection

participation learners experience journal
from the these activities?
learners.

4 ¢ Reflect on the activities | e Researcher ¢ SRQ1. How can e Artefacts
that were presented. and expert TPACK be utilised to e Interviews
Appendix F reviewer. design coding activities

e Conduct interviews with and SRQ2. How do
the learners and expert learners experience
reviewer. Appendix J these activities?
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Step Step Description Role Players Relationship to Data
Number Research Questions Instrument
Used
5 o Guidelines for teachers | e Researcher ¢ RQ. How can Bee-Bots |e Guidelines
to create their own and expert be utilised to facilitate
lessons based on the reviewer TPACK designed
TPACK framework. STEAM activities in
Grade 27?

The first instrument for making observations was a checklist to ensure that all the
criteria were implemented in the integrated lessons (Consult Appendix C, Appendix
D). The checklist was linked to the TPACK framework and was used to help set up the
activities to include all the STEAM subjects in a single lesson. Appendix C used the
TPACK design tool to ensure that all STEAM subjects were included, Appendix D was
used once the lessons were created to ensure nothing had been left off. Observations
are more than just being able to see what the learners are doing (Appendix E); a
researcher needs to plan what is going to be observed and gain an understanding of
what has been observed (Naudé & Davin, 2017). The observations helped the
researcher and the expert reviewer to see what aspects were present in the lesson
based on the TPACK design tool. The observations were made during the third step

in the research process as indicated in Table 3.4.

The second and main data collection instrument used was interviews (Appendix J).
The intention of the interview is to establish the participant’s views and ideas from the
study that has been conducted (Nieuwenhuis, 2016c). The researcher conducted
interviews with the expert reviewer and the learners. The interviews were structured
with detailed open-ended questions. Transcripts were made from the interviews that

created a link between the researcher and the participants (Nieuwenhuis, 2016c).

The third instrument included artefacts from the activities (Appendix K). The artefacts
were pictures taken during the activities with the consent of the relevant parties. Other
artefacts included instruction cards, scientific method sheets and Bee-Bots jackets as
well as obstacles.

The fourth instrument was a researcher reflection journal in which the researcher
recorded what had been observed (Consult Appendix F). This was used by the
researcher from the moment the lessons were designed to when the activities were
carried out. The purpose of the journal was to keep track of what happened. The

journal was not analysed as it was used to support the observation process.
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3.8.3 Data analysis

The data was explored to find the themes and patterns that featured when using the
TPACK framework. The focus was on the experiences that the individuals had while
the data was collected (Saunders et al., 2019). More than one reality was to be found
in the data (Maree, 2016). The data collected showed the learners’ views of the world
around them (Saunders et al., 2019). The data was coded to determine the different
categories in the data that linked to the TPACK framework (Maxwell, 2012). Coding
was needed to extract the meaningful information from the data; it was done in the
form of a label (Nieuwenhuis, 2016a). The researcher and the expert reviewer
observed the lessons and then discussed them to see what they had both experienced
and noted in the lessons. This enabled the researcher to make links and see how the
integration of subjects took place. In this study, the coding of the data was done using

different colours as seen in Table 4.3 to Table 4.11.

The research shows the individual participants’ perspectives (Willis, 2012). The data
collected from multiple sources are rich in information and the analysis clarifies the
implied meaning in the text and aims to find to find the exact meaning (Nieuwenhuis,
2016a).

Chapter 4 is colour-coded as seen in Figure 3.8 to show the links with the literature in
purple, the emerging guidelines for teachers in green and the lessons from Cycle 1 in
blue and Cycle 2 of the action research in pink. Each lesson was unpacked using the

TPACK to ensure that each aspect of the TPACK conceptual framework was present

in the lesson.
Cycle Project-based learning

Cycle 1 The problem was chosen by the researcher for the participants to solve. The
problem the learners had to solve became increasingly difficult with each task.
STEAM subjects were all integrated when they solved the problem using skills from
each subject.

Cycle 2 The problem was chosen by the participants to solve in their project. STEAM
subjects were all integrated without the guidance of the researcher.

When project-based
learning is used to teach STEAM, it creates steps to follow to ensure the content is
being taught (Ridwan et al., 2017). This is seen in Table 4.8 as the participants used

project-based learning to solve the problem.

Figure 3.8 Example of colour coding
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Photographs were included to show how TPACK was used in the lesson. The
responses from the interviews with the learners are colour-coded according to three
themes of (PK) Foundation Phase teaching, (TK) coding and robotics and (TPK) 215t

century and digital skills.

Chapter 0 examines the DBE framework and compares it to the lessons presented.

The research questions are discussed in detalil.

3.9 Trustworthiness

In qualitative research, the trustworthiness of the study is about establishing the
following four criteria: the Credibility, Transferability, Dependability and Confirmability

of the research (Guba, 1981). These concepts are discussed further in Table 3.5.

Table 3.5 Trustworthiness concepts

Trustworthiness

Definition

Implemented in the Study

Credibility

The researcher has to ensure that
she has frequent debriefs with her
supervisor as well as make use of
a journal (Nieuwenhuis, 2016a).
Have interviews to verify the data
collected to ensure that the same
meaning is found (Nieuwenhuis,
2016a; Guba, 1981).

Made sure that the researcher
developed relationships with all the
participants.

Got the expert reviewer to review
the data collected with the
researcher.

Transferability

Two strategies need to be applied.
First the researcher needs to give
a thick description of the context of
the study, who the participants are
and the research design.

The second is stratified purposive
sampling as the participants need
to be chosen with the context in
mind (Nieuwenhuis, 2016a).

There were clear indications of the
context of the study as well as who
the participants were.

The research design was clearly
represented with figures to aid in
the understanding of the design.
The researcher ensured that the
research process was credible by
using the well-established TPACK
framework to create and evaluate
the lessons.

The research onion was used to
unpack the research design clearly
and systematically from abstract to
concrete.

Dependability

It is recommended to keep
journals of what changes have
been made and the data collected
to have something to reflect on
(Nieuwenhuis, 2016a).

The researcher kept a journal that
contained the notes from the
lessons and reflections that were
made. This helped when reflecting
with the expert reviewer to see the
researcher’s point of view.

Confirmability

The importance is placed on the
participants’ findings and not the
researchers’ bias; this can be
done by leaving an audit trail
(Nieuwenhuis, 2016a).

The researcher had the help of the
expert reviewer to ensure there
was no bias.

The researcher had participants
from the Grade 2 class.
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It is important in qualitative research that the research process is trustworthy. It was
important that the researcher facilitated the lessons, ensuring that they were learner-

centred and that the learners were able to collaborate in their groups.

To ensure that there was consistency in the lessons, the researcher made sure that
the three lessons were all presented in the same manner and that the participants
remained the same throughout.

The expert reviewer played an important role in the trustworthiness of the study as
they worked with the researcher to observe the lessons and reflect on the themes

observed. The way the data was interpreted was a process to ensure trustworthiness.
3.10 Ethical considerations

The researcher had to ensure that she was always morally and ethically correct when
conducting research (Saunders et al, 2019). According to Denscombe (2014), it is
important for participants to be given permission before observations and data
collection can commence. According to Denscombe (2014) and Creswell (2007), the

safety of the participants should be the researcher’s top priority.

The letters of consent gave the guarantee that the participants would remain
anonymous during data dissemination (Found in Appendix B). Even though the
researcher knew all the learners, their anonymity during data dissemination was
adhered to by not referring to their names. It was also ensured that their faces were
not recognisable on the photographs included. A letter of consent was sent to the
learners and guardians of the learners to sign. The school’'s headmistress gave the
researcher permission to conduct the study on the school’s premises and she wrote a
letter on a school letterhead to show the school’s support of the study being conducted.
The expert reviewer signed letters of consent, allowing the participants to be

interviewed and to be observed.

The learners were required to sign assent letters and forms as well as have signed
letters and forms from their parents/guardians. The format of the letters can be found
in Appendix B. The learners were expected to participate during the three collaborative
activities and the observation process. They were required to take part in an interview
that formed part of the data of the activities. If learners or their parents did not give
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consent, another learner was given a consent letter to be filled in to take part. This

was done to ensure that a total of six learners took part as mentioned above.

The patrticipants took part voluntarily. During the data collection, the learners’ safety is
important. The privacy of the learners was upheld by ensuring that they were not
recognisable in images. The researcher accommodated learners who had not given
consent to having their photographs taken by giving them a sticker on their clothing to
identify them by the expert reviewer and researcher so that their photographs were
not taken. The consent forms were reviewed before each of the lessons and if

required, the participants were given a sticker at the start of each lesson.

The participants wore a face mask at all times and sanitised regularly. It was
mandatory in South Africa to wear a mask (Olsen, Azziz-Baumgartner, Budd,
Brammer, Sullivan, Pineda, Cohen, Fry, 2020). These regulations were in line with the
school’s Covid-19 regulations to help prevent the spread of the pandemic in the
school. The school’'s Covid-19 committee was consulted to ensure that all the
protocols were in place during the study.

Before this study commenced ethics clearance was granted by the University of

Pretoria. This was to ensure the safety of the participants.

3.11 Conclusion

The research onion was used as main research methodology in this study with
examples from literature. The methodology followed an interpretivist philosophy in an

inductive qualitative approach through an action research strategy.

Ethical considerations from literature have been presented and the details of how they
were implemented are discussed. All participants needed to agree to take part in the
study and a guarantee was given, particularly to the learners taking part that they

would remain anonymous.

With the principles of the research onion as well as ethical considerations a final
research design was presented. The design included an action research cycle adapted
from Altrichter et al. (2002) where each cycle is adapted from the research process of
Ebersohn et al. (2016). This resulted in the research design used in this study; it
included two cycles consisting of plan, act and observe and reflection stages. Cycle 1

included lessons 1 to 3 and the results from the reflection stage were used as input in
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Cycle 2’s plan stage. The results from the reflection stage of Cycle 2 were used to
develop guidelines for teachers to create their own lessons. The next chapter

examines the data collection instruments.
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Chapter 4: Results

4.1 Introduction

This chapter presents the results of the study and is structured according to both action
research cycles and the TPACK conceptual framework. Figure 4.1 shows the two
action research cycles and how the lessons were first planned, then the researcher
and the expert reviewer presented and observed the lessons and finally reflected on

the lessons.

Lesson

Lesson
4

Lesson
1

Act and

observe

Cycle 1 Cycle 2

Figure 4.1 Results structure

Adapted from Costello (2007)
Figure 4.1 shows how each lesson from 1 to 4 had its own action research cycle. The
lessons were planned using the planning sheet and then reviewed to ensure that all
aspects of the TPACK framework had been included. The underlying coding concepts
increased in difficulty level from lesson 1 to lesson 4. The lessons were planned based
on the TPACK framework found in Appendix C. The RQ, “How can Bee-Bots be
utilised to facilitate TPACK designed STEAM activities in Grade 2?” was the focus as
the lessons needed to be designed utilising the TPACK framework to ensure that all

relevant aspects, including STEAM integration, were included.

The lessons were implemented using the guidelines of the relevant lesson plan. This
ensured that each lesson had a structured beginning, middle and conclusion. The
beginning was reading the story book, If | were a wizard by Paul Hamilton (Hamilton,

2017). This allowed the learners to picture the problem that they were going to solve.
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The middle section of the lesson involved the problem solving process using Bee-Bots
and coding a sequence. The conclusion was for the learners to discuss what they had

learnt and to ensure that everything was packed away.

The researcher and the expert reviewer observed each lesson, utilising the
observation sheet found in Appendix E. After each lesson they reflected, utilising the
observation sheet and discussed the lesson to see if all the outcomes had been met
and what they had observed during the lesson. They also needed to consider whether
the 215t century skills and digital skills were implemented in the lesson. The next lesson
was then presented in the same way following the cycle of plan, present (act and
observe) and reflect.

The TPACK framework was used to unpack the data collected; it was used to create,
observe, evaluate and reflect on all the lessons created. In Tables 4.3 to 4.12 the
researcher compared the four lessons based on the unpacking of the TPACK
framework. These findings are presented in the following section. There is a flow from
one lesson to another with correlations in the way the lesson is presented. The data
was reviewed in a table that can be found in Appendix | to compare the four lessons.

The instruments of data collection and where they can be found are included in Table
4.1. The different instruments served as a tool to ensure there was evidence of the
data collected. The activities are unpacked using the TPACK framework and were
substantiated by the observations by the researcher and expert reviewer as well as
the photographs that were taken. The interviews helped to get a sense of what the
individual's experience was in the process. The reflection journal helped the

researcher to document thoughts of what happened when reflecting on the day.

Table 4.1 Instruments of data collection

Data collected Discussed
Observe activities 4.3 discussed the results from the lessons and made use of the
Artefacts photographic artefacts to substantiate the result.

Interview with expert reviewer | 4.3.2 and 4.3.3
Interview with learners 4.3.2 etc.
Reflection journal

Chapter 5: Findings and conclusion
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The data collection has been coded in the results to create a guide to how the results
link back to the literature, the emerging guidelines for teachers and the two cycles of
action research.

4.2 Results guide

Colours have been used in in the text Chapter 4 to create meaning. Table 4.2 shows
the different colours and what they indicate. The table acts as a guide when reading
Chapter 4.

Table 4.2 Colour coding in Chapter 4

Description Colour
Link to Chapter 2: Literature review Purple
Emerging guidelines
Cycle 1 Lesson1to 3 Blue
Cycle 2 Lesson 4 Pink

4.3 TPACK findings unpacked

SRQ 1, “How can TPACK be utilised to design coding activities?” was investigated
during this step. The researcher and the expert reviewer filled in an observation sheet
at the end of each lesson found in Appendix I. The researcher and the expert reviewer
sat together to compare their observations of the lessons and looked for any themes.

The interviews were conducted at the end of the data collection when all four lessons
had been completed.

The observation notes for each lesson of both the expert reviewer and the researcher
are captured in Appendix |. The learners were divided into two groups, Group A and
Group B throughout all the lessons. The learners in these groups were known as
Participants 1 to 7 to ensure anonymity. Participants 1 to 3 were in Group A and
Participants 4 to 7 were in Group B. Lessons 1 — 3 formed part of Cycle 1 and Lesson
4 of Cycle 2.

The following paragraphs provide the collective results of all the lessons, as extracted

from the observation notes for each of the TPACK knowledge areas.

4.3.1 Pedagogical Knowledge (PK)
Pedagogical Knowledge results are shown in Table 4.3. In this study, the Pedagogical
Knowledge is illustrated through the concrete objects used in Foundation Phase

teaching as well as the story linked to each lesson. These are concepts that are
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important in the Foundation Phase. Both Piaget and Bruner regarded the importance
of learners learning through the use of concrete objects as a stage in their
development (Charlesworth & Lind, 2010; Huitt & Hummel, 2003). The learners made
use of a variety of different concrete objects; each lesson included Bee-Bots and other
concrete objects to make obstacles. The learners used much of their prior knowledge
when completing the activities. This is linked to the theorist Vygotsky who said that

learners learn from their past experiences (Mayesky, 2012).

Table 4.3 Pedagogical Knowledge

Pedagogical Knowledge (PK) in Foundation Phase teaching

Concrete objects

Story

Lesson 1

The learners used concrete objects in the
form of Bee-Bots to navigate around the
structures they had created using Lego.

The first lesson was a story about how
Hazel, the main character, helped Aunty
Matilda get to work the fastest way if she
was a wizard.

Lesson 2

Both groups used concrete objects to
build and create obstacles for the Bee-
Bots to navigate around. They used pipe
cleaners to make glasses.

The second lesson was to see if Hazel
could help Grandpa Leo retrace his steps
to find his missing glasses.

Lesson 3

Both groups used Bee-Bots and Lego to
build obstacles. Group A also made the
lost blueberries.

The third lesson was to see whether Hazel
could help her dad to create a new dish
following the steps of preparing a dish.

Lesson 4

Both groups used concrete objects to
create the obstacles for the different
settings.

Group A chose to help Cousin Milo surf 10
perfect waves. Group B chose to teach
Frank the caterpillar to sing, sit and dance.

Photographs

Each group

with the
concrete

received a box

aual -
Picture 1: All lessons

Picture of the concrete objects each
group received in a box.

HB and coloured pencils, glue, white
board markers, cardboard, straws, pipe

objects they cleaners, ice cream sticks, elastic
could make use bands, and Lego blocks.

of for the These objects were used to build
activity. structures and create Bee-Bot jackets.

As illustrated in Table 4.3, each lesson had a story associated with the lesson. This is
an emerging guideline as it was important that the learners had something to relate to.
Having a story to follow helped them to create a picture of the problem they were going

to solve. This allowed the learners to visualise what they were going to create and
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what they would add to the Bee-Bot mat. The Bee-Bots were concrete programmable
toys that were used in each lesson. As stated by the expert reviewer, it was easy for
the learners to use them and the buttons made the coding manageable. There were
multiple concrete objects in the box that the learners made use of. These helped the

learners to create and make the obstacles and structures on the Bee-Bot mat.

Piaget and Bruner both regarded learning with concrete objects as a stage in their
development. The learners in this study were in the stage of concrete operations and
according to Piaget, this allowed them to visualise what the concrete objects would do
(Charlesworth & Lind, 2010; Huitt & Hummel, 2003). This was seen clearly in the study
when the learners mapped the route the Bee-Bot would take on a piece of paper. They
then had to code this using a Bee-Bot and get around the 3-dimensional structures

they had created.

Table 4.4 depicts the differences and similarities between Cycle 1 and Cycle 2 in the

action research strategy.

Table 4.4 Cycle 1 and Cycle 2 Pedagogical Knowledge

Cycle Story Objects
Cycle 1 Single story chosen by the Bee-Bots and Lego
researcher.
Cycle 2 Single story chosen by the learners. Bee-Bots, Lego and paper

Both Cycle 1 and Cycle 2 made use of a story for the introduction to the lesson and
with which to solve the problem. The problem was presented in the story and therefore
the learners could choose the problem they wanted to solve in Cycle 2. Group A chose
to help cousin Milo to surf 10 perfect waves and Group B chose to teach Fred the

caterpillar to sing, sit and dance by following the correct sequence.

4.3.2 Technological Knowledge (TK)

Educational Technology Knowledge was explored in Table 4.5. In this study, the
Technological Knowledge is coding and robotics. The learners used the Bee-Bots to
create a string of code in each lesson. The complexity of the coding progressed in
each consecutive lesson. This aligns with Chalmers (2018) and DBE (2021) as
learners created sequences when coding. The learners sequenced a code to get the
Bee-bot from the start card to the end card. They coded a route that solved the problem
while making sure the Bee-Bot went around the obstacles. There was therefore
progression in their coding skills in each lesson.
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The technology they worked on was offline coding because the Bee-Bot did not require

an internet connection to work. When learning to code, learners started by learning to

sequence a simple set of instructions and then they could progress to more difficult

coding such as loops of code or a longer sequence. The Bee-Bot mat consists of 15

cm x 15 cm blocks with a start and end card. The learner starts by placing the Bee-

Bot on the start card and programs the movements so that the Bee-Bot will arrive at

the end card while going past checkpoints and avoiding obstacles as per the story.

Table 4.5 Technological Knowledge

Technological Knowledge (TK): Coding and robotics

Lesson 1

The first lesson was a straightforward start to finish coding sequence using the
smallest number of steps on the Bee-Bot grid. Group A and B were both proficient in
using the Bee-Bots.

Lesson 2

The second lesson had a sequence that needed to be followed for Grandpa Leo to
find his glasses. He needed to go to each card in the correct order to find his glasses.
The learners in Group B were proficient with coding. Group A showed more
confidence when coding.

Lesson 3

The third lesson was a longer sequence of code that needed to be followed to
complete the recipe successfully. Group A was more confident with using Bee-Bots;
Participant 2 still wanted to be in charge. Group B were extremely confident with using
Bee-Bots and enjoyed developing new skills of a longer sequence of code to follow.

Lesson 4

In the fourth lesson the learners could choose any scenario from the book to complete
a set of code. For Lesson 4 the groups were given the opportunity to put all the skills
that they had learnt to the test. They got to choose their own lesson that they wanted
to complete after listening to the different stories from the book again. Group A chose
to help Hazel’s cousin Milo to surf 10 perfect waves. Group B chose to make Hazel
teach her caterpillar to sing, dance and sit on command. Group A decided that for this
lesson all group members needed to be given a fair chance to code and they decided
that the lesson would be more fun if they worked together from the beginning.

Photographs

Picture 2: Lesson 1

Programming the Bee-Bot to move in the correct sequence.

60



Technological Knowledge (TK): Coding and robotics

Explaining to the expert reviewer what they were doing and how
they were going to code.

Bee-Bot wearing the glasses when it completed the sequence
correctly and landed on the end card where the glasses had been
placed.

Programming the Bee-Bot to move. Using their skills of teamwork
and collaboration. Using their hands to represent the Bee-Bot to
see how the Bee-Bot would turn and in what direction it needed to
move.

Picture 6: Lessn 3

Filling in the conclusion to the scientific method after coding the
steps for a new recipe for Dad. The group incorporated all STEAM
subjects. The scientific method was followed for Science. The Bee-
Bots were used for technology. The group discovered how to use
the backward button.
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Technoloqlcal Knowledge (TK): Coding and robotics
Making sure the Bee-Bot went to the cards in the correct order to
complete the recipe.

The three Bee-Bots follow one another to complete the 10 perfect
waves. The waves were closer together to be completed in fewer
than 40 steps.

/ Picture 8: Lesson 4

As illustrated in Table 4.5, the learners expanded on their prior knowledge of coding.
In cycle 1, coding and robotics manifested in the way the learners created their
algorithms. They started off with a straightforward code of a single sequence to create
a step-by-step code as seen in Picture 5: Lesson 1. This enabled the learners to use

an algorithm (a set of steps) to get Aunty Matilda to work, using the quickest route.

In the second lesson, the learners had to sequence the cards to help Grandpa Leo to
retrace his steps as seen in Picture 7: Lesson 3. The first stop was to go to the
hammock, then to flowers that he watered, then to reading a book and lastly to the
mushrooms where he left his class. This made sure that the learners first thought of
the correct route that the Bee-Bot had to follow from the story. This meant that the

learners had to make sure they visited all the stops to find the glasses in the end.

The third lesson taught the learners to create a function which is the method they
needed to follow to create the recipe. They needed to create a group of tasks for Dad
to follow a new recipe. They had to make sure that the Bee-Bot followed the steps
correctly for the dish to be a success. Both groups were successful in coding a recipe
for Dad to follow. They made sure that they followed the correct order of cards on the
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mat to ensure the recipe was correct. This meant that the code followed was a

deliberate sequence of steps.

In Cycle 2 the learners used their knowledge from Cycle 1 to complete a coding task
on their own. Each group made use of a different skill they had learnt. Group A created
a repeat function for their Bee-Bot to surf the 10 perfect waves. Group B also created
a repeat function in which Hazel taught Fred the caterpillar to sing, sit and dance. They

then needed to be able to repeat the sequence again.

The guideline that emerged was that learners started with a simple sequence of code

and then moved to more difficult coding skills, such as loops and repeat functions.

Technology was successfully added to the PCK in this study. Bee-Bots were
incorporated into all the lessons and were at the centre of each. The lessons all
revolved around the Bee-Bot and the learners’ ability to code a correct sequence. The
data showed that technology could be included successfully. This was evident in the
learners using the Bee-Bots in all lessons. The lessons included Technology in the

form of an electronic teaching device (Chalmers, 2018; Shulman, 1986).

When teaching coding and robotics, we made use of educational Technology to do

this. The Technology used was the Bee-Bot.

4.3.3 Content Knowledge (CK)

Content Knowledge is outlined in Table 4.6. In this study, the Content Knowledge was
STEAM. This ensured that all STEAM subjects were included in all the lessons. Table
4.6 shows each subject was studied in each lesson to see how the subject was
included in the lesson. Pictures were added at the end of the table to show examples
of how the subject was included using the Bee-Bots in the lessons. Braund (2020)
posited that STEM is hard to implement; however, in this study, all STEAM subjects
were successfully implemented in a single lesson. The data collected through
observation and interviews, showed that STEAM can be successfully implemented in

a single lesson.
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Table 4.6 Content Knowledge

Content Knowledge (CK): STEAM

Science

Lesson 1 Learners documented their findings on the scientific method sheet and
followed the scientific method when completing the lesson.

Lesson 2 Learners documented their findings and used the scientific method.

Lesson 3 Both groups used the scientific method and documented their findings.

Lesson 4 Both groups used the scientific method and documented their findings.

Technology

Lesson 1 The electronic systems and control that was used were a Bee-Bot. The Bee-
Bot was programmed to follow a step-by-step code effectively.

Lesson 2 The electronic systems and control that were used were Bee-Bots. Group A
programmed the Bee-Bots with great confidence. Participant 3 often stood
back and observed. Group B programmed Bee-Bots confidently. Participant
5 coded step-by-step. Participant 6 coded a complete string of code correctly
to get the Bee-Bot from the start to the finish.

Lesson 3 The electronic systems and control that were used were Bee-Bots. Group A
programmed the Bee-Bots with great confidence although it became
apparent that this activity was more of a challenge for them. Participant 3 was
an observer. Group B found the challenge of a specific challenge easier to
overcome with teamwork.

Lesson 4 The electronic systems and control that were used were Bee-Bots. Both
groups had Technology at the centre of their lessons as they both used Bee-
Bots to solve a problem effectively.

Engineering

Lesson 1 The learners used Lego to create structures to form the obstacles that the
Bee-Bot needed to go around.

Lesson 2 Both groups made glasses for Grandpa Leo using pipe cleaners and made
obstacles for the Bee-Bots to go around.

Lesson 3 Both groups added obstacles. Group A lost their blueberry card, so they made
a new one.

Lesson 4 Group A made the waves, and the obstacles were eels that the Bee-Bot had
to get around. Group B created Hazel out of Lego to teach Fred the caterpillar.

Art

Lesson 1 The learners made Bee-Bot jackets for their Bee-Bots to make them look like
a mouse. In the story the main character is Hazel who is a mouse. They also
drew on an instruction card to show the direction the Bee-Bot would travel
and the obstacles it needed to avoid.

Lesson 2 Both groups completed drawings on instruction cards to show the route the
Bee-Bot would move.

Lesson 3 Both groups completed a drawing and planned on the instruction card. The
instruction card was a template of blocks that was a visual representative of
the same layout on the Bee-Bot mat. This allowed the learners to plan the
layout of the mat sharing the obstacles and direct the Bee-Bot needed to
move in. The drawings included arrows to show the direct the Bee-Bot
needed to travel in.

Lesson 4 Group A drew patterns on cardboard to create the waves and they drew on

the instruction card. Group B made the Bee-Bot look like a caterpillar after
Participant 7 said she thought this would be a good idea.

Mathematics

Lesson 1

The learners used mathematical vocabulary and discussed direction. The
vocabulary included left, right, backward and forward. They also had to
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Content Knowledge (CK): STEAM

problem solve to make sure they went the quickest route. This included their
counting the number of blocks the Bee-Bot would need to move to complete
the task. The Bee-Bot moved one block at a time when coded. This was to
make sure the Bee-Bot did not use all 40 steps to complete the task. There
was a huge amount of spatial awareness as they went from paper plan to
concrete coding.

Lesson 2 Both groups made good use of mathematical vocabulary and of direction.
They had good spatial awareness as the obstacles and direction arrows were
transposed correctly onto the paper plans.

Lesson 3 Both groups faced the challenge of problem solving to complete a specific
sequence. Mathematical language was present in their coding process. Both
groups followed the recipe correctly. They used concrete objects to build and
create obstacles for the Bee-Bots to navigate around.

Lesson 4 Group A used numerical order to number the waves in the order that the Bee-
Bots needed to visit. The waves had to be measured to make sure they would
fit under the mat in the block. Group B used much mathematical language in
their discussions.

Photographs

Science

Completing the conclusion of the scientific
method.

2.

Picture 8: Lesson 2

This picture shows the group working together
to complete the instruction card when all the
obstacles had been placed on the mat.

In this picture, one can see the Bee-Bot ruler
that shows how far the Bee-Bot moved in one
step.

The scientific method instruction card to aid the
learners in remembering the steps is also
visible.

A

Picture 10: Lesson 1
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Content Knowledge (CK): STEAM

Making the ten perfect waves for Cousin Milo
to surf and seeing what objects they would use
as the obstacles.

Picture 11: Lesson 4

Engineering

Making a bridge out of Lego.

The gate that opened and closed for the Bee-
Bot to go through. This is a good presentation
of Engineering and creativity skills. The green
piece of Lego is used as the gate.

Picture 13: Lesson 2
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Content Knowledge (CK): STEAM

Art

Learners’ unique Bee-Bot jackets to make the
Bee-Bot look like a mouse. These showed the
learners’ creativity and their unique
perspective on what they thought the mouse
should be presented as.

Drawing arrows and discussing the direction
the Bee-Bot needed to go.

Picture 15: Lesson 2

As illustrated in Table 4.6, all STEAM subjects were incorporated into each lesson. In
Lesson 4 a good result was achieved when the learners included all STEAM subjects

in the lesson when using a story of their choice.

Content Knowledge featured in the following ways in Cycle 1 and Cycle 2: The Science
part of STEAM used the Bee-Bot to see if their hypothesis was correct by getting from
the start to end card. Charlesworth and Lind (2010), Kok and Van Schoor, (2014) and
Tsai (2006) all acknowledge the importance of using the scientific method. The
lessons all included the scientific method as a guide to solve the problem. The
scientific method and instruction card can be consulted in Appendix K. The learners
used the format of posing a question, creating a hypothesis that learners interpreted
as a clever guess, conducting the experiment, analysing the experiment and then

concluding what they had discovered and whether their hypothesis was correct for
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their scientific method. They had a worksheet with the steps of the scientific method

to help them complete every step.

The Bee-Bots were used as the coding device in each lesson. This ensured that
Technology was present in each lesson as found in the context of electronic systems
and controls. Engineering was demonstrated by creating structures that the Bee-Bot
needed to get around without bumping into them. Art was explored by making the
jackets for the Bee-Bots to turn them into the character of a mouse, as well as being
able to move from the two-dimensional picture of the structures on the instruction card
to the physical three-dimensional objects on the Bee-Bot mat. Mathematics was
explored by using the mathematical vocabulary of direction to problem solve how to
move the Bee-Bot from start to end following the correct sequence and direction.
Overall, from the data collected, it was clear that the Bee-Bots worked well as a tool
to integrate all STEAM subjects effectively. The interpretation above can differ due to

the expected overlap of STEAM subjects when implemented in a single lesson.

The emerging guideline is the importance of the scientific method as this forms an
important part of the structure of the lesson. The main Technology in the form of
electronic systems and control is always the Bee-Bot, so it is important to keep the
device the same. The learners need to be given the concrete materials they can use
to build, such as Lego in these lessons. Art was visible in their creativity to solve
problems. By having an instruction card for them to draw on it was ensured that Art
would always be present in the lessons. Learners need to have prior knowledge of

direction to distinguish between left and right.

4.3.4 Pedagogical Content Knowledge (PCK)

The Pedagogical Content Knowledge is outlined in Table 4.7. In this study, the
Pedagogical Content Knowledge is how to teach STEAM to ensure the integration of
all the subjects through the project-based approach. When using project-based
learning, learners were able to express their creativity and imagination. They were
able to create their own plans on the Bee-Bot mats and used any of the concrete
objects they wished. Dewey realised the importance of project-based learning as a
way for learners to collaborate (Parker & Thomsen, 2019; Pieratt, 2010). In this study,

the learners needed to work as a team to solve the problem successfully.
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They followed the steps of using project-based learning to teach STEAM. First, the
learners had to communicate what the problem in the story was. Then they needed to
plan, using the instruction card to decide the route the Bee-bot would follow to solve
the problem. They then created the obstacles on the Bee-Bot mat and developed the
route the Bee-bot would travel. The groups had to work collaboratively as a team to
solve the problem effectively. They wrote down their observation as part of the
scientific method and discussed their project with both the researcher and the expert

reviewer (Ridwan et al., 2017).

Table 4.7 Pedagogical Content Knowledge

Pedagogical Content Knowledge (PCK): How to teach STEAM using project-based learning
Lesson 1 The fact that a story about coding was used made it meaningful for the learners and
the coding became the centre of the lesson while incorporating all of STEAM
subjects. The problem they needed to solve was how to use the smallest number
of blocks to get Aunty Matilda to work. Through their problem solving skills they
completed the task and used their skills from their STEAM subjects to do this.

Lesson 2 The problem they needed to solve was how to help Grandpa Leo retrace his steps
to find his glasses. They created the glasses and the layout on the Bee-Bot grid.
The obstacles were randomly placed on the mat. They problem solved on their own,
using their prior skills to solve the problem and complete the project on their own.

Lesson 3 The problem they needed to solve was how to help dad to follow a new recipe in
the correct sequence. The groups were given cards to represent the fruits — these
were placed anywhere on the mat. The groups then added obstacles to the mat as
well. The groups used their skills of sequencing to code the correct sequence while
avoiding the obstacles.

Lesson 4 Each group chose the problem they were going to solve when they chose the story
they would use for the project. They used concrete objects to create their activity.
Group A created the waves and eels. After a discussion on how they were going to
know which square on the mat was sing, dance, and sit it was decided by Group B
that they needed to make cards to go underneath the mat.

Photographs

Programming the Bee-Bot step-by-step based on the instruction

card.

The group completed STEAM subjects:

e They used the scientific method for Science.

e Technology was being able to program the Bee-Bots.

e Engineering was the obstacles they made using Lego
blocks.

e Art was the instruction card and the Bee-Bot jackets.

e Mathematics was the mathematical vocabulary used and
the direction to move the Bee-Bot correctly.

: 3",4\

Picture 16: Lesson 1
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Picture 17: L’A“son 1

This group B lesson 1 incorporated all STEAM subjects; this is
evident in this picture:

Science features in the scientific method that was followed
and the group finding the problem and solution to the
guestion, “Can you get Aunty Matilda to work?”
Technology is the Bee-Bots that were coded to complete
the task.

Engineering is the Lego structures that they built and placed
on the mat.

Art is the Bee-Bot jackets that they made and the instruction
card they completed that showed the drawings of the
obstacles and the way the Bee-Bot had to travel.
Mathematics is the direction that needed to be followed and
knowing how to move the Bee-Bot left, right, forward and
backward.

Picture 18: Lesson 2

This group incorporated all STEAM subjects:

Science included completing the scientific method.
Technology features in their coding the Bee-Bot.
Engineering is the obstacles they created for the Bee-Bot
to move around.

Art is the glasses they made and completing the instruction
card.

Mathematics is the direction the Bee-Bot needed to move,
based on the arrows drawn on the instruction card.

This group allowed the Bee-Bots to follow one another after
they had completed the correct sequence of code.

Picture 19: Lesson 2

Retracing Grandpa Leo’s steps from start to finish. This group
incorporated all STEAM subjects:

Science is included in completing the scientific method.
Technology is seen in their coding the Bee-Bot confidently.
Engineering features in the gate they created to open and
close. They also made Grandpa Leo’s glasses.

Art is present in the instruction card that was completed with
the directions the Bee-Bot needed to follow as well as
drawings of the obstacles and place cards.

Mathematics features in the special awareness of moving
from the instruction card to the concrete objects.
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This group incorporated all STEAM subjects in their lessons:

e For Science they completed the scientific method.

e They programmed the Bee-Bots for Technology.

e For Engineering they added obstacles that the Bee-Bot
needed to get around.

e For Art they drew and showed the directions the Bee-Bot
needed to follow.

e For Mathematics they used mathematical vocabulary and
direction.

This group integrated all STEAM subjects in the lesson when

they chose their own problem to solve:

e For Science they completed the scientific method.
Technology was at the centre of the lesson with their coding
the Bee-Bots.

e Engineering was present when making the waves out of
cardboard and the eels out of straws and elastic bands.

e Art was included in the patterns drawn on the waves and
completing the instruction card.

e Mathematics was included as they discussed numerical
order as the Bee-Bot visited each wave. The waves had to
be measured so that they could fit under the mat and then
labelled so the Bee-Bot could go to each wave.

Picture 21: Lesson 4

This group integrated all STEAM subjects in this lesson:

e They used the scientific method for Science.

e Technology was at the centre of the lesson with the use of
Bee-Bots.

e For Engineering they created Hazel characters using Lego
blocks.

e For Art they turned the Bee-Bot into a caterpillar and
completed the instruction card.

e For Mathematics they used mathematical language in their
discussion. They had good spatial awareness as they
moved from the paper plan to the mat plan.

Picture 22: Lesson 4

71



When implementing the project-based approach it is important that the learners are
able to solve the problems on their own. As seen in Table 4.7, the learners were able
to solve the problems independently. The learners used concrete objects to create
obstacles. They used many obstacles in each lesson for the Bee-Bot to move around.
They had to plan the route the Bee-Bot would take as well as what they would create
on the Bee-Bot mat. This allowed them to create their own lessons that were not
teacher-guided regarding what they needed to create on the Bee-Bot mats. There
were sufficient obstacles on the Bee-Bot mat to ensure that the learners could program

multiple correct pathways without the problem being too arbitrary or restrictive.

The learners successfully incorporated all STEAM subjects. They did not focus on one
subject at a time but rather on the problem they needed to solve. Through solving the
problem, they were able to incorporate the subjects. When integrating all the subjects
the learners learnt that they did not have to be in a Mathematics lesson when coding

a Bee-Bot.

Table 4.8 Cycle 1 and Cycle 2 Project-based learning

Cycle Project-based learning
Cycle 1 The problem was chosen by the researcher for the learners to solve. The problem
the learners had to solve became increasingly difficult with each task. STEAM
subjects were all integrated when they solved the problem using skills from each
subject.
Cycle 2 The problem was chosen by the learners to solve in their project. STEAM subjects
were all integrated without the guidance of the researcher.

When project-based
learning is used to teach STEAM, it creates steps to follow to ensure the content is
being taught (Ridwan et al., 2017). This is seen in Table 4.8 as the learners used

project-based learning to solve the problem.

4.3.5 Technological Content Knowledge (TCK)

Technological Content Knowledge is outlined in Table 4.9. In this study, the
Technological Content Knowledge is Technology in STEAM and how the subject was
linked to coding and robotics. The Bee-Bots were at the heart of the lessons and
STEAM subjects helped to create depth and enrich the lessons. The focus was on the

specific content linked to the Bee-Bot educational toy.
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Technology is the way to solve a problem using the design process. The learners first
needed to investigate what the problem in the story was that they needed to solve.
Then they needed to design the obstacles the Bee-Bot would need to get around.
Then they needed to make the drawings on the instruction card to show the layout of
the Bee-Bot mat. Then they evaluated their activity to see if they had solved the
problem successfully. Lastly, they communicated their solutions to their peers, the

researcher and the expert reviewer.

Table 4.9 Technological Content Knowledge

Technological Content Knowledge (TCK): Technology in this study

Lesson 1 | Investigated the problem of how to code the shortest route for Aunty Matilda to get to
work.

The learners drew the layout on the instruction card.

Made the obstacles for the Bee-Bot to get around. Groups A and B used the Bee-Bots
at the centre of the lesson. Group A’s coding skills were good, but they did not put
together a string of code. They moved the Bee-Bots and coded step-by-step. This falls
under electronic systems and controls in the subject Technology.

Evaluated the lesson and saw that they solved the problem when they considered
whether they could go any other ways.

Communicated their findings to one another, the researcher and the expert reviewer.

Lesson 2 | Investigated the problem to see if they could retrace Grandpa Leo’s steps to find his
glasses. They used the Bee-Bots to retrace Grandpa Leo’s steps to find his glasses.
This falls under electronic systems and controls in the subject Technology.

The learners drew the layout on the instruction card.

Made the obstacles for the Bee-Bot to get around. They also made glasses for Grandpa
Leo that the Bee-Bot could wear.

Evaluated the lesson and saw that they could retrace Grandpa Leo’s steps correctly to
help him find his glasses.

Communicated their findings to one another, the researcher and the expert reviewer.

Lesson 3 | Investigated the problem to see if Hazel's dad could prepare a new meal by following
the recipe.

The learners drew the layout on the instruction card.

Made both groups add obstacles to the fruit cards that they were given. Group A
discovered the backward button, and this aided them in completing their step-by-step
code around the obstacles. Group B completed a string of code using the activity plan
to help them.

Evaluated the lesson and saw that Dad could learn to follow a new recipe.
Communicated their findings to one another, the researcher and the expert reviewer.

Lesson 4 | Each group chose their own story.

Group A

Investigated the problem to see if they had coded the Bee-Bot to surf 10 waves in a
numerical ordered sequence.

The learners drew the layout on the instruction card.

Made waves out of paper and eels the Bee-Bot had to get around.

Evaluated the lesson and saw that they could not exceed the 40 steps that a Bee-Bot
can complete.

Communicated their findings to one another, the researcher and the expert reviewer.
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Technological Content Knowledge (TCK): Technology in this study

Group B

Investigated the problem to see if the Bee-Bot could help Hazel teach her caterpillar to

sing, dance and sit in a sequence.

The learners drew the layout on the instruction card.

Made Hazel out of Lego to teach the caterpillar (the Bee-Bot dressed like a caterpillar)

to sing, dance and sit.

Communicated their findings to one another, the researcher and the expert reviewer.
Photographs

Glasses made for Grandpa Leo to find if he had retraced his

steps correctly. Instruction cards that were put down for the

Bee-Bot to retrace Grandpa Leo’s steps.
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‘ Picture 23: Le

In Table 4.9 the Bee-Bots were important to implementing all STEAM subjects.

Both Cycle 1 and Cycle 2 incorporated the design process. They incorporated all five

steps to complete the lesson successfully.

The emerging guideline is the importance of Technology in STEAM. The Technology
in TPACK is the electronic devices and features as coding and robotics when using
the design process as an educational technology tool to support the development of

STEAM content.

4.3.6 Technological Pedagogical Knowledge (TPK)

The Technological Pedagogical Knowledge is summarised in Table 4.10. In this study,
the Technological Pedagogical Knowledge included the 215t century and digital skills
that were present in the lessons. The skills focused on were coding, innovation,
collaboration, thinking creatively and problem solving. These skills are considered
important 215t century skills that learners should be equipped with to be successful
215t century learners (DBE, 2019a; Geist, 2016).
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Table 4.10 Technological Pedagogical Knowledge

Technological Pedagogical Knowledge (TPK) 21st century /digital skills

Coding

Lesson 1

Both groups programmed and debugged the Bee-Bots. They coded one step at a
time.

Group A programmed and debugged the Bee-Bot. Coded one step at a time until they
got it right.

Group B coded the Bee-Bot efficiently.

Lesson 2

Group A: Participant 1 did not want to follow the paper plan to create a string of code.
Participant 2 used her string of code, but it did not work. Participant 1 insisted on her
way and coded step —by-step. This group wanted to use as many concrete objects
as they could.

Group A did not complete a whole sequence of code, but they tried a lot to debug but
without success. They completed a string of code completely correctly without moving
the Bee-Bot. Group B completed a sequence of code that correctly retraced Grandpa
Leo’s steps. Without using the Bee-Bot to guide them, they completed a full string of
code.

Lesson 3

Both groups used digital skills they had learnt in previous lessons to help them code
more effectively when faced with a more difficult sequence of code to complete.
Group A coded separately from one another while group B helped one another. Both
groups needed to code a specific pathway that needed to be followed as the order of
fruits needed to be correct to complete the recipe.

Lesson 4

Group A had a set pathway to follow as they had numbered the waves so that they
knew that each had been visited. As it was a long string of code, they discovered the
limitations of the Bee-Bot and that they could only retain 40 steps of code. The code
had to be adjusted as a shorter route had to be found.
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Picture

Photographs

The ten waves that the Bee-Bot had to get to and the straws that were
the eels it had to go around. They had a set pathway to follow as they
had numbered the waves so that they knew that each had been
visited.

As it was a long string of code, they discovered the limitations of the
Bee-Bot. The Bee-Bot could retain only 40 steps of code. The code
had to be adjusted as a shorter route had to be found. This was a big
learning experience for the learners.

R
4: Lesson 4

Innovation

Lesson 1

Group A was innovative in the way they created the obstacles on the mat. Group B was
innovative in the way they used their hands to aid them in coding the Bee-Bots to go in
the correct direction. Their hands therefore acted like the Bee-Bot that they coded.

Lesson 2

They were quite innovative in what the structures became. Participant 3 observed
closely and added ideas as problems arose. She became more assertive as the lesson
went on. They asked good questions, like Where do the glasses need to go? After
discussion they agreed on the end card.

Group B placed a gate as an obstacle. This was opened for the Bee-Bot to go through
and closed once it had moved through.

Lesson 3

Group A was innovative when they made their own blueberry when they lost this card.
Group B was innovative as they placed fruit cards in a pattern to follow.

Lesson 4

Group A determined the green strips of paper for the caterpillar needed to be thinner
so that they did not stop the Bee Bot’s wheels from turning.

Group B created their own waves out of paper and created eels that the Bee-Bot could
not surf over.
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Technological Pedagogical Knowledge (TPK) 21st century /digital skills

Photographs

This picture shows the Bee-Bot jackets being worn by the Bee-
Bots. The learners were planning the layout of their obstacle
course. The learners placed their start and end card and were
working out the quickest route around the obstacles that they
created out of Lego.

Participant 7 problem solved on how to turn the Bee-Bot into a
caterpillar. At first the wheels would not move so she had to get
help with some ideas. The end product was a thinner strip of
green cardboard. The other way in which the Bee-Bot was
turned into a caterpillar was by adding feelers.

Picture 26: Lesson 2

Collaborate with peers

Lesson 1 | Group B collaborated better with one another than group A. In group A Participant 2
was keen to code on her own. Participant 1 did most of written parts and Participant 3
added good ideas verbally. In group B Participant 5 was a definite leader initially; she
allocated tasks to everyone. She was allowed to take charge.

Lesson 2 | Participant 5 allocated jobs as in lesson 1. Participant 7 objected, and they discussed
their issues. The two compromised and were both happy to continue with the activity.
They decided to put glasses on the Bee-Bot.

Lesson 3 | Group A showed that they could work together but needed a conversation with the
researcher to remind them of the skills needed. It was good to see the whole group
adding to the success of this activity. Group B had an amazing group dynamic. All
members were listened to and contributed something to the activity. They all displayed
leadership qualities at different times without being forceful or overbearing.

Lesson 4 | Group A collaborated the most during this lesson. Group B, after a discussion on how
they were going to know which square on the mat was sing, dance and sit, decided
that they needed to make cards to go underneath the mat.
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Technological Pedagogical Knowledge (TPK) 21st century /digital skills

Picture 27: Lesson 1

Photographs

One can see the instruction card where they drew and planned
the route the Bee-Bot would take. The group collaborated well.

Thinking creatively

Lesson 1

Both groups thought creatively. Group A debugged the Bee-Bots to make sure they
took the fastest route and group B spoke though all of their ideas as a group throughout
the activity.

Lesson 2

In Group A the question was asked, Where do the glasses need to go? The group
discussed this question and decided it needed to go on the end card. They thought
creatively to make obstacles for the Bee-Bot to go around.

Lesson 3

Both groups thought creatively to come up with good questions to ask to solve the
problem of creating a new recipe for Hazel's dad to follow.

Lesson 4

They helped one another with the problem solving and collaborated effectively.

Picture 28: Lesson 4

This group opted for Hazel to teach her caterpillar how to sing
(shown with music notes), dance (shown with hands in the air)
and sit (shown with a caterpillar).

Hazel was made out of Lego to give the instructions.

Problem solving

Lesson 1

Group A problem solved by debugging their code and finding out that they needed to
remember that if they moved one block at a time, then each time they wanted to move
they needed to clear the code. Group B used many problem solving skills. They
debugged the code and started off with a step-by-step code that eventually led to the
group creating a string of code using the coding sheet.

Lesson 2

Participant 1 and 3 showed good problem solving skills. Group B problem solved
individually to solve the problem of debugging.

Lesson 3

This activity was more of a challenge as problems were encountered and solutions
were discussed and found.
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Technological Pedagogical Knowledge (TPK) 21st century /digital skills
Lesson 4 | Group A solved the problem when the Bee-Bot did not have enough steps to make it
to the end. Group B solved how to turn the Bee-Bot into a caterpillar and still get the
Bee-Bot to move using its wheels.

Learners explaining the steps the Bee-Bot needed to follow to
complete the recipe correctly. The learners decided where the
recipe pictures would be placed for the Bee-Bot to complete the
recipe successfully. They explained their thinking to the expert
reviewer. For Engineering they created a Lego bridge and
obstacles for the Bee-Bot to go around. For Art they made a
Blueberry when they could not find the Blueberry card. This
showed how they solved another problem as they needed the
blueberry to complete the sequence of the recipe. For
Mathematics they did much problem solving and direction to
make sure the Bee-Bot went in the correct direction.

Picture 29: Lesson 3

As illustrated in Table 4.10 215t century and digital skills were present in each lesson.
The learners used their prior knowledge of coding and what they had learnt in each
lesson from Cycle 1 to complete the fourth lesson effectively on their own, forming
Cycle 2. They learnt the importance of working together to help one another complete
the objectives. They used the skills of thinking creatively to solve the problems
presented. They had to collaborate with one another to ensure that their coding was
successful. They had to be innovative to build and create different structures for the
Bee-Bot to navigate around. The learners constantly had to problem solve and this

lent itself well to their using their collaboration skills.

The nature of the problems, as well as the possible solutions to the problems were
identified through the integration of STEAM. The problems were open-ended and ill-
structured complex problems that Technology as a subject thrives to solve. This set
the scene for the development of 215t century skills and digital skills in the classroom
as well as STEAM integration possibilities. This led to the creation of the emerging

guideline of problem solving.

4.3.7 Technological Pedagogical Content Knowledge (TPACK)

Technological Pedagogical Content Knowledge is outlined in Table 4.11. In this study,
Technological Pedagogical Content Knowledge features in the integration of the
different TPACK elements in STEAM integrated coding and robotics activities to
develop learners’ computational thinking skills. Computational thinking is the learners’
ability to solve problems in the same way a computer can (Chalmers, 2018; Chen et

al., 2017). Computational thinking is what brought the Technology, Pedagogy and
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Content knowledge together in this study. In each lesson the learners were given a
problem that they needed to solve. They solved this problem by creating a project.
Table 4.11 presents the success of the lessons as a whole with all the parts of TPACK

included when the learners used their computational thinking skills.

Table 4.11 Technological Pedagogical Content Knowledge

Technological Pedagogical Content Knowledge (TPACK): Computational thinking
Cycle 1
Lesson 1 | Technology: Using the Bee-Bot as a coding device to code a straightforward code to
solve the problem of getting around the obstacles using the least number of steps.
Pedagogy: The learners’ ability to solve the problem using project-based learning to get
Aunty Matilda to work, utilising the least amount of coding steps. The learners used their
computational skills to complete a sequence of code effectively.
Content: The learners’ ability to include all STEAM subjects in a single lesson. The
achieved this outcome as they included all STEAM subijects.
Both groups used Lego as concrete objects to create an obstacle course for the Bee-
Bots to get around.
Lesson 2 | Technology: Using the Bee-Bot to follow a sequence of events accurately to help
Grandpa Leo to find his glasses.
Pedagogy: The learners’ ability to solve the problem using project-based learning to
help Grandpa Leo to retrace his steps to find his glasses. The learners used their
computational skills to complete a sequence of code effectively.
Content: The learners’ ability to include all STEAM subjects into a single lesson. The
learners achieved this outcome as thy included all STEAM subjects.
Group B still worked more collaboratively than group A. They tried to debug their Bee-
Bots to complete the sequence.
Group B was happy to share resources and the ideas that they came up with. No-one
dominated the activity. In group A, Participant 2 dominated the activity and Participant
1 and 3 collaborated mostly to complete the task. Participant 2 was keen to code on her
own and her ideas were not always accepted by group A.
Lesson 3 | Technology: Using Bee-Bots to solve the problem of a longer sequence of code to help
Dad learn a new recipe.
Pedagogy: The learners’ ability to solve the problem using project-based learning to
help Dad learn a new recipe by following a sequence correctly. The learners using their
computational skills to complete a sequence of code effectively.
Content: The learners’ ability to include all S subjects into a single lesson. The learners
achieved this outcome as they included all the STEAM subijects.
Group B worked well together and had a good group dynamic. Group A participated
much better as a team. Group A was competitive and wanted to get it right on their own
rather than helping a friend.

Cycle 2
Lesson 4 | Technology: The learners’ ability to use the Bee-Bot as an electronic tool to code a
sequence. Incorporating both Technology as a subject in STEAM and Technology as
an electronic device in TPACK effectively into a lesson on their own.

Pedagogy: The learners’ ability to solve the problem using a project-based activity when
given the opportunity to choose their own story with a problem to solve. The learners
used their computational skills to complete a sequence of code effectively.

Content: The learners’ ability to include all STEAM subjects into a single lesson even
when they chose their own story and did not have the researcher as a facilitator of the
lesson. The outcome of this was that the learners included all STEAM subjects even
when the lesson was not guided by the researcher but rather was a lesson to see if they
could use their knowledge from the previous three lessons to complete it on their own.

In group A more collaboration was evident as the learners discussed what was needed
to complete the activity.
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Technological Pedagogical Content Knowledge (TPACK): Computational thinking
Group B discussed each step, and they were allowed to offer an idea of how to complete
the activity effectively. They worked well as a team to make sure they all completed the
correct code and sequence.

Photographs

Programming the Bee-Bot to move. From this angle one can see the
Lego structure of Hazel who is teaching her caterpillar. The learners
used their problem solving skills.

Picture 30: Lesson 4

As illustrated in Table 4.11, the lessons integrated Bee-Bots into all STEAM subjects.
It was observed how different the group dynamics were. Group A initially did not
collaborate at all but learnt in the course of all the lessons how important it was for
them to collaborate to complete the activities successfully. Group B worked well as a
team and managed to maintain this throughout all the lessons. Both groups developed

their problem solving skills and how to work collaboratively.

Computational thinking was present in both Cycle 1 and Cycle 2 when working with
the TPACK framework as featured in Table 4.11.

As seen in Table 4.11, computational thinking skills were present in both cycles. Both
cycles successfully incorporated all STEAM subjects. The learners used their
knowledge from Cycle 1 to complete an independent task in Cycle 2.

The emerging guideline is the importance of having a problem for the learners that
needs to be solved by using their computational thinking skills effectively. This is linked
to the DBE draft curriculum Introducing Digital Skills to All into GET (DBE, 2019a). The
fourth pillar is computational thinking skills and coding. Francis and Davis (2018)
underscore the importance of teaching coding to propagate computational thinking; it

can be taught with integration into other subjects.

4.3.8 Context
Consult Section 3.9 for details on the context of the study. The lessons were conducted

on the Grade R veranda to allow for the natural flow of air.
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4.4 Interviews

The interviews conducted by the researcher aimed to establish how the expert

reviewer and the learners experienced the activities. The full answers of the learners

appear in Appendix J. The answers from the expert reviewer are explored first.

4.4.1 Interview with expert reviewer
The expert reviewer gave insight into the lesson through observation notes discussed

in Chapter 4.3 as well as an interview which is explored below. The interview questions

were designed to link to the TPACK design tool.

Table 4.12 Interpreting the expert reviewer’s interview

Questions

Responses for expert reviewer

Link to TPACK

1. How did you
experience the
learners’ use of
Bee-Bots?

The learners listened well to the introduction
of each lesson and used this information
well.

Their coding skills and use of the Bee-Bots
became progressively better as the
activities were completed.

This was pleasing to see as they had not
had the usual exposure to technology due
to online schooling.

Technological Knowledge (TK)
(Coding and robotics)

e They improved their skills.
e Were exposed to
technology

2. Did you see the
integration of all
STEAM subjects?
Explain how you
observed the
subjects being
used.

Science, technology, engineering and
maths were the main components. The art
component was evident but to a much
lesser degree.

The time available for each lesson could
have been a contributing factor.

Content Knowledge (CK)
(STEAM)

e All STEAM subjects were
included.

e Longer lessons could
provide more time for Art
to be incorporated.

3. How did the
learners work
with concrete
objects and what
objects did they
use?

The Bee-Bots were concrete — very easy to
handle and manipulate; the buttons made
coding manageable.

There were several concrete objects for the
learners to use to create the obstacle
course — Lego blocks /pipe
cleaners/straws/wooden sticks/paper strips
and more.

Pedagogical Knowledge (PK)
(Foundation Phase teaching,
theories and strategies)

e The concrete object of the
Bee-Bot

4. Which 21
century skills did
you see the
learners use?
Explain how they
used or did not
use each skill.

Application of skills

The application of all previous knowledge
and skills and the knowledge and skills
acquired during the activities made the
exercise a success.

Coding
This was at the heart of each lesson.

Innovation

As the activities progressed the learners
were more comfortable about exploring how
they could use the objects given to them to
be innovative and create.

Collaborate with peers

Technological Pedagogical
Knowledge (TPK) 215t century
[digital skills

e The participants included
21st century and digital
skills into their lessons.
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Questions

Responses for expert reviewer

Link to TPACK

This was a challenge, but some
collaborative skills were learnt as time went
on.

Think creatively
There was creative thinking throughout the
activities on many different levels.

Problem solving
Problems occurred constantly. The learners
didn’t hesitate to look for a suitable solution.

5. Did Bee-Bots
aid in the
integration of all
the STEAM
subjects? Explain
your answer.

Yes. The Bee-Bots were the main
component of the lesson. The other STEAM
subjects were necessary to add depth and
enrich the lessons and make them more
meaningful for the learners.

Technological Content
Knowledge (TCK) Technology
in this study

e The Bee-Bots were the
main technology in the
study in the form of a
digital device.

6. Did the
learners design
and create the
final product?

Yes. They were given certain concrete
objects but the design and creating of the
product was totally theirs.

Pedagogical Knowledge (PK)
(Foundation Phase teaching,
theories and strategies)

e Project-based learning
took place as the learners
used concrete objects to
create the layout on the
Bee-Bot mat.

7. Do you think it
is possible to
integrate Bee-
Bots into
collaborative
activities?
Explain your
answer.

Most definitely. The lessons that | saw were
just one example of this.

Technological Pedagogical
Content Knowledge (TPACK)
(Computational thinking)

¢ Including collaboration to
solve problems.

8. How can Bee-
Bot activities be
designed towards
STEAM
integration?

In exactly the way that these lessons were
designed. They were very successful.

Pedagogical Content
Knowledge (PCK)
(How to teach STEAM)

e Having a lesson designed
to integrate all the STEAM
subjects helps to ensure
they are all included.

9. How can By requiring the learners to share all of the Technological Pedagogical

collaborative resources and encouraging collaboration Knowledge (TPK) 215 century

skills be and sharing. /digital skills

facilitated in Bee- | For the educator to be there as a facilitator

Bot group and observe the groups closely. To allow e This was an important 21st

activities? the learners the space and time to work century skill that was found
collaboratively intervening only virtual in the study.

10. How can Using TPACK guidelines gives a clear Answering the RQ

utilising Bee-Bots
facilitate TPACK

indication of whether the activities were well
planned and thought out. It also shows

e The TPACK framework
gives structure to the way
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Questions Responses for expert reviewer Link to TPACK

designed STEAM | whether the learners achieved specific the lessons are designed
activities in outcomes and acquired new skills and and planned.
Grade 2? knowledge. e |t also enables to the

teacher to see if the
outcomes have been
achieved.

The expert reviewer noted that for Pedagogical Knowledge, the learners used Bee-
Bots that are concrete objects as well as other concrete objects, for example Lego and
pipe cleaners to create the obstacle course.

The expert reviewer noted that Technological Knowledge was the learners’ ability to
code a sequence using the Bee-Bots. Due to COVID-19, the learners had not used
Bee-Bots as frequently in the course of the year as they would have. Their skills

progressed with each lesson as they grew in confidence.

Both 215t century and digital skills were successfully implemented. The digital skills
featured in the learners’ ability to code. They used their prior knowledge to help them
solve the problems. The learners never hesitated to come up with a solution. They
mostly collaborated and worked well together. They were creative and innovative in

the completion of their lessons.

The expert reviewer noted that for Content Knowledge all STEAM subjects were
included in the lessons. The Art component was least evident and this could be due
to time limits. The lessons were designed to ensure that all the subjects would be
included. The Bee-Bots aided in bringing all the subjects together. The expert reviewer
noted that if more time was allocated for the activity, more aspects of subjects such as

Art could be expanded on.

Collaboration was a skill that the learners needed to work on according to the expert
reviewer. Group A had to work harder on cooperating and listening to the group’s

ideas. Group B collaborated well from the start.

The learners were facilitated by the researcher and were therefore able to complete
the project on their own.

When investigating the RQ the expert reviewer’s response was, “Using the TPACK
guidelines gives a clear indication of whether the activities were well planned and
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thought out. It also shows whether the learners have achieved specific outcomes and

acquired new skills and knowledge.”

The expert reviewer helped to provide insight into what she had seen in the
investigation process. The TPACK design tool helped to give the lessons structure

and was a tool to use in order to observe the lessons effectively.

The three main themes that emerged from the expert reviewer have been written in
red. They were the learners’ ability to grow in confidence in their coding abilities, the
way the learners solved problems with creativity and innovation and the collaboration

that they need to work together in order to effectively complete the lessons.

4.4.2 Learner Interviews

The learner interviews explored SRQ 2, “How do learners experience these activities?”
The value that the learners got from taking part in these activities was that they all had
the opportunity to problem solve, expand their coding knowledge, work with Bee-Bots,

build Lego structures and collaborate with their groups.

The learners all agreed that there was at least one problem that they solved.
Participant 5 found problem solving interesting. They all learnt a new coding skill in the

course of the lessons.

Table 4.13 Coding learners’ answers to interviews

Colour Code of Learner Interviews

Pedagogical Knowledge (PK)
Foundation Phase teaching

Technological Knowledge (TK): | Grey
Coding and robotics

Technological Pedagogical Turquoise
Knowledge (TPK) 215t century
/digital skills

Participant | Question
What problem did you solve?
| solved that when we were doing waves, | did too many steps.
The giraffe - we had to move it because it was in the wrong place.
When | changed the instruction card so | could get to the end.

| remembered to make a course.

Retracing steps. Coding the right things.

| solved Hazel helping Dad.

To code. To make Dad do the recipe.

hat new skills did you learn?

Coding in a year.
| learnt to code, and | learnt to work more as a team.

(AJI\)I-‘E\I@U'I-POOI\)I—‘
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Colour Code of Learner Interviews
| learnt to fix problems.
| code well.
| learnt you cannot turn with the Bee-Bot all the time.
| learnt to code the correct button.
hat did you find interesting?
| found it interesting that you have to press clear before you do more steps.
The Bee-Bots are cute.
That the Bee-Bots listened to instructions.
| found coding interesting.
Solving problems.
olour code of learner interviews
| found the story interesting.
That | had to think more than usually.
hat would you like to do again?
More lesson with Bee-Bots and Miss Ranger
Playing with Miss Ranger and the Bee-Bots.
| would like to code more.
| would like to do nothing again.
Coding.
| would love to play with the Bee-Bots next year.
To set the places and code.
hat did you enjoy the most?
Building Lego and playing with Bee-Bots.
Playing with the Bee-Bots.
| enjoyed doing the Bee-Bot dance.
| enjoyed coding the Bee-Bots.
Coding with my friends.
Playing with friends.
| enjoyed coding.
hat would you change next time?
If we can colour more.
Own coding not in the book.
| would not fight with others.
Nothing.
Nothing.
| would like to change the Bee-Bot so it can go diagonally.
To do it faster.

Three main themes emerged: coding using the Bee-Bots as a concrete object,
developing coding skills, and developing 215t century and digital skills. The learners’
interviews were too brief to get feedback of how they experienced the lessons. The
learners’ experiences were added to support the development of guidelines for

teachers to create their own lessons.

The learners used the skills that they had learnt in each lesson to improve the
outcomes of their next lessons. From the interviews with the learners, it was clear that
they all really enjoyed coding and wanted to do more coding lessons.

The orange colour shows all the concrete objects the learners used, including the Bee-
Bots and Lego. The grey shows all the coding skills the learners practised and how
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they experienced coding. The turquoise shows the problem solving skills the learners

practised as well as the collaboration they had with their friends.

Participant 6 found the stories very interesting and wished that the Bee-Bot could
move diagonally. Participant 3 saw the value of not fighting and rather working

together to complete the task.

The insight from the learners’ interviews helped to see how they experienced the
lessons. This helped to answer the secondary research question. Through these
interviews it was clear that the learners enjoyed learning through play. Johnston et al.

(2018) also underscore the value of learning through play and scaffolding the activity.

45 Conclusion

As the researcher, | was privileged to enlist the help of such a knowledgeable expert
reviewer. She really presented insightful ideas and was always willing to go over notes
and observations. She had excellent ideas, like including making a Bee-Bot jacket for
it to look like a mouse. It was good to have someone else to observe the lessons so
that while | was taking pictures and making notes, she was also making notes. This
helped to ensure that no important information was missed. It meant that both groups
always had someone to observe them and make sure that each learner was always

feeling safe.

| really enjoyed being hands-on and involved in the data collection as | felt it was a
way to experience what the learners were experiencing. It helped me to be a part of
the action research cycle as | was able to plan, act and observe, and reflect on the
outcomes of the lessons. Photographs are a wonderful way to capture a moment and

to show evidence of what took place during the lessons.
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The TPACK framework was an important tool to see whether the lesson that was
presented had been successful. This helped to create consistency and allowed the
researcher and the expert reviewer to have a guideline to work from. The core
concepts from the results are labelled in Figure 4.2.
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Figure 4.2 TPACK conclusion
Adapted from Koehler, Mishra and Cain (2013)

The two action research cycles come together with the key components in Figure 4.2.
When looking at Figure 4.2 it is important to see that the results were backed up by

the literature in purple.

The concluding chapter looks at the investigation of the research questions as well as
emerging guidelines that were discussed in the results chapter in green. When
creating the guidelines, it was important to incorporate the key components found in

Figure 4.2.

Regarding the two research cycles, it is important to note that both cycles included the
action research process and are discussed according to the research design. Using
the TPACK conceptual framework enabled all the lessons to have the same base
structure that was then changed per lesson. This enabled the learners to become
familiar with how the lessons would take place. This boosted the learners’ confidence

and they coded more confidently as the lessons progressed. The lessons were then

87



conducted and the learners were able to add their prior knowledge as well as the new
knowledge. When the lessons were observed by the researcher and the expert
reviewer, the observation sheet ensured that there was a document to go back to and
see whether the lessons had been successful. It also made the discussion between
the researcher and the expert reviewer about the observations meaningful as they had
both completed the same observation sheets. Reflection enabled the research
guestions to be investigated based on what had been observed. The guidelines
provided should aid teachers in creating their own lessons based on the study

conducted.
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Chapter 5: Findings and conclusions
5.1 Introduction

The results of the investigations into the RQ, “How can Bee-Bots be utilised to facilitate
TPACK designed STEAM activities in Grade 27?” and the secondary research
guestions SRQ 1, “How can TPACK be utilised to design coding activities?” as well as
SRQ 2, “How do learners experience these activities?” were presented in Chapter 4.
Chapter 4 showed that the TPACK framework created a meaningful tool for a lesson
plan and an observation sheet. It made it easier for the expert reviewer and the
researcher to use as a guide to ensure that all aspects were present in the lesson; it
aided in comparing the groups and in observing the similarities and differences.
TPACK was used to ensure that STEAM subijects, digital and 215t century skills were
effectively included and present in all the lessons. Ridwan et al. (2017) found that
project-based learning helps to incorporate STEAM subjects, as was also evident in
this study.

Bell (2010) and Eguchi (2014) underscore the importance of problem solving through
a project-based approach. The interviews with the learners provided meaningful
insight into how they experienced the activities and what they gained from completing
the lessons. The learners all practised their skills of problem solving and working
collaboratively in their groups. Learners’ coding skills improved from each lesson as
their confidence grew.

Using the TPACK framework made it easy to understand the similarities in the lessons
and how their skills developed from the one lesson to the next when looking at the
observation sheets. In the course of the study, the learners went from coding a single

string of code to being able to code a whole sequence of code correctly.

Reflection took place continuously in the form of observation notes and discussions
between the researcher and the expert reviewer. At the end of each lesson the
researcher and expert reviewer discussed what they had observed in the lesson. At
the end of all the lessons they revisited all four lessons and the answers to the
interview questions. The aim of this reflection was to see if the research questions
were being answered and if the guidelines could be improved. The answers to the

research questions based on the observations are explained below.
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5.2 Revisiting the research questions

The research questions are explored in Table 5.1. The table depicts where one can
find the investigation to the questions.

Table 5.1 Research questions addressed

Research question Chapter in which the research question is
addressed
RQ
“How can Bee-Bots be utilised to facilitate Table 3.4 shows the research process summary
TPACK designed STEAM activities in Grade | that includes the questions investigated and
2?” what data gathering instruments were used.

The plan stage in action research was used to
investigate the main research question as seen
in Figure 3.6 and Figure 3.7.

In Section 4.4.1 the RQ was answered in the
interview by the expert reviewer.

SRQ 1 AND SRQ 2

SRQ 1 “How can TPACK be utilised to Table 3.4 shows the research process summary

design coding activities?” that includes the questions investigated and the
data instrument used.

SRQ 2 “How do learners experience these The process to act, observe and reflect in action

activities?” research was used to investigate the secondary
research questions as seen in Figure 3.6 and
Figure 3.7.

Section 4.3 unpacked SRQ 1 and Section 4.4.2
indicates how SRQ 2 featured in the learners’
interviews.

These questions are explored in greater detail in this chapter. When looking at the two
secondary research questions, SRQ 1, “How can TPACK be utilised to design coding
activities?” and SRQ 2, “How do learners experience these activities?” it is important

to look at each question individually first.

5.2.1 Secondary research question 1

\ SRQ 1. How can TPACK be utilised to design coding activities? \

The TPACK conceptual framework is the golden thread in the study that needs to be
included in the guidelines. It was used in creating and observing the lessons and is an
important aspect as it created a set of control questions when observing a lesson.
When using TPACK as a tool, it creates guidelines for an educator to follow to create
their own lesson. TPACK was used to create coding activities by linking each part of
the TPACK framework to its use in a coding activity. This is shown in Figure 5.1 where

the TPACK conceptual framework is unpacked for this study.
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Figure 5.1 TPACK in this study

In Figure 5.1 the researcher has unpacked the TPACK framework as it appeared in
this study. These are the core components that helped to integrate all STEAM subjects
into a TPACK designed lesson. In the same way Angeli et al. (2016) and Bers et al.
(2013) adapted the TPACK framework for a desired outcome; this study also adapted
the TPACK framework to be used as a design tool. The design tool was helpful in
creating the guidelines and it is important that all aspects are present in the planned
lesson. The lesson plans are found in Appendix G and give insight into the lessons

presented in Cycle 1.

The TPACK conceptual framework was used throughout the study and further
information can be found in Appendix C, Appendix D and Appendix E. Appendix C
shows what needs to be included for each section of the TPACK framework and gives
examples from this study as to what can be included. Appendix D is a review sheet to
make notes on to see if all TPACK aspects are present in the lesson plan created.
Appendix E is an observation sheet with a column to tick whether the aspect is present
in the lesson and a space to make notes on what actions are observed. In this study
these three steps were included for each of the lessons presented.
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In reflecting it would have been difficult to see whether the lesson had been successful
without the aid of the TPACK conceptual framework. With the Covid-19 protocols at
school the learners had not used Bee-Bots that year. This was anticipated to be a
challenge; however, the learners remembered what they had done in Grade R and

helped one another to complete a sequence of code successfully.

5.2.2 Secondary research question 2
SRQ 2. How do learners experience these activities?

The learners all enjoyed coding and working with the Bee-Bots. They became more
familiar and able to code as the lessons progressed. They learnt new coding skills and
at the end of the lessons the groups realised that it was important to work as a team
and to help one another. The lessons provided the learners with structure in the form
of the scientific method that they needed to follow. This helped to keep them on track
so that they knew what they needed to have done by the end of the lesson. The stories
added meaning to the lesson and something the learners could discuss and make
relevant to what they were coding. They were free to make and create the Bee-Bot
mat as they pleased. The only input they received from the researcher was the story,
sheets to fill in and a box with all the objects they could use in the lesson. This allowed
them the freedom to be creative and not be restricted to what they had to make but

rather what they wanted to make.

When conducting the interviews with the learners the aim was to investigate SRQ 2,
“‘How do learners experience these activities?” The learners all answered that they
used Bee-Bots and could make a prediction before solving a problem. They built
structures, made characters and took turns to code the Bee-Bots to move. They all
knew the correct direction when using the arrows on the instruction card and how to
move from a two-dimensional drawing to a concrete three-dimensional Bee-Bot mat
with obstacles. This showed that they had good spatial awareness skills. This relates
to Table 2.5 which outlines the mathematical concepts for Grade 2 learners (DBE,
2011a). They all enjoyed playing with their friends, using the Bee-Bots, making
obstacles and making a Bee-Bot jacket; they enjoyed coding and solving the problems
that came with each lesson. They all wanted to share what they had learnt with their

friends.
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As seen in Piaget’s four stages of a learner’s development, the learners were working
in the concrete operations stage as they were learning through play (Charlesworth &
Lind, 2010; Huitt & Hummel, 2003). The learners learnt through play and the
environment around them as they gained confidence and used what they had learnt
in the previous lessons to complete Lesson 4 (Murris & Verbeek, 2014). This allowed
the learners to learn from their friends, which relates to Vygotsky’s cognitive
development theory of learning through play (Meier & Marais, 2014). The learners
were able to visualise the route the Bee-Bot was going to take; this relates to Bruner’s
iconic stage of development (Charlesworth & Lind, 2010). The lessons were learner-
centred and followed a project-based approach that relates to Dewey’s theory of

project-based learning (Parker & Thomsen, 2019; Pieratt, 2010).

They all concluded that they had to solve at least one problem when coding. Learners
2, 3, 5 and 7 said that they had learnt a new skill of coding. Learner 1 learnt how to
play with the Bee-Bot and learner 4 learnt to debug problems. Learners 1, 2, 3, 4 and
7 all enjoyed playing with the Bee-Bots and learner 5 and 6 enjoyed playing and coding

with friends.

It was interesting that Learners 4 and 5 did not want to change anything if they
completed the activities again, whereas Learner 6 wanted to make a Bee-Bot that
could move diagonally. When observing the interviews, it was clear that each learner
had learnt a new skill and enjoyed coding. The learners had positive responses to the
activities and all enjoyed working with the Bee-Bots and coding. When doing the
activities, they incorporated their digital and 215t century skills to complete all the

lessons effectively.

This study helped to address the phenomenon of 215t century and digital skills. The
learners developed their skills of collaborating with peers, thinking creatively and
solving problems which is also outlined as important skills in the DBE framework (DBE,
2019a). This was evident in observing each lesson and seeing which of the skills were
present. The learners developed their coding skills through practice and remembering
what they had learnt from the previous lessons. They were innovative in the way they

decided to make and create the obstacles for the Bee-Bot to move around.

The student-teacher ratio as featured in the work of Vale et al. (2020) was not a

challenge in this study as there were seven learners to 2 teachers (one teacher and
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one retired teacher). It worked well with each learner having their own Bee-Bot as they

all got a turn to practise programming the code into the Bee-Bot.

5.2.3 Research question

RQ. How can Bee-Bots be utilised to facilitate TPACK designed STEAM activities
in Grade 2?

When reflecting on the RQ it is important to break the question up into sections to
reflect on all aspects. The following is reflected on: Bee-Bots, TPACK, STEAM and

Grade 2 as is seen in Figure 5.2.

TPACK

How can Bee-Bots be utilised to
facilitate designed > STEAM
STEAM activities in Grade 27

Figure 5.2 RQ breakdown
Figure 5.2 is unpacked into Bee-Bots, TPACK, STEAM and Grade 2. These four focus

areas are then explored based on the study and the literature explored.

5.2.3.1 Bee-Bots

Bee-Bots were utilised in all the lessons and they were the centre of all of them. The
Bee-Bot was used to solve the problem by coding a sequence of code on the Bee-Bot
mat, while navigating around the obstacles. The Bee-Bot was the concrete object used
to code the solution to the problem. Unlike Koehler et al. (2011) who saw the problem
of technology not being made with the classroom in mind, this study used Bee-Bots

that were created with young children in mind to help them learn to code. Bee-Bots
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helped to strengthen the learners’ skills and this is also underscored by Janka (2008)
and Johnston et al. (2018).

5.2.3.2 TPACK

The lessons were all planned based on the TPACK conceptual framework and
observed using TPACK as a tool to ensure the lesson was observed with a
standardised observation sheet (Consult Appendix E). This meant that each lesson
was designed and observed using the TPACK conceptual framework. As seen in the
work of Rahman et al. (2017) who point out that TPACK enriches learners’
understanding, this study shows that the conceptual framework enriched learners’

understanding of coding and robotics as they successfully completed each problem.

5.2.3.3 STEAM

Lesson 1 to 3 were designed to include all STEAM subjects as a part of Cycle 1 and
Lesson 4 was designed to see if the learners would incorporate all STEAM subjects
when completing a lesson on their own as seen in Cycle 2. It was important to take
from Cycle 1’s observations and see whether the learners could incorporate all
STEAM subjects into a lesson where they chose the problem. Both groups were
successful in achieving this. When they worked on their own in Lesson 4, all STEAM
subjects were present; this validated that all STEAM subjects can be included even if
the lesson is more flexible. STEAM subjects were integrated successfully in all the
lessons. The activities were completed by Grade 2 learners. According to DBE (2019a)
and Harper (2017), teachers need to be empowered to integrate subjects; this study

gives teachers a guideline to be empowered to do so.

The researcher found that STEAM subjects could be successfully integrated. Bagiati
et al. (2010) found that engineering helps to incorporate STEM subjects. Yakman and
Lee (2012) underscored the importance of incorporating Art as well into STEAM; this
was also relevant in this study as Art was incorporated in the lesson through the

instruction card and the learners’ creativity.

5.2.3.4 Grade 2
The context of Grade 2 helped to focus the study on the skills that a Grade 2 learner

is expected to achieve. The work given was all grade appropriate and acknowledged

the DBE curriculums.
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The study shows that when putting the four elements together, utilising Bee-Bots
helped to integrate all STEAM subjects in a TPACK designed lesson presented in
Grade 2.

5.3 Guidelines developed

This section shares the emerging guidelines that stemmed from the study, as indicated
in the green sections in Chapter 4. These are based on the reflections of the

researcher and expert reviewer and are found in Table 5.2.

Table 5.2 Emerging guidelines

Emerging Guidelines (Green) Core Guideline
Having a story to follow helps the learners to Story
create a picture of the problem they are going to | A story either from the book, If | were a wizard
solve. by Paul Hamilton or from the stories the

researcher created.
Start with a simple sequence of code and then Coding and robotics
move to harder coding skills such as loops and Developing learners’ skills from lesson to

repeat functions. lesson.

Use the scientific method to give the lesson STEAM

structure. Electronic systems and control are the | Incorporating STEAM subjects by using the
Bee-Bot. Concrete materials are the materials scientific method, Bee-Bots, concrete objects to
they could use to build and create obstacles. build structures with, instruction card and
Having an instruction card for them to draw and | direction.

plan the route. Prior knowledge of direction to The teacher needs to have knowledge of all
correctly distinguish between their left and right. | STEAM subjects to be able to implement them.
Technology in STEAM is the subject. Technology in this study

Technology and how Bee-Bots fall under the There needs to be differentiation between the

content of electronic systems and controls. The | subject Technology and the technology used to
Technology in TPACK is the electronic devices aid the lesson.

and is coding and robotics when using the
design process as an educational technology
tool to support the development of STEAM
content.

The emerging guideline is the importance of Problem solving

having a problem for the learners that needs to | There needs to be a suitable problem that the
be solved by using their computational thinking learners need to solve to develop their 215t
skills effectively. This sets the scene for the century, digital and computational thinking skills.
development of 21t century skills and digital
skills in the classroom as well as STEAM
integration possibilities.

The TPACK from the design process is used as | TPACK design tool

a tool to create, observe and reflect on all the Teachers need to use Figure 4.2 as a tool when
lessons created. creating, observing and reflecting on the lesson.

The emerging guidelines are summarised in Table 5.2 and are used to create the
guidelines of using stories, coding and robotics, STEAM, technology in STEAM,
problem solving and the TPACK design tool. These guidelines show how the TPACK
tool is a tested structure and works when integrating STEAM subjects into a single
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lesson. Six core guidelines are needed to teach an integrated lesson successfully as

seen in Figure 5.3.

Story
Coding and
TPACK robotics
Guidelines
Problem
solving STEAM
Technology
in the study

Figure 5.3 Core guidelines

How to implement Figure 5.3 is explained in detail below. The story is a good guideline
to use as it creates something for the learners to use to solve the problem. For coding
and robotics, one must start with a simple sequence of code and then move to more

difficult coding skills, such as loops and repeat functions.

When integrating STEAM: The scientific method gives structure to the lesson and
incorporates scientific inquiry. The main Technology in the form of electronic systems
and controls is always the Bee-Bot, so it is important to keep the device the same. The
learners need to be given concrete materials they can use for building, such as Lego
and other apparatus for the Engineering. Art is visible in learners’ having an instruction
card to draw objects on and ensures that Art is always present in the lessons. Learners

need to have prior knowledge of direction to distinguish between their left and right to
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incorporate Mathematics. The teacher needs to have the knowledge of what STEAM

integration is to teach the subjects effectively in a single lesson.

The Technology in this study was the subject Technology and how Bee-Bots fall under
the content of electronic systems and controls. The Technology in TPACK is the
electronic devices and features as coding and robotics when using the design process
as an educational technology tool to support the development of STEAM content.

Problem solving must be incorporated through open-ended and ill-structured complex
problems that Technology as a subject thrives to solve. This sets the scene for the
development of 215t century skills and digital skills in the classroom as well as STEAM
integration possibilities. The lessons present a problem for the learners that needs to

be solved by using their computational thinking skills effectively.

The teacher needs to have a knowledge of the Technology needed for a coding and
robotics lesson, the Pedagogy behind what they are going to teach and the Content
of the subjects they are going to teach. When the teacher has prepared the lesson to
include the TPACK guidelines they need to ensure that they have knowledge of
STEAM subjects’ content. The combination of the TPACK conceptual framework and

all STEAM subjects results in an integrated lesson.

This study has shown that the most important guideline for a teacher to follow to create
their own lesson is to have a knowledge of the TPACK framework as well as how it
has been adapted in this study to be used as a tool to create and observe lessons.
This allows for the structure needed to create a STEAM integrated lesson as well as

to observe it effectively.

Harper (2017), Johnston et al. (2018) and Martin-Hansen (2018) underscore the
importance of giving teachers the tools to integrate subjects. These guidelines should
help teachers to incorporate STEAM subjects into a lesson using the TPACK

framework as a guide.

These guidelines should empower teachers to integrate STEAM subjects backed up
by DBE (2019a) and Harper (2017) who focus the importance of empowering

teachers.

The guidelines are further presented as practical guidelines in Appendix L; these

include ideas and examples and can be implemented by a teacher. When designing
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lessons, teachers can refer to Appendix G where lessons to use as a guide have been
included. The Bee-Bot instruction card and scientific method are included in Appendix
K.

While reflecting, the researcher and the expert reviewer felt that not all teachers will
have access to the book, If | were a wizard by Paul Hamilton. Therefore, the researcher
has created stories that can be used if there is no access to the book and can be found

in Appendix L.

5.4 Limitations of the study

During the study it was not easy to distinguish between Technology as a subject and
educational technology. There is a blurred line between the two and how to use them
in the classroom. The researcher had to go back through the chapters to ensure that
the correct distinction between the two had been made. Another limitation was that in
the Foundation Phase there is not always a clear distinction between the different

subjects as much integration already takes place when teaching.

Covid-19 regulations during the time of data collection in 2020 resulted in a limitation
in the interaction between the participants and researcher. Collaboration was limited
to verbal communication as no sharing was allowed. Communication could have been
inhibited due to masks as participants could not see the formation of words being said.
Bee-Bots would normally have been introduced to the learners in the course of their
Grade 2 year; however, only some of the learners had prior knowledge of working with

Bee-Bots in previous years.

Due to Covid-19 the following measures were adhered to: the participants always wore
masks; no gloves could be worn. All apparatus was sanitised before and after the
lessons; the lessons did not take place on a carpet but rather on a sanitised desk;

participants did not share apparatus.

Conducting this study at a private school meant that the school already had access to

Bee-Bots. Other schools might not all have access to Bee-Bots.

The time constraint of 45 minutes could be a limitation, depending on the lesson times
allocated in a particular school. Less than 45 minutes could result in learners not being
able to complete the problem effectively in the given time.
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The short responses by the learners in the interviews could be a limitation to the
amount of data collected. This could be addressed in a return study by having

interviews after each lesson and not just at the end of the study.

5.5 Value and contribution

This study provides guidelines for teachers to create their own lessons incorporating
STEAM subjects using the TPACK framework as a tool. It made use of offline coding
without having to rely on internet access. The Bee-Bots are physical devices and
therefore helped the learners in the concrete stage of learning with respect to coding;

learners were able to move the device physically.

In Table 5.3 the researcher explores the differences between what the DBE expects
Grade 2 learners to code and what they achieved in this study. This table indicates
aspects of the study as it shows what learners are capable of achieving according to
the DBE (2021) as well as what they achieved in this study. Table 5.3 is colour-coded

to show what was included in this study (blue) and what was not present (orange).

Table 5.3 DBE framework versus this study
(DBE, 2021)

Topic DBE content requirement for Grade This study
2

Pattern e Creating patterns Learners were able to create their
recognitionand | « Introduction to Algorithmic thinking | own patterns in the code; for
Problem Solving | « Following instructions to make a example, the learners placed the
pattern according to numbers. fruit in the order the Bee-bot needed
to follow to create a new recipe.
Learners were exposed to
algorithmic thinking when they
explored coding the Bee-Bots.
When creating the 10 perfect waves
they followed a pattern of numbers.
When finding the quickest route for
Aunty Matilda they counted the
steps in their coding.

Algorithms and Introducing the basic features of The learners were able to design the
Coding programming interface: layout on the Bee-Bot mat including
multiple objects for the Bee-Bot to
move around. The learners were
able to continue a sequence and
create a string of code. They looked
at different ways to find the solution
to the same problem. They used
only a single character of a Bee-Bot
to complete the code. They used
multiple Bee-Bots so that each
learner had their own and was able
to contribute to the code.
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Topic DBE content requirement for Grade This study
2
e Continue with sequences The orange aspects are all covered
in Scratch programming that is a
form of block code.
Robotics Introduction of mechanical The learners were exposed to the

components

wheels.

robotic toy of a Bee-Bot that has two
wheels at the base of the robot. The
Bee-Bot has wheels that help it to
move forwards and backwards, and
turns is left and right. The learners
used this to code a sequence to
solve a problem. They learnt to
program the Bee-Bot in a single
sequence of code while moving
around obstacles.

In this study the learners were not
exposed to creating their own robot
but rather only programming the
already made robotic toy of a Bee-
Bot. It is for this reason that the
chassis, fasteners, and axles were
not introduced.

Internet and E-
Communications

The learners used different methods
to communicate effectively with their
group, however no digital
communication was used. They
used written text on the instruction
card to show how the Bee-Bot would
move around the objects. They used
voice in their verbal discussions and
when solving the problems.

The Bee-Bots were offline so the
learners did not use text, voice and
video aspects of communication as
found on a computer. All
communication between the learners
and the

Bee-Bots was through physical
programmable buttons on the Bee-
Bots.

Application
Skills

Physical/Virtual keyboards:
e Directional Keys (up, down, left
and right)

Enter key
Delete key

The learners used the directional
arrows on the Bee-Bot to make it
move forwards, backwards, and turn
left and right. The learners did not
use the QWERTY keyboard as
found with a personal computer to
apply their skills but rather used the
Bee-Bot button interface to apply the
coding skills that they had learnt.
The buttons included directional
arrows, pause, clear (Delete), and
go (Enter) buttons.
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Table 5.3 shows DBE content requirements for Grade 2 and what the study included
in the lesson in blue. The DBE uses Scratch Junior which is a block-based form of
coding and is done online and using a personal computer or similar device. Even
though the Bee-Bots do not require a block-based code the study still included aspects
from the Grade 2 requirements for coding as highlighted in blue in Table 5.3. This
study used Bee-Bots that are offline devices but still enable learners to complete some
of the desired outcomes of the curriculum and they ensure that learners can learn to
code with a concrete device. Bee-Bots allow learners to watch the concrete movement
of their coding steps (Highfield, 2010). Learners can manipulate the objects, which
helps them to deepen their understanding (Mayesky, 2012). The learners did not code
an online device which could be a solution to any school that does not have access to

the internet.

5.6 Recommended research

For future studies, it is recommended that the Bee-Bot be substituted for a different
programmable electronic toy to see if the same results are achievable. A future study
could also have a third action research lesson to see whether a different teacher could

incorporate all STEAM subjects into a TPACK designed lesson using Bee-Bots.

Future studies could look at the learners’ experiences and Keller's ARCS. ARCS was
designed to understand what motivates learners to learn (Keller, 1987). ARCS is an
acronym refers to Attention, Relevance, Competence and Satisfaction.

Questions that could be posed for future research:

How can other devices be utilised to facilitate TPACK designed STEAM activities in
Grade 27?

How can different Grades use Bee-Bots to facilitate TPACK designed STEAM

activities?
How do learners experience Project-Based learning through Keller's ARCS?

5.7 Researcher’s experiences while conducting the research

It was very rewarding to see the lessons in action and all STEAM subjects being

integrated. The learners really enjoyed the coding aspect as they had not been able
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to do this with Covid-19 protocols at school. As the researcher | really enjoyed working

with the expert reviewer and sharing observations with her.

The reflection journal enabled the researcher to ensure that important observations
were not lost. The journal was used in correlation with the notes made on the

observation sheets.

5.8 Conclusion

The RQ. “How can Bee-Bots be utilised to facilitate TPACK designed STEAM activities
in Grade 2?” has been revisited. The research questions were broken up into the focus
areas of Bee-Bots, TPACK, STEAM and Grade 2. Bee-Bots are designed specifically
for young children and this gave the Grade 2 learners a better ability to grasp the
STEAM subjects effectively as they had a concrete object to manipulate. This study
shows that the conceptual framework enriched learners’ understanding of coding and
robotics as they successfully completed each problem. This study shows that STEAM
subjects could be successfully integrated into a single lesson whether it is well or ill
structured. The study shows that when putting the four elements together, utilising
Bee-Bots helped to integrate all STEAM subjects in a TPACK designed lesson

presented in Grade 2.

This study resulted in the development of six guidelines on how to make a STEAM
integrated lesson using the TPACK design tool. These guidelines include the use of a
story, use of coding and robotics, knowledge of STEAM subjects and their integration,
differentiation between technology as a teaching aid and Technology as a subject,
appropriate problems to solve, and the use of the TPACK design tool itself. This study
has shown that the most important guideline for a teacher to follow to create their own
lesson is to have a knowledge of the TPACK framework as well as how it has been

adapted in this study to be used as a tool to create and observe lessons.

The value and contribution of this study has been shown by comparison of this study
with the DBEs expectation for coding and robotics for Grade 2 learners. This study
had a high overlap in the topic of pattern recognition and problem solving, as well as
physical input using buttons. There was also a good introduction into learners being

able to continue and complete a sequence of code.
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Appendix B

Letters of consent

=51 %

o

(e

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

14 October 2020
REQUEST FOR PARTICIPATION AND INFORMED CONSENT

Dear Sir/Madam

I, Ms. Megan Ranger, am currently completing a MEd (master’s) study in Computer Integrated
Technology at the University of Pretoria on the following topic: “Utilising Bee-Bots to facilitate
TPACK designed STEAM activities in Grade 2”. In my study | will aim to gain insight into how
to integrate Science, Technology, Engineering, Art, and Mathematics (STEAM) in a Grade 2

classroom by using Bee-Bots.

For the purposes of my study, you are requested to give permission for your daughter to
participate in six sessions of 45 minutes each. These sessions will take place during the school
day. Your daughter may need to stay at school until 14:00. These sessions will take place
during lessons not dedicated to any subject and thus your daughter’s compulsory lessons will
not be disturbed by this study. Your daughter will participate in coding and robotics play
activities using Bee-Bots. At the end of the activities there was an interview to find out how
your daughter experienced the activities. The expert reviewer (Mrs Cathy Tansell) and | will
observe your daughter during the activities, focusing on the STEAM integration, and will take
photos to capture participation. Mrs Cathy Tansell is a retired IT teacher from our school with
30 years of teaching experience, she was recruited as an expert reviewer for the purpose of

eliminating any bias introduced to the study by myself.

The safety of your daughter is my top priority. Mrs Tansell and | will be present throughout the
study. Your daughter will not be left alone or unsupervised during the study. Due to Covid-19
the following measures will be adhered to; your daughter will always wear a mask and no
gloves can be worn. All apparatus will be sanitised before and after the lessons. The lessons
will not take place on a carpet but rather on a sanitised desk. Your daughter will not share
apparatus. Your daughter will take part in verbal collaboration with her peers while maintaining

safe social distancing. After your daughter has completed the lesson, she will be taken directly
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to the school’s aftercare by myself and Mrs Tansell until they are signed out and collected by
yourselves from school. The aftercare facility is provided by the school on the school property.
Mrs Tansell and | are not involved in the aftercare run by the aftercare staff of the school.
Your daughter’s participation is voluntary, and you have the right to withdraw her from the
study at any time you wish. If during the study your daughter or yourselves wish to withdraw
from the study during a lesson, your daughter will be taken to the aftercare facility as
mentioned above. All information that she provides will be treated as confidential and her
name will be kept anonymous and will not be made public to anyone. This will be achieved by
replacing her name with a pseudonym. During the study, your daughter will be assigned a
letter or number to identify her. For example, student A or student 1. Furthermore, your
daughter will not be asked to provide any information that could result in her identity being
made public. | will always respect your daughter’s dignity, ensure she is protected from harm
and she will not be placed at risk while participating in the study. The generated data will be
stored securely by the University of Pretoria for 15 years.

We also would like to request your permission to use your data, confidentially and
anonymously, for further research purposes, as the data sets are the intellectual property of
the University of Pretoria. Further research may include secondary data analysis and using
the data for teaching purposes. The confidentiality and privacy applicable to this study is

binding on future research studies.

If you are willing to allow your daughter to participate in the study, kindly sign this letter to
indicate your consent. This will mean that you agree to your daughter participating voluntarily
and that you understand that you may withdraw her from the study at any time. Under no
circumstances will her identity be published. Where photographs of your child are published
for purposes of this study, her face will be blocked out to protect her privacy and safety.

In addition to your consent, your daughter will also need to give her assent to participate in
this study. If you consent to photographs being taken of your daughter, you will be asked to
approve the photograph before it is included in the study.

Kind regards

Ms. Megan Ranger  (Researcher) Prof. Ronel Callaghan (Supervisor)
Email: mranger@stmarys.pta.school.za Email: ronel.callaghan@up.ac.za
Telephone number: 076 120 7442
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UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

REQUEST FOR PARTICIPATION AND INFORMED CONSENT

l, hereby give permission that

my daughter may participate in the

M.Ed. study in Computer Integrated Technology at the University of Pretoria on the following
topic: “Utilising Bee-Bots to facilitate TPACK designed STEAM activities in Grade 2”. The

study will be conducted by Miss Megan Ranger.

Please tick the applicable boxes:

I consent to my daughter participating in six 45-minute sessions and answering

interview questions.

I consent to my daughter having her photo taken and published with her face

blocked out.

| do not consent to any photographs to be taken of my daughter.

Signed on this ......... dayof ...l 2020

Signature of Parent/Guardian
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UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

14 October 2020
REQUEST FOR PARTICIPATION AND INFORMED CONSENT

Dear

I am currently completing a MEd study in Computer Integrated Technology at the University
of Pretoria on the following topic: “Utilising Bee-Bots to facilitate TPACK designed STEAM
activities in Grade 2”. In my study | will aim to gain insight into how integrating Science,
Technology, Engineering, Art, and Mathematics (STEAM) in a Grade 2 classroom can be done

by using Bee-Bots.

Your parents have given permission for you to participate in my research. Please indicate

your consent by colouring in the blocks when answering the questions below.

Kind regards

Ms. Megan Ranger  (Researcher) Prof. Ronel Callaghan (Supervisor)
Email: mranger@stmarys.pta.school.za email: ronel.callaghan@up.ac.za
Cellular number: 0761207442
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UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

REQUEST FOR PARTICIPATION AND INFORMED CONSENT

Reply slip
My name is
| am in Grade 2. Yes | No
| agree to go to six lessons after school with Miss Yes | No
Ranger using Bee-Bots.
| agree that my photograph can be taken. Yes | No
| understand that no photos of my face will be shown. Yes | No
I understand that Miss Ranger is studying at the University of Pretoria. Yes | No
%
)
| understand that if | am unhappy, | can leave. Yes | No

Date:
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UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

14 October 2020

INFORMED CONSENT
Expert reviewer

Dear Sir/Madam

I am currently completing a M.Ed. (Masters) study in Computer Integrated Technology at the
University of Pretoria on the following topic: “Utilising Bee-Bots to facilitate TPACK designed
STEAM activities in Grade 2”. In my study | will aim to gain insight into how to integrate
Science, Technology, Engineering, Art, and Mathematics (STEAM), in a Grade 2 classroom,

by using Bee-Bots.

For the purposes of my study, you are requested to evaluate the activities, observe, and
analyse the activities and be interviewed after the activities have taken place. You are
requested to participate in six sessions of 45 minutes each. These sessions will take place
during the school day. These sessions will take place during lessons not dedicated to any
particular subject. You will be requested to help design, evaluate, observe and analyse the

activities using the TPACK framework as a design tool.

You are requested to give permission to be a part of my study. Your participation is voluntary,
and you have the right to withdraw her from the study at any time if you so wish. All information
which you provide will be treated as confidential and your name will be kept anonymous and
not made public to anyone. This will be achieved by replacing your name with a pseudonym.
For example, Expert Reviewer A. Furthermore, you will not be asked to provide any
information that could result in your identity being made public. You will have full access to the
data generated during your involvement as well as the final results of the project. The

generated data will be stored securely by the University of Pretoria for 15 years.

We also would like to request your permission to use your data, confidentially and
anonymously, for further research purposes, as the data sets are the intellectual property of
the University of Pretoria. Further research may include secondary data analysis and using
the data for teaching purposes. The confidentiality and privacy applicable to this study is

binding on future research studies.
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Due to Covid-19 the following measures will be adhered to. You and all the participants will
always wear a mask and no gloves can be worn. All apparatus will be sanitised before and
after the lessons. The sessions will not take place on a carpet but rather on a sanitised desk.
No apparatus will be shared. Verbal collaboration will take place while maintaining safe social

distancing.
If you are willing to participate in the study, kindly sign this letter to indicate your consent. This

will mean that you agree voluntarily and that you understand that you may withdraw from the

study at any time. Under no circumstances will your identity be made known to others.

Kind regards

Ms. Megan Ranger  (Researcher) Prof. Ronel Callaghan (Supervisor)
Email: mranger@stmarys.pta.school.za email: ronel.callaghan@up.ac.za
Cellular number: 0761207442
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UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

INFORMED CONSENT

Expert reviewer

Title of research project: Integrating STEAM in a Grade 2 classroom using Bee-Bots

I, the undersigned, in my

capacity as expert reviewer hereby agree to participate in the above-mentioned research. |
understand that my contribution will be treated as anonymous and confidential, and that | have

the right to withdraw from the study at any time, if | wish to do so.

Kind regards

Ms. Megan Ranger  (Researcher) Prof. Ronel Callaghan (Supervisor)
Email: mranger@stmarys.pta.school.za email: ronel.callaghan@up.ac.za
Cellular number: 0761207442

Signed at on 2020.

Expert reviewer Researcher

Witness
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| October 2020
Dear Grade 2 Parenis

Miss Ranger has discussed her project with me and | have approved her request to conduct this
research at our school. | thank you in advance for allowing your daughter to participate. | am
confident that she will have a lot of fun and learm so much through these lessons. | wish Miss
Ranger every success in her research project and the completion of her Med.

Kind regards
Beornag

Alison Jennings
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Appendix C

TPACK guidelines sheet

Lessons

1 | Technological Knowledge
(TK)
(Coding and robotics)

The Technological Knowledge that is focused on is Bee-Bots.
These are mechanical robots that move on a grid. The participant
will need to code the Bee-Bots to move from the start card to the
finish card.

2 | Content Knowledge (CK)
(STEAM)

The Content Knowledge is the subjects of STEAM and will need to
be integrated.

Scientific skills are incorporated. The scientific skill of observation
as the participants will observe to see if their code works. They will
communicate with one another to share their ideas and thoughts.
They will predict which way is the quickest and then conduct their
experiment. They use the scientific method as a guide to follow.

Technology: Using the Bee-Bots to create an algorithm, a set of
steps, to get the character Hazel from the start to the finish. This
falls under electronic systems and controls in the subject
Technology.

Engineering: They will create and build suitable structures.

Art: Creating the characters and completing the instruction card.

Mathematics: Position and direction, which way will she need to
travel. The Bee-Bots can move forward, backward, left and right.
Problem solving: what is the quickest route to take?

3 | Pedagogical Knowledge
(PK) (Foundation Phase
teaching, theories and
strategies)

The Pedagogical Knowledge in the Foundation Phase is that
learners learn with concrete objects.

4 | Technological Pedagogical
Knowledge (TPK) 21
century /digital skills

Technological Pedagogical Knowledge focuses on the 215t century
and digital skills and the following skills are observed:

Application of skills

Coding

Innovation

Collaborate with peers

Think creatively

Problem solving

5 | Technological Content
Knowledge (TCK)
Technology in this study

Technological Content Knowledge is technology in STEAM subjects
and Technology as an educational device.

6 | Pedagogical Content
Knowledge (PCK)
(How to teach STEAM)

Pedagogical Content Knowledge is how to teach STEAM using
project-based learning so that the participants will design and
create a final product.

7 | Technological Pedagogical
Content Knowledge
(TPACK)

(Computational thinking)

Technological Pedagogical Content Knowledge is computational
thinking.

8 | Context: Grade 2 class

The participants are all from a Grade 2 classroom.
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Appendix D

Review sheet based on TPACK

Lessons

Notes

Technological Knowledge
(TK)
(Coding and robotics)

The Technological Knowledge focused on is Bee-Bots.
These are mechanical robots that move on a grid. The
participant needs to code the Bee-Bots to move from the
start card to the finish card.

Content Knowledge (CK)
(STEAM)

The Content Knowledge is the subjects of STEAM and need to be

integrated.

Scientific skills are incorporated. The scientific skill of
observation as the participants observe to see if their code
works. They will communicate with one another to share their
ideas and thoughts. They predict which way is the quickest
and then conduct their experiment.

Technology: Using the Bee-Bots to create an algorithm, a set
of steps to get the character Hazel from the start to the finish.
This falls under electronic systems and controls in the
subject Technology.

Engineering: They create and build suitable structures.

Art: Creating the characters.

Mathematics: Position and direction, which way will she need
to travel. The Bee-Bots can move forward, backward, left
and right. Problem solving: what is the quickest route to
take?

Pedagogical Knowledge
(PK) (Foundation Phase
teaching, theories and
strategies)

The Pedagogical Knowledge in the Foundation Phase is that
learners learn with concrete objects.

Technological
Pedagogical Knowledge
(TPK) 215 century /digital
skills

Technological Pedagogical Knowledge focuses on the 215t century

and digital skills and the following skills are observed:

Application of skills

Coding

Innovation

Collaborate with peers

Think creatively

Problem solving

Technological Content
Knowledge (TCK)
Technology in this study

Technological Content Knowledge is technology in STEAM
subjects and Technology as an educational device.

Pedagogical Content
Knowledge (PCK)
(How to teach STEAM)

Pedagogical Content Knowledge is how to teach STEAM
using project-based learning; the participants design and
create a final product.

Technological
Pedagogical Content
Knowledge (TPACK)
(Computational thinking)

Technological Pedagogical Content Knowledge establishes
whether it is possible for learners to use their computational
thinking skills.

Context: Grade 2 class

The participants are all from a Grade 2 classroom.
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Appendix E

Observation sheet based on TPACK

Make columns bigger when printing.

Lessons Tick if Description
presentin or illustration
the lesson

1 | Technological Knowledge (TK) How the participants used the
(Coding and robotics) Bee-Bots
2 | Content Knowledge (CK) How the participants incorporated the Content Knowledge of
(STEAM) integrating all the subjects in STEAM. Give a description of
how the subject was incorporated.
Science
Technology
Engineering
Art

Mathematics

3 | Pedagogical Knowledge (PK) How the participants used
(Foundation Phase teaching, concrete objects.
theories and strategies)
4 | Technological Pedagogical Which 215 century and digital skills did the participants use?
Knowledge (TPK) 215t century How did they use the skill?
[digital skills Application of skills
Coding
Innovation

Collaborate with peers

Think creatively

Problem solving

5 | Technological Content How the participants made use
Knowledge (TCK) Technology in | of technology in STEAM in their
this study lesson.

6 | Pedagogical Content Knowledge | How the participants designed
(PCK) and created the final products
(How to teach STEAM) using project-based learning.

7 | Technological Pedagogical How the participants used their
Content Knowledge (TPACK) computational thinking skills.
(Computational thinking)

8 | Context Grade 2 class The participants are all from a

Grade 2 classroom.
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Appendix F

Reflection journal

Date

Notes

30 October
2020

Ideas from expert reviewer:
Leaners can make a Bee-Bot jacket for the Bee-Bot. You also can include a ruler to

show how far the Bee-Bot will move with each step.

16
November
2020

Lesson 1 Group A

Group started to make the Lego structures on the Lego base and then moved to
placing it on the Bee-Bot grid. Worked well to choose who would write, all wanted to
build with the Lego. All helped with instruction cards to plan the quickest route. Pointed
out the steps of the quickest route. Planned the steps well and did a lot of trial and
error before they could complete a full sequence. Became better at giving one another
turns. Once all had gotten the correct sequence, they made the Bee-Bot follow each
other. Didn’t use the Bee-Bot cover for long. Not as keen to write the reflection and
conclusion as just wanted to code more. No preplanning was more impulsive where
they placed work.

Lesson 1 Group B

Group worked very well as a team overall. They are a very calm group that help each
other. Participant 4 led them well with all having a turn and helping one another. They
used their hands to plan out the steps and see how the Bee-Bot would move.
Participant 7 used the Bee-Bot when making the sequence e.g., move forward and
then turn right. Group needed to make sure used the correct directions as participant

6 was not always sure.

Lesson 2 Group A: This group had a very complicated obstacle course around the
sequenced steps the Bee-Bot needed to retrace to find Grandpa Leo’s glasses.
They didn’t work well together. They commented that the Bee-Bots must be broken

as they believed they had coded correctly.

Interview

Lessons were successful — methodology used to structure the lessons worked well.
Covering everything The TPACK tool helped to make sure you have something to
go back to and refer to that the lesson was a success as had something to go back

and compare it to.

Data
collection

When taking part in the data collection it was wonderful to be able to present the

lesson as well as to observe the lesson.
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Appendix G

Lesson Plans

PACK guidelines sheet

Lesson 1: Can you get Aunty Matilda to work using the fastest route.

Introduction

Read the passage from If | were a wizard by Paul Hamilton. The passage explains how Aunty Matilda
needs to get to work on her bicycle even if a fallen tree is blocking her way.

This will encourage the learners to create an algorithm. It involves creating a step-by-step account of
the instructions she will need to follow to get to work. The most effective algorithm is the one that gets
her to work the fastest.

The group is provided with the following objects that they can use:

e Lego

e Cardboard

e Scissors

e Glue

e Ruler

e Pencil

e Own pencil boxes
e Bee-Bot

e Bee-Bot grid
e Bee-Bot ruler
e Bee-Bot jacket template

Body

Learners are given all the apparatus to conduct their experiment to determine the fastest route to get
Aunty Matilda to work.

Conclusion

Learners pack up and sanitise.

Lessons

1 | Technological The Technological Knowledge focused on Bee-Bots. These are mechanical
Knowledge (TK) robots that move on a grid. The participants need to code the Bee-Bots to

(Coding and move from the start card to the finish card.

robotics)

The learners are provided with a Bee-Bot each and a grid sheet. They use these to code Aunty

Matilda’s route to work.

2 | Content The Content Knowledge is the subjects of STEAM and needs to be integrated.

Knowledge (CK) | Scientific skills are incorporated. The scientific skill of observation as the
(STEAM) participants observe to see if their code works. They communicate with one
another to share their ideas and thoughts. They predict which way is the

quickest and then conduct their experiment.
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Technology: Using the Bee-Bots to create an algorithm, a set of steps, to get
the character Hazel from the start to the finish.

Engineering: They create and build suitable structures.

Art: Creating the characters.

Mathematics: Position and direction, which way she needs to travel. The Bee-
Bots can move forward, backward, left and right. Problem solving: what the

quickest route to take is.

Science: Follow the scientific method.

Question: How will Aunty Matilda get to work?
Hypothesis: Make a clever guess as to the fastest route.
Experiment: Use the Bee-Bots to get her to work.
Observation: Watch the route the Bee-Bot takes.

Conclusion: Was my hypothesis correct.

Technology: Using the Bee-Bots to create an algorithm, a set of steps.

Engineering: Use cardboard and or Lego to create structure that the Bee-Bot must get around,
including the fallen tree.

Art: Create a Bee-Bot jacket for Aunty Matilda.

Mathematics: Position and direction (left, right, forward and backward), problem solving, measurement
15 cm per step the Bee-Bot makes.

3 | Pedagogical The Pedagogical Knowledge in the Foundation Phase is that learners learn
Knowledge (PK) | with concrete objects.
(Foundation

Phase teaching)

Learners learn using the concrete objects of Lego and Bee-Bots.

4 | Technological Technological Pedagogical Knowledge focuses on the 215 century and digital
Pedagogical skills and the following skills are observed:
Knowledge (TPK) | Application of skills
215 century Coding
[digital skills Innovation

Collaboration with peers

Thinking creatively

Problem solving

The teacher and the expert reviewer observe which of the 215t century and digital skills are used.

5 | Technological Technological Content Knowledge is to establish whether Bee-Bots aid in the

Content integration of all the STEAM subjects when using technology.
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Knowledge (TCK)
coding and
robotics in
STEAM

The teacher and the expert reviewer observe how the learners make use of technology.

6

Pedagogical
Content
Knowledge (PCK)
(Project-based

learning)

Pedagogical Content Knowledge is project-based learning; the participants

design and create a final product.

The teacher and the expert reviewer observe how the learners work together to achieve the final

outcomes.

7

Technological
Pedagogical
Content
Knowledge
(TPACK)
(Integrated Bee-
Bots collaborative

activities)

Technological Pedagogical Content Knowledge to establish whether it is

possible to integrate Bee-Bots in collaborative activities.

The teacher and the expert reviewer observe the integration and collaboration of the Bee-Bots within

the activity.

8

Context: Grade 2

class

The participants are all from a Grade 2 classroom.
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Lesson 2: Can you help Grandpa Leo to retrace his steps?

Introduction

Read the passage from If | were a wizard by Paul Hamilton. The passage explains how Grandpa Leo
needs to retrace his steps so that he can find his glasses. The learners need to sequence and order.
They have to help Grandpa Leo to retrace his steps.

The groups are provided with the following objects that they can use.

e Lego

e Cardboard
e Scissors

e Glue

e Ruler

e Pencil

e Own pencil boxes

e Pipe cleaner

e Picture cards of Grandpa’s Leo steps

e Bee-Bot
e Bee-Bot grid
e Bee-Bot ruler

e Bee-Bot jacket template

Body

Learners are given all the apparatus to conduct their experiment to help Grandpa Leo retrace his

steps.

Conclusion

Learners pack up and sanitise.

Lessons

1 | Technological
Knowledge (TK)
(Coding and
robotics)

The Technological Knowledge is focused on Bee-Bots. These are mechanical
robots that move on a grid. The participants need to code the Bee-Bots to
move from the start to the finish card.

to retrace his steps.

The learners are each provided with a Bee-Bot and a grid sheet. They use these to code Grandpa Leo

2 | Content
Knowledge (CK)
(STEAM)

The Content Knowledge is the subjects of STEAM and need to be integrated.

Scientific skills are incorporated. The scientific skill of observation as the
participants observe to see whether their code works. They communicate with
one another to share their ideas and thoughts. They predict which way is the
quickest and then conduct their experiment.

Technology: Using the Bee-Bots to create an algorithm, a set of steps to get
the character Grandpa Leo from the start to the finish.

Engineering: They create and build suitable structures.

Art: Creating the characters.

Mathematics: Position and direction; which way she needs to travel. The Bee-
Bots can move forward, backward, left and right. Problem solving; what is the
quickest route to take?

Science: Follow the scientific method.

Question: How Grandpa Leo retraces his steps.

Hypothesis: Make a clever guess as to what steps to follow.
Experiment: Use the Bee-Bots to follow the steps he has remembered.
Observations: Watch the route the Bee-Bot takes.
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Conclusion: Was my hypothesis correct?

Technology: Using the Bee-Bots to create an algorithm, a set of steps.

Engineering: Use cardboard and/or Lego to create a structure that the Bee-Bot must get around
including the fallen tree. Use pipe cleaners to create his glasses.

Art: Create a Bee-Bot jacket for Grandpa Leo.

Mathematics: Position and direction (left, right, forward and backward), problem solving, measurement
of 15 cm per step the Bee-Bot makes.

3 | Pedagogical The Pedagogical Knowledge in the Foundation Phase is that learners learn
Knowledge (PK) | with concrete objects.
(Foundation

Phase teaching)

Learners learn using the concrete objects of Lego and Bee-Bots.

4 | Technological Technological Pedagogical Knowledge focuses on the 215t century and digital
Pedagogical skills and the following skills are observed:
Knowledge (TPK) | Application of skills
21% century Coding
[digital skills Innovation

Collaboration with peers

Thinking creatively

Problem solving

The teacher and the expert reviewer observe which of the 215t century and digital skills are used.

5 | Technological Technological Content Knowledge is to establish whether Bee-Bots aid in the
Content integration of all the STEAM subjects when using technology.
Knowledge (TCK)
coding and
robotics in
STEAM

The teacher and the expert reviewer observe how the learners make use of technology.

6 | Pedagogical Pedagogical Content Knowledge is project-based learning; the participants
Content design and create a final product.

Knowledge (PCK)
(Project-based
learning)

The teacher and the expert reviewer observe how the learners work together to achieve the final
outcomes.

7 | Technological Technological Pedagogical Content Knowledge is to establish whether it is
Pedagogical possible to integrate Bee-Bots into collaborative activities.
Content
Knowledge
(TPACK)

(Integrated Bee-
Bots collaborative
activities)

The teacher and the expert reviewer observe the integration and collaboration of the Bee-Bots within
the activity.

8 | Context: Grade 2 | The participants are all from a Grade 2 classroom.
class
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Lesson 3: Can you help Dad create a new dish for supper.

Introduction

Read the passage from If | were a wizard by Paul Hamilton. The passage explains how Hazel’s Dad
makes only Bug Bolognese. Learners can choose from the given ingredients to create a new recipe.
They need to think about what a mouse eats. They listen to a fact card about what mice eat.

This encourages the learners to create an algorithm. This is a step-by-step process of the instructions
Dad will need to create a new dish. The Bee-Bot then has to travel in the correct sequence to create

the new meal.

The group is provided with the following objects.

e Lego

e Cardboard
e Scissors

e Glue

e Ruler

e Pencil

e Own pencil boxes
e Fact card on mice
e Ingredients

e Bee-Bot

e Bee-Bot grid

e Bee-Bot ruler

e Bee-Bot jacket

Body

Learner are given all the apparatus to conduct their experiment to create a new meal for Dad.

Conclusion

Learners pack up and sanitise.

Lessons

1 | Technological
Knowledge (TK)
(Coding and robotics)

The Technological Knowledge focused on is Bee-Bots. These are
mechanical robots that move on a grid. The participants need to code the
Bee-Bots to move from the start to the finish card.

The learners are each provided with a Bee-Bot and a grid sheet. They use these to code a new recipe

for Dad.
2 | Content Knowledge The Content Knowledge is the subjects of STEAM and need to be
(CK) integrated.
(STEAM) Scientific skills are incorporated. The scientific skill of observation as the

participants observe to see whether their code works. They communicate
with one another to share their ideas and thoughts. They predict which
way is the quickest and then conduct their experiment.

Technology: Using the Bee-Bots to create an algorithm, a set of steps to
get the character Hazel's dad from the start to the finish.

Engineering: They create and build suitable structures.

Art: Creating the characters.

Mathematics: Position and direction; which way will Dad needs to move to
make a new recipe. The Bee-Bots can move forward, backward, left and
right. Problem solving: what is the quickest route to take?

Science: Follow the scientific method.
Question: How to make a dish for Dad.
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Hypothesis: Make a clever guess.

Experiment: Use the Bee-Bots to create the steps needed for a new recipe.
Observation: Watch the route the Bee-Bot makes.

Conclusion: Was my hypothesis correct?

Technology: Using the Bee-Bots to create an algorithm, a set of steps.

Engineering: Use cardboard and or Lego to create ingredients the Bee-Bots must use to create a new
meal.

Art: Create a Bee-Bot jacket for Dad. Creating a new recipe to follow.

Mathematics: Position and direction (left, right, forward, and backward), problem solving; measurement
of 15 cm per step the Bee-Bot takes.

3 | Pedagogical The Pedagogical Knowledge in the Foundation Phase is that learners
Knowledge (PK) learn with concrete objects.

(Foundation Phase
teaching)

Learners learn using the concrete objects of Lego and Bee-Bots.

4 | Technological Technological Pedagogical Knowledge focuses on the 215t century and
Pedagogical digital skills and the following skills are observed:

Knowledge (TPK) 21%t | Application of skills
century /digital skills Coding
Innovation
Collaboration with peers
Thinking creatively
Problem solving

The teacher and the expert reviewer observe which of the 215 century and digital skills are used.

5 | Technological Technological Content Knowledge is to establish whether Bee-Bots aid in
Content Knowledge the integration of all the STEAM subjects when using technology.
(TCK) coding and
robotics in STEAM

The teacher and the expert reviewer observe how the learners make use of technology.

6 | Pedagogical Content | Pedagogical Content Knowledge Project-based learning; the participants
Knowledge (PCK) design and create a final product.

(Project-based
learning)

The teacher and the expert reviewer observe how the learners work together to create the final

outcome.

7 | Technological Technological Pedagogical Content Knowledge to establish whether it is
Pedagogical Content | possible to integrated Bee-Bots into collaborative activities.

Knowledge (TPACK)
(Integrated Bee-Bots
collaborative
activities)

The teacher and the expert reviewer observe the integration and collaboration of the Bee-Bots within

the activity.

8 | Context: Grade 2 The participants are all from a Grade 2 classroom.
class
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Fruit Salad Recipe for Dad

Step 1: Get a bowl, chopping board and
knife.

Step 2: Cut the strawberries in half and
add them to the bowl.

Step 3: Add the blueberries.

Step 4: Peel and chop the bananas and
add them to the bowl.

Step 5: Chop the apple into quarters and
add them to the bowl.

Step 6: Add the raspberries to the bowl.

Step 7: Dish up and enjoy your fruit salad.

136




Appendix H

Interview questions

Expert reviewer

1. How did you
experience the
learners’ use of

Bee-Bots?

2. Did you see the
integration of all
STEAM subjects?
Explain how you
observed the

objects being used.

3. How did the
learners work with
concrete objects
and what objects
did they use?

4. Which 21%

century skills did

Application of skills
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you see the
learners using?
Explain how they
used or did not use

each skill.

Coding

Innovation

Collaboration with peers

Thinking creatively

Problem solving

5. Did Bee-Bot’s
aid in the
integration of all
the STEAM
subjects? Justify

your answer.

6. Did the learners
design and create
the final product?
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7. Do you think it is

possible to

integrate Bee-Bots

into collaborative
activities? Justify

your answer.

8. How can Bee-
Bot activities be
designed for
STEAM

integration?

9. How can
collaborative skills
be facilitated in
Bee-Bot group

activities?

10. How can Bee-
Bots be utilised to
facilitate TPACK
designed STEAM
activities in Grade
2?
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Learners

Questions Answers. Circle the pictures to answer the questions.
Are you in Grade Yes

2?

Are you a girl? Yes

Did you use a
Bee-bot?

T

| have used Bee-Bots

| have used Bee-
Bots a little bit

| have not used Bee-Bots

,l

Did you predict
what was going to

happen?

Yes

A little bit

No

,l

Did you program
the Bee-Bot to

move?

Yes

A little bit

No

,l

Did you build a

structure?

Yes

A little bit

No

,l
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Did you create a

character?

Yes

A little bit

Draw an arrow to
show the
directions

indicated.

Left up

Right down

Did you enjoy
playing with the
Bee-Bots?

Yes

A little bit

Did you enjoy
making

structures?

Yes

A little bit

Did you enjoy
making the

characters?

Yes

A little bit
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Do you like to
work with your

friends?

Yes

A little bit

Did you solve any

problems?

Yes

A little bit

Did you enjoy
learning to code?

Yes

A little bit

Would you tell a
friend about what

you created?

Yes

-~

A little bit

What problem did

you solve?

What new skills

did you learn?
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What did you find

interesting?

What would you

like to do again?

What did you

enjoy the most?

What would you

change next time?
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Appendix |

Observation notes

Table summary of all observation notes

STEAM subjects.
S: Scientific method
and documented

subjects.
S: Scientific method.
T: Programmed Bee-

Lesson Expert reviewer Researcher Similarities
Lesson Group | TK Quite proficient with Learners coded Bee- Used Bee-Bots
1 A coding and | Bee-Bots Bots one step at a
robotics time.
CK Integrated all STEAM | Integrated all STEAM Integrated all

steam subjects.
Used the scientific
method.

step at a time.
Innovation: Using
concrete objects to
build obstacles on
mat.

Collaboration: Not
too good. Participant
2 keen to code only.
Participant 1 did
most of written parts.
Participant 3 added
good ideas verbally.
Think creatively
using concrete
objects to build
obstacles on mat.

Innovation: Designed
an interesting layout
for Aunty Matilda to
get around.
Collaboration: Could
work more on this skKill.
Two worked well
together.

Thinking creatively:
How to debug and to
find the quickest route.
Problem solving: Lots
of this was seen.
Started by doing one
step at a time and had
to remember they
needed to clear and

findings. Bots. Programmed the
T: Programmed Bee- | E: Lego to build Bee-Bots. Built
Bots. structures. and created
E: Built and placed A: Made Bee-Bot. obstacles. Made a
obstacles. jacket and drew a map | Bee-Bot jacket.
A: Made Bee-Bot on instruction card. Used good
jacket. M: Direction and mathematical
M: Good problem solving. vocabulary.
mathematical Observed
vocabulary. different skills
being used for Art
and Mathematics.
PK Built obstacle using Used Lego to build Bee-Bots and
Foundation | concrete objects. obstacles as well as concrete objects
Phase The Bee-Bots are the Bee-Bots. to make
concrete objects. obstacles.
TPK Application of skills: Application of skills: They used digital
215t skills applied: Used digital skills and 21°t skills
century Coding: Programmed | Coding: Coded steps effectively.
[digital and debugged the and recoded until they
skills Bee-Bot. Coded one | got it right.
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Problem solving:

finally move to one full

Debugging sequence.
programme.
TCK The Bee-Bots were They made use of Bee-Bots to
coding and | at the centre of the Bee-Bots to incorporate all
robotics in | lesson. incorporate all STEAM | STEAM subjects.
STEAM Their coding skills subjects.
were good. Didn’t put
together a string of
code — moved Bee-
Bots and coded step-
by-step.
PCK The learners used They designed the Created own
Project- the concrete objects | problem and created layout and
based available. The the layout for the obstacles.
learning obstacles were obstacle course.
randomly placed on
the mat.
TPACK There was some They had to work The group worked
Integrated | collaboration together to make the on their
Bee-Bots between Participant | obstacle course and collaboration
collaborati | 1 and Participant 3 to | find the quickest route. | skills.
ve create paper coding
activities sheet.
Context: Same for expert reviewer and researcher.
Grade 2
class
Group | TK The children were They were confident to | Confident to use
B coding and | very comfortable and | use the Bee-Bots. the Bee-Bots.
robotics proficient using the
Bee-Bots.
CK S: Were introduced S: Used the scientific Used the scientific
STEAM to the scientific method. method
method. T: Used the Bee-Bots. | effectively.
Documented their E: Built structures of Programmed the
finding on the given the coding mat. Bee-Bots
sheet: A: Drew the directions | confidently.
T: Programmed Bee- | and obstacles present | Created Bee-Bot
Bots confidently. on the instruction card. | jacket and drew
E: Built obstacles for | M: Mathematical directions on
the mat using Lego language and instruction card.
blocks and other directionality. From the | Used
concrete objects. paper plan to the map, | mathematical
A: Created jackets it was a huge amount language.
for the Bee-Bots. of special awareness
M: Used to get right.
mathematical
language throughout
the lesson
PK To build and create Bee-Bots and Lego Used concrete
Foundation | obstacles for the using concrete objects. | objects to build
Phase and create.
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Bee-Bots to

navigate.
TPK Application of skills. Application of skills. They used digital
21t All skills applied. Used own knowledge | and 215t skills
century Coding: The Bee- of digital skills and effectively.
/digital Bots were prior knowledge and
skills programmed shared this with the

efficiently. group.

Innovation: Made Coding: Used Bee-

hands into a Bee Bot | Bots to create code.

to calculate the Innovation: Very

amount of steps creative with what they

/direction before made the Bee-Bots go

coding Bee Bot. around.

Collaboration: Collaboration:

Mostly; Participant 5 | Excellent group work

was a definite leader | and all had a role to

initially. Allocated play. Worked well

tasks to everyone. together and helped

She was allowed to one another.

take charge. Thinking creatively:

Thinking creatively: Used hands to plan

There was chatter out the Bee-Bots’

most of the time as movements.

the learners worked Problem solving:

through the activity. Excellent collaboration

Different ideas /ways | to solve problems and

to perform the task. go back and debug the

Problem solving: code. Found the

Lots of problem quickest route and the

solving evident. longest route to make

Debugging code sure they had chosen

[/step-by-step coding | the correct route.

that eventually led to

the group creating a

string of code using

the coding sheet.
TCK The fact that a story | The students coded The story helped
coding and | was used about the Bee-Bot to get to make the
robotics in | coding made it Aunty Mathilda to coding meaningful
STEAM meaningful for the work, using the to the

learners and the quickest route. participants.

coding became the

centre of the lesson

while incorporating

all of the STEAM

elements.
PCK Used available The students created Participants
Project- materials to create the obstacles. created the final
based final product. product.
learning
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a string of code.
Participant 2 insisted

Coding: Did not
complete whole

TPACK There was a certain Excellent collaboration | Collaborated well
Integrated | amount of as a group.
Bee-Bots collaboration
collaborati | although Participant
ve 5 was the real leader
activities of the group.
Context: Same for expert reviewer and researcher.
Grade 2
class
Lesson Group | TK Children displaying Coding the Bee-Bots. Both coded Bee-
2 A coding and | great confidence Bots.
robotics when manipulating
the Bee-Bots.
CK S: Documented S: Scientific method. Integrated all
STEAM findings on sheet — T: Sequencing the steam subjects.
scientific method Bee-Bot. Used scientific
used. E: Created obstacles method.
T: Programmed the for the Bee-Bot. Sequenced the
Bee-Bots with great A: Made glasses for Bee-Bots. Drew
confidence. Grandpa Leo and drew | on instruction
Participant 3 often on the instruction card. | card. Used good
stood back and M: Direction and mathematical
observed. problem solving. vocabulary.
E: Had built and
placed obstacles on
mat. Made glasses
using pipe cleaners.
A: Completed the
paper coding sheet.
M: Mathematical
vocabulary
/directionality evident
throughout lesson.
Good spatial
awareness as the
obstacles /direction
arrows are
transposed onto the
paper plan.
PK Built obstacles to Used Lego to make Made glasses
Foundation | place on mat using towers and used pipe using pipe
Phase concrete objects. cleaner to make cleaners.
Made Grandpa’s glasses.
glasses.
TPK Application of skills: Application of skills: They used digital
21 All skills applied. Used the skills they and 21% skills
century Coding: Participant 1 | knew about coding effectively.
/digital didn’t want to follow | and expanded on
skills paper plan to create | these skills.
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but it didn’t work.
Participant 1 insisted
on her way and
coded step-by-step.
Innovation: This
group wanted to use
as many of concrete
objects as they
could. They were
quite innovative in
what the structures
became.
Collaboration:
Participant 3
observed closely and
added ideas as
problems arise.
Becoming more
assertive.

Thinking creatively:
The question was
where do the glasses
need to go?
Afterthought: On the
end card.

Problem solving:
Participant 1 and 3
showed good
problem solving
skills.

sequence of code but
they tried a lot to
debug but not all
successful.

Innovation: Had a very
busy obstacle course.
Collaboration: Did not
collaborate well as all
very competitive and
wanted to finish first.
Thinking creatively:
Though creatively to
make obstacles for the
Bee-Bot to go around.
Problem solving:
Problem solved
individually to solve of
problems with
debugging.

TCK The Bee-Bots were Used the Bee-Bot to Coding skills are
coding and | at the centre of the retrace Grandpa Leo’s | developing.
robotics in | lesson. steps to find his
STEAM Their coding skills glasses.

developing. Still

preferred to code

step-by-step.
PCK The children used They created the Used Lego to
Project- the concrete objects | glasses and the layout | create obstacles.
based available. The on the Bee-Bot grid.
learning obstacles placed

randomly on the mat.
TPACK Participant 3 insisted | They tried to debug Participant 1 and
Integrated | that her obstacle was | their Bee-Bots to 3 collaborated
Bee-Bots left on the mat — complete the well together.
collaborati | became more sequence.
ve assertive.
activities Participant 1 and 3

collaborated mostly
to complete the task.
Participant 2 keen to
code only.
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Participant 2’s ideas
not always accepted

by group.

Context: Same for expert reviewer and researcher.
Grade 2
class
Group | TK The learners were Coding the Bee-Bots. Used Bee-Bots
B coding and | very proficient coding effectively.

robotics the Bee-Bots.
CK S: Documented their | S: Scientific method Integrated all
STEAM finding on the given T: Sequencing the STEAM subjects.

sheet using the Bee-Bot.

scientific method E: Created obstacles

headings. for the Bee-Bot.

T: Programmed Bee- | A: Made glasses for

Bots confidently. Grandpa Leo and drew

Participant 5 coded on the instruction card.

step-by-step. M: Direction and

Participant 6 coded a | problem solving.

complete string of

code correctly to get

Bee Bot from start to

finish.

E: Created obstacles

using concrete

objects. Made

Grandpa’s glasses.

A: The paper coding

plan was completed.

The obstacles were

drawn.

M: Transposing

drawings of

obstacles from mat

onto paper plan;

illustrating spatial

awareness.
PK To build and create Used Lego to make Built and created
Foundation | obstacles for the towers and used pipe obstacles course
Phase Bee-Bots to cleaner to make using different

navigate. glasses. concrete objects.
TPK Application of skKills: Application of skills: They used digital
21t All skills applied. Used the skills they and 21°t skills
century Coding: The first time | knew about coding effectively.
[digital a complete string of and expanded on
skills code completed these skills.

correctly without
moving the Bee Bot.
Innovation: The
group placed a gate
as an obstacle. This

Coding: Completed a
sequence of code that
correctly retraced
Grandpa Leo’s steps.
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was opened for the
Bee Bot to go
through and closed
once it had moved
through.
Collaboration:
Participant 5
allocated jobs as in
lesson 1. Participant
7 objected, and they
discussed their
issues. The two
compromised and
were both happy to
continue with the
activity.

Thinking creatively:
Decided to put
glasses on the Bee
Bot.

Devising code on
paper plan.

Problem solving:
Constantly
throughout the
lesson. Discussions
were constant.
Participant 7’s
problem solving skills
coming to the fore.

Without using the Bee-
Bot to guide them.
Innovation: Create an
innovative grid in order
for Grandpa Leo to
retrace his steps.
Collaboration:

Worked well together
and did not let anyone
in the group tell them
what to do.

All got a turn to code,
and they helped each
other.

Thinking creatively:
Created glasses that
could fit the Bee-Bots.
Problem solving:
Problem solved the
correct way to
sequence the Bee-Bot.

TCK Coding and robotics | Use the Bee-Bot to Used Bee-Bot to
coding and | became the centre of | retrace Grandpa Leo’s | code while
robotics in | the lesson while steps to find his incorporating all
STEAM incorporating all of glasses. STEAM subjects.
the STEAM elements
as documented
previously.
PCK Used available They created the Created all the
Project- materials to create glasses and the layout | obstacles and
based final product. on the Bee-Bot grid. code.
learning
TPACK The resources were | They tried to debug Worked well as a
Integrated | shared quite happily | their Bee-Bots to group and all
Bee-Bots as were the ideas complete the ideas were heard
collaborati | that came up. No sequence. and discussed.
ve one dominated the
activities activity.
Context: Same for expert reviewer and researcher.
Grade 2
class
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Lesson

Group

TK
coding and
robotics

Again, the group was
confident about using
the Bee-Bots.
Participant 2 liked to
be in charge.

Coded but not in one
sequence but rather
individual steps.

Coding more in
sequences.

CK
STEAM

S: Documented
findings on sheet;
scientific method
used.

T: Programmed the
Bee-Bots with great
confidence although
it became apparent
that this activity was
more of a challenge.
Participant 3 an
observer.

E: Decided to add
obstacles even
though it wasn’t
altogether
necessary. Had lost
the blueberry card so
they made
blueberries using
pipe cleaners.

A: The paper
planning sheet was
completed.

M: This challenge
included a specific
sequence.
Mathematical
language evident as
coding progressed.

S: Scientific method
that they are becoming
more familiar with.
T: Bee-Bots

E: Built a bridge and
used Lego to make
obstacles.

A: Drawing on the
instruction card.

M: Direction and
problem solving.

Integrated all
STEAM subjects.

PK
Foundation
Phase

Although obstacles
weren’t necessary
this group
automatically added
using the concrete
objects.

Also made the lost
blueberries.

Lego and Bee-Bots

Group planned
good obstacles.

TPK
let
century
[digital
skills

Application of skills:
All applied.

Coding: Coding was
done step-by-step as
there was a specific
pathway that needed
to be followed; the
order of fruits needed
to be correct.

Application of skills:
Used digital skills they
had learnt from
previous two lessons
to help them code
more effectively.
Coding: Coded the
Bee-Bot effectively.
Started to use the

They used digital
and 21% skills
effectively.
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The group members
coded separately.
Participant 1
discovered the
backward button and
used it to good
effect.

Innovation: Creating
the lost blueberries.
The group didn’t
hesitate to replace
the lost card.
Collaboration: This
group found
collaboration a
challenge. The
teacher had to
mediate and initiate a
conversation about
including all group
members.

The activity
proceeded well.
Thinking creatively:
Answers to questions
during introduction to
lesson were well
thought out. Much
conversation when
trying to draw the
paper plan.
Participant 3 wanted
to know what the
problem was. She
had an immediate
solution.

Problem solving:
This activity was
more of a challenge
but once the group
worked as a team
the challenges were
solved. Participant 1
and 3 problem
solving skills good.
Logical thinking.

backward button to
code.

Innovation: Created an
innovate route that the
Bee-Bot had to follow.
Collaboration: Worked
better as a group after
| had to intervene as
they were not kind to
one member of the
group. They then all
agreed that they
needed to give each
other a turn and help
one another.

Thinking creatively:
Helped one another to
make a raspberry
when they could not
find the Raspberry
card.

Problem solving: Did
not make as many
obstacles as they said
they had learnt from
the day before that this
makes it harder to
code the Bee-Bot.

TCK
coding and
robotics in
STEAM

The Bee-Bots were
at the centre of the
lesson.

Their coding skills
developing. The
backward button was

Coded the Bee-Bot to
follow a new recipe for
Dad to make.

Discovered the
backward button.
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discovered. Resorted
to coding step-by-
step as the given
sequence had to be
followed.

PCK The groups were Designed the obstacle | Created and
Project- given cards to course and the designed own
based represent the fruits — | sequence the Bee-Bot | mat.
learning these were placed needed to follow.
randomly under the
mat. This group
added obstacles too.
TPACK The group showed Participated much Best group had
Integrated | that they could work | better as a team today. | collaborated so
Bee-Bots together but needed | Group was very far.
collaborati | a conversation with competitive and
ve the teacher to remind | wanted to get it right
activities them of the skills on their own rather
needed. than helping a friend.
It was good to see
the whole group
adding to the
success of this
activity.
Context: Same for expert reviewer and researcher.
Grade 2
class
Group | TK This group had Coding in one Both groups had
B coding and | become extremely sequence. gained
robotics confident about using confidence.
the Bee-Bots.
Enjoyment combined
with developing new
skills.
CK S: Documented S: Scientific method Integrated all
STEAM findings on sheet; that they were STEAM subjects.

scientific method
used.

T: Programmed the
Bee-Bots with great
confidence. This
activity was more of
a challenge as there
was a specific
sequence involved.
E: This group built
and added obstacles
towards the latter
part of the activity.
A: Planning sheet
completed.

becoming more
familiar with.

T: Bee-Bots

E: Did not build
anything at the
beginning and then
they added obstacles
that the Bee-Bot had
to go around.

A: Drawing on the
instruction card.

M: Direction and very
good problem solving.
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M: This challenge
included a specific
sequence that
needed to be
followed according to
the recipe.
Mathematical
language evident as
the paper plan was
drawn and as coding
progressed.

PK Built obstacles for Lego and Bee-Bots. Both used Bee-
Foundation | the Bee Bot to Bots and made
Phase navigate. obstacle courses.
TPK Application of skills: Application of skills: They used digital
21 All applied. Used digital skills they | and 21t skills
century Coding: More care had learnt from effectively.
/digital was taken when previous two lesson to

skills coding as now a help them code more

specific pathway had
to be followed; the
order of fruits needed
to be correct. The
group members
supported one
another to get Bee
Bot on the correct
path.

Innovation: Appeared
to place fruit cards in
a pattern under the
mat.

Collaboration: The
group were happy to
listen to and discuss
everyone’s ideas,
whether it was part of
writing/planning or a
practical part of the
activity.

Thinking creatively:
Thinking skills good
as questions were
asked during the
introduction to the
activity. Paper plan
appeared more of a
challenge, but team
worked together to
complete.

Problem solving:
This activity was

effectively.

Coding: Coded really
well using their visual
skills to code a
complete sequence of
code.

Innovation: Sequenced

a recipe in an

innovative order on the

grid. Looked as if they

had planned the layout

of the fruit.
Collaboration: Very

good collaboration and

always helped one
another.

Think creatively:
Creative in drawing
instruction card.
Problem solving:
Helped one another
and shared ideas.
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more of a challenge
but as problems
were encountered
solutions were
discussed and found.

TCK The Bee-Bots were Coded the Bee-Botto | Using a string of
coding and | at the centre of the follow a new recipe for | code effectively.
robotics in | lesson. Dad to make.
STEAM Learners’ coding
skills developed so
well, from step-by-
step, moving the
Bee-Bot as each
step was coded to
coding a string of
code from a paper
plan.
PCK This group initially Created an obstacle Made own
Project- decided to use the course that the Bee- obstacle course.
based fruit cards and code Bot had to avoid to get
learning the Bee Bot to get to the correct recipe
from start to finish. cards.
They made obstacles
and added them
once they had
mastered the activity.
TPACK The group dynamics | Very good Both groups had
Integrated | were amazing. All collaboration. They good
Bee-Bots members were were calm and work collaboration.
collaborati | listened to and together.
ve offered something to
activities the activity.
They all showed
leadership qualities
at different times
without being forceful
or overbearing.
Context: Same for expert reviewer and researcher.
Grade 2
class
Lesson Group | TK The group was Made the Bee-Bot help | Both coded
4 A coding and | confident about using | Cousin Milo surf 10 confidently.
robotics the Bee-Bots. It was | perfect waves.
decided before the
activity was started
that all group
members would have
a fair chance to
code.
CK S: Documented S: Scientific method. Integrated all
STEAM findings on sheet; T: Bee-Bots STEAM subjects.
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scientific method
used.

T: Technology is at
the centre of the
lesson.

E: Made the waves
and obstacles which
were eels.

A: Patterns were
drawn on the waves.
Planning sheet
completed.

M: Numerical order
was discussed as the
Bee Bot visited each
wave.

The waves had to be
measured so that
they could fit under
the mat.

E: Created eels that
the Bee-Bot had to get
around.

A: Drew the 10 waves
and filled in the
instruction card.
Patterned waves.

M: Direction and
problem solving.
Numerical order.

Mathematical

vocabulary evident

throughout the

activity.
PK To create the waves | They used Bee-Bots Used concrete
Foundation | and the eels. and wooden sticks. objects.
Phase
TPK Application of skills: Application of skills: They used digital
215t All skills applied. Used all the skills they | and 215t skills
century Coding: They had a had learnt to create effectively.
[digital set pathway to follow | their own lesson.
skills as they had Coding: When coding

numbered the waves
so that they knew
that each had been
visited.

As it was a long
string of code, they
discovered the
limitations of the Bee
Bot — it could retain
only 40 steps of
code. The code had
to be adjusted as a
shorter route had to
be found.

Innovation: The
learners decided to
number the waves to
track the Bee-Bots’
progress.

realised that they had
used all the Bee-Bot’s
memory and hadn’t
reached the end card.
They then needed to
redesign the course to
make the waves closer
together so the Bee-
Bot could complete the
sequence and reach
all 10 waves. They
labelled the waves to
make sure the Bee-Bot
went to them all.
Retained only 40 steps
of code.

Innovation: Creating
their own waves out of
paper and creating
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Collaboration: The
learners decided to
number the waves to
track the Bee-Bots’
progress.

Thinking creatively:
Had to adjust the
number of steps the
Bee Bot used, i.e.,
find a shorter route.
Obstacles became
eels — appropriate for
underwater activity.
Problem solving:
Numbered the
waves.

Adjusted the route.
Waves were too long
and needed to be
measured and
adjusted to fit the
mat.

eels that the Bee-Bot
couldn’t surf over.
Collaboration: They
worked really well as a
group and helped one
another.

Thinking creatively:
Created a new layout
when the sequenced
code need to be made
closer together.
Number of steps.
Problem solving:
Solved the problem
when the Bee-Bot
didn’t have enough
steps to make it to the
end.

TCK They used the Bee- They coded the Bee- The used the
coding and | Bots to tell their Bot to surf 10 waves in | story to help them
robotics in | story. a numerical ordered code.
STEAM sequence.
PCK They used the They created the Used concrete
Project- concrete objects to waves and eels. objects.
based create and complete
learning the activity.
TPACK More collaboration They worked really Collaborated well.
Integrated | was evident as the well together, even
Bee-Bots learners discussed when they needed to
collaborati | what was needed to | make changes so that
ve complete the activity. | the Bee-Bot didn’t run
activities out of steps.
Context: Same for expert reviewer and researcher.
Grade 2
class
Group | TK The learners coded They used the Bee-Bot | Both coded
B coding and | the Bee-Bots to tell to teach Fred the confidently.
robotics their story of how the | caterpillar to sing,
caterpillar could sing | dance and sitin a
/dance/sit with one sequence.
command.
CK S: Documented S: Scientific method Integrated all
STEAM findings on sheet; T: Bee-Bots STEAM subjects.

scientific method
used.

T: Technology is at
the centre of the
lesson.

E: Created Lego Hazel
characters to teach
Fred the Caterpillar.
A: Turned the Bee-Bot
into a caterpillar. Drew
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E: They created
Hazel characters
using Lego blocks.
A: Participant 7
decided that the Bee
Bot needed to look
like a caterpillar —
used green paper to
create caterpillar Bee
Bot.

M: Mathematical
language evident
during the group
discussions.

Spatial awareness as
the paper plan and
the mat plan were
compared.

on the instruction card
to show the sequence.
M: Direction and
problem solving.

PK Hazel characters They used Lego and Used concrete
Foundation | were created using Bee-Bots. objects.
Phase Lego blocks. Straws

were used as

obstacles.
TPK Application of skills: Application of skills: They used digital
21 All skills applied Used all the skills they | and 215t skills
century Coding: Coded the had learnt to create effectively.
[digital caterpillar Bee Bot to | their own lesson.
skills visit the squares on Coding: Coded the

the mat that had
been labelled
sing/dance/sit.
Participant 6
discovered that
instead of the Bee
Bot turning around to
proceed, it could go
backward.
Innovation: The
green strips of paper
for the caterpillar
needed to be thinner
so that they didn’t
stop the Bee Bot’s
wheels from turning.
Collaboration: The
learners worked well
together — respecting
one another’s ideas.
At different times
during the activity,
they all showed

Bee-Bot to take Fred
the caterpillar in the
correct sequence.
Innovation: Tried to
use paper to make the
Bee-Bot into a
caterpillar. At first the
paper covered the
wheels so they needed
to see how they could
still have use of the
wheels and turn the
Bee-Bot into a
caterpillar. This took a
lot of trial and error
and in the end they
succeeded.
Collaboration: They all
did their jobs and then
came together at the
end. They helped one
another to all get the
correct sequence.
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leadership qualities
that were developing.
Think creatively:
Creating a caterpillar
Bee Bot.

Creating cards for
sing /dance/sit.
Problem solving:
How to determine
which square on the
mat was sing
/dance/sit.

Think creatively: They
made cards to show
the caterpillar singing,
dancing and sitting
and drew pictures to
describe the word.
Problem solving:
Problem solved how to
turn the Bee-Bot into a
caterpillar and how to
get it to complete the
correct sequence.

TCK They used the Bee- They used the Bee-Bot | The used the
coding and | Bots to tell their to help Hazel teach story to help them
robotics in | story. her caterpillar to sing, | code.
STEAM dance and sit.
PCK After a discussion of | They created the card | Used concrete
Project- how they were going | for the grid and turned | objects.
based to know which the Bee-Bot into a
learning square on the mat caterpillar.
was sing /dance/sit, it
was decided that
they needed to make
cards to go
underneath the mat.
TPACK The learners They worked well as a | Collaborated well.
Integrated | discussed each step, | team to make sure
Bee-Bots and they were all they all completed the
collaborati | allowed to offer an correct code and
ve idea of how to sequence.
activities complete the activity
effectively.
Context: Same for expert reviewer and researcher.
Grade 2
class
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Appendix J

Interview question answers

Expert reviewer

1. How did you
experience the
learners’ use of

The learners listened well to the introduction of each lesson and used this
information well.

Their coding skills and use of the Bee-Bots became progressively better as

observed the
subjects being
used.

Bee-Bots? the activities were completed. This was pleasing to see as they had not had
the usual exposure to technology due to online schooling.

2. Did you see Science, technology, engineering and maths were the main components. The

the integration of | art component was evident but to a much lesser degree. The time available

all STEAM for each lesson could have been a contributing factor.

subjects? Explain

how you

3. How did the
learners work
with concrete
objects and what
objects did they
use?

The Bee-Bots were concrete — very easy to handle and manipulate; the
buttons made coding manageable.

There were several concrete objects for the learners to use to create the
obstacle course — Lego blocks /pipe cleaners/straws/wooden sticks/paper
strips and more.

4. Which 218
century skills did
you see the
learners use?
Explain how they
used or did not
use each skill.

Application of skills
The application of all previous knowledge and skills and the knowledge and
skills acquired during the activities made the exercise a success.

Coding
This was at the heart of each lesson.

Innovation

As the activities progressed the learners were more comfortable about
exploring how they could use the objects given to them to be innovative and
create.

Collaborate with peers
This was a challenge, but some collaborative skills were learnt as time went
on.

Think creatively
There was creative thinking throughout the activities on many different levels.

Problem solving
Problems occurred constantly. The learners didn’t hesitate to look for a
suitable solution.

5. Did Bee-Bots
aid in the
integration of all
the STEAM
subjects? Explain
your answetr.

Yes. The Bee-Bots were the main component of the lesson. The other STEAM
subjects were necessary to add depth and enrich the lessons and make them
more meaningful for the learners.
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6. Did the
learners design
and create the
final product?

Yes. They were given certain concrete objects but the design and creating of
the product was totally theirs.

7. Do you think it
is possible to
integrate Bee-
Bots into
collaborative
activities? Explain
your answer.

Most definitely. The lessons that | saw were just one example of this.

8. How can Bee-
Bot activities be
designed towards
STEAM

In exactly the way that these lessons were designed. They were very
successful.

integration?

9. How can By requiring the learners to share all of the resources and encouraging
collaborative collaboration and sharing.

skills be For the educator to be there as a facilitator and observe the groups closely.
facilitated in Bee- | To allow the learners the space and time to work collaboratively intervening
Bot group only if vital.

activities?

10. How can Using TPACK guidelines gives a clear indication of whether the activities were

utilising Bee-Bots
facilitate TPACK
designed STEAM
activities in Grade
2?

well planned and thought out. It also shows whether the learners achieved
specific outcomes and acquired new skills and knowledge.
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Learners

Question Participant
1 2 3 4 5 6 7
Are you in Grade 2? Yes Yes Yes Yes Yes Yes Yes
Are you a girl? Yes Yes Yes Yes Yes Yes Yes
Did you use a Bee-bot? | lused | | used | used | used | used | used | used
Bee- Bee- Bee- Bee- Bee- Bee- Bee-
Bots Bots Bots Bots Bots Bots Bots
Did you predict what Yes Yes Yes Yes Yes Yes Yes
was going to happen?
Did you program the Yes Yes Yes Yes Yes Yes Yes
Bee-Bot to move?
Did you build a Yes Yes Yes Yes Yes Yes Yes
structure?
Did you create a Yes Yes Yes Yes Yes Yes Yes
character?
Draw an arrow to show | Correct | Correct | Correct | Correct | Correct | Correct | Correct
the following directions.
Did you enjoy playing Yes Yes Yes Yes Yes Yes Yes
with the Bee-Bots?
Did you enjoy making Yes Yes Yes Yes Yes Yes Yes
structures?
Did you enjoy making Yes Yes Yes Yes Yes Yes Yes
the characters?
Do you like to work with Yes Yes Yes Yes Yes Yes Yes
your friends?
Did you solve any Yes Yes Yes Yes Yes Yes Yes
problems?
Did you enjoy learning Yes Yes Yes Yes Yes Yes Yes
to code?
Would you tell a friend Yes Yes Yes Yes Yes Yes Yes
about what you
created?
Participant | Question

What problem did you solve?

| solved that when we were doing waves, | did too many steps.

The giraffe - we had to move it because it was in the wrong place.

When | changed the instruction card so | could get to the end.

| remembered to make a course.

Retracing steps. Coding the right things.

| solved Hazel helping Dad.

N0 W|INF

To code. To make Dad do the recipe.

What new skills did you learn?

Play with the Bee-Bots

Coding in a year.

| learnt to code, and | learnt to work more as a team.

| learnt to fix problems.

| code well.

| learnt not all the time you can turn with the Bee-Bot.

N[OOI W|INF

| learnt to code the correct button.
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What did you find interesting?

| found interesting that you have to press Clear before you do more steps.

The Bee-Bots are cute.

That the Bee-Bots listened to instructions.

| found coding interesting.

Solving problems.

| found the story interesting.

N[ojo|h~lw N[

That | had to think more than usually.

What would you like to do again?

More lesson with Bee-Bots and Miss Ranger.

Playing with Miss Ranger and the Bee-Bots.

| would like to code more.

| would like to do nothing again.

Coding.

| would love to play with the Bee-Bots next year.

N0 IWINPF

To set the places and code.

What did you enjoy the most?

Building Lego and playing with Bee-Bots.

Playing with the Bee-Bots.

| enjoyed doing the Bee-Bot dance.

| enjoyed coding the Bee-Bots.

Coding with my friends.

Playing with friends.

N[OOI WINF

| enjoyed coding.

What would you change next time?

If we can colour more.

Own coding not in the book.

I would not fight with others.

Nothing.

Nothing.

| would like to change the Bee-Bot so it can go diagonal.

N WINPF

To do it faster.
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Appendix K

Scientific method sheets and Bee-Bot instruction card

Question

Create your hypothesis (Clever guessing)

Experiment

Analysis

Conclusion

The Scientific Method

Question

Hypothesis (Clever guessing)
Experiment

Analysis

Conclusion

arMwDdE

164




II" j Instruction card 1" :}

CLEAR |
iy 11 Porward —|
Right— l Backwards 'xE’ﬂ y

.-"'-.-
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Appendix L

Practical guidelines

Suggested guideline to use for creating your own STEAM integrated lesson.

Make sure you have the apparatus needed. You will need the following:

Knowledge of TPACK conceptual framework found in Figure 2.5

~ 8 - Contexts -
— =
o -— s W p—

Figure 2.5 TPACK framework and its knowledge components

Adapted from Koehler, Mishra and Cain (2013)

Bee-Bots and chargers.

Bee-Bot mat or a flat surface to work on.
Story book If | were a wizard by Paul Hamilton or you can use a story
below. Or the stories as templates in point 5.
Box with concrete objects for the learners to use; these can include:
o HB and coloured pencils
o Blue, white board markers
o Glue
o Cardboard
o Straws
o Pipe cleaners

o lce cream sticks
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o Elastic bands

o Lego blocks

e Instruction card and scientific method.

e Any printed resource cards the learners will need.

1. Use the TPACK guideline sheet to assist you in creating your lessons. This

sheet explains what you can include in your lesson for each TPACK step. The

lesson plans were created based on including 1 to 8 from the guideline sheet.

Lessons

Technological Knowledge
(TK)
(Coding and robotics)

The Technological Knowledge focused on Bee-Bots. These were
mechanical robots that moved on a grid. The participant needs to
code the Bee-Bots to move from the start card to the finish card.

Content Knowledge (CK)
(STEAM)

The Content Knowledge is the subjects of STEAM and need to be
integrated.

Science: Scientific skills were incorporated. The scientific skill of
observation as the participants observed to see if the code worked.
They communicated with one another to share their ideas and
thoughts. They predicted which way was the quickest and then
conducted their experiment. They used the scientific method as a
guide to follow.

Technology: Using the Bee-Bots to create an algorithm, a set of
steps to get the character Hazel from the start to the finish. This
falls under electronic systems and controls in the subject
Technology.

Engineering: They created and built suitable structures.

Art: Creating the characters and completing the instruction card.

Mathematics: Position and direction, which way she needed to
travel. The Bee-Bots can move forward, backward, left and right.
Problem solving: What was the quickest route to take?

Pedagogical Knowledge
(PK) (Foundation Phase
teaching)

The Pedagogical Knowledge in the Foundation Phase is that
learners learn with concrete objects.

Technological Pedagogical
Knowledge (TPK) 21
century /digital skills

Technological Pedagogical Knowledge focused on the 215t century
and digital skills and the following skills was observed:

Application of skills

Coding

Innovation

Collaborate with peers

Thinking creatively

Problem solving

Technological Content
Knowledge (TCK) coding
and robotics in STEAM

Technological Content Knowledge was technology in STEAM
subjects.

Pedagogical Content
Knowledge (PCK)
(Project-based learning)

Pedagogical Content Knowledge was how to teach STEAM using
project-based learning so that the participants were going to design
and create a final product.
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Technological Pedagogical | Technological Pedagogical Content Knowledge is computational
Content Knowledge thinking.

(TPACK)

(Integrated Bee-Bots

collaborative activities)

Context Grade: 2 class The participants were all from a Grade 2 classroom.

2. The lessons followed the structure of having an introduction, body and

conclusion.

e The introduction is to read a short story that posed a problem that needs

to be solved.

e The body is to use the Bee-Bots to code a solution to a problem from the

story.

e The conclusion is to reflect on what learners have done in the lesson by

completing the scientific method steps. They also need to pack away

everything they used.

3. The lessons can then be observed using the observation sheet to see if the

learners incorporated all the aspects when they completed the lessons.

Lessons

Tick if Description or illustration
present
in the
lesson

Technological
Knowledge (TK)

How the participants
used the Bee-Bots

Phase teaching)

(Coding and
robotics)
Content How the participants incorporated the Content Knowledge of integrating all
Knowledge (CK) the subjects in STEAM. Give a description of how the subject was
(STEAM) incorporated.
Science
Technology
Engineering
Art
Mathematics
Pedagogical How the participants
Knowledge (PK) used concrete objects.
(Foundation

168




Technological
Pedagogical
Knowledge (TPK)
215t century /digital
skills

Which 215 century and digital skills did the participants use? How did they
use the skill?

Application of skills

Coding

Innovation

Collaborate with peers

Thinking creatively

Problem solving

Technological

How the patrticipants

Knowledge (PCK)
(Project-based

Content made use of
Knowledge (TCK) | technology in STEAM
coding and in their lesson.
robotics in STEAM

Pedagogical How the participants
Content designed and created

the final products using
project-based learning.

(Integrated Bee-
Bots collaborative
activities)

learning)

Technological How the participants
Pedagogical used their

Content computational thinking
Knowledge skills.

(TPACK)

Context: Grade 2
class

4. Some ideas for stories

e Code start to finish.

Once upon a time there was an elephant called Ellie. She needed to get to the
waterhole to drink some water. She wanted to make sure she took the correct route to
get to the waterhole as she was very thirsty. She needed to get their quickly, so she
decided to take a shortcut. She needed to remember to start at the big thorn tree and
end at the waterhole. The obstacles she had to get around were the big rocks that had
fallen into the road. Can you help Ellie get to the waterhole without getting stuck at the

big rocks?
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e Short sequence to follow.

Ellie the elephant lost her yellow bow. She tried to remember when she had it last.
She needed to retrace her steps to find it. First, she walked past the thorn tree, then
she walked past the big rocks, then she walked past the ant hill and then she arrived
at the waterhole before coming home. She retraced her steps and found her bow at

home as she had not put it on. Can you help Ellie retrace her steps to find her bow?

e Longer sequence to follow.

It was Ellie the elephant’s first day of school. She needed to make sure she got
dressed in the correct uniform as she was no longer able to wear what she wanted to
like in preschool. First, she got out of bed. Then she had her breakfast. Then she
brushed her teeth. Then she got dressed; she needed first to put on her dress, then
her socks and lastly her shoes. Now she was ready for her first day of school. Can you

help Ellie to get ready for school?
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