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ABSTRACT

Limited technological and pedagogical content knowledge (TPACK) and unfavourable
beliefs about teaching with ICT, hinder teachers’ integration of Information and
Communication Technologies (ICT) in their teaching. In this study | investigated the
extent of change, across the intervention, of the ICT beliefs and practices perceived by
the 86 South African Physical Sciences teachers who attended a year-long subject-
specific short learning programme, which targeted TPACK development and was

offered in a blended mode by a university.

This is a pragmatically conducted mixed-methods case study guided by the theoretical
frameworks of the Technology Acceptance Model, the Theory of Planned Behaviour,
and the SAMR (Substitution, Augmentation, Modification and Redefinition) framework.
The pre- and post- 27-statement Likert-scale questionnaire data from the 53 participants
who completed both, were analysed quantitatively both descriptively and statistically.
This data guided the purposive sampling of 17 of these participants for engagement in
audio-recorded semi-structured interviews, which were transcribed, coded and analysed
qualitatively using NVivo. Additionally, the participants’ descriptions and supporting
photographic and video evidence of a lesson they submitted for assessment for the

programme, also formed part of the qualitatively analysed data.

The findings suggest that the programme was effective at changing the beliefs and
practices regarding ICT integration, of a considerable number of the teachers, who
tended to perceive these changes as having multiple positive effects on the quality of
their teaching practice. However, this was attained with considerable effort. Also,
several school factors were found to inhibit the extent to which the participants were
able to implement what they learnt in the professional development opportunity in their
classrooms. Furthermore, several issues that had not been anticipated at the start of the
programme arose as obstacles which reduced the efficacy of the programme for some

of the participants.

Based on these findings, | make several recommendations for future iterations of this, or
similar, programmes, as well as recommendations for teachers, principals and district
officials, to enhance the likelihood of effective integration of ICT usage in subject

teaching.
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Chapter 1: Orientation of the study

CHAPTER 1: ORIENTATION OF THE STUDY

1.1 INTRODUCTION

The rise of "cyber-physical systems”, which offer people and machines a whole range of
new capabilities, is termed as the Fourth Industrial Revolution (4IR). It symbolizes new
ways in which technology is ingrained in society and even our human bodies (Davis
2016). It is transforming the way in which we live and work. Because of the complexity
of the technologies driving the 4IR, and the breadth of their influence, all stakeholders
must collaborate on novel governance measures (Yahya 2019). There is no disputing
that 4IR technologies such as Atrtificial Intelligence and the Internet of Things can usher
in a new era of economic growth, prosperity, and human well-being. Governments and
institutions have a huge opportunity to use Al and digital platforms to improve people's
lives, such as providing safe drinking water, changing education systems, and allowing
people to identify themselves in order to access government grants, open bank

accounts, and vote in elections (Smith 2019).

Many countries, including the United Kingdom (Livingstone 2012), Malaysia (Kannan,
Sharma & Abdullah 2012), Turkey (Cavas, Cavas, Karaoglan & Kisla, 2009), and the
Republic of Korea (RoK), were driven by the emergence of Information and
Communication Technology (ICT) in all spheres of life at the turn of the 215t century, as
well as the call for the creation of a knowledge society (Hwang, Yang & Kim, 2010). The
South African Action Plan for 2019 Towards the Realisation of Schooling 2030
(hereafter referred to as the DBE Action Plan) reflects this as well (Department of Basic
Education, 2015), advancing South Africa's National Development Plan 2030 (NDP)
(National Planning Commission 2017). Educators, as key players in the education
sector, must therefore integrate education with the 4IR, in which the line between man
and machine blurs to allow for new possibilities. This requires educators to not only be
aware of quickly changing technology and the unprecedented explosion of knowledge
(Yahya 2019), but also to develop the skills needed to apply, manage, and interact with
the new technology and with one another. Teachers would need to become more
adaptable, increase their problem-solving skills, and be able to better communicate in
both written and spoken form than ever before (Butler-Adam 2018).
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ICT is considered by some as a possible solution to educational system difficulties in
both developing and developed countries. It is also seen as a tool that could change
education by improving the quality of learning and instruction. The use of ICT in the
digital world produces new and innovative teaching models that broaden learning
opportunities and prepare students for future careers (Sipila 2014). Technology has
been shown to be an important aspect in motivating educators to shape the future of
education in novel and creative ways by serving as a catalyst for change (Yahya 2019).
Educators must also be able to use ICT in the classroom to assist students in
developing skills and the ability to perform effectively in a quickly changing and informed
environment. Pedagogically sound methods that stimulate creative and active
participatory learning, encourage knowledge exchange among learners, and equip
students to participate in a community of lifelong learners, are all highly valued in the
global competitiveness arena (Aguti 2016; Hunde & Tacconi 2013; Tedla 2012;
Mwalongo 2011).

The National Planning Commission (2017) acknowledges the importance of information

and communication technology in advancing South Africa as a country, stating that:

“Science and technology are key to equitable economic growth, because
technological and scientific revolutions underpin economic advances,
improvements in health systems, education and infrastructure” (National Planning

Commission, 2017, p. 93).

As a result, the South African government sees ICT as an integral part of its society and
the crucial role it plays in educational development. After 1994, the Department of
Education (DoE) stressed the importance of incorporating ICT into learning and
teaching to remedy historical inequality. The DoE underlined the need to transform
schools into centres for quality teaching and learning suited for the 215t century, and to
enable learners to gain 21st century skills, as early as 2003, in response to the
government's demand for schools to employ ICT (Jacobs, 2018).

The concepts of transformed learning and teaching via ICT were outlined in a later
White Paper on e-Education (2004). Criteria for Teacher Training and Professional
Development in ICT (2007) which was helpful in this study, since it provided the basis

for recommendations for teacher training and professional development in ICT, as well



Chapter 1: Orientation of the study

as educator competencies within a developmental framework. Since then, the South
African government has made it mandatory for schools to use ICT. The principal goal
was to provide students with the skills they would need to participate in a global
information economy (Mbatha 2015). The Department of Basic Education (DBE) and its
partners are committed to enhancing teachers' professionalism, teaching abilities,
subject knowledge, and computer literacy throughout their careers, as stated in Goal 16
of the DBE Action Plan (Department of Basic Education, 2015). The Integrated Strategic
Planning Framework for Teacher Education and Development pledges to invest in
digital technologies to support the implementation of the strategy, as outlined in the
DBE Action Plan, resulting in the creation of the Professional Development Framework
for Digital Learning (2018). The Professional Development Framework's major purpose
was to provide professional development principles in order to develop competent
educators who use ICT to improve teaching and learning, as well as leaders and
support staff who can help educators to acquire digital learning competencies (Jacobs
2018).

1.2 RATIONALE AND STATEMENT OF THE PROBLEM

Jacobs (2018) suggests that a unified e-Learning strategy for the integration of
technology in teaching and learning is essential in view of changes since the publication
of the above-mentioned draft white paper, as well as the expanding ICT presence in
schools. To inform such a strategy, she reported on the state of ICT and ICT integration
in schools in the Free State province. According to her technical assessment, the
majority of teachers in the Free State did not use ICT in their classes. This reinforces
Roth's (2014) observation that, due to a number of barriers, many teachers around the

world still do not use ICT to aid teaching and learning.

Issues that prevent teachers from implementing ICT in the classroom have been
extensively researched. Among these are a lack of resources and support, a lack of
expertise among teachers, and their attitudes towards ICT and education (Sherman &
Howard 2012; Du Plessis & Webb 2012; Ramorola 2014). However, there is a scarcity
of research on how to address these difficulties, notably in South Africa, and even less
on in-service teachers (Sanchez-Garcia, Marcos, Gualin, Joaquin & Escribano 2013).

While it is reasonable to expect (and hope) that graduating student teachers will have
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acquired the necessary skills and enthusiasm to use ICT effectively in teaching and
learning, the bulk of teachers in South Africa was educated in the previous century
(Holmqvist 2018). As a result, in-service teachers likely need to gain the necessary
skills and confidence while on the job.

Despite the abundance of ICT workshops, research reveals that teachers' usage of ICT
is mostly influenced by their beliefs on ICT and education (Shin, Han, & Kim 2014). It is
thus suggested that to better understand teachers' use of ICT in their classrooms, we
must first understand the beliefs that impact teachers' decisions to utilise technology or
not, as well as how these beliefs may be modified if necessary (Kriek & Stols, 2010;
Naicker 2010). Again, while student-teachers may be hopeful about utilising ICT to
teach and learn because of their experiences at university, teachers who have been
employed for a long time would not have had that opportunity. While thorough teacher
training on how to use ICT is required in many educational programmes around the
world (Donnelly, McGarr & O’Reilly 2011), training alone will not guarantee uptake in
their classrooms. Furthermore, lab-style training alone in ICT skills has been shown to
be ineffective (Ghavifekr & Rosdy 2015), implying that alternative training methods

should be investigated. One possibility is to make use of subject-specific training.

Between February 2017 and September 2017, the University of the Free State offered a
short learning programme (SLP) for Physical Sciences teachers, meant to improve their
content knowledge (CK) while also developing their Technological Pedagogical Content
Knowledge (TPACK). This was an attempt to use subject-specific content from the
Further Education and Training school curriculum, through creating opportunities to
experience ICT integration as a student. | have been involved in this programme from
its inception. As a former teacher, subject advisor, and deputy chief education specialist
for Physical Sciences, | have a passion for science and for innovative ways of teaching
science that can benefit the learners. My passion led me to voluntarily attend the short
learning programme sessions to equip myself with current innovative methods of
teaching the subject. This involvement has made me aware of the opportunity to extend

my involvement to a more rigorous study, which is presented in this document.
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Physical Sciences teachers from all schools in the Motheo, Xhariep, and Lejweleputswa
districts of the Free State' were invited to enrol for this programme. Each of the 86
teachers who chose to enrol received a tablet containing Grade 10 physical sciences
software at the start of the course and was expected to engage with this content at
home, in addition to attending face-to-face contact sessions. These sessions had the
following format: two eight-hour technical sessions followed by 13 four-hour sessions,
which alternated between compulsory pedagogical sessions and content sessions
which were compulsory only for those scoring below 80% on a content test written in the
previous session. Completion of the course was incentivised by the participants being
allowed to keep the tablets, as well as the possibility of earning credits towards various
qualifications, through a process of recognition of prior learning. To complete the
course, the participants had to attend a specified minimum number of compulsory
sessions and pass all six of the content tests, referred to above, as well as write a
reflective essay, with supporting evidence, showing some ICT-usage in their teaching.

The latter task was referred to as the final assessment task.

Other studies (Ratminingsih, Mahadewi., & Divayana, 2018; Pozo-Rico, T., Gilar-Corbi,
R., Izquierdo, A. & Castejoin, J. (2020) have been about short interventions and focused
on technical aspects of use of ICT (Bakir 2016; Shepherd et al. 2016; Tallvid 2016) —
rather than of pedagogically sound use of ICT in teaching within a particular subject
(Almerich, Orellana, Suarez-Rodriguez & Garcia 2016; Koh & Chai 2016; Dorner &
Kumar 2016). However, beliefs and practices do not change over a short period of time
(Esfijani, A., & Zamani, B.E. (2020), and pedagogical skill with technology also takes
time and direct attention to develop (Miheso & Mavhunga, 2020). This intervention,
however, occurred across nine months, and was designed to specifically target the
physical sciences pedagogical content knowledge of the teachers. The intervention was
therefore considered worthy of study in an attempt to address the gap in the literature
regarding whether it is possible to change teachers’ beliefs and practices regarding ICT
integration, where this is necessary, over a fairly long (nine month) subject-specific

intervention.

1 The Free State Province has five districts. In addition to the three mentioned in text, there is Fezile
Dabi in the northern part of the province, and Thabo Mofutsanyane district in the eastern part of the
province.
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1.3 RESEARCH QUESTIONS

1.3.1 Main research question

The following is the main research question of this study:

What insights can be gained from a South African professional development opportunity
aimed at changing (where necessary) teachers’ beliefs, practices and teaching quality

related to use of information and communication technologies?

1.3.2  Specific research questions
To respond to the main research question, several secondary questions are posed in
light of a South African professional development opportunity focused at strengthening

Physical Sciences teachers' TPACK (as explained in detail in section 3.12):

1. How did the teachers’ perceptions regarding use of information and communication
technologies change through the course of the professional development

opportunity?

2. How were biographical and school factors related to the extent to which teachers’
perceptions changed through the course of the professional development

opportunity regarding the use of information and communication technologies?

3. What practices did the teachers demonstrate in their use of information and
communication technologies towards the end of the professional development

opportunity?

4. What were the teachers’ perceptions regarding how the quality of teaching and
learning in their classrooms was affected by their usage of information and
communication technologies through the course of the professional development

opportunity?

5. What issues arose during the professional development opportunity, and how did the

teachers respond to these?
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1.4 RESEARCH AIM

This research seeks to determine how a group of South African Physical Sciences
teachers' beliefs, practices, and teaching quality in relation to the use of technology
during teaching changed (or not) through experiencing subject-specific professional
development aimed at improving technological pedagogical content knowledge.

The following sub-aims were explored to reach this aim:

e to understand how teachers’ perceptions regarding the use of information and
communication technologies changed through the course of the professional
development opportunity;

e to determine how biographical and school factors related to the extent to which
teachers’ perceptions changed (where necessary) through the course of the
professional development opportunity regarding the use of information and

communication technologies;

e to investigate the practices displayed by teachers in their use of information and
communication technologies towards the end of the professional development

opportunity;

e to determine the teachers’ perceptions regarding how the quality of teaching and
learning in their classrooms was affected by their use of information and
communication technologies through the course of the professional development

opportunity;

e to investigate issues that arose during the professional development opportunity

and how teachers responded to such issues.

1.5 THEORETICAL FRAMEWORK

This study is underpinned by the integration of the Technology Acceptance Model
(TAM) (Davis, Bagozzi, & Warshaw 1989) and the Theory of Planned Behaviour (TPB)
(Ajzen 1991). These are only a few of the tested models that have been used in
research on technology adoption. Above all, the TAM and TBP have existential support
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for being accurate and cost-effective in estimating the promotion of technology use in a

variety of situations and technologies (Teo 2008).

TAM is the first model to take psychological aspects into account when predicting
technology acceptance. The causal relationships between perceived usefulness,
perceived ease of use, attitude toward ICT, and behavioural intention to use ICT are
defined by TAM (Davis et al. 1989). The predicted general influence of technology use
on job performance (process and outcome) is referred to as perceived usefulness, while
the ease with which the technology may be used is referred to as perceived ease of use
(Davis 1993).

The TAM model is an excellent predictor of ICT use (Teo 2012). To improve the TAM's
external validity, Dishaw and Strong (1999) suggest that further studies should be done
to understand the effects of technical and usage-context factors on user approval. This
is supported by a meta-analysis of the TAM literature, which identified the non-inclusion

of external factors as a flaw in TAM (Legris, Ingham & Collerette 2003).

The purpose of investigating external variables is to figure out how they influence
behavioural intention to use ICT - in this example, ICT use in education. As a result, the
theory of planned behaviour constructs were included in the theoretical framework |
adopted for this study. TPB is an extensively utilised theory for clarifying and
speculating about a variety of behaviours (d’Astous, Colbert & Montpetit 2005).
Behavioural intentions, which are influenced by an attitude toward the behaviour,
subjective norm, and perceived behavioural control, influence a person's behaviour
(Ajzen 1991).

1.6 VALUE OF THE RESEARCH AND GAPS IDENTIFIED

1.6.1 Why teachers do not use technology

The South African government has stated that it intends to provide every school with a
diverse range of exceptional communication services (DOE 2004). The DBE must
acknowledge that no matter how much technology is available, or how sophisticated it
is, it will not be implemented until teachers have the requisite skills, knowledge,

attitudes, and pedagogy to incorporate it into the curriculum (George & Sanders (2017);
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Govender 2012). According to Cox, Preston, and Kate (1999), the primary negative
issue for teachers is difficulty in using ICT. In his research, Cuban (2001) found that
many of the choices teachers make in the classroom are influenced by their ideas and
values. He continues by saying that teachers' beliefs influence what and how they
teach, as well as whether or not they support or reject new ideas. To fully comprehend
teachers’ incorporation of ICT into the classroom, we must first comprehend the ideas
that impact their decisions to use or not to use technology (Kriek & Stols 2010). In the
literature there are numerous examples of teachers' unfavourable attitudes, feelings,
and opinions about using computers for instructional purposes (Stols 2008). This
research differs from these studies in that it focuses on the extent of, and factors
affecting, the change of teachers’ beliefs and practices during a professional
development opportunity, rather than on the status quo.

1.6.2 Lack of teacher training

Bladergroen, Chigona, Bytheway, Cox, Dumas and Van Zyl (2012) conducted a study to
better understand the discourses surrounding education and technology as expressed
by teachers in low-resource settings in South Africa. Extensive interviews with teachers
from deprived schools in Cape Town, South Africa, were utilised to gather data for the
study. The findings revealed that teachers recognise the importance of ICT in education
and are eager to implement it. At the same time, they believe they lack the capacity and

assistance to properly attain that goal (Bladergroen et al. 2012).

Nkula and Krauss (2014) investigated the complicated and difficult topic of ICT
integration in schools. They discovered that many teachers lacked the essential
computer skills to properly integrate ICT into the classroom. As a result, computers are
often only reserved for special occasions, and they remain a source of fascination,
dread, ambiguity, and mystery rather than a useful tool (Hew & Brush, 2007; Sherman &
Howard 2012).

1.7 DEMARCATION OF THE STUDY

1.7.1 Scientific demarcation

"Curriculum Studies (CS) takes on the form of a verb, an action, a social practice, a

private meaning, and a public hope," says Pinar (2010). As a discipline, CS has
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normative concerns, and works with the ontological questions of curriculum. The term
"curriculum" refers to policy documents enacted by government agencies such as the
Department of Basic Education in South Africa. These documents outline a country's
educational aims and serve as the official curriculum. According to Reed, Gultig, and
Adendorff (2012), in order to implement curriculum, the following elements are

prioritised:

e Subjects taught in school and the knowledge gained from them;

e A set of guidelines for teaching knowledge in the classroom;

e Providing learners with the bare minimum of information, skills, and values; and

e Defining what curriculum designers and policymakers consider to be critical

knowledge for students and society.

ICT is seen as a resource for reforming schooling, and a tool for whole-school
development in South Africa by the Department of Basic Education and the Provincial
Departments of Education (Department of Basic Education 2004). To meet the needs of
all 21t century students, technology must be incorporated throughout the curriculum.
Technology can be used to augment traditional lessons. The development of technology
skills aimed at visualising and realising ideas and information, with a concentration on
sketching and digital design, should be a priority. Technology can be used to implement
a number of assessment procedures in the evaluation system (Mohanasundaram
2018). As a result, the world economy expects teaching professionals to enable
pedagogical activities to develop “self-directed” learners who can qualify in professions
that do not yet exist, and who are skilled in executing ICT-related tasks (Mukhari 2016).
Therefore, professional development for teachers in the integration of technology is
required. The findings of the study can enlighten policymakers and curriculum designers
on how to construct teacher training in order to positively influence teachers' attitudes
and practices about ICT use. As a result, my research can contribute to the body of
knowledge in the field of curriculum studies and can be categorised as such.

10
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1.7.2 Geographical demarcation

This study's empirical component is situated in the Free State province. The Free State
is one of South Africa's nine provinces, and it is bordered by Lesotho, the Northern
Cape, Eastern Cape, and Northwest provinces, as well as Gauteng. It includes both
rural and urban areas. The province is divided into five education districts: Motheo,
Xhariep, Thabo Mofutsanyane, Lejweleputswa, and Fezile Dabi, with teachers from all
five districts participating in this study. Even though ICT integration is a global issue, the
study will be limited to the Free State province. The reason for this is that | am based in
the province, and the goal of the study is to see how Physical Sciences teachers'
beliefs, practices, and teaching quality regarding the use of ICT change when they
participate in subject-specific professional development opportunities based on
technological pedagogical content knowledge (TPACK) principles in this province.

However, there is a possibility that the findings may be of use on a nationwide scale.

1.8 LAYOUT OF CHAPTERS

The research will proceed as follows:

N
Chapter 2 |

o Literature study;

A\

Chapter 3 |

* Theoretical framework

Chapter 4
* Methodology

Chapter 5

» A decription of the case

I
Chapter 6
* Data analysis

V4

“~.| Chapter 7

/e Conclusions and recommendations

Figure 1-1: How the study unfolded

This thesis comprises of seven chapters.

11
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Chapter 1: Orientation of the study: This chapter introduces the study, including its
motivation and context, and also mentions the study's general research design and

research questions.

Chapter 2: Literature review: This chapter reviews the literature on empirical studies
on teacher beliefs and how they relate to behaviour changes in ICT use. The review
also focuses on models that indicate how teachers' perceptions about ICT might be
influenced by changing their practices. Apart from teacher beliefs, the review looked at
additional factors that may influence changes in teacher beliefs and practices
surrounding the use of ICT. The review concluded by examining empirical studies on
ICT programmes intended to promote the use of ICT by changing teacher beliefs and
practices. Another aspect attended to in the literature review was the aspects to
consider when presenting such ICT training programmes in order to achieve their

intended objective.

Chapter 3: Theoretical frameworks: In this chapter, the theoretical frameworks
underpinning this study, and the rationale of these theoretical frameworks, are
discussed. This chapter also discusses the ICT model and framework utilised in this
study to determine the teachers' ICT usage level in their classrooms, and to evaluate

the educators' final assessment task.

Chapter 4: Research methodology: This chapter explains the research techniques
and research designs employed in this study. This chapter includes a description of the
research tools and data collection techniques, as well as an explanation of the data
analysis procedures employed in the study.

Chapter 5: Description of the case: In this chapter, a full description, content, and
context of the SLP intended to promote ICT usage by changing beliefs and practices of
Grade 10 Physical Sciences teachers in the Free State province are discussed. The
chapter further presents a discussion of the context of 29 teachers, and the final

assessment tasks of three teachers.

Chapter 6: Analysis and interpretation: In this chapter, data obtained using various
tools, as well as their interpretation and analysis, are given to provide answers to the

study's research questions.

12
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Chapter 7: Conclusion and recommendations: This chapter focuses on the study's
conclusions and recommendations, and draws together the literature, the theoretical

framework, and the findings.

13
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CHAPTER 2: LITERATURE REVIEW

2.1 INTRODUCTION

Learning and teaching with technology are becoming more common. However, full
integration of technology is not simple, even though it is part of a change that needs to
happen in education (Berrett, Murphy, & Sullivan 2012; Inan & Lowther 2010a). This is
seen in how technology use varies in schools. Some teachers effectively integrate ICT
to teach, while many others do not (Jacobs, 2018; Spector 2010). Factors such as the
availability of ICT equipment, the school, and the teacher, and how well teachers are
trained, plays a prominent role in how ICT can be effectively integrated (Afshari, Abu
Bakar, Su Luan, Abu Samah & Say Fooi 2009; Arntzen & Krug 2011; Kimmons, Miller,
Amador, Desjardins & Hall 2015; Tondeur, Hermans, Valcke & Van Braak 2008).

Educating teachers on how to use ICT effectively in the classroom is a prerequisite to
successfully teach contemporary learners, known as the 'Net Generation'. They are
generally expected to be creative and innovative, develop the ability to think critically
and solve problems, be global citizens, technology literate and lifelong learners
(Mathipa & Mukhari 2014). Teacher skills on how to effectively integrate ICT in the
classroom is a great need, according to studies in South Africa and other developing
countries (Mbatha 2015). This suggests that teachers’ training should focus on
pedagogical issues of ICT integration in the classroom rather than on ICT skills only
(Shiboko 2015). This focus on pedagogical issues should improve pedagogical beliefs,
knowledge, and ICT skills, which in turn should increase teacher usage, which might in
turn change teachers’ attitudes and beliefs regarding ICT usage (Ertmer, Ottenbreit-
Leftwich, Sadik, Sendurur & Sendurur 2012).

In the first chapter, | provided the introduction and rationale for the study, and stated the
research questions that guided the study. In this chapter, | review the literature on
teacher beliefs and its link with a change in practices, especially related to the use of
ICT in the classroom. Also included are the factors affecting teachers' change in beliefs
and practices regarding the use of ICT, the programmes intended to promote the use of
ICT by changing beliefs and practices, as well as aspects to consider when conducting

an ICT training programme to change beliefs and practices regarding the use of ICT.

14
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2.2 EDUCATIONAL BELIEFS HELD BY TEACHERS

Teachers’ beliefs are a favourite topic in research in education. It is not easy to describe
teachers’ beliefs in an unquestionable way, especially when investigating the various
ways in which such beliefs are described in literature (e.g., Ertmer 2005; Tondeur, van
Braak, & Valcke 2008). Petko (2012) describes belief “as an independent element of
knowledge that an individual considers true and important about a specific subject or
context and is bound up with a person's past or history”. Petko (2012) further states that
it is difficult to change beliefs once they have been adopted. For instance, if teachers
have a strong belief that teaching is effective when traditional teacher-centred
approaches are used in a specific subject, it might not be easy to influence them to use
ICT during their teaching. Fives and Buehl (2012) identified general characteristics that
describe teachers’ beliefs: a) implicit and explicit nature of beliefs b) core and peripheral

nature, and c) contextual activation.

The distinction between implicit and explicit nature refers to whether individuals are
conscious of the beliefs they hold (Fives & Buehl 2012). An implicit view suggests that
teachers’ behaviour is guided by beliefs, and beliefs also refine how teachers interpret
their experiences of teaching without even being aware of it (Fives & Buehl 2012). Such
beliefs cannot be controlled by teachers and are not influenced by teachers’ reflecting
on what they do (Fives & Buehl 2012). On the other hand, there is the explicit view of
looking at the beliefs that teachers hold (Rimm-Kaufman, Storm, Sawyer, Pianta &
LaParo 2006). According to Dewey (1986), such beliefs demand both mental and
practical commitment. Dewey (1986) states that "beliefs ...involve precisely this
commitment and consequently sooner or later they demand our investigation to find out
upon what ground they rest" (p. 117). This viewpoint on beliefs highlights the explicit
nature of beliefs that must be justified before they can be maintained (Fives & Buehl
2012).

Core beliefs are not easy to change, as they connect to other beliefs. These beliefs are
established over a long period of time (Ertmer 2005). On the other hand, peripheral
beliefs are more recently established beliefs that can easily be changed (Five & Gill
2015). In this context such beliefs include ideas about how to manage the classroom
and practices, and learners (La Paro, Siepak, & Scott-Little 2009).
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In describing beliefs, another issue to consider is whether they are regarded as
positioned in specific conditions, or if they can be applied to other situations. The
research in this area focuses on the extent of influence of the beliefs held by teachers
across varying situations. For example, a teacher who holds a firm belief about the
feasibility of learning through inquiry, may change this belief when the teacher
experiences a particular condition in which inquiry learning does not occur, such as the
lack of resources, or learners’ prior knowledge before they learn new information (Fives
& Buehl 2012).

Ertmer (1999, 2005) identifies three categories of beliefs that teachers hold regarding
how ICT can effectively be used to teach. The first is as a supplement to the curriculum,
for developing learners’ skills and motivating them, secondly as a support structure to
the current curriculum, where technology is used to teach content, promote teamwork
among partners and detail thinking, and thirdly as a tool to implement curriculum

transformed to meet learners’ needs.

Prestridge (2012) identifies four pedagogical beliefs in relation to the use of technology.
He mentions developing technical skills when a device is used (use of an interactive
whiteboard, keyboard, mouse etc.), performing functional activities (e.g. use of a text
processor), performing activities that expand and augment the current syllabus, and
promoting and exploring new sections of learning and teaching. The same
categorisation is suggested by Mama and Hennessy (2013), but a different type of
belief, called "subversive" belief, which incorporates the anxiety that technology

frequently create among teachers, is added.

The discussions indicate that teachers’ belief systems comprise various characteristics
which are related to learning and teaching beliefs (Ertmer & Ottenbreit-Leftwich 2010; &
Hermans et al. 2008).

2.3 TEACHERICT BELIEFS AND THEIR IMPACT ON
PEDAGOGY

The nature of the ICT beliefs held by a teacher influences his or her decision to adopt
ICT or not (Khader 2012). Petko (2012) differentiates between positive and negative

beliefs about ICT. He asserts that “common positive ICT beliefs relate to improved
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learning processes and better learning success, the promotion of independence and
collaboration, improved work efficiency and effectiveness, improved learner motivation,
the importance of computer skills in society, and diverse benefits of particular ICT
functions” (Petko, 2012, p.1353).

Teachers who hold positive ICT beliefs are more likely than those with negative beliefs
to adopt ICT to fulfil their teaching needs if all external conditions are favourable. They
are also likely to try to expand their competencies to better effectiveness and efficiency
(Mbatha 2015). Davis (2004) argues that teachers more easily adopt computers in their
teaching after having had successful experiences, which led them to self-discover the
various benefits of ICT. By so doing, opportunities to use computers in diverse ways are
opened. When technology provides teachers with what traditional methods cannot, or
what teachers cannot do for themselves, teachers are likely to adapt to technology more
easily. Sabzian and Gilakjani (2013) further indicate that teachers' levels of competence
with ICT, learning processes, and their theory and how they perceive teaching, play
major roles in how they encourage themselves to use ICT and how they implement ICT

in their classrooms.

According to Petko (2012. p. 1353):

Common negative ICT beliefs relate to the primary importance of hands-on
experience, the risks of isolation in a virtual world and digital over-stimulation,
questions about the quality of online media, media-associated disciplinary
problems, lack of practicability or simply lack of priority for using ICTs in the
classroom.

Davis (2004) suggests that negative ICT beliefs are associated with low use, as
predicted by the technology acceptance model (TAM). Poor adoption of ICT is strongly
influenced by negative ICT beliefs, even where ICT resources are available. Teachers’
willingness to use ICT for different tasks that may make optimal use of technology is
also influenced by such beliefs. Teachers with negative beliefs about ICT tend to avoid
the use of technology, because they see technology as adding on to their already heavy
everyday teaching load. This could be influenced by a lack of technological skills that

still have to be obtained before ICT can be used in the classroom.

17



Chapter 2: Literature review

Teachers who hold positive ICT beliefs will possibly encourage other teachers to use
ICT during teaching, as opposed to the traditional way of teaching. Teachers who hold
negative beliefs about ICT have the perception that technology can be used up to a
certain point in education (Mbatha 2015).

2.4 THE RELATIONSHIP BETWEEN TEACHERS’
PEDAGOGICAL BELIEFS AND ICT USAGE

According to Teo, Chai, Hung and Lee (2008), teachers' preferred ways of teaching are
based on their pedagogical beliefs. Integration of technology refers to practices and
perceptions associated with the use of technology. According to Lui (2011), the teaching
methods applied when technology is used can influence teachers’ pedagogical beliefs
regarding how technology can be used. Technology integration depends heavily on the

pedagogical beliefs that teachers hold.

Kagan (1992) investigated whether newly acquired technological skills, knowledge and
technological experiences are relevant to teachers’ pedagogical beliefs. It is suggested
by researchers that when teachers use technology over a long period, their classroom
practices change, and they eventually endorse learner-centred beliefs to a greater
extent (e.g. Matzen & Edmunds, 2007). Teachers might not all use technology. The
non-usage of technology could be affected by multiple external factors to do with
conditions of teaching and these can affect internal teacher attitudes, beliefs and
practices such as motivations, skills, self-efficacy, knowledge, emotions, and
experiences (Stoll 1999). Additionally, teachers' views on how to become more effective
inform their actions in integrating technology into their teaching practices and expanding

their methods of instruction (Ertmer et al. 2015).

Learner-centred and teacher-centred beliefs are two classifications of teacher
pedagogical beliefs in educational technology (Deng, Chai, Tsai & Lee 2014). Teachers
with learner-centred beliefs tend to emphasise individual learner interests and needs
(Mayer 2003), and embrace instructional methods commonly connected with
constructivism (Deng et al. 2014). Brown (2008) further emphasises that teachers with
learner-centred beliefs help learners to make imperative determinations and valuable
decisions about content and the teaching methods relevant to their own lives. It also

gives learners ownership over their learning. The teacher assumes the role of a

18



Chapter 2: Literature review

facilitator who helps learners achieve their goals (Ahmed 2013). Teacher-centred
beliefs, on the other hand, tend to lead to discipline, content knowledge, and a high
moral standard (Mayer 2003), and are generally associated with behaviourism (Deng et
al. 2014). The teacher serves as the only specialist in a highly disciplined classroom
and is authoritative, overseeing the learning process (Mayer 2003). Teachers are the
main knowledge evaluators, and there is no room for learners to develop themselves
(Ahmed 2013).

Teachers with robust constructivist pedagogical views are more likely to integrate
technology during teaching than teachers with traditional pedagogical beliefs, according
to Ertmer et al. (2015) and Lui (2011). Such teachers tend to use technology more
regularly, and have a tendency to use it in a more learner-centred manner, for example
affording learners the opportunity to choose and self-direct how they use the available
technology resources, compared to teachers with traditional pedagogical beliefs (Becker
2000). Teaching methods, when using technology, are influenced by teachers'

pedagogical beliefs about how to integrate technology (Ertmer et al. 2012).

2.5 THE RELATIONSHIP BETWEEN BELIEFS AND
PRACTICE

Tondeur, Van Braak, Ertmer and Ottenbreit-Leftwich (2017) observed that teachers’
educational practices are aligned to their pedagogical beliefs. A study by Donnelly,
McGarr, and O'Reilly (2011) found that teachers with “contented traditionalist beliefs
saw no need to use technology when traditional practices continue to work” (p. 1478).
Therefore, they tended not use it. Another study by Lim and Chan (2007) found that
teachers believed that technology was unnecessary in teaching and learning, since a
chalkboard served their educational goals just as well. This is because their personal
educational experiences were largely through direct teaching.

A study conducted by Pedersen and Liu (2003) indicates a close relationship between
practices and beliefs. In their study, a teacher teaching fourth grade classified her
beliefs as being learner-centred. She used technology to encourage real world,
authentic applications: “I try to give my learners hands-on things, things that have a
real-life application, and | think that technology just fits in with that™ (p. 431). Lim and
Chan (2007) further support the above when they indicate that teachers who are
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orientated within the constructivist practices use technology as a problem-solving tool.
These studies suggest that the beliefs that teachers hold about teaching and learning

are related to the way they use technology in their classrooms (Tondeur et al., 2017).

However, in the existing literature there is contradiction between beliefs and teaching
activities (Steyn & Van Greunen 2014). For example, Sandholtz and Reilly (2004) noted
that even if teachers have constructivist beliefs, this is not a guarantee that they will
implement those beliefs into their classroom practices. Ertmer et al. (2012) agree with
this notion. Some teachers require learners to do drills and practice exercises that are
related to representational use and their own traditional pedagogical beliefs (Lui 2011).
This suggests that even though teachers may have constructivist pedagogical beliefs,

they may still use technology in a traditional way (Steyn & Van Greunen 2014).

There are different reasons for these inconsistencies in practices and beliefs in the
literature, mainly the influence of outside factors. For instance, pressure from parents

may persuade teachers to rather use lecture-based instruction (Chen 2008; Li 2007).

2.6 HOW AND WHEN CAN TEACHERS’ BELIEFS CHANGE?

Change in beliefs is conceptualised as a continuous item of professional teacher
development. The study on how belief change occurs in practicing and pre-service
teachers is grouped into three categories: change in beliefs for pre-service teachers
(typically related to teacher preparation), change in beliefs for practicing teachers
(typically related to professional development), and the development of belief change
(distinct changes experienced across a period of years and experiences) (Fives & Buehl
2012).

2.6.1 Change in beliefs of pre-service teachers

Changes in the beliefs of pre-service teachers have been shown to be affected by field
experience (e.g. Brownlee & Chak 2007; Fives, Hamman & Olivarez 2007; Knoblauch &
Hoy 2008) and academic work (e.g. Doppen 2007; Isikoglu 2008; Olson & Jimenez-
Silva 2008). Student teachers reflect on their academic work, or during teaching
practice, in this type of research. The reflection of student teachers on their academic

work is a standard practice and a requirement in their educational journey. The outcome
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of this practice does not usually produce the desired change in pre-service teachers'
beliefs (Kyles & Olafson 2008).

According to Yerrick and Hoving (2003), some pre-service teachers' beliefs about
teaching science to low-performing learners changed after they enrolled in a field-based
science inquiry course. There was a transition from a self-centred practice to a learner-
centred practice for pre-service teachers who adjusted their beliefs about how to teach
science to low-performing learners. They also reflected on their practice and were
identified as producers. Reproducers, on the other hand, were identified as those that
were unable to build their own learning experiences, and they became defensive in their
actions and choices in written and oral reflections (Yerrick & Hoving 2003).

Reflecting on belief change is vital and meaningful, and this is supported by prior
research (e.g. Yerrick & Hoving 2003; Kyles & Olafson 2008; Fives & Buehl 2012). lItis
vital to remember that structured reflection is required for certification and supervised
degree elements. Fives and Buehl (2012) further mention that reflection during pre-
service training has the power to bring about a shift in belief, so it must be further

emphasised after the pre-service phase of a teacher's career.

2.6.2 Change in beliefs of practicing teachers

Several researchers have examined how teachers' attitudes have changed because of
in-service programmes designed to change their beliefs and practices. Regardless of
the lengths of the programmes, whether over a few hours or over a lengthy period of
time, Beswick (2007-2008) and Magos (2006) found varying belief changes after the
professional development opportunity. However, according to Magos (2006), general or
overarching attitudes are much more difficult to change than content-related beliefs
(Beswick 2007-2008).

A professional development opportunity must have clear targets and goals to be
successful in influencing the beliefs of practicing teachers (Beswick 2007-2008). In this
study, sixty-one teachers participated in a year-long in-service programme to assist
them to introduce posing questions into their primary mathematics classrooms.
Teachers read about, argued, implemented, and reflected on the numerous ways the

problem-posing technique could be transferred and used in their own teaching

21



Chapter 2: Literature review

practices. They established a professional learning community in which they shared

their ideas, challenges, and triumphs (Barlow & Cates 2006).

The discussion in paragraph 2.6.1 and the finding by Barlow and Cates (2006) show
that pre-service and practicing teachers' beliefs may change in response to specific
experiences, and throughout their careers. It is noteworthy that change in teachers’
beliefs and practices is indeed shaped by a multitude of factors, including individual and
contextual contexts, the length and type of the experience, and the target beliefs (Fives
& Buehl 2012). Ertmer et al. (2012) suggest that further research is done on how
teacher professional development might change beliefs and practices.

2.6.3 How belief change develops

In their qualitative study, Levin and Wadmany (2006) investigated the practices and
attitudes of six Israeli fourth to sixth-grade teachers with three to eight years of teaching
experience during the first three years of introducing a rich technology-environment. It is
worth emphasising that over this time, teachers' beliefs on teaching and learning
progressed from superficial to complex and comprehensive. For five of the six teachers,
there was a noticeable shift in their beliefs and classroom methods. Although there were
adjustments, these did not represent significant shifts in knowledge. Three years later,
three teachers who started the study with transmission conceptions of teaching and
behavioural conceptions of learning had mixed perspectives on learning that contained
cognitive constructive and behavioural ideas. They continued with the transmission
model of teaching, emphasising learner comprehension over topic coverage. Rather
than making integrated qualitative improvements, these teachers added to their

previous beliefs, resulting in a shift in how they view learning.

Brownlee (2003) performed another study in which 11 groups of primary school
teachers were polled at the beginning and end of their teacher education programme.
These teachers were interviewed again after their third year of teaching, about their
beliefs about personal epistemology. During each interview, the participants'
perceptions of the role of experts in knowledge construction and the nature of
knowledge changed noticeably. Most respondents expressed mixed views. Participants
indicated constructivist concepts at the end of the programme, and constructivist beliefs

were reported after three years of teaching, but constructive beliefs were less at the

22



Chapter 2: Literature review

end. Pre-service teachers, in contrast to practicing teachers in this study, started with
less cohesive belief systems throughout their preparation time, and this transformation
was fragile and at risk of being lost in the face of classroom practice realities, according
to Levin and Wadmany (2006). They started with less cohesive belief perspectives, and

this shift was fragile and at risk of being lost in the face of classroom practice realities.

Crawford (2004) found that a novice teacher exposed to the constructivist paradigm
during her teacher education programme, changed from these practices to a teacher-
centred approach once she started teaching. This is an example of the potential

vulnerability of inexperienced teachers' knowledge and beliefs.

2.7 PREDICTING TEACHER CHANGE IN BELIEFS AND
PRACTICES THROUGH PROFESSIONAL
DEVELOPMENT

Pedagogical beliefs influence teachers' pedagogical choices on whether and how to
employ technology in the classroom (Deng et al. 2014). Furthermore, how ICT will be
used in their classrooms is heavily influenced by teachers’ attitudes and perceptions
(Scherer, Tondeur, & Baran (2018); Naicker 2010; Martinovic & Zhang 2012). According
to Cox & Marshall (in Naicker 2010), professional development should address teacher
attitudes and perceptions concerning technology usage, as well as question teachers'
beliefs about learning and teaching. Professional development should encourage

teachers to question and modify their pre-existing pedagogical beliefs (Prestridge 2012).

Although teachers’ professional development differs greatly in substance and format,
most professional development programmes have the same goal in mind: to develop
appropriate professional practices and beliefs and to change these if existing ideas and
practices are inappropriate. Even though professional development programmes
execute systematic efforts to influence teachers' beliefs and attitudes, classroom
practices, and learners' learning outcomes, many professional development

programmes fail to modify teacher beliefs and practices (Guskey 2002).

2.7.1 Model for teacher change

Leaders in professional development believe that improving teachers' beliefs and

attitudes will result in specific changes in their classroom behaviour and procedures,
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leading to improved learner performance. As a result, they regularly try to persuade
teachers to change their minds about certain aspects of teaching, as well as the value
of a certain curriculum or instructional innovation (Guskey 2002). Programmes based on
this idea are specifically designed to obtain teachers' and school officials' commitment,
keenness, and validation before new practices can be implemented. Teachers may be
included in the planning phase of such programmes, and surveys are conducted to
determine teacher needs so that new practices are linked with what they require (Joyce,
Mcnair, Diaz & Mckibbin 1976). However, as crucial as these techniques are, dramatic

shifts in beliefs and attitudes are rare (Jones & Hayes 1980).

Lewin (1935), an early change theorist, took many of his ideas about influencing change
from psychotherapy models and developed the above discussed perspective on teacher
transformation. However, more recent evidence suggests that when it comes to
professional development programmes for experienced teachers, this viewpoint on
teacher change may be unrealistic (Huberman & Miles 1984; Guskey & Huberman
1995). As a result, an alternative model has been presented that leads to the
construction of more successful professional development programmes and re-

examines the process of teacher transformation (Guskey 2002).

2.7.1.1 An alternative model

Professional development programmes aim to achieve three key objectives: changes in
teachers' classroom practices, changes in teachers' attitudes and beliefs, and changes
in learners' learning outcomes. The order in which these outcomes occur is critical for
enacting and facilitating the intended change, as well as its long-term sustainability
(Guskey 2002). The alternative strategy to changing teachers' beliefs and practices is
depicted in Figure 2.1 below. The three key results of the professional development
programme are in a different order than the one stated in paragraph 2.7.1, as shown in
Figure 2.1 below. According to the model, evidence of improved learner performance
would lead to a major shift in teachers' beliefs and attitudes. This progress is due to
modifications made by teachers in their classrooms, such as the adoption of new

materials, revisions to teaching processes, or simply a fresh teaching approach.
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Figure 2-1: A model of teacher change (Guskey 2002).

a) Change in classroom practices

Guskey’s model of predicted change assumes that change is basically generated from
teachers’ learning processes. Teacher techniques that do not result in considerable
proof of success are halted at this level of the model, while those that are found to be
effective in assisting learners in achieving their target performance are repeated and
preserved. Improved learner performance is sufficient proof that any adjustment in

teaching practice is beneficial (Guskey, 2002).

b) Change in teachers’ attitudes and beliefs

It is undeniable that classroom experience has a significant impact on teachers' beliefs
and attitudes about teaching. Teachers who have frequently failed to assist learners
who lack access to educational opportunities to achieve exceptional learning, are prone
to feel that these learners lack the ability to achieve academic excellence. Teachers'
opinions may change if those learners achieve success in their learning because of new
teaching practices developed by those teachers. This improvement in student
performance is a prerequisite for most teachers' beliefs and attitudes to shift significantly
(Guskey 2002).

c) Changes in student learning outcomes

The model's depiction of learning outcomes includes a wide range of learner attitudes
and behaviour, not just accomplishment and cognitive components. Attendance,
participation in class, classroom behaviour, motivation, attitudes toward school, quiz
and examination scores, formal assessments, and achievement tests, the class and the
learners themselves are all included. This means that learning outcomes relate to all
other evidence that teachers use to assess the efficacy of their instruction (Guskey,
2002).
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2.7.2 Support for the model

Teachers feel that new teaching concepts and principles are true “when they give birth
to behaviours that work” (Bolster, 1983, p. 298). How these teachers feel demonstrates
that new teaching strategies are difficult for experienced teachers to implement until

they observe how well they work in their classrooms (Bolster 1983).

Crandall, Loucks-Horsley, Bauchner, Schmidt, Eiseman, Cox, Miles, Huberman, Taylor,
Goldberg, Shive, Thompson, and Taylor (1982) investigated teachers' efforts to
incorporate 61 creative teaching approaches in 146 districts across the USA. The
growth of teachers' dedication to use the latest practices was most important to Crandall
and his colleagues. Teachers' dedication to new teaching methods was frequently
bolstered by project managers exposing teachers to problem-solving and decision-
making before they could use them. However, this action by project managers had
unfavourable consequences because new procedures were transformed beyond

recognition by teachers, and their usefulness was lost as a result.

2.7.3 Implications for professional development

The following lessons can be learnt from this model of teacher transition:

2.7.3.1 Teacher change is gradual and a hard process

Learning to be an expert at anything new, and comprehending a new method of doing
things, take both effort and time. It is unquestionable that every reform that has the
potential to improve teachers' competencies and children learn, necessitates additional
effort at the outset (Guskey 2002). Teachers are often cautious to accept new teaching
approaches unless they are self-assured in their ability to implement them successfully
(Lortie 1975).

Teachers run the risk of failing when they make a change or try something new. Not
only will they be embarrassed if they fail, but it is also possible that others will oppose
the move. Change entails the risk of learners learning more, or less effectively than they
do at that time. This means that, even when exposed to evidence from meticulously
planned experimental studies, teachers are hesitant to abandon or change the
strategies they developed and refined in the their own classroom environments (Bolster
1983).
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2.7.3.2 Provide teachers with continuous feedback

It is vital for teachers to receive regular feedback on the results of their efforts in order
for them to keep using innovative strategies. It is undeniable that successful activities
are motivating, and they are more likely to be repeated, while unsuccessful efforts are
more likely to be abandoned. Similarly, if new and unfamiliar practices are seen to boost
one's competence and success, they will be embraced and retained. This is especially
true for teachers who take pride in their ability to positively affect their pupils' growth and
development (Bredeson, Fruth, & Kasten 1983; Guskey 1989; Huberman 1992).
Therefore, continuous feedback is essential towards successful professional

development initiatives (Guskey 2002).

2.7.3.3 Provide continued follow-up, support, and pressure
According to the model, the desired change in teachers' attitudes and beliefs can only
occur after implementation and proof of improved student learning. Ongoing follow-up,

support, and pressure beyond the first training is therefore essential (Guskey 2002).

Continuous educational progress necessitates a balance of support and pressure.
Support helps people to tolerate the risk of occasional failure during the difficult
implementation phase, while pressure is typically required to commence change among
those who lack self-motivation. It also provides an uplifting stimulant, and the odd nudge
that many teachers need to keep going in the tough duties that all change initiatives
entail (Airasian 1987; Huberman & Crandall 1983).

2.8 FACTORS AFFECTING TEACHERS’ CHANGE IN
BELIEFS AND PRACTICES REGARDING THE USE OF
ICT

Teachers, according to research, are central to the effectiveness of ICT integration in
learning and teaching. They can also be change advocates (Mathipa & Mukhari 2014).
They are the ones determining the uptake of ICT in the classroom. At the same time, it
is also important to note that the usage of ICT in the classroom is giving teachers new
responsibilities (Eze & Olusola 2013). Teachers are no longer knowledge transmitters,
but rather knowledge facilitators, who must motivate learners to build their own
knowledge. They should engage learners in problem-solving activities, enhance their
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critical thinking abilities, instruct them on how to use the internet critically to find and
select the information they need, and foster peer teaching, knowledge exchange, and
social connection through collaborative work (Mathipa & Mukhari 2014). It is also worth
noting that some ICT tools, such as overhead projectors, are becoming obsolete as
teachers increasingly use a number of ICT resources to convey content in a variety of
ways (Eze & Olusola 2013).

2.8.1 Age and teaching experience

More experienced teachers seem to be less likely to use computers than those with less
experience (National Centre for Education Statistics 2013). The statistics for computer
use in the classroom by teachers with 20 years or more experience was 33%. For those
with 10 — 19 years of experience the figure was 47%, and for those with four to nine
years of experience the figure was 45% (Afshari et al. 2009). Forty-eight percent of
teachers with less than three years of experience reported using computers. The
increased use of computers among teachers with three or less years of experience may
be due to their exposure to computers during their training. As a result, they may have
more experience with the tool than individuals with 20 years or more of teaching
experience (Afshari et al. 2009).

Another explanation, according to Ruthven, Hennessy, and Deaney (2003), is that the
younger generation is not scared of using new technologies than older teachers are. It
is also possible that aging teachers are content with the traditional manner of teaching
and believe that using technology has no advantage for them or their learners. They see
no need to experiment with new inventive teaching methods (Mathipa & Mukhari 2014).
Moreover, face-to-face and teacher-centred education approaches provide older

teachers authoritative power in their classrooms (Makgato 2012).

2.8.2 Age and gender

Using the Theory of Planned Behaviour, Venkatesh and Morris (2000) examined age
and gender disparities in individual sustained usage and adoption of technology in the
workplace. Over a five-month period, 355 workers were researched to see how they
used technology, and how they reacted to a new technology software. They discovered
that the decision of men of various ages to adopt or not to adopt new technologies was

heavily influenced by their attitudes. Women, on the other hand, were influenced more
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by perceived behavioural control and the subjective norm than by attitude when it
comes to adopting new technology. This implies that distinct judgment processes for
evaluating new technologies tended to be used by men and women of various ages in

embracing new technologies (Venkatesh and Morris 2000).

2.8.3 Teacher qualifications

Teachers that are both educated and highly adept with technology, are able to
overcome hurdles and be innovative, but they do not consistently incorporate
technology as learning and teaching tools, unlike less educated teachers. Various
factors contribute to this behaviour of highly educated teachers, such as the extra
planning required for technology instruction and outmoded hardware (Bauer & Kenton
2005).

2.8.4 Teacher characteristics

One of the human traits that determines how teachers use computers in their
classrooms is how they learn. A creative teacher who is a knowledge constructor,
decision maker, social and life-long learner, will be more likely to integrate computers in
transformative ways rather than ones that reinforce and reward normal learning

practices (Bielaczyc & Collins 1999).

In his study on the dissemination of innovation, Rogers (1995) identified early and late
technological adopters, based on their personal characteristics. Early adopters usually
have a higher level of compassion, less hubris, a better-intentioned attitude toward
change, a better capacity to deal with unpredictability and danger, less fatalism and
higher goals, significant rationality, and a remarkable ability to deal with abstractions.
Late adopters, unlike early adopters, are less ready to take excessive risks, are more
practical in their judgments, have a firm grasp on difficulties, dislike infatuation, prefer to
be directed by experience, and have a more authentic view of probability. As a result,

early adopters will adopt technology more quickly than late adopters (Rogers 1995).

2.8.4.1 Teacher self-efficacy
Self-efficacy, according to Ormrod (2006), is the belief in one's own ability to attain the
desired results. Self-efficacy has an impact on every aspect of human endeavour. Self-

efficacy identifies an individual's ideas about his or her ability to influence events. Self-
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efficacy influences both the decisions a person is most likely to make and a person’s

ability to tackle obstacles (Luszczynska & Schwarzer 2005).

Teacher self-efficacy influences the frequency and success with which teachers use
technology (Sure 2009). Moore-Hayes (2011) postulates that teachers' opinions about
their ability to work effectively with technology are directly related to the inclusion of
technology in the classroom. Foreseeably, it was found that teachers who adopt,
implement, and integrate ICT in their classrooms have more confidence in their
competence (Sang, Valcke, Braak & Tondeur 2010). Teachers with high confidence are
often looking for ways to enhance their teaching methods. As result, they are likely to be
more receptive to new ideas and prepared to try new things in their classrooms. Unlike
teachers with low computer self-efficacy, who are frustrated and hesitant to use
computers when they run into problems, teachers with high self-efficacy are more likely
to utilise computers because they have less computer-related anxiety (Sang et al.
2010).

Mueller, Wood, Willoughby, Ross and Specht (2008) noted:
"Although computer-related variables, in general, continue to impact on
teachers' ability to integrate technology, it is positive experiences with

computers in the classroom context that build teachers' belief in computer
technology and confidence in its potential as an instructional tool" (p. 1533).

Teachers' confidence grows when they see how technology helps learners to succeed,
according to Ottenbreit-Leftwich (2007). Various suggestions for increasing teacher self-

efficacy have been made in previous studies:

e More time is needed by teachers to use technology (Somekh 2008).

e Start small and build on your successes (Ottenbreit-Leftwich 2007).

e Collaborate with a knowledgeable colleague (Ertmer, Ottenbreit-Leftwich, & York
2006).

e Become a member of a professional learning community) (Putnam & Borko 2000).
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e Professional development programmes (PDP) should be integrated into teachers'
ongoing work (Cole, Simkins, & Penuel, 2002; Snoeyink & Ertmer 2002).

Since “innovation and adaptation are costly in terms of the time needed to develop and
establish new practices”, adequate time is needed by teachers to make the desired

changes (Hennessey, Ruthven, & Brindley 2005, p. 162).

2.8.5 School environment

The success or failure of ICT adoption and use can be ascribed to several factors,
including school. Leadership and infrastructure are two external variables that affect the
school (Jones 2004). According to Scrimshaw’s (2004) findings, in schools with
hierarchical leadership, the principal makes decisions without consulting teachers. As a
result, there is little desire to incorporate ICT into the classroom. With an inclusive
leadership style, the principal makes decisions with the input of teachers, resulting in
greater willingness and stronger morale to integrate ICT into the classroom (Scrimshaw
2004). According to Ottestad (2013), pedagogical usage of technology in schools is

significantly linked to school leadership.

2.8.5.1 School leadership for ICT

In Norwegian schools, the use of ICT for instructional reasons is legislated by the
national curriculum (NDET 2008). As a result, the Norwegian curriculum requires school
leaders to promote the incorporation of ICT into instructional practice. School leadership
for ICT is at the centre of ensuring that teachers incorporate and be creative with
technology during teaching (Kirkland & Sutch 2009). It should also encourage digitally
skilled learners by providing the necessary infrastructure and a supportive environment,
and defined objectives and visions for the use of ICT in the classroom (Dexter 2008).

Principals' leadership is critical (Leithwood, Harris, & Hopkins 2008) in transforming
schools from knowledge transfer institutions to learning institutions (Coppieters 2005).
There are three types of school leadership: distributed (Leithwood & Mascall 2008;
Robinson, Hohepa, & Lloyd 2009), pedagogical (Leithwood & Mascall 2008; Robinson
et al. 2009), and transformative (Miller, Naidoo, Van Belle and Chigona 2006).
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a) Distributed leadership

Interaction and activity between teachers and school leaders are emphasised in this
style of leadership (Spillane 2005). In addition, both co-enactment and expanded
boundaries between teachers and leaders are important in this form of leadership
(Bennet 2008). When all team-based activities and role players are used in a systematic
manner to focus on the learner and the learning process, strong communities of practice
between leaders and teachers emerge (Miller et al. 2006). In comparison to schools
characterised by an "island of innovations", where creative use of ICT is restricted to a
smaller group, research findings revealed that when ICT is integrated school-wide, the
school principal plays a critical role in launching innovations (Forkosh-Baruch,
Nachmias, Mioduser, & Tubin 2005).

According to Dexter (2008), leadership decisions should be influenced and implemented
by a broad team, which should include the principal, ICT coordinators, teacher leaders,
and competent teachers. Teachers train their co-workers, question the traditional role of
the teacher, and use their ICT competence to develop their pedagogical practice in
schools where distributed leadership is practiced (Hatlevik, Tomte, Skaug & Ottestad
2011). At their schools, this type of teachers assumes the role of knowledge activists.
When school leaders want to adopt creative ICT use across the board, knowledge
activist teachers become particularly valuable, according to the distributed leadership
perspective (Ottestad 2013).

b) Pedagogical leadership

Pedagogical leadership is a style of leadership in which school administrators
participate in the pedagogical practice of teachers (Jackson & Marriott 2012). According
to Dexter (2008), pedagogical leadership should be used to provide direction for ICT-
based assessment and instructional practices. Pedagogical leadership further
emphasises that the teachers’ decision to participate in professional development that
enhances the pedagogical use of ICT must be influenced by staff capabilities and needs
(Dexter 2008).

c) Transformational leadership
When a leader fosters team learning, develops a common vision, and applies thinking

processes, this type of leadership is called transformational leadership.
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Transformational leadership is visionary and inspirational. The school principal is thrust
into a prominent and charismatic role (Dexter 2008). The principal's role in
transformational leadership is a blend of characteristics from all leadership approaches,
characterised by functional delegation of leadership responsibilities to teams and
individuals, clear delegation of formal roles and legitimacy, and close monitoring and
counselling of teachers' needs and pedagogical practice. When ICT is used in everyday
pedagogical practice, the school principals’ role becomes even more important.
Therefore, Stuart, Mills and Remus (2009) suggest that the school principal must take
part in ICT-related professional development activities to take advantage of their new

position as technological leaders.

2.8.5.2 School culture

Each group of teachers within a school or other institution, has its own set of norms that
govern teaching techniques and behaviour. The norms of the school determine the type
of aims and values to be promoted, as well as the appropriate resources or instruments
to utilise, and also which instructional methods are favoured (Ertmer & Ottenbreit-
Leftwich 2010). Somekh (2008 p. 450) have noted that “[tjeachers are not ‘free agents’
and their use of ICT for teaching and learning depends on the interlocking cultural,
social, and organizational contexts in which they live and work™ and regrettably, for
most, the culture to which they must conform has not embraced a definition of powerful
teaching that includes the notion of technology as an important tool for accelerating

learner learning (Ertmer & Ottenbreit-Leftwich 2010).

When technology starts to diverge too much from the school's current values, beliefs,
and practices (Zhao & Frank 2003), or if it “consistently destabilizes the established
routines of classroom life, including norms of time and space” (Somekh, 2008, p. 452),
or if it is “incompatible with the norms of a subject culture” (Hennessey et al., 2005, p.
161), it is less likely to succeed. Teachers who have been socialised differently
regarding computer use by their peers, on the other hand, can more rapidly change
their ideas about technology use (Zhao & Frank 2003).

Peer pressure and culture can have positive results (Ertmer & Ottenbreit-Leftwich
2010). Somekh (2008), for example, found that three schools from three different

nations were able to help teachers accept technology in a pedagogically useful way.
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According to Somekh (2008), school-wide innovation occurred when “the principal's
vision and drive were of key importance” (p. 457), and the innovation resulted in
‘change like teacher—teacher interactions, based on collaboration and mutual support”
(pp. 457-458).

2.8.5.3 School policy

The lack of ICT policy in most South African schools means that most schools do not
have a clear strategy or training programme that can train teachers how to use
computers during teaching (Gudmundsdottir 2010). The literature on technology
integration provides abundant material on how this can be accomplished, but little
information is provided regarding how the ICT policy of a school affects technology
integration. Among the most important factors required for ICT integration in schools,

according to Hew and Brush (2007), is a shared vision and ICT policy.

As defined by Fishman and Zhang (2003), Van Braak (2003) and Frazier and Bailey
(2004), a school-based ICT policy includes both strategic and operational elements that
integrate the use of ICT to enhance teaching and learning. They contend that a school-
based ICT policy fits into a broader notion of ICT policy planning. It also provides a
platform for examining how ICT can improve teaching and learning by providing a
roadmap for the activities that a school intends to pursue (Fishman & Zhang 2003; Van
Braak 2003; Frazier & Bailey 2004).

Their view is that a school-based ICT policy should reflect the aims, activities and
expectations of the schools regarding ICT integration in education (Fishman & Zhang
2003; Van Braak 2003; Frazier & Bailey 2004). The development of staff, visioning,
curriculum, assessments, and planning of ICT should all be incorporated into a school-
based ICT policy (Van Braak 2003). It is also important to note that an ICT policy is not
just about hardware and internet connectivity, but also about how ICT is incorporated
into the instructional programme (Gulbahar 2007).

School ICT policy should be participatory, as indicated in the draft White Paper on E-
Education published by the Department of Education (2004). It should involve a fair
distribution of resources and a genuine commitment to teaching and learning. As an
additional policy recommendation, the Department of Education (2004) calls for

ensuring that all "end-users (learners, teachers, managers, and administrators)" have
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access to ICT on a regular and consistent basis. Successful ICT integration requires the
development of a school-based ICT policy (Vanderlinde, Van Braak & Hermans 2009).
Teachers utilise ICT more frequently in their classrooms in schools with a specific ICT
policy, according to Tondeur, et al. (2008).

According to Vanderlinde, Van Braak, and Dexter (2012), ICT policy is composed of the
following four policy domains:

e [CT policy in terms of vision development: connecting the school-based vision of ICT
integration to the school’s educational aims;

e ICT policy in terms of finances: ICT policy relating to infrastructure such as hardware

and software;

e Professional advancement ICT policy: organisation and management of in-service

ICT training courses for teachers in schools; and

e Curriculum ICT policy: implementation and management of ICT for learning and
teaching.

Some scholars suggest that an ICT integration strategy would limit people's choice to
choose the ICT training they want. It could also hamper the creativity of individual
teachers, and that such a strategy may therefore be unnecessary. However, only a
sound ICT strategy can meet the expectations of ICT in schools, which must be

matched by the training to be supplied (Kwela 2013).

2.8.6 Teacher knowledge

In their first years of teaching, novice teachers have difficulty incorporating technology
into their lesson plans due to their lack of understanding of the school context (Clausen
2007). Education officials have advocated the use of emerging technologies in teaching,
but teachers reported feeling insufficiently prepared to teach using these techniques
(Martin, Shaw & Daughenbaugh 2014). As a result, “...in order to assist teachers in
changing their practice, they must be assisted in expanding and elaborating their

knowledge systems” (Borko & Putnam 1995, p. 37).
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2.9 EXPLORING PROGRAMMES INTENDED TO PROMOTE
THE USE OF ICT

The findings from the investigation conducted by Law, Pelgrum, and Plomp (2008)
revealed that just 15% of all ICT courses accessible to South African teachers include a
curriculum on pedagogical concerns linked to how ICT might be integrated in learning
and teaching. PanAf, as quoted by Ndlovu and Lawrence (2012), reports that ICT
training in most South African public schools focuses primarily on fundamental
computer skills, and this is insufficient to provide teachers with the skills they require to

integrate ICT into their field of specialisation.

According to Howie and Blignaut (2009), most skills and information obtained by South
African teachers are acquired through non-formal means such as teacher-to-teacher
teaching, observation and informal contact, rather than via official routes. This implies
that if technology is to be used for teaching and learning in South Africa, authorities
must provide the training (Mofokeng & M;ji 2010). Unfortunately, no one is certain about
the type of ICT training that should be provided, so there is a lot of discussion and
disagreement about how training should be conducted (Kwela 2013).

2.9.1 ICT training through blended learning

Technology uptake is affected by several factors, including teacher perspectives and
attitudes toward technology use. These factors are the result of teachers' individual
underlying personal ideas regarding the consequences of technology adoption (Sugar,
Crawley & Fine 2004). Sugar, et al. (2004) argue that for technological adoption to take
place, teachers must be prepared. Early research suggests that blended learning,
whether face-to-face or online, can be effective, especially in programmes aimed at
preparing teachers for technology adoption. Blended learning can enhance access,
improve cost-effectiveness, and improve training (Qasem & Viswanathappa 2016), as
well as give teachers more flexibility in incorporating technology into their classes
(Khlaisang & Likhitdamrongkiat 2015).

Blended learning, whether face to face or online, is expected to help strengthen the
integration of ICT into instructional design and teaching. Positive attitudes toward ICT

integration and teacher performance can substantially increase since blended learning
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allows teachers to exchange ideas and fully participate in the learning environment

(Qasem & Viswanathappa 2016).

Blended learning is a term that can be defined in a variety of ways. It identifies a
combination of both physical and virtual worlds, according to the most popular definition
(Bonk & Graham 2005). Graham, Allen and Ure (2003) identified three types of blended

learning systems:

e  Enablement of blending: Different learning modes are used for the learners, but
they share the same learning experience. Learners can select the method that

best fits their budget and schedule.

e  Enhancement of blending: Learning is mainly conducted in a face-to-face manner.
The type of learning management system adopted is the one that provides

supportive resources for courses.

e Transformation of blending: As the primary method of instruction, traditional

learning is integrated with technology-mediated approaches.

The adoption of a blended learning approach has raised significant arguments in the
literature, while at the same time its use is described in a large volume of literature. In
contrast, there are few empirical studies on it in programmes for teacher education (Ho,
Nakamoria, Ho, and Ho 2013; Keengwe & Kang, 2012; Abidoye 2015). To analyse the
impact of blended learning, Nazarenko (2014) interviewed students who had completed
a blended course. He discovered that these students were enthusiastic about learning
in a hybrid environment. A positive attitude is the outcome of the ability to learn from
others by obtaining their opinions, recommendations, or reactions, as well as giving or

receiving assistance from moderators (Weaver 2005).

In a study by Gecger and Dag (2012), students' perceptions on computer courses
presented and implemented in a hybrid learning environment were studied. The findings
revealed that the use of technological activities in the training had a positive influence
on students, both in terms of evaluation and learning. Students also noted that the
blended learning environment and online projects impacted their active engagement in

academic activities, and that homework was entertaining and valuable.
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El-Deghaidy and Nouby (2008) and PleSec Gaspari¢ and Pecar (2016) also discovered
that students who enrolled in blended learning courses had more positive feelings about
e-learning than those who enrolled in face-to-face courses. Eryilmaz (2015) therefore
believes that educational practices created inside blended environments are highly
helpful in terms of learning, attention, motivation, contentment, teacher performance in

ICT integration, and the development of positive perceptions about e-courses.

2.9.2 ICT training through the Khanya Project

The Western Cape Education Department initiated the Khanya project in May 2001,
with the goal of completing it by March 2012 (Du Toit 2004). The goal of the project was
to solve the developing crisis in the usage of ICT in South African education. Khanya
comes from the Xhosa verb "ukhukhanya," which means "to illuminate or enlighten"
(Rahimi, Beer & Sewchuran 2012).

The intention of the project was to increase teachers’ ability to integrate the use of
affordable, readily available, and appropriate technology into the curriculum. This
programme was designed to help under-resourced schools in Western Cape districts.
The facilitators were crucial to the success of the project because they were tasked with
assisting teachers to integrate ICT into their daily classroom practices (Rahimi et al.
2012).

The facilitators in this project were all ex-teachers with ICT experience, experience in
working with "previously disadvantaged" students, and they all had at least ten years’
experience as teachers. Face-to-face and hands-on ICT skills training was provided to
teachers with specific curriculum targets in mind. The type of training to be conducted at
a particular school was determined by the teacher’s prior learning levels in that school
(Du Toit 2005).

A brief trial to train teachers on how to use e-learning resources was conducted at the
start of the programme, but it was abandoned. Most of the teachers who took part in this
training had never seen or used a computer before. The non-use of computers by
teachers sometimes resulted in them taking longer to master the essential skills needed
to use technology in their daily teaching practice, and they also seemed to experience a

sense of threat from new technology. A trusting relationship with the facilitator is often
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necessary to shift teachers' attitudes and overcome their ingrained anxiety (Du Toit
2005).

Parallel to ICT skills training, training on the principles and practice of integrating ICT
into normal teaching practice should be initiated. Appropriate instructional software
should be introduced progressively. It is important to note that curriculum
implementation does not drive the utilisation of computer laboratories, but the opposite
is true. Teachers can resume regular classes in the computer lab once formal training
has been completed, and they feel confident to use computers. Teachers should also
be offered ongoing technical and software support, as well as demo lessons that
empower them (Du Toit 2005).

The "e-school project plan" in the Khanya initiative was created by the e-school project
manager at the outset of the support phase. It lays out the entire facilitation process, as
well as the corresponding curriculum outcomes, complete with project timelines. Once
all the outcomes have been met adequately, the school will be considered
"independent," and visits will become less frequent. Even when the school has become
self-sufficient, the teachers or school can contact the facilitator at any time if they have
problems or require assistance. Due to its unique methodology, the Khanya initiative

has garnered two renowned prizes recognizing its accomplishments (Du Toit 2005).

Du Toit (2005) reported on the Khanya Project's planned aims, programme layout, and
successes, while Rahimi et al. (2012) revealed that the Khanya project had not
achieved its intended goal by 2012. During the implementation, difficulties were
discovered. Thematic analysis found that the divide between resource receivers and
suppliers was ever-increasing. According to one teacher, "they, Khanya, specify who
can use it and who cannot, as well as when it can be utilized and when it cannot. The
Khanya laws are too rigid; there is no room for error, and if they say mathematics
people can use it, then only mathematics people can use it". “The red tape around the
utilization of the laboratories prohibited teachers from getting into the laboratories for the
hours that they needed to get comfortable with the technology”, another teacher said

(Rahimi et al. 2012).

It seems as if the Khanya project was prone to micromanagement, as seen in the

quotes above. There were also signs that teachers were rejecting the use of technology.
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"We have a staff component that is made up of an elderly group on the one hand, and a
younger group on the other," teachers explained. The younger generation immediately
adopted computers, while the older generation was hesitant and needed persuasion.
Senior management had to show the older teachers that technology can help them to
learn more effectively. "When you think of using the computer for teaching, you have to
think twice," another teacher continued, "since the youngsters these days tend to know

more about computers than we adults do" (Rahimi et al. 2012).

Because the older educators were unable to adapt to the technology, they were
opposed to it and worried about the impact it would have on their careers. Not only were
the older teachers unprepared, but Khanya also insisted that specific subjects be
prioritised. Teachers whose disciplines were not prioritised felt as if their professional
growth was not valued. The thematic analysis of the project revealed that the
relationships between teachers in the school were not conducive for teachers to
become empowered to use the computer lab. According to the findings, Khanya was to

be blamed for the unstable environment in the schools (Rahimi et al. 2012).

There was no mention of a support committee at the school during the interviews,
implying that teacher support was informal. In the corridors or whenever teachers
spotted one another, teachers would seek for help. "There's a lot of selfishness among
themselves," teachers said, "thus sharing knowledge among teachers who used the
computer lab had its issues." For example, some teachers were Excel specialists, but
could not share their skills with other teachers, implying that true teacher empowerment
did not exist (Rahimi et al. 2012).

The thematic analysis of the project pointed to nine obstacles negatively impacting
technology integration, in addition to the disapproval and negative remarks by the
teachers. These were noted by a member of the Khanya project (Rahimi et al. 2012) as

follows:

e alack of assistance from the department;

e alack of support and guidance from the principal;

e a scarcity of educational opportunities;
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¢ no time set aside to develop the skills;

e overburdened by a plethora of administrative responsibilities;

e having to attend far too many curriculum-related training sessions;

e faulty technology;

¢ insufficient (or non-existent) technical assistance, and

a scarcity of time slots in the computer room.

It is worth noting that only one of Khanya's nine major difficulties was related to
technology or infrastructure. This could be proof that such programmes should be led by
well-defined policies. Conditions should be established that not only allow for the
effective use of e-learning technology, but also allow for social elements that will allow
for smooth adoption and rollout without imposing a dominant culture or producing
tension within schools. Rahimi et al. (2012) recommended that the initiatives should
allow schools to be more active and to be consult in the process, as well as have more

decision-making power, in addition to offering ICT-centred training.

2.9.3 The Intel® Innovation in Education Teach to the Future ICT

programme

Intel® Teach to the Future is a global initiative focused on assisting teachers in
incorporating technology into their classrooms to help learners learn more effectively. It
was first released in the United States in 2000. The USA is a well-resourced,
technologically sophisticated country with teachers who appear to be competent. The
programme is presently in use in 33 countries throughout the world. It stands out for its
focus on dedication, as exemplified by Intel® President Dr Craig Barrett's remark that
"computers aren't magic, teachers are," and pedagogy (Barrett 2000).

The programme was initiated in South Africa in 2003. The South African Council for
Educators (SACE) endorsed the programme, which was backed by the National

Department of Education and aligned to the South African National Curriculum
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Statements (Wilson-Strydom & Thomson 2005). The intended goal of the Intel® Teach

to the Future programme in South Africa is stated as follows:

“To train classroom teachers how to promote project-based learning and
effectively integrate the use of computers into Curriculum 2005 and Revised
National Curriculum Statements so that learners will increase their learning
achievement” (Intel® Teach to the Future Training Manual, 3.3, p.1).

The curriculum emphasises the use of teachers' own instructional units in which they
work on all areas of a project of their choosing, including assessment and the creation
of a rubric library, as well as hands-on learning. Furthermore, throughout the
programme, teachers solve problems, participate in peer reviews, and work in groups.
This is done to fulfil the desired goal of exploring various methods in which teachers
might effectively employ technology to heighten learning. As a result, teachers with
varying levels of computer knowledge, as well as advanced teachers, can use the
application to optimise cross-curricular planning opportunities (Wilson-Strydom &
Thomson 2005).

The programme uses a project-based learning approach, with ten modules of at least
four hours each focusing on assisting teachers in efficiently integrating ICT into the
curriculum. As much as there is a pressing need to transform teachers, it is undeniable
that many lack expertise, especially in the project-based learning that the Intel® Teach
to the Future presupposes, and that most teachers are unskilled or untrained (Crouch &
Perry 2003). Teachers were not only unfamiliar with project-based learning, but also
with learner-centred methodology and ICT, and the programme's success was

hampered by a lack of fundamental infrastructure (Herselman 2003).

A thousand schools across all the nine provinces in South Africa were involved. The
school nominated teachers to participate in the programme, then the provincial senior
trainers would train the nominated teachers. From the provincial one-week training, the
teachers would then train their colleagues at their respective schools. For newly trained
teachers, an additional requirement would be placed on them. The provincial
department officials in various Provincial Departments of Education would undergo
national training. They would be expected to train teachers when Intel® no longer funds

the teacher training. This method of implementation is known as the "Train the Trainer"
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model (Wilson-Strydom & Thomson 2008). In "Train the Trainer" approach, it is
expected of newly trained teachers to be able to pass on their newly acquired abilities
before they have reached sufficient levels of knowledge and confidence, making it easy
for them to fail (Roos 2002, p25). Since not all learning areas are accommodated,
teachers in this approach struggle to adapt abilities learned in general training to a
variety of learning areas. Mbatha (2015) refers to this strategy as a one-size-fits-all

approach.

This approach has proven integrity in certain countries (Sherry, Billig, Tavalin & Gibson
2002), but has a bad reputation in South Africa because of questionable methodology
and insufficient content during the early stages of training for the new national
curriculum (Chisholm 2000).

Because of the insufficient number of experienced teachers and too few competent
facilitators, the Intel® Teach to the Future programme resulted in random failures and

successes. In evaluating the programme, the following findings were found:

e Poor facilities and teachers' lack of confidence in their technical and pedagogical
skills were the two most significant factors that contributed to trained facilitators
failing to provide training in their schools (Wilson-Strydom 2004);

e Limited numbers of computers resulted in teachers having reservations to implement
the learner-centred approach despite them having creative ideas about it (Wilson-
Strydom 2004);

e Teachers who participated in the Intel® Teach to the Future initiative were mostly
those who lacked the necessary ICT skills (Wilson-Strydom 2004); and

e “Teachers require more support to find innovative ways of using scarce ICT

resources” (Wilson-Strydom 2004, p. 9).

The scarcity of qualified candidates, especially at provincial level, raised concerns
regarding quality assurance, such as how learning can become better “when teachers
lack the required ICT skills and tend to focus on the ICT aspects of the training to get
through rather than the important pedagogical aspects”? (Wilson-Strydom 2004, p. 4).
Many individual teachers, both from underprivileged and from wealthy, well-resourced
schools, expressed an apprehension about inquiry-based learning. For an example,

"according to the facilitator, teachers want to learn about computers rather than
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complete curricular work at the start of the training. This is one of the reasons why
teachers struggled to grasp the principles of various types of inquiries. The facilitator
also mentioned that explaining topics to teachers is difficult" (Wilson-Strydom 2005, p.
41).

2.9.4 New Opportunities Fund ICT training

The Department of Education responsible for Northern Ireland's education technology

plan summarised it as follows:

“... the effective use of information and communications technology (ICT) in
the classroom can measurably enhance the learning environment and enrich
the educational experience of all our young people. Well used, education
technology can encourage a more participative and independent approach to
learning, thereby laying the foundations for lifelong learning and personal
development” (DENI 1997, p. 6).

By the year 2003, the strategy expected all teachers to be proficient in the use of ICT in
their classrooms. The New Opportunities Fund training is one of the initiative's
measures. New Opportunities Fund training was implemented between 1998 and 2003
with the goal of raising the standard of learner accomplishment in the schools in the
United Kingdom by enhancing the technological knowledge of serving teachers. As a

result, Northern Ireland's educators were expected to:

e understand which technology-based resources are accessible in their disciplines and
how to use them with individuals, groups, and full classes.

e Continue their professional development to stay current with new methods,
resources, and advancements, as well as to evaluate their students' learning in an
ICT setting (DENI 1997).

The Office for Standards in Education (OFSTED) published reports in 2001 and 2002
on the impact of government ICT programmes in schools, and various difficulties related
to the training were highlighted. The training did not consider teachers' various ICT
backgrounds, and schools were unaware of the type of training they would receive
despite having already committed to it. A fundamental issue in the training programme
was the inability to focus on teachers’ area of specialisation, and this was considered as

a serious flaw. There was also a shortage of time for teachers to follow up and complete
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the training. Where successful, however, there was a general increase in how often
technology was used to teach certain topics, particularly in secondary schools, as well
as teachers' trust in using technology to teach. However, it should be mentioned that the
success of NOF training was determined by the condition in which it was implemented
at the school, not by the standard of the training offered. “Much of the NOF ICT training
is not on track to accomplish its potential,” the report concluded (OFSTED, p. 21, 2001).

According to OFSTED (2002), the NOF training was successful in a third of primary
schools and a quarter of secondary schools in 2003. In around 50% of primary and 60%
of secondary schools, the training failed to effectively prepare teachers to address
pedagogical challenges or to develop teachers' ICT skills. In a limited number of
schools, the training boosted progress. The following are the characteristics of a

successful NOF training programme:

e |ICT is identified as a school priority,

e staff members are already proficient in using ICT,

e senior managers take active interest in teachers’ training,

e teachers are given the opportunity to select and adapt the NOF training materials
that met their needs, rather than dutifully working through them,

e teachers have access to a personal computer, particularly at home,

e teamwork and peer support are the norm.

Schools that failed to complete NOF training did so because of the non-availability of a
competent post-NOF staff development programme. The following are some of the

issues raised by educators who were unable to finish the training:

e insufficient time,

e organisational and technical difficulties,

e lack of assistance from mentors or trainers,

e training materials poorly matched to teachers’ needs,

e portfolio compilation and exercise completion requirements were unrelated to current

work environment.

Teachers frequently complained about mentors' failure to respond to messages,

trainers' underestimation or exaggeration of teachers' prior knowledge, and the inability
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of trainers to establish a productive working connection with teachers. The training
programme was unable to fulfil the needs of teachers who lacked confidence, as well
those of as highly skilled ICT users. This implies that there was no distinction between
users. Some students left to their own devices to use CD-ROM-based distance learning
tools made little progress and did not finish the programme. Finally, expected to work on
training materials outside of school hours placed significant strain on teachers’ time
(OFSTED 2002).

2.9.5 Summary lessons learned from the example ICT programmes

For models of teacher development in ICT to be successful, various challenges must be
addressed. These include adequate resources and equipment, good social and
technical support, and adequate time. Teachers should be involved in the design of the
content of the programme for it to be suitable to their teaching approaches, and school
administration teams should actively support and be committed to the goals of the
professional development opportunities. A flexible delivery approach must be used to
reflect the teachers' levels of ICT expertise as well as individual demands. Tutors or the
programme must recognise the audience's various learning styles as well as the
problem of teachers’ attitudes toward ICT. Also, the willingness to change teachers'
attitudes and perceptions about the use of ICT is important (Galanouli, Murphy &
Gardner 2004; Qasem & Viswanathappa 2016).

Successful ICT training models, according to Davis, Preston and Sahin (2009), should
prepare teachers and provide them with assistance (Steyn & Van Greunen 2014), and
be done in the same way that teachers are expected to incorporate ICT (Davis et al.
2009). Sang et al. (2010) state that constructivist teacher training should be used
because it will provide teachers with a non-threatening environment in which they can
acquire confidence and experience success with computers. Teo (2009) and Holland
(cited in Law, 2008, p. 427) agree that “teacher training should prepare teachers not
only for any kind of ICT integration but should equip teachers for the best practices in
ICT integration that contribute to improving existing teaching practice to achieve the

goals of school reform".
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210 ASPECTS TO CONSIDER FORICT TRAINING
PROGRAMME TO HAVE ABETTER CHANCE TO
CHANGE TEACHER BELIEFS AND PRACTICES
REGARDING THE USE OF ICT

According to Kwela (2013), when conducting technology training, several factors must
be considered to achieve improved ICT integration. Teachers' ICT expertise, the need
for support following ICT training, the duration of the ICT training, and the ICT training

model are all factors to consider.

2.10.1 Teachers’ level of ICT competency

It is undeniable that teachers have varying levels of ICT competence. Consequently, the
ICT programme provided must be relevant for the teachers' competence levels
regarding the use of technology (Kwela 2013). ICT skills are defined by Lawrence and
Veena (2012) as a set of technology criteria that describes excellence in how
technology is used in the classroom. These abilities are divided into four categories of
computer-related abilities: (1) personal and professional use of technology tools, (2)
basic technology operation, (3) technology in instruction, and (4) issues of social,

ethical, and human nature.

Various models, such as the Western Cape Provincial Government Gazette Model
(2004), the World Programme Profile Model (2001), Model for ICT curriculum and
teacher development in schools (UNESCO 2002), Rieber and Welliver's (1989)
Transformation model, and Clarkson and Oliver's (2002) model, all describe levels of

ICT competences in various ways:

a) ICT competencies are classified into five levels in the Western Cape Provincial
Government Gazette Model (2004):

o Level of entry: At this level, teachers can teach learners to use computers and can
use computers themselves. They are referred to as computer literate;

e Level of adoption: Teachers can employ numerous technologies, such as
computers, to support learning and teaching, traditional management, and

administration at this level;
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Level of adaptation: At this level teachers use integrated systems for administration
and management, and technology is used to enrich the curriculum;

Level of appropriation: At this level teachers can integrate ICT into learning and
teaching activities, and

Level of innovation: At this level teachers can develop entirely new learning

environments where technology can be used as a flexible tool.

The World Programme Profile Model (2001) includes 0 — 4 phases, namely:

Phase Zero: At this phase, the fundamentals of computer technology are
introduced, and participants are assisted to acquire basic computer literacy;

Phase One: The audience has been introduced to the internet for learning and
teaching;

Phase: Two. The audience is introduced to tele collaborative learning projects;
Phase Three: At this phase, technology integration into learning and teaching
occurs, and

Phase Four: This phase focuses on developing the knowledge of how to spread
and assess innovative teaching techniques while also addressing social and ethical

problems.

According to the Model for ICT curriculum and teacher development in schools
(UNESCO 2002), there are four stages to ICT integration:

Stage of emerging: This is the first stage where ICT is added into curriculum and
teachers and administrators begin to investigate the consequences and possibilities
of the use of technology for the management of the school;

Stage of application: This is the second phase, during which teachers and
administrators can use ICT to complete duties that are already part of the curriculum
and school management.

Stage of infusion: At this stage new ways in which ICT changes teachers’
professional practice and productivity are explored, and

Stage of transformation: At this stage, ICT is incorporated into all vocational areas

and can be taught as a separate subject.

48



Chapter 2: Literature review

d)

e)

Key properties of the levels are described as follows in Rieber and Welliver's

(1989) Transformation model:

o Familiarisation: A teacher encounters technology for the first time at this level.
The emphasis is on the utilization of technology-related software and hardware.

Utilisation: This is the initial step in a teacher's application of newly acquired
technological abilities to some of his or her teaching methods, such as utilising word
processing to send information to parents, producing tutorials, and keeping a
computerised grade book up to date.

Integration: The teacher is aware of the results that technology has on learning. As
a result, the teacher promotes project-based activities that require students to do
assignments using the internet. The teacher further directs the activity by mentioning
websites and resources that the students may find useful.

Reorientation: At this level, teachers assist students in identifying and achieving
their objectives. They may advance from developing and delivering lessons to
planning them together with students, and

Evolution: At this level, teachers can find solutions in diverse and unlikely places
and have the capacity to transform technology. New ways of using technology are
investigated, and there is collaboration with other teachers beyond their district or
school.

Clarkson and Oliver (2002) identify four phases towards integrating ICT in their
classrooms. These phases are dependence, counter-dependence,

independence, and interdependence:

Dependence phase: Teachers in this phase have very little prior experience with
ICT. As a result, they may focus more on the development of their technical abilities

than on the application of pedagogical knowledge regarding ICT integration.

Counter-dependence: Teachers with the confidence to utilise ICT in their personal
lives and, to a limited extent, in their classrooms, are in this phase. As a result, they
should be able to devote some of their time to the growth of their TPACK, but this
will most likely be done under the supervision of another teacher.
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e Independence and interdependence: Teachers who are already integrating ICT in
their lessons can be in either of these phases. It may be reasonable to expect such

teachers to use ICT in increasingly learner-directed manners.

Various models discussed above propose that before ICT training can be conducted,
teachers’ ICT baseline should be assessed to determine their competence level in ICT.
Another main point is that in order to transform teachers’ initial skills into the highest

possible level, training must fit into teachers’ ICT competency level (Kwela 2013).

2.10.2 The need for support after training

School Net SA, Mindset, and Intel®'s "Teach to the Future" are all ICT teacher training
programmes aimed at expanding resources for educational technology (Department of
Education 2004). Even though the ICT programs discussed in paragraphs 2.9.1 - 2.9.4
have many great visions, one problem was that they don't have a teacher follow-up
assistance programme. The Intel® Teach 2008 Evaluation Report indicated that the
effectiveness of the Intel® Teach to the Future programme was limited due to a lack of
basic IT competency screening and post-training support (Roberts, Mmekoa & Mawoyo
2009). According to Atkins and Vasu (2000), Bradshaw (2002) and Feist (2003),
teachers who are trained and who attend follow-up sessions are more likely to use

technology in their classes. A process of post-training follow-up is therefore critical.

2.10.3 Duration of the training

According to research on ICT teacher training conducted in the 1990s, there is no
consensus on the appropriate period for teacher training (Hawkins & MacMillan 1993;
Kinnaman 1990; Shelton & Jones 1996; Harvey & Purnell 1995). As a result, there are
no clear recommendations on the duration of an ICT teacher training programme.
However, recent findings by Davidson, Fields, and Yang (2009) suggested that ICT
training programs with at least 14 hours of interaction have favourable and notable

benefits on learner accomplishment.

2.10.4 ICT training model

There are different perspectives on the goal of technology teacher training. For
example, Guzman and Nussbaum (2009) believe that the focus of technology

integration should be to improve learning and teaching, rather than to increase
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technological knowledge. Technology training, according to Earle (2002) (also see
Ertmer, Conklin, Lewandowski, Osika, Selo & Wignall 2003), should emphasise the
technological or instrumental components. Teachers expressed concerns in a study by
ChanLin, Hong, Horng, Chang, and Chu (2006) that ICT programmes did not give them
the essential ICT abilities to attain high-quality professional performance concerning ICT
integration. ICT training programmes that are unable to provide the required guidance to
ensure that teachers fully address the true challenges of the profession, according to
Smith and Robinson (2003), are frequently not true professional development projects.

As a result, there is a set of professional competences that professional development
training should adhere to so that improved technology integration can take place
(Guzman & Nussbaum 2009). Instrumental or technological, pedagogical or curricular,
methodological, evaluative or investigative, communicational or relational, and personal
or attitudinal are the six main domains of activity. Any technology training approach
should include these domains and associated competencies for improved technology

integration.

2.10.4.1 The instrumental or technological domain

This domain is emphasised as important by several writers because the basis for the
work to be done is formed in this domain. In this domain, it is emphasised that teachers
need to acquire technology-handling abilities. After acquiring these abilities, teachers
can use both specific software and hardware in an instructional context. Improved
technical abilities lead to significant teacher confidence, which is required to integrate
technology (Markauskaite 2007). When teachers successfully use technical equipment
in their subjects, their level of confidence in using technology grows, as does the
likelihood of improved learner achievement (Albion 2003). According to Demetriadis,
Barbas, Molohides, Palaigeorgiou, Psillos and Vlahavas (2002), teachers are unlikely to
be able to incorporate technology into their classroom instruction, and the pedagogical

success of doing so is even less likely if they lack essential computer abilities.

2.10.4.2 The pedagogical or curricular domain
The inclusion of curricular factors in the ICT teacher training process is important
(Guzman & Nussbaum 2009). Cox, Abbott, Webb, Blakeley, Beauchamp, and Rhodes

(2004) believe that without teachers gaining the necessary pedagogical abilities, it will
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be impossible to arrange actions that promote educational reform, or to undertake
technology initiatives that will bring creative scenarios to schools. According to Okojie,
Olinzock, and Okojie-Boulder (2006) and Hew and Brush (2007), a strong knowledge of
the pedagogical ideas that support teachers’ actions is a constituent factor in technology

integration. This knowledge will help to improve learning and teaching.

Even though there are specific basic technical skills that teachers must have, the use of
technology in teaching and learning will not happen until, as (Zhao, Pugh, Sheldon &
Byers 2002 p. 492) puts it, “teachers viewed technology as the means to an end, rather
than an end itself, and when they saw an intimate connection between technology and
the curriculum”. This suggest that the use of technology should be part and parcel of
teacher training towards “establishing a close connection between the curriculum and
technology” (Kwela 2013 p. 24).

2.10.4.3 Methodological domain

The other component of the teacher ICT training programme is the methodological
factor (Kwela 2013). This is the growth of instructive knowledge that enables the
incorporation of technology into classroom-based teaching and learning activities. This
then implies that instruments that aid teachers in the creation of learning environments
coupled with solid, genuine encounters, must be supplied if technology integration is to
take place (Li 2005).

2.10.4.4 The evaluative or investigative domain.

The feedback generated between how technology deployment is proceeding, and the
student learning process, is referred to as the evaluative or investigative domain. In
either instance, the obtained evidence should be used to make quick and efficient
decisions (Kwela 2013). The identification of issues and the construction of feasible
solutions can both be accomplished through evaluative research. As a result, this
domain could be used to determine the extent to which teacher ICT training is meeting
the initial aims, as well as the presentation of evidence for accepting and implementing

related solutions as needed (Mills & Tincher 2003).

2.10.4.5 The communication or relational domain
This is a critical component that must be incorporated in ICT training, because

educational interaction between learners, or between learners and teachers, takes
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place in a completely different context in a technological environment. Technology is
employed in this context for synergetic work, which necessitates significant capabilities
to establish procedures for achieving consensus. Collaboration is crucial if the focus is
on the mediational process managed by the classroom teacher, whose communication
skills are fundamental to facilitating good learner accompaniment and interaction (Mills
& Tincher 2003).

Insufficient communication, according to Tweddell Levinsen (2007), restricts the
efficiency of engagement, resulting in a low-quality learning environment.
Communication barriers are difficult to overcome, while technological barriers are easier
to overcome. This implies that, for successful engagement to occur, teachers' beliefs

must be profoundly altered (Tweddell Levinsen 2007).

2.10.4.6 The personal or attitudinal domain

Guzman and Nussbaum (2009) believe that the personal element must be included for
technology integration to be adopted in the classroom. They say that the subjectiveness
of the teacher in charge of the progress determines how technological design is
interpreted and implemented, and that the attitudinal aspect is what at the end
determines the standard of performance. In the end, concrete instructional methods are

influenced by the personal component, which shapes teacher representation.

Markauskaite (2007), for example, claims that the ways in which people interpret,
project, and see technology influence how they use it. The expectations, experiences,
emotions, and beliefs of teachers are amongst the personal elements that influence
technology incorporation in the classroom, and they must be explicitly acknowledged in
teacher training (Wood, Mueller, Willoughby, Specht, & Deyoung 2005; ChanLin et al.
2006).

2.10.4.7 Summary of the ICT training model

The areas that are linked to a set of general teaching competencies that define
technology teacher training are defined in paragraphs 2.10.4.1 to 2.10.4.6. Outcomes-
Based Education (OBE) has long advocated for a competency-based approach to
teaching and learning, which may have influenced how teachers integrate technology
into their classrooms (Kwela 2013). "Such a competence-based approach, if well-
founded, would provide goals for training, but would give no insight into the processes
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by which learning occurs,” arguing that "the focus is still on the destination rather than

the journey to be walked" (Taylor 2004, p. 43). As a result, it is vital for teachers to be

transformed by understanding the processes involved.

"In a transformed teaching and learning environment, there is an inclusive and

integrated practice where learners work collaboratively, create shared practices, engage

in relevant contexts, and develop creative thinking and problem-solving skills," the Draft

White Paper on e-Education concluded (Department of Basic Education 2004, p.16).

Table 2-1: Synopsis of the findings of the literature review on the lessons that can be

learned
Issues Literature suggests Section
Teacher ICT beliefs and | Teachers who are positive about ICT are more likely 23
their impact on | to use technology to meet their educational needs.
pedagogy
Teachers with negative ICT beliefs are less likely to 2.3
adopt ICT.
When teachers are successful when they use 2.3
technology, they are more likely to adopt it.
The more successful teachers are in using 2.3
technology, the more they expose themselves to
various ICT applications.
Relationship  between | Pedagogical beliefs drive how technology can be 24
teachers’ pedagogical | used and not the other way round.
beliefs and ICT usage
Teacher contexts influence how technology can be 24
used (learner-centred or teacher-centred).
Teacher contexts are influenced by individual teacher 24
experiences, emotions and motivation.
Relationship  between | Teachers' attitudes toward teaching and learning are 25
beliefs and practices reflected in how they employ technology in the
classroom.
How and when can | Belief change is conceptualised as an aspect of 26
beliefs change continuous professional development for pre-service
and in-service teachers regardless of the duration of
the programme.
Belief change is reported to be more likely to occur in 26

strategy-focused programmes.
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The extent of belief change is conditioned to factors 2.6
such as target beliefs, as well as individual and
contextual factors.
Predicting teacher | Professional development must have goals. 2711
changes in beliefs and
practices through | To effect change in teacher beliefs, a sequence of 2.7.1.1
professional training goals is important.
development
There must first be evidence of positive learning 2711
outcomes for a significant change in teachers' beliefs
to occur.
Teachers make improvements in their classroom 2.7.11
methods that result in positive changes in learning
outcomes.
Factors affecting | Age and teaching experience 2.8.1 (RQ3)
teachers’ change in
beliefs and practices | Age and gender 2.8.2 (RQ3)
regarding the use of ICT
Qualifications 2.8.3 (RQ3)
Teacher characteristics 2.8.4. (RQ3)
Creative thinking and long-life learning 2.8.4. (RQ3)
Self-efficacy 2.8.4.1
School environment 285
Infrastructure 2.8.5.
School leadership 2.8.5.1
School culture 2.8.5.2
School policy 2.8.5.3
Teacher knowledge and skills 2.8.6 &
Lack of support and confidence 1.1
Exploring programmes | There is a lack of training on pedagogical issues 2.9
intended to promote the | about how ICT can be integrated in South African
use of ICT schools.
Factors with a negative Khanya Project: Lack of support and guidance to 292
effect o
teachers by principals.
Lack of technical support. 2.9.2
Poor infrastructure. 292
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Intel® innovation in education project: limited number 2.9.3.1
of computers.

Expecting only basic ICT skills training rather than 2.9.3.1
pedagogical ICT training.

New Opportunities Fund ICT Training: lack of 294
differentiation between different levels of experience

with ICT.
Aspects to consider in a | The level of ICT competency of teachers. 2.10
training programme
intended to change | The type of ICT training model. 2104
teacher beliefs and
practices Technological domain. 2.10.4.1
Pedagogical domain. 2.10.4.2
Attitudinal domain. 2.10.4.6

211  CONCLUSION

Teachers’ beliefs about how learning and teaching should take place are a crucial
aspect in determining how ICT is used in the classroom (Orlando 2009; Wozney,
Venkatesh, & Abrami 2006). Keys (2007) believes that educational beliefs are created
over several years of teacher experience, ranging from student life in the classroom to
the range of professional contexts he or she is faced with. As a result, it appears that
changing teachers' beliefs is difficult. Beliefs have usually been in existence for a very
long time, and according to Albion and Ertmer (2002 p. 35) “are supported by strong
authority and broad consensus”. Prestridge (2012), on the other hand, contends that
just because beliefs are difficult to alter does not mean that they cannot be changed. In
the context of teacher change, authors such as Prestridge (2012) and Shriner, Schlee,
Hamil, and Libler (2009) argue that effective professional development should

encourage instructors to question and modify their pre-existing educational views.

As much as teacher beliefs are critical factors in how ICT can be integrated into the
classroom, factors such as age, gender, qualifications, teacher characteristics, teachers'
self-efficacy, and the school environment cannot be ignored. This suggests that ICT
training programme developers should not overlook these factors, as they can influence
the uptake of ICT positively or negatively.
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There are programmes that can change teachers' views and practices about the use of

ICT, and programmes that cannot affect teachers' beliefs and practices about the use of

ICT.

For any ICT training programme to successfully achieve its intended objectives, factors
such as teacher ICT competencies, the need for post-training support, and the different
types of domains to be covered in the ICT training should all be taken into account
when planning such a programme. The theoretical frameworks that guided the study,
the ICT model used to identify the ICT competency level of teachers in this study, and
the ICT framework used to evaluate the final assessment tasks of teachers in this study

will all be discussed in the following chapter.
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CHAPTER 3: THEORETICAL FRAMEWORK

3.1 INTRODUCTION

Technology develops at an alarming rate, in particular information and communication
technology, and how people integrate it into their professional and private lives.
However, teachers’ decisions to reject or accept technology for educational purposes
remains of concern. Studies on technology acceptance and its associated factors in
the area of Information System and end-user computing have increased over the
years (Gu, Zhu & Guo 2013). During the previous few decades, the research
community has generated several frameworks, models, and theories of effective
technology use and acceptability (Maranguni¢ & Grani¢ 2014). Some of these
frameworks, models, and theories were to address the issues of technology use,
rejection, and acceptance (Gu et al. 2013), as well as to influence practice and
research on how to implement technology into learning and teaching in such a manner
that the desired results are achieved (Hamilton, Rosenberg & Akcaoglu 2016).
According to Gu et al. (2013), much attention has been paid to teacher technology
acceptance or rejection, but less attention has been paid to teacher and learner usage
of technology in the classroom, on which most of the impact of using technology

depends.

The theory of planned behaviour is a favourite among often-used and quoted models
to anticipate human social behaviour since its inception 26 years ago (Ajzen 2011).
This theory has been applied to a variety of fields, including politics, health care, and
technology. It explains factors affecting human behaviour (Barnard-Bark, Burley &
Crooks 2010; Conner & Armitage 1998; Davis 1989; Taylor & Todd 1995).

The academic social networking site ResearchGate recorded 22 citations on Theory of
Planned Behaviour in 1985, and the number of citations grew steadily to a total of 4
550 in 2010. Based on a variety of indices, Nosek, Graham, Lindner, Kesebir,
Hawkins, Hahn and Tenney (2010) found that Ajzen’s Theory of Planned Behaviour
has the top-ranking scientific impact score among Canadian and US social
psychologists.
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Likewise, since its introduction 27 years ago, the technology of acceptance model is
among the most important quoted models to predict how the user accepts technology
(Davis 1985). There are various settings where studies on technology acceptance
have been applied, such as education (Bourgonjon, De Grove, De Smet, Van Looy,
Soetaert, & Valcke 2013; De Smet, Bourgonjon, De Wever, Schellens & Valcke 2012;
Pynoo, Devolder, Tondeur, Van Braak, Duyck, & Duyck 2011), health care (Pynoo,
Devolder, Voet, Sijnave, Gemmel, Duyck, Van Braak, & Duyck 2013), and business
(Venkatesh, Morris, Davis & Davis 2003). When TPB and TAM are integrated, the
intention of teachers to utilise technology is postulated as a function of Facilitating
Conditions (FC), Perceived Ease of Use (PEU), Subjective Norms (SN), Perceived
Usefulness (PU), and Attitude towards Use (ATU) (Teo 2012).

The literature on teacher beliefs and how these beliefs link to change in practices,
particularly on how to use ICT in the classroom, the factors affecting teachers' change
in beliefs and practices regarding the use of ICT, the programmes designed to
promote the use of ICT by changing beliefs and practices, as well as aspects to
consider when conducting an ICT training programme, are all discussed in Chapter 2.
The theories on which the study is based are discussed in this chapter. | also cover
the Substitution Augmentation Modification Redefinition Model and the Technological
Pedagogical Content Knowledge framework, both of which can be used to investigate

how technology is integrated into learning and teaching

3.2 ORIGINS AND HISTORICAL DEVELOPMENT: THEORY
OF PLANNED BEHAVIOUR

TPB was proposed by Ajzen (1985). It is an adaptation of the Theory of Reasoned
Action (TRA) (Fishbein & Ajzen 1975). Fishbein (1967) developed the TRA to discover
the interplay between behaviour, intentions, and attitudes. The essential idea is that
behavioural intention is the most important determinant of behaviour, as shown in the
unshaded boxes in Figure 3.1 below. Individuals' behavioural intentions are directly
influenced by subjective norms connected with a behaviour and attitudes toward doing

the behaviour.
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A
External Variables Behavioural
Beliefs
Demographic \ Attitude
Variables Evaluations  of /‘L
Behavioural
Outcomes
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towards targets Normative
Beliefs Subjective Intention to
Norm perform N Behaviour
Personality Motivation to the
traits comply behaviour
Control Beliefs
Other individual :
. Perceived /
difference
. Behavioural
variables Perceived
Control
Power
\ 4

Figure 3-1: Theory of Reasoned Action (Fishbein, 1967) and Theory of Planned
Behaviour (Ajzen, 1985).

NB: The Theory of Reasoned Action is shown by unshaded boxes and Theory of Planned Behaviour is
shown by the entire figure.

The figure also indicates that attitude influences the individual's belief about outcomes
of completing a behaviour, weighted by the evaluation of those outcomes. An
individual who has a strong belief that a specific behaviour will result in undesirable
consequences, is more likely to judge that behaviour negatively. A person who has a
strong belief that performing the behaviour will give favourable outcomes, on the other

hand, will have a positive attitude toward the behaviour (Montafio & Kasprzyk 2015).
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A person’s subjective norms are determined by his or her normative beliefs. When an
important person disapproves or approves of specific behaviour, and a person feels
highly driven to do what the important person demands, this is referred to as a
subjective norm. A person has a negative subjective norm when he or she strongly
believes that he or she should not execute the behaviour, and when he or she feels
less driven to comply, he or she has a low subjective norm. Individuals have a positive
subjective norm when they believe they should execute a specific behaviour and are
motivated to do so (Montafio & Kasprzyk 2015).

The theory should be able to explain behaviour to a significant extent by putting
behaviour under volitional control. The degree to which an individual can regulate his
or her own behaviour is referred to as volitional control. The theory of reasoned action
components is insufficient to predict behaviour when volitional control is diminished
(Montafio & Kasprzyk 2015). Govender (2012) points out another flaw of the theory of
reasoned action, it assumes that when a person decides to act, he or she would act
freely and without restriction. In reality, there are obstacles such as unconscious
habits, organisational or environmental constraints, time constraints, and restricted
abilities that limit one's ability to act freely. As a result, Ajzen and Madden (1991)
added perceived behavioural control to the TRA components (indicated in shaded
boxes in Figure 3.1) to account for factors other than individual control that may impact
behaviour and intentions, resulting in the Theory of Planned Behaviour (Montafio &
Kasprzyk 2015).

Control beliefs influence the perceived behavioural control. Beliefs about the absence
or existence of barriers and facilitators to complete a behaviour are referred to as
control beliefs. Control beliefs are strongly weighed in terms of the perceived strength
of each control factor's ability to prohibit or enable behaviour. The inclusion of
perceived behavioural control is due to the fact that behaviour is determined by ability
and motivation (Ajzen 1995). Intention, as well as a person's impression of control over
their behaviour, are believed to have a direct impact on behaviour, particularly when
volitional control is low and perceived behavioural control accurately reflects actual

control over the behaviour (Montafio & Kasprzyk, 2015).
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According to the theory, a person's attitude towards a behaviour, subjective norms, or
perceived behavioural control are all independent determinants of a person's
behavioural intention. When the subjective norm and attitude are constant, a persons’
perception of the difficulty of a specific behaviour will influence the behavioural
intention. Therefore, the relative relevance of these three elements in determining
intentions should differ for individuals, populations and behaviours that are not the
same. Most studies employ a direct measure of perceived behavioural control (Ajzen,
2006), while just a few have used the underlying measures of perceived power and
control beliefs to operationalise perceived behavioural control (Montafio & Kasprzyk
2015). Fishbein and Ajzen (2010) later claimed that self-efficacy and perceived

behavioural control are essentially the same theoretical construct.

Control beliefs, normative beliefs, and behavioural beliefs are linked to behaviour and
behavioural intentions via perceived control, subjective norms, and attitudes in theory
of planned behaviour and theory of reasoned action's causal chain. One of the key
advantages of the theory of reasoned action/ theory of planned behaviour approach is
the specification of postulated causal links among model components, as well as their
measurement and computation (Bleakley & Hennessy 2012; Fishbein & Ajzen 2010;
Hennessy, Bleakley, & Fishbein 2012). Other elements include environmental and
demographic features, which are not thought to independently influence the likelihood

of completing a behaviour (Montafio & Kasprzyk 2015).

3.3 THEORETICAL RATIONALE

The theory of planned behaviour is one of the most well-known social psychology
theories that explains a variety of human behaviour-related phenomena. The theory
assumes that a person's intention to conduct a specific behaviour has an impact on
the behaviour. This implies that individuals will be more motivated to carry out the
intended behaviour if they believe it would benefit them. The theory of planned
behaviour further states that the psychological process of setting up a behaviour is
influenced by intention, which is impacted by some fundamental beliefs (Ajzen, 1985;
1988; 1991). The intention is the pivot around which behaviour revolves, and it

describes the level of effort that individuals are prepared to make to achieve a specific
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behaviour. Therefore, intention supports and captures people's actions as well as the

motivational variables that impact their behaviour (Ajzen 1991).

Motivational variables can be used to further teach and entrench behavioural
practices. Motivational variables are the driving force behind an individual's continued
engagement in a learned behaviour. Motivational factors that influence intention
include the individual's perceived behaviour control, subjective norms, and attitude
toward the behaviour. We are one step closer to understanding why an individual
performs a certain behaviour and, further, defining strategies to implant and propagate
behavioural practices in society if we can comprehend these motivational variables
(Ajzen 2011). The Figure 3.2 below illustrates four of the constructs of Theory of

Planned Behaviour.

Background Factors

Attitudes Towards
Behaviour

Personal:

Self Esteem
Personality

Locus of control of
Emotion

Demographics: Subjective Norm Behavioural
Age, Gender, Intention
Ethnicity,
Education, and
Religion

Environment: Perceived Behavioural
Stress, ICT Control

Exposure,
Workplace, and
Employment
Demands

Figure 3-2: Theory of Planned Behaviour (Ajzen 2011).

3.3.1 Behavioural intention
Behavioural intention is a factor that captures how determined individuals are

determined to carry out a specific behaviour (Asjzen 1991). In theory of planned
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behaviour, behavioural intention is the most effective predictor of behaviour (Teo &
Tan 2012).

3.3.2 Attitude towards behaviour

The individual's negative or positive emotions towards executing a given behaviour are
referred to as attitude toward behaviour. Attitude towards behaviour is determined by
assessing individuals' views about the outcomes of a certain behaviour and evaluating
the appeal of the behaviour in terms of those outcomes (Ajzen 2011). For example, if a
teacher believes that using ICT would have a bad impact on his or her profession, he
or she is likely to have a negative attitude toward it, therefore, he or she will be less

inclined to employ it in his or her teaching (Lugano 2002; Reynolds 2001).

It is undisputed that teachers’ attitudes towards computers are central for the
successful use of computers in education (Shapka & Ferrari 2003). It does not matter
whether the teachers’ attitudes are negative or positive, learners’ responses to the use
of computer are affected by those attitudes. For instance, the teachers’ approach
towards the use of technology can affect the way that learners perceive the

importance of the use of computers in their schools (Huang & Liaw 2005).

Computer experience (Teo & Tan 2012), computer fear or acceptance, computer
expertise, gender, training, and computer confidence are all factors influencing
attitudes toward the use of technology (Teo 2007). All these factors can engage with
one another to change attitudes regarding the use of technology (Teo & Tan 2012).
Teo (2010) investigated pre-service teachers' attitudes regarding technology use. He
discovered that attitudes regarding the use of technology are directly determined by
perceived technological complexity, subjective norms, perceived ease of use, and

perceived usefulness.

3.3.3 Subjective norms

The perceived demands on an individual to engage in a certain behaviour, as well as
the individual’s motivation to obey such demands, are referred to as the subjective
norm. The perceived pressure to conform has a strong correlation with an individual’s
behavioural intentions (Fishbein & Asjzen 1975). For instance, when a mandate is
given by the school management that all teachers must use technology, the teachers
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may feel obliged to use it since a mandate has been given (Teo & Tan 2012).
Sometimes individuals may perceive computers to be useful just because their co-
workers have the same perception (Venkatesh & Davis 2000). Recent research such
as Hopp (2013), Teo and Zhou (2014), and Zolait (2014) provides empirical support for
Venkatesh and Davis’s (2000) conclusion. Miller et al. (2006) further indicate that the
school environment and culture need to be conducive, especially when the school
leadership expect teachers to use ICT during teaching. This expectation and culture
are established through good school leadership. Collaborative, inclusive school
leadership is the type of leadership that communicates the expectation to use ICT
(Scrimshaw 2004).

3.3.4 Perceived behavioural control

Perceived behavioural control is an individuals’ perception of how difficult or easy a
task is based on the possibilities and resources accessible to them (Ajzen 1991).
Perceived behavioural control also refers to a person's perceptions about the presence
of factors that may impede or facilitate the execution of the behaviour (Ajzen 2006).
The extent to which perceived behavioural control affects behaviour through intention
is thought to be influenced by the degree of actual control over the behaviour (Falko,
Sniehotta, Justin & Vera 2014). For instance, the individual’s willingness to adopt new
technologies is less affected if they believe that the organisational infrastructure and
technology resources to support and use the planned system are available. Therefore,
perceived behavioural control represents the external constraints on the intention to
adopt technology (Paul, Musa, & Nansubuga 2015). Miller et al. (2006) recommend
that it is vital to reduce the factors that inhibit a teacher's perceived ability to use ICT,
while strengthening those that help him or her do so. The government and schools
should take action to address school-level problems that obstruct success.

3.3.5 Background factors

The most comprehensive and significant information about the factors that determine
the behaviour in TPB, is contained in a person’s control, normative and behavioural
beliefs (Ajzen 2011). The theory does not specify where these behavioural, normative
and control beliefs originate, it merely points to a host of possible background factors
that may influence people’s beliefs. These include personal factors such as personality

and broad life values, demographic variables such as education, age, gender, and
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income, and exposure to media and other sources of information. Factors of this kind
are expected to influence intentions and behaviour indirectly by their effects on the

theory’s more proximal determinants (Ajzen 2011).

Theory of Planned Behaviour proposes three mediation ideas. The first is that the
impact of perceived behavioural control on behaviour is mediated in part by intention,
but the effects of attitude and subjective norm on behaviour are totally mediated.
Secondly, the impacts of control, normative, and behavioural beliefs on behaviour and
intention are mediated by perceived behavioural control, subjective norms, and
attitude, respectively. Thirdly, the effect of all other cultural influences, including
medical, economic, environmental, social, and biological, is thought to be mediated by

theory of planned behaviour components (Falko et al. 2014).

3.4 THE THEORY OF PLANNED BEHAVIOUR AND ITS
USE

Theory of planned behaviour is largely considered to be a reliable model to explain the
intention to utilise various technologies in various contexts. It also does well as a
framework in various technology acceptance studies anchored in commercial settings,
such as internet purchasing and the promotion of web-based e-commerce among
small businesses, household technology adoption, and the decision to adopt
telemedicine by healthcare providers (George 2004). Theory of planned behaviour is
also utilised in studies where the purpose is to clearly comprehend the aim of intention
in changing people's behaviour (Ajzen & Manstead 2007). Theory of planned
behaviour is also used to describe which aspects of the human decision-making
process are important when an individual decides to engage in specific behaviour,
such as integrating ICT into education (Miller et al. 2006).

Venkatesh and Speier (1999) investigated how employees’ moods affect the usage of
new technology, intent, and motivation in the long and short term during new
technology training. The theory of planned behaviour and theory of reasoned action
measurements were adapted during their experiment. They found that negative moods
during training resulted in a drop in plans to make use of technology and intrinsic
motivation in the short and long term, even beyond active usage of the technology. On
the other hand, positive moods during the training gave rise to a short-term boost in a
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desire to employ technology and intrinsic motivation, but these effects were not long-

lasting.

Bosnjak, Tuten and Wittmann (2005) used the revised theory of planned behaviour to
explain and predict participant numbers in a "five-wave" web-based panel study. A
moral duty component was introduced to this investigation to gain more precise

information regarding internalised moral rules.

3.5 TECHNOLOGY ACCEPTANCE MODEL

3.5.1 Origins and historical development: Technology Acceptance

Model
The Technology Acceptance Model was proposed in 1985 by Davis. According to

Davis (1985), external stimuli, linked to a system's characteristics and capabilities,
have a direct impact on user motivation, which can predict actual system usage in the

direction shown in Figure 3.3 below (Chuttur 2009).

System  Features  and Users Motivation to Use
Capabilities System

¥

Actual System Use

Stimulus Organism Response

Figure 3-3: Conceptual model for Technology Acceptance (Davis 1985)

The technology acceptance model (TAM) was proposed after further refinement of the

conceptual model, as seen in Figure 3.4 below. The modified model suggests that the

motivation of the user may be described by three elements: attitude towards using new

technology, perceived ease of use, and perceived usefulness (Davis 1985).
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Perceived
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, Attitude Behavioural Actual
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Using Use
Perceived Ease
of Use

Figure 3-4: First Modified Model of Technology Acceptance Model (Davis, Bagozzi, and
Warshaw 1989).

Davis et al. (1989) used the model in Figure 3.4 to gauge the intention of 107
participants to use a new system after one hour of introduction to the system, and
again 14 weeks later. There is a substantial link between self-reported system usage
and reported intention after one hour and after 14 weeks. It is worth noting that

people's intentions are heavily influenced by their perception of usefulness.

Perceived ease of use was also discovered to have a small, tiny but substantial
influence on behavioural intention, which eventually faded with time. Both perceived
ease of use and perceived usefulness are demonstrated to directly influence
behavioural intention. Since both perceived ease of use and perceived usefulness
directly influence behavioural intention, the attitude construct was removed from the
model shown in Figure 3.4 (Chuttur 2009). Figure 3.5 below indicates the final model.

Perceived
Usefulness

External
Variables

Actual System Use

Intention

Vi
N\

\ Behavioural

Perceived Ease
of Use

Figure 3-5: Final Version of Technology Acceptance Model (Venkatesh & Davis, 1996)
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When the attitude construct is removed and behavioural intention is introduced, it is
possible to understand how perceived usefulness influences actual technology usage.
The presence of other factors that might impact a person's ideas about a system is
another change made to the original TAM model. These factors are referred to as
external variables. External variables include aspects such as the nature of the
implementation process, user participation in design, user training, and system
features (Venkatesh & Davis 1996). These external variables, according to technology
acceptance model, influence both perceived ease of use and perceived usefulness
(Alharbi & Drew 2014).

3.6 THEORETICAL RATIONALE

Technology acceptance model is among the most significant extensions of Ajzen and
Fishbein's theory of reasoned action in the literature. The theory replaces many of the
theory of reasoned action's attitude measures. The theory of reasoned action's attitude
measures are replaced by technology acceptance metrics such as "usefulness" and
"ease of use." Technology acceptance model and theory of reasoned action both have
a high behavioural component. Technology acceptance model and theory of reasoned
action presume that once an individual has the intention to act, the individual will be
unrestricted in his or her actions. The information systems theory describes how
people learn to utilise and accept technology (Govender 2012), and demonstrates the
relationship between action, attitude, and belief (Chitungo & Munongo 2013). When
end users are faced with an innovation or software package, the model suggests that
various factors impact their decision about when and how they will use technology
(Govender 2012).

3.6.1 Perceived usefulness

According to Davis (1989), perceived usefulness is the degree to which an individual
believes that the use of a particular technology will lead to improved performance. This
implies that possible adopters evaluate the outcome of their uptake behaviour based
on the innovation's continued usefulness. Perceived usefulness is thought to have a
considerable positive impact on users' intentions to use technology (Chitungo &
Munongo 2013).
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3.6.2 Perceived ease-of-use

Perceived ease of use is defined by Davis (1989) as the degree to which a user
perceives that using technology requires no mental or physical effort. The perceived
ease of use has an impact on teachers’ acceptance of technology. When a teacher
believes that using technology is free of mental and physical effort, for example, he or
she will be easily motivated to use it frequently during teaching and learning. This
could lead to better teacher performance (Davis 1989; Venkatesh & Davis 2000).

Exasperation might result from a lack of perceived usefulness in terms of technology,
which can hinder its adoption. The impact of perceived ease of use on a user's
propensity to adopt technology based on perceived usefulness has been well
established (Davis 1989; Venkatesh & Davis 2000). Research has also shown that
perceived ease of use influences one's behavioural intention, either indirectly or
directly via perceived usefulness (Davis et al. 1989; Jackson, Chow & Leitch 1997).
Since the inclusion of perceived ease of use, technology acceptance model has
garnered a lot of attention. This demonstrates that technology acceptance model is an
effective and reliable tool for comparing and evaluating technologies among different
user groups (Farn, Fan & Chen 2006).

3.7 HOWTAMINFORMED LITERATURE IN THIS STUDY

Previous research such as Chau (1996), Mathieson (1991), and Adams, Nelson and
Todd (1992), have shown TAM's high validity in assessing user technology
acceptance. Teo (2010) investigated pre-service teachers' attitudes and beliefs
regarding the use of computers. He discovered that attitudes and beliefs about
computer use are directly influenced by perceived technological complexity, perceived

ease of use, and perceived usefulness.

3.7.1 Measures for acceptance

The models of acceptance are used to anticipate and describe the variance in usage
or user acceptance. The willingness shown by the user to implement information
technology for the tasks it is intended to, is known as user acceptance (Dillon & Morris
1996). Even if various acceptance models have been developed and improved, there

is a paucity of knowledge on how to properly measure acceptance. The most popular
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operationalisations for acceptance include use, behavioural intention, behavioural

expectation, and attitude toward technology (Pynoo & Van Braak 2014).

3.7.2 Use

Use that is observed or self-reported can be assessed and operationalised in a variety
of ways. The actual application of technology is regarded as evidence of acceptance
(Pynoo & Van Braak 2014). Many technology acceptance model studies just measure
observed use in a small number of people, or don't measure it at all (Turner,
Kitchenham, Brereton, Charters & Budgen 2010). Observed use is quantified as the
length of time spent using technology (Venkatesh et al. 2003), for example, by tracking
the activities a person performs while finishing a task (Shapka & Ferrari 2003) or by

logging in many times (Pynoo et al., 2011)

When data is acquired by observing how technology is used, respondents may raise
concerns about their privacy, which can be a problem in some situations, such as
hospitals (Duyck, Pynoo, Devolder, Adang, Vercruysse, & Voet 2008). Self-reported
use of technology, on the other hand, can be quantified by the frequency, length, and
intensity with which it is used (Venkatesh, Brown, Maruping, & Bala 2008). Pynoo et
al. (2011) discovered that self-reported usage of technology can reliably predict
secondary school teachers' login behaviour into their schools' intranet portal at various
degrees of expertise with the portal, and at various times of the school year.

3.7.3 Behavioural intention

The centre of measurement for technology acceptance is a person's behavioural
intention. Therefore, theory of planned behaviour, technology acceptance model, and
other similar models are referred to as intention-based models (Venkatesh et al.
2003). Although the behavioural intention comes before the observed or self-reported
use of technology, it was never really considered in technology adoption research
(Pynoo & Van Braak 2014). In fact, behavioural intention has been shown to have
limitations in predicting self-reported technology use, particularly in settings when
technology use has become a habit (e.g. Duyck et al. 2008, Nistor, Schworm & Werner
2012, Pynoo et al. 2013, Pynoo, et al. 2012). For example, behavioural intention was
not able to make a prediction of self-reported use in the investigations by Duyck et al.
(2008) and Pynoo, Devolder, Duyck, van Braak, Sijnave, & Duyck (2012).
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The items measuring behavioural intention are in most cases generally mentioned,
without specifying the nature of use, e.g. ‘I intend to use the technology in the next
months or weeks”. In a study by Nistor et al. (2012), a distinction between active and
receptive use of technology is specified. Active is, for example, “I plan to contribute to
the further development of the help system in the next month”, while receptive is ‘I
intend to use the help system for information searching in the next months”. In cases
where the technology has already been implemented, the intention can be used as the
dependent variable (Pynoo et al. 2012), while in cases where it is still being planned,

the intention can be used as the independent variable (Duyck et al. 2008).

3.7.4 Behavioural expectation

Behavioural expectation is linked to an individual’s intention to act in a particular way
(Warshaw & Davis 1985a). Behavioural expectation, unlike behavioural intention,
requires responders to consider the possibility of something getting in the way of the
actual performance, and the intended consequence of the behaviour. Rather than
behavioural intention, there is a considerable link between behavioural expectation
and behaviour (Warshaw & Davis 1985b). Behavioural expectation is not commonly
used since it overlaps with behavioural aim (Warshaw & Davis 1985a). When used as

a distinct construct, it is able to anticipate the use (Venkatesh et al. 2008).

3.7.5 Attitude toward the use of technology

The attitude construct was included in the original edition of technology acceptance
model. Over the years, as well as in educational settings, there has been debate on
whether or not attitude should be included as a mediating variable between
behavioural intention and predictor variables (Nistor & Heymann 2010; Teo 2009).
However, in both voluntary (Teo, Lee, & Chai 2008) and mandatory situations (Brown,
Massey, Montoya-Weiss & Burkman 2002; Pynoo et al. 2011), acceptance has been
measured using attitude as a mediating variable. Users are not required to have
hands-on expertise with the technology with the attitude construct, but in cases where
the use of technology has been established, attitude can be beneficial (Pynoo et al.
2011). In contrast to behavioural intention, Pynoo et al. (2011) discovered that attitude
could modestly predict intranet site usage in practice when teachers have around one

school year’s worth of portal experience.

72



Chapter 3: Theoretical Framework

3.8 INTEGRATION OF TECHNOLOGY ACCEPTANCE
MODEL AND THEORY OF PLANNED BEHAVIOUR

Both the theory of planned behaviour and technology acceptance model models are
proven to be useful in predicting users' intent to use technology, although the theory of
planned behaviour model provides developers with more specific guidance (Mathieson
1991). As opposed to technology acceptance model, which focuses on perceived ease
of use and perceived usefulness, the theory of planned behaviour, which focuses on
intention, can provide researchers and teachers with a more comprehensive
understanding of belief systems, which can aid in overcoming technological problems
(Smarkola 2008; Teo & Noyes 2011).

There are three major distinctions between technology acceptance model and theory
of planned behaviour. The first distinction is that theory of planned behaviour focuses
on beliefs that are unique to each circumstance, with the assumption that a number of
beliefs may generalise to other situations while others may not. Technology
acceptance model, on the other hand, assumes that ease of use and usefulness are
the most important factors influencing usage decisions. Secondly, theory of planned
behaviour is more detailed in determining social variables than technology acceptance
model, and thirdly technology acceptance model only looks at ease of use in terms of
technology, but theory of planned behaviour can be applied to any behaviour
(Siragusa & Dixon 2009). Theory of planned behaviour can give precise information
about each of its components that may be relevant to a specific set of individuals
(Siragusa & Dixon 2009), while technology acceptance model, on the other hand, is
useful for acquiring broad information on people's attitudes toward a system (Siragusa
& Dixon 2009).

TAM has two limitations, according to Dishaw and Strong (1999) and Park (2010). The
model pays minimal attention to identifying variables that may have an impact on
perceived usefulness and perceived ease of use. Secondly, while the model is
beneficial for identifying factors that influence users' technology use and acceptance,
Park (2010) points out that it cannot provide explanations why people use and accept
a certain technology. As a result, the integrated technology acceptance model and
theory of planned behaviour model is used to predict teachers' intention to use
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information communication technology in their classrooms in this study. Figure 3.6

below shows the integration of TAM and TPB.

Perceived Ease of Use Self-reported use

Attitude \ /
Behavioural Intention

Subjective Norms

Perceived Usefulness

Perceived Behavioural Control

Figure 3-6: Integrated model of Technology Acceptance and the Theory of Planned
Behaviour (Pynoo & Van Braak, 2014)

3.9 MODEL TO EVALUATE LEVEL OF TECHNOLOGY
USAGE: SUBSTITUTION AUGMENTATION
MODIFICATION REDEFINITION (SAMR)

Puentedura (2006) created the Substitution Augmentation Modification Redefinition
(SAMR) model, which is a four-level taxonomy-based strategy to analyse, use, and
select technology. SAMR is a recent addition to educational technology professional
development and teacher learning (Hamilton et al. 2016). According to a report
published by the International Society for Technology Education (ISTE) (2015), the
term "SAMR" was used in only one of the almost 800 sessions during the 2013 ISTE
conference. Out of nearly 900 total sessions, the 2014 conference agenda includes 30
"SAMR"-related workshops and presentations. "SAMR" was mentioned in only 44 of
the 1 000 sessions at the 2015 ISTE conference.

The primary goal of the SAMR model, as shown in Figure 3.7 below, is to help
teachers understand the levels at which technology integration can be used during
teaching, help teachers to integrate technology in their classes, and to categorise and

describe teachers’ usage of classroom technology (Puentedura 2006). The nature of
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the model encourages teachers to "move up" from low to high degrees of using
technology during teaching. The simple design of the model gives teachers the
opportunity to expand their abilities in order to fully comprehend the complexity
involved in successfully implementing technology in the classroom (Hamilton et al.

2016).

Redefinition
Technology allows forthe creation of a new task, previously

inconceivable.

Modification
Technology allows for significant task redesign

UoIeLLOSURT |

Augmentation
Technology acts as a direct substitute, with functional

change

JuaLBIuRYU g

Substitution
Technology acts as a direct substitute, with no functional

change

Figure 3-7: Substitution, Augmentation, Modification, and Redefinition (SAMR) model
(Puentedura 2006)
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3.9.1 Substitution

At this stage, the traditional approach of teaching is directly substituted by teaching
using technology. In simple terms, it is a direct, bare-bones replacement. Analogue
technology substitutes digital technology, with no "functional change" (Puentedura
2014). Brown (2015), for example, compares the substitution to a cup of coffee from a
coffee shop replacing a cup of coffee made at school or at home. The fact is, it is still
coffee and there is no real change. Other examples include instead of using pencil and
paper to write note, Evernote or a similar product can be used to write notes. The
substitution level can also include a learner presenting information about an article

using slides, Prezi, PowerPoint or Keynote (Brown 2015).

3.9.2 Augmentation

At the augmentation level, Brown (2015) indicates that it is as good as taking a
standard cup of coffee and making it better by sprinkling a small amount of cinnamon
or cream on top. The truth is that the coffee has not really changed, only the flavour
has, as it now contains additional ingredients that have improved and augmented the

original.

Examples of augmentation include learners photographing objects in the classroom
and classifying them, if the learners are studying Mathematics or Science. A second
example is that learners can complete a fluency boot camp by filming themselves
reading a chapter from a book, and playing it back to check for proficiency and
articulation using a video camera app. One last example is that learners can annotate

images using applications such as LibreOffice (Brown 2015).

3.9.3 Modification

The integration of technology can wholly revamp a task. Instead of exhibiting a graphic
of how light travels, a variable-based online interactive simulation of light that can be
adjusted can be presented to learners in a secondary science lesson (Hamilton et al.
2016). At this level, various bells and whistles are added to the augmented coffee.
Whipped cream, caramel, and certain specific flavourings are combined to create a

sophisticated salted caramel mocha (Brown 2015).
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Significant task redesign using technology includes the addition of interactive media
via movie, audio, and sound, the creation of a soundtrack in GarageBand for a visual
presentation, the use of the iMovie app to create iMovie Book Trailers, or digital stories
using the Videolicious app, and real-time collaboration using Google Drive. The tasks

are changed in such a way that they are personalised for each learner (Brown 2015).

3.9.4 Redefinition

At the redefinition level, according to Brown (2015), it is similar to changing the
definition of a typical cup of coffee to something else that can be found only in the
coffee shop. At this level, work cannot be accomplished without the aid of technology.
Redefinition is compared to higher order thinking levels such as evaluating,

generating, and analysing, as found in Bloom's Taxonomy (Brown 2015).

Learners can connect with classrooms all over the world, and not only their own. They
can also collaborate, share and do research at this level. Questions are generated,
and topics and content are explored by learners using the technology available to
them. Learners further develop problem-solving skills, critical thinking, and develop
mapping by using the software Mystery. Collaborative writing is completed through
Mystery Skypes and through Kidblog, and social media like Twitter connects them to
the world (Brown 2015). Teachers expand their horizons beyond the four walls of their
classrooms to take Virtual Field Trips to chat with Nasa astronauts, to add to their
space unit using Google Connect Classrooms, Hangouts and virtual book club

discussions (Brown 2015).

3.10 SAMR MODEL RATIONALE: LEARNING IS THE
OUTCOME, TECHNOLOGY IS JUST ATOOL

The greatest benefit of the SAMR model is its ability to move teachers beyond the
normal four walls of their classrooms and introducing learners to inspiring new levels of
learning (Portnoy 2018). When the model is effectively used, great thinkers and
problem solvers will be developed, learning could be transformed outside and inside
the classroom, and limitless opportunities and achievement of the four C’s, as seen in
Figure 3.8 below, could be achieved. It is important to note that true redefinition only

takes place when there is a shift in focus from apps to content (Brown 2015).
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Figure 3-8: 4 C’s (Brown 2015)

3.11 TECHNOLOGY INTEGRATION FRAMEWORK:
TECHNOLOGICAL PEDAGOGICAL CONTENT
KNOWLEDGE

Shulman's definitions (1987, 1986) of Pedagogical Content Knowledge (PCK) serve as

the foundation for the Technological Pedagogical Content Knowledge (TPACK)

framework. TPACK explains how PCK, and teachers' knowledge of educational

technologies, interact to provide effective technology-assisted teaching. Mishra and

Koehler (2006) initially proposed the framework to describe an integrated relationship

between pedagogical knowledge, subject knowledge, and technological knowledge to

aid the possible integration of ICT tools in school activities and in the classroom.

TPACK is usually depicted as a Venn diagram with three overlapping circles of

knowledge, as seen in Figure 3.9.
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Figure 3-9: TPACK Framework (Mishra & Koehler 2006)

3.11.1 Content knowledge

The concept of content knowledge describes the teacher's grasp of the subject matter.
This is the most important type of knowledge in teaching (Mishra & Koehler 2009).
Knowledge of ideas, theories, organisational structures, and concepts are included in
content knowledge. Content knowledge also comprises proof and evidence of
knowledge, as well as recognised methods and processes for acquiring such
knowledge. It is important to understand the deeper knowledge basics of disciplines in
which teachers teach, because the nature of inquiry and knowledge differ greatly
across domains (Shulman 1986). For example, in science this would include
knowledge of evidence-based reasoning, understanding of the scientific method, and
knowledge of scientific facts and hypotheses (Mishra & Koehler 2009). This can be
costly for teachers who do not have a broad background of content understanding. For
instance, learners may create misconceptions about the content area, and may obtain

inaccurate information (National Research Council 2000; Pfundt & Duit 2000).
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3.11.2 Pedagogical knowledge

A teacher's pedagogical knowledge refers to his or her detailed understanding of the
practices, methods, and processes of learning and teaching. This type of knowledge is
used in the assessment of learners, lesson design, classroom management, and
student learning. Pedagogical knowledge also comprises knowledge of classroom
procedures or techniques, as well as tools for assessing learner comprehension and
the nature of the target audience. To comprehend how learners gain skills and create
information, as well as how they establish good attitudes and habits of mind towards
learning, a teacher must have extensive pedagogical expertise. Therefore, teachers
must be aware of developmental, social, and cognitive learning theories, as well as

how they can be applied to children in the classroom (Mishra & Koehler 2009).

3.11.3 Pedagogical content knowledge

PCK is related to and consistent with Shulman's concept of knowledge of pedagogy
pertaining to the teaching of specific content. A central element of Shulman's PCK
conception is the way in which subject matter is modified during teaching. According to
Shulman (1986), transformation occurs when teachers find new ways of presenting
and interpreting material, as well as tailoring or adjusting the educational material to
consider the learners' views and experiences. This transformation is emphasized by
Mishra and Koehler (2009) when they outline what makes teaching effective, namely
looking at things differently, alternative teaching strategies, creating connections
between content-based ideas. For all of this, prior knowledge is essential, as is an
awareness of misconceptions and ways to view them. Mishra and Koehler (2009) also
say that the PCK includes basic concepts of learning, teaching, assessment, and
curriculum, as well as the connections between curriculum, assessment, and

pedagogy, and the conditions that encourage learning (Mishra & Koehler 2009).

3.11.4 Technology knowledge

According to Mishra and Koehler (2009), describing technological knowledge is difficult
since there is a risk of the definition becoming obsolete. They do say, however, that
the description of technological knowledge is virtually identical to the one of Fluency of
Information Technology (FITness), as suggested by the National Research Council's
Committee on Information Technology Literacy (NRC 1999). As stated by FlTness,

technological knowledge is defined as being able to recognise when technology can
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act in a negative or positive manner toward achieving a goal, adapt to changes in
technology on a regular basis, and be able to utilise this knowledge for personal and
professional purposes. This implies that, for problem-solving, communication, and
information processing, it is vital for a human being to have a deeper grasp and
command of information technology than the classic definition of computer literacy
implies. When technological knowledge is acquired in this way, an individual can
develop new ways to complete a task and to use information technology to complete a
range of tasks. Technological knowledge is conceptualised as a progressive process,
emerging during a lifetime of open-ended, generative contact with technology (Mishra
& Koehler, 2009).

3.11.5 Technological content knowledge

The link between content and TK is long and storied. Physics, archaeology, medicine,
and history are among the fields that make use of current technologies that enable the
manipulation and depiction of information in a novel and useful manner. New
metaphors for comprehending the universe and new perspectives for interpreting
events have also emerged because of technological advancements, such as viewing
the brain as an information-processing computer and the heart as a pump. These
metaphorical and representational links are not just for show, and they have often

resulted in fundamental shifts in the character of a discipline (Mishra & Koehler 2009).

Technical content knowledge (TCK) is understanding how content and technology
interact. In addition to mastery of the subject matter that they teach, teachers must
also have a thorough understanding of how the subject matter are impacted by
technology. In addition to being aware of and understanding appropriate technologies
for teaching a subject in their domain, teachers must also be aware of how the content

is dictated to by technology, or vice versa (Mishra & Koehler 2009).

3.11.6 Technological pedagogical knowledge

Technological pedagogical knowledge (TPK) consists of a theoretical understanding of
how learning or teaching might be affected when certain technologies are utilised in a
certain way. This necessitates a thorough comprehension of the pedagogical

restrictions and benefits of various technological tools. TPK requires a better
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understanding of the affordances and limits of technology, , as well as their disciplinary
contexts (Mishra & Koehler, 2009).

Because a whiteboard is usually static, but accessible to many people, it is commonly
used in classrooms. As a result, it is mostly placed in the front of the classroom and is
under the teacher's control. This placement forces a specific order in how the
classroom should be set up. The setup defines where chairs and tables should be
positioned, as well as the nature of learner-teacher interaction. In this case, learners
can only utilise the whiteboard when called on by the teacher to do so. However, it is
erroneous to think that there are no other ways in which whiteboards can be used. In
an advertising agency, for example, a whiteboard is used in a different way during a
brainstorming session. Anyone in the group can utilise it, and it serves as a focal point
for meaningful negotiations, construction, and discussion. The whiteboard in this

situation is not under the control of a single person (Mishra & Koehler, 2009).

Understanding the benefits of technology, and how they could be used differently
depending on changes in purposes and context, is an important part of grasping TPK.
This knowledge is vital because most popular software packages have not been
designed for educational purposes. Software programs like MSN Messenger,
Entourage, Excel, PowerPoint, and Word, for example, are designed to be used in
business settings. Web-based technologies such as podcasts are designed for
communication, social networking, and entertainment purposes. It is critical that
teachers gain the ability to see beyond the most prevalent uses of technology, and
configure them for instructional applications that are unique to them. Therefore, TPK
needs the creative, forward-thinking, and open-minded application of technology in
order to increase student learning and comprehension (Mishra & Koehler 2009).

3.12 TECHNOLOGICAL PEDAGOGICAL CONTENT
KNOWLEDGE RATIONALE

The interaction of content, pedagogy, and technological knowledge leads to TPACK
understanding. TPACK is not the same as knowing all three concepts separately.
TPACK is the foundation of effective technology-assisted education. It necessitates
the understanding of how technology can be used to build on existing knowledge to
develop new epistemologies or strengthen old ones, an understanding of learners'
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prior knowledge and epistemological theories, as well as an understanding of what
makes concepts difficult or easy to learn. It also focuses on how technology can assist

learners in solving some of their problems (Mishra & Koehler 2009).

Teachers immediately bring TPACK into action when they blend content, pedagogy,
and technology expertise while teaching. There is no single technology solution that
applies to every teacher, every course, or every perspective on education because
each situation is a unique blend of these three aspects. The solution is derived from a
teacher's ability to get through the areas indicated by the three aspects of technology,
pedagogy, and content, as well as the complex interplay between various variables in
certain situations. If the relationships between the components and each knowledge
component on its own are disregarded, it might result in oversimplified failures or
solutions (Mishra & Koehler 2009).

Teachers should therefore develop cognitive flexibility and fluency, not only in the
essential domains of Content (C), Pedagogy (P), and Technology (T), but also in the
interrelationships between these contextual characteristics and domains in order to
design effective solutions. Consider TPACK as a professional knowledge construct if
you have a sophisticated, pragmatic, adaptable, and thorough understanding of
teaching with technology. It is tough to teach with technology, and it is even more
difficult to do it successfully. Continuous development, maintenance, and the re-
establishment of a dynamic balance among all components is essential to properly
teach with technology. It is crucial to note that a variety of factors determine how this

equilibrium is achieved (Mishra & Koehler 2009).

3.13 COMPARISON OF SAMR AND TPACK

The TPACK framework is designed to help teachers prepare for successful technology
integration by not separating technology training and comprehension. Rather, TPACK
transforms technology into a vital ally of content and pedagogy in the learning process.
The purpose of the TPACK evaluation is to assess teacher self-efficacy when it comes
to content, pedagogy, and technology in the creation and delivery of learning
experiences. The SAMR approach, on the other hand, considers the competence level
of teacher regarding the use of technology in the classroom. It is all about how well a

teacher integrates and uses technology in individual tasks and in the classroom.
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SAMR and TPACK are inextricably linked, with each framework contributing to the
other's success. Teachers' usage of technology, for example, will be governed by
which level of the SAMR model the planned activity best leverages as they design
learning experiences using the TPACK framework (Humes 2017).

Table 3-1: Synopsis of the findings on the theoretical framework based on the Theory of
Planned Behaviour and Technology Acceptance Model, SAMR model and TPACK
framework

Issues Literature suggests Section

Theory of planned | When teachers believe that the use of ICT will result in | 3.2 &3.3

behaviour positive outcomes, they will have a positive attitude
towards it.
If a teacher believes that using ICT for teaching would 3.3.2

negatively affect his or her profession or the learning
process, the teacher's attitude will be unfavourable.

Teacher attitude is central to the success of using 3.3.2
computers.

Attitudes find their roots in beliefs. 3.3.5
Variables such as computer confidence, training, 3.3.2

gender, knowledge about computers, and computer
experience influence teacher attitudes towards
computers.

Teachers feel the need to use ICT when school 3.3.3
leadership approves, encourages and expects them to
use it to teach.

When the school infrastructure required to wuse 3.34
technology is available, the intention to adopt and use it
will not be an issue.

Theory of planned | School factors that impede the use of ICT should be 3.3.4
behaviour minimised, while those that facilitate teachers’ ability to
use ICT should be strengthened.

Intention and behaviour is indirectly influenced by the 3.3.5
effects of external factors, including demographic
variables such as age, gender and education.

Positive emotions during training improve the intention 3.4
and intrinsic motivation to utilise the technology in the
near future.

Negative moods during training lead to lower intentions 3.4
and intrinsic drive to use technology.

Technology of | Perceived simplicity of use as well as perceived 3.5
usefulness have a direct impact on behavioural
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acceptance model | intention.
The beliefs that a person holds towards the use of ICT 3.6
are influenced by external variables.
The perceived usefulness of technology has a big 3.6.1
influence on whether or not people want to use it.
Technology of | The essential elements for technology acceptance and 3.6.2
acceptance model | use are perceived usefulness and perceived ease of
use.
ICT usage, behavioural intention and attitude towards | 3.7.2, 3.7.3
technology are classified as measures of technology &3.7.5
acceptance.
ICT usage can be observed or self-reported. 3.7.2
Self-reported use is a good predictor of how frequent 3.72
teachers log in and use technology.
Behaviogral Participants think about what might happen between 3.7.4
expectation the intention and the actual performance.
Integrated model | Due to differences and limitations in both TPB and 3.8
of TPB and TAM TAM, the study is guided by the integrated model of
TAM and TPB.
SAMR model to | Substitution 3.9.1
evaluate level of .
technology usage | Augmentation 3.9.2
Modification 3.9.3
Redefinition 3.94
Technology Content knowledge 3.11.1
integration ]
framework: Pedagogical knowledge 3.11.2
TPACK Pedagogical content knowledge 3.11.3
Technology knowledge 3.11.4
Technological content knowledge 3.11.5
Technological pedagogical knowledge 3.11.6
Continuous development, maintenance, and re- 3.12
establishment of dynamic balance among all
components is essential to properly teach with
technology.
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3.14 CONCLUSION

Theory of planned behaviour and technology acceptance model are two of the many
models that have been developed from disciplines like sociology, information systems,
and psychology. Individuals' intentions to accept new technologies have been
explained using these models (Davis 1985; Ajzen 1985). In a variety of contexts, the
technology acceptance model has been widely used to identify the factors of
technological uptake (Davis et al. 1989). The main purpose of the technology
acceptance model is to identify and predict the system adjustments that must be done
in order for users to adopt technology. The TPB model, on the other hand, is utilised to
achieve a better understanding of how beliefs and attitudes connect to people's
intentions to perform (Yucel & Gulbahar 2013). The theory of planned behaviour model
could also be used to illustrate the decision-making process of someone who accepts
and uses information technology (Lu, Huang & Lo 2010).

Teachers' comprehension of technology is crucial in order for them to use it effectively.
This concept must be stressed in any model or framework related to teaching with
technology (Inserra & Short 2012). Instead of concentrating on “moving up” a techno-
centric, hierarchical model, teachers are required to thoroughly plan for instruction that
offers meaningful technology-based learning experiences to learners (Hamilton et al.
2016). The research methods and methodologies used to perform this study will be

outlined in the following chapter.
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CHAPTER 4: RESEARCH METHODOLOGY

4.1 INTRODUCTION

The theoretical frameworks and models that informed the study were discussed in
Chapter 3. This chapter gives an overview of the research methodologies and data
gathering tools used. Details about the participants and the data collection and analysis
techniques are also provided. The steps required to assure the validity, reliability, and
trustworthiness of the data are discussed before the chapter concludes with a

discussion of the ethical considerations of the study.

4.2 OUTLINE OF THE RESEARCH STUDY

The study was conducted in nine stages to answer the research questions and realise
the aims of the research. This is depicted in Figure 4.1.
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Stage 1

Selection and design of pre- &
post- questionnaire

\ 4

Stage 2

A\ 4

Administering of pre-
questionnaire

Stage 9

Final assessment Task

A 4

Research

Sub-question 3

v

Stage 3

Observation

Research

Sub-questions 1&2

Stage 8

Administering

questionnaire ¢

Stage 7

Design of questionnaire

\ 4

Stage 4

Administering of post-
questionnaire

Stage 5

Design of interview protocol

A 4

Stage 6

Conducting interviews

Research

Sub-question 4&5

Figure 4-1: Outline of the research study

e Stages 1, 2, 4, and 6: selection, design, questionnaire, and interviews

The first and fifth stages involved the selection and design of the pre- and post-
questionnaires, and interview protocol to answer research sub-questions 1 and 2. In the

second, fourth and sixth stages, a mixed methods approach (Creswell 2012) was
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followed, where sequential quantitative survey data and qualitative semi-structured
interview data were collected. The pre-questionnaire was administered to a large group
of teachers (N = 53) to determine their perceptions and practices towards ICT usage.
The post-questionnaire, that included teachers’ biographies, was administered to a
large group of teachers (N = 53) to determine how teachers’ perceptions change and
how age, gender, qualifications, teaching experience, school location, school quintile,
and school factors are related to the extent to which teachers’ perceptions change
through the course of a professional development opportunity based on TPACK

principles.

The pre- and post-questionnaire responses were analysed quantitatively using the
paired t-test method. | compared teachers’ perceptions before and after the training to
determine how their perceptions regarding the use of computers changed over the
course of the professional development opportunity aimed at promoting TPACK.
ANCOVA one-way method was used to understand how biographical factors are related
to the extent to which teachers’ perceptions changed over the course of the professional
development opportunity regarding the use of ICT. Pre- and post-questionnaire
responses about their practices were used to select the teachers (N = 17) who
participated in the interviews. Responses from interviews were used to understand the
quantitative results in detail. The interviews were audio recorded and transcribed. The
qualitative data analysis software package NVivo 12 (QSR International 2012) was used
to code the interview transcriptions and to aid observations of trends in the data
regarding changes in beliefs and practices of teachers regarding the use of ICT in

Physical Sciences education during the programme.

e Stage 3: observation

The fourth stage of the study involved observation (Sauro 2015), where | observed as a
participant for the duration of the programme. Observation as a participant involved
observing how teachers interacted with the presenters, amongst themselves, teachers’
attitudes in general, possible trends displayed in the confidence of teachers regarding
the use of technology, and progress displayed in terms of the learning that might have
occurred. | interacted minimally with the participants to better understand how they felt

about the programme and progress made. Observing as a participant also helped me to
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identify possible teachers to be interviewed in stage 7. Field notes were taken for each
session and analysed qualitatively by using NVivo 12, a qualitative data analysis
software package (QSR International 2012). Codes were used to package data to
determine the patterns and trends to make meaning of the qualitative data.

e Stages 7 and 8: design, interviews, and questionnaire

Stage 7 involved the design of the questionnaire protocol. To answer sub-questions 4
and 5, qualitative data was collected in stage 6 and quantitative data was collected in
stage 8. A mixed-method approach (Creswell 2012) was followed, where sequential
qualitative semi-structured interview data and quantitative survey data were collected.
Semi-structured interviews were conducted with a small group of teachers (N=17) after
stage 4. For me to determine issues that arose during the programme, and how
teachers responded to such issues, | first conducted interviews and then | administered
a survey to a larger group of teachers (N = 53) (vide 1.6.3). | used NVivo 12, already
explained previously to analyse the qualitative data. Codes were used to classify
qualitative data to determine those issues that arose during the programme, and how

teachers responded to the identified issues.

e Stage 9: Final assessment

Stage 9 involved teachers submitting the final required assessment task at the end of
the programme. Sixty-nine teachers submitted the task, but for consistency with the pre-
and post-questionnaire data, | included only the final assessment tasks of the 53
teachers who completed both the pre- and post-questionnaires as data in this study. In
this task, teachers had to design a Physical Sciences lesson, present the lesson to their
learners, and reflect on its success. Instructions on what was expected in the task are
found in the Appendix 7. Teachers were requested to give evidence of what happened
in the class by uploading photos and videos from the lesson. The task was utilised to

answer sub-question 3.

4.3 RESEARCH PARADIGM

After qualitative and quantitative research, mixed methods research is considered the

third methodological movement. It is difficult to develop a corresponding philosophical
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paradigm to mixed method research (Johnson & Gray 2010). According to previous
research, the most suited paradigm for doing mixed methods research is pragmatism
(Howe 1988; Tashakkori &Teddlie 1998; Patton 2002; Maxcy 2003; Teddlie &
Tashakkori 2003, 2006; 2009; Johnson & Onwuegbuzie, 2004; Onwuegbuzie &
Johnson 2006; Morgan 2007; Denscombe 2008; Scott & Briggs 2009; Johnson & Gray
2010; Creswell & Plano Clark 2011).

In contrast to a critical realist approach to mixed methods research, a pragmatic
approach has less influence on philosophical assumptions regarding the conduct of
research methodologies. In this way there is less restriction regarding how researchers
can carry out research. In this instance, rather than choosing between the positivist or
post-positivist or constructivist paradigms, to answer research questions, pragmatism
analyses "what works" (Johnson & Onwuegbuzie 2004; Onwuegbuzie & Johnson 2006).
However, this does not imply that mixed methods are used aimlessly “such that
anything goes” (Denscombe 2008, p 422). They should be utilised with caution (Bryman
2006; Freshwater 2007; Denscombe 2008), combining and selecting the results of

suitable approaches to reply to research questions, as in this study.

Pragmatism is an alternative that supports both constructivist and positivist/post-
positivist paradigms, together with research questions that establish the degree to which
qualitative and quantitative methods are utilised (Teddlie & Tashakkori, 2009). Using a
mix of qualitative and quantitative methods to reply to research questions, provides a
middle ground both methodologically and philosophically (Johnson & Onwuegbuzie
2004; Onwuegbuzie & Johnson 2006), as seen by a variety of mixed methods research
designs (Teddlie & Tashakkori 2009; Creswell & Plano Clark, 2011).

“Pragmatism includes a healthy dose of pluralism by which it means that it is not
logically contradictory to claim that quantitative and qualitative research are both
useful, even if, at times, they appear to be contradictory; perhaps what is seen as
contradictory are different perspectives that are complementary and enable one

to more fully to see his or her world” (Onwuegbuzie & Johnson 2006, p. 54).

The application of mixed methods research in pragmatism begins with the
establishment of research questions that may be answered by combining the results of

qualitative and quantitative research (Creswell & Plano Clark, 2011; Tashakkori &
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Teddlie, 1998). Rather than emphasising the methods themselves (Teddlie &
Tashakkori, 2009; Creswell & Plano Clark, 2011), the study emphasises a value system
in which researchers choose the proper approaches to answer to research questions,
as is the case in this study.

The pragmatic approach, such as critical realism (Modell 2009), uses abduction to
transition between induction and deduction, while qualitative and quantitative research
use induction and deduction respectively, to relate theory to facts. While qualitative
research is subjective and quantitative research is objective, a pragmatic approach to
research challenges the traditional dichotomy between subjectivity and objectivity when
doing research. It is the belief of the pragmatists that at some stage during the research,
by avoiding interacting with subjects, an objective approach will be taken, while at other
stages the subjective approach will be taken by interacting with research subjects to
construct reality (Teddlie & Tashakkori 2009). Researchers are allowed to be adaptable
in order to respond to the study questions in the most practical way possible. Qualitative
and quantitative research will be used to determine the singular and numerous realities
in this study (Rorty 1999; Creswell & Plano Clark 2011).

44 RESEARCH DESIGN

This is a case study using a mixed methods approach. It involves quantitative and
qualitative research methods to determine how South African teachers’ perceptions
change with regards to the use of ICT when they experience subject-specific
professional development opportunities based on TPACK principles. A study
investigating such complexity needs to allow for different approaches — both quantitative
and qualitative — to adequately explore the phenomenon.

Mixed methods design refers to research in which the investigator collects and analyses
data, integrates the findings, and makes inferences utilising both qualitative and
quantitative methods in a single study of inquiry (Tashakkori & Creswell 2007). A mixed
methods study allows for a more comprehensive and in-depth grasp of the subject at
hand, compared to a single method approach (Johnson, Onwuegbuzie & Turner 2007;
Greene 2007). The mixing of qualitative and quantitative methods in one study can help
give enough information to explain the divergent aspects of the studied phenomenon,
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while at the same time minimimsing or excluding potential alternative explanations of
the results (Plano-Clark & Ivankova 2017).

4.5 STUDY POPULATION

The study population comprise of the individuals, dyads, groups, organizations, or other
entities that a researcher seeks to understand and to whom or to which the study results
may be generalized or transferred and is the principal group about which the research is
concerned (Casteel & Bridier 2021). In this study the population comprises South
African physical sciences teachers. Although the convenience sample used in this study
(vide 4.7.) is not representative of this population, the likelihood that valid lessons can
be learned from the sample, and applied to the broader population, is enhanced by the

wide range of biographical characteristics of the sample, as discussed in 4.7.

4.6 RESEARCH METHODS AND DATA COLLECTION
TECHNIQUES

Pre- and post-questionnaires and were designed in stages 1 and 7. Quantitative data
were collected in stages 2, 4 and 8 using the questionnaires. Interviews, observations,
and the final assessments were used as qualitative data collection tools. The design
features, limitations, and affordances of these data collection methods are discussed

below.

4.6.1 Survey (including how survey was drafted)

4.6.1.1 Questionnaires

A set of comprehensive structured questions used by a researcher to obtain specific
information from participants is referred to as a questionnaire. Questionnaires are the
most cost-effective way to collect quantitative data in a relatively short period.
Structured questionnaires give a measure of perceptions, attitudes, opinions, and
feelings about issues of particular concern to the researcher and allow the researcher to
explore the topic in detail. Structured questions can also be used to identify patterns
and trends that demand further investigation using qualitative methods. However,
feelings and emotional responses of the participants cannot be fully captured by

questionnaires. It is possible that meaningful data can go unnoticed (Debois 2016).
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4.6.1.2 Questionnaire design

The purpose of the questionnaire in this study was to capture the change in teachers’
perceptions regarding the use of ICT, how biographical factors are related to the extent
to which teachers’ perceptions changed through the course of the professional
development, and what issues arose during the professional development. My goal of
the questionnaire was to maximise reliability and validity of the questionnaire in order to
maximise the quality of the data. The overall design features, specifically in terms of

addressing design limitations, are highlighted below.

One of the most important limitations in using questionnaires as tools is that
questionnaires cannot fully capture emotional responses or the participants’ feelings,
and useful data can go unnoticed (Debois 2016). To address this limitation, a Likert
scale questionnaire with a rating scale of 1 — 5 was used. Scale rating of 1 — 5 allowed
for strength and assertion. Secondly, a variety of types of questions were included for
teachers to express their perceptions, practices, and issues that arose during the

professional development opportunity.

Closed questions usually dominate structured questionnaires, as they provide data that
can be quantitatively analysed for trends and patterns. The agenda is completely
predetermined by the researcher, with minimal room for participants to qualify their
responses. Open-ended questions, on the other hand, are based on open questions,
allowing respondents to react in their own terms. This allows them to provide more
detail in their responses, irrespective of the researcher's predetermination of the

sequence and topic (Debois 2016).

Pre- and post-questionnaires in stages 2 and 4 used closed questions on a five-point
Likert scale. The closed questions were clustered in accordance with their relevance to
theory of planned behaviour and technology acceptance model constructs as seen in
Appendix 3. By answering the closed questions teachers could express their beliefs and
practices. Through closed questions teachers could comment on the programme and its
contribution towards using ICT. Closed questions also enabled me to examine the
patterns and trends that assisted to describe what is going on in the educators' daily
work experiences with ICT. | was able to generate better quality data. Analysis of the

closed questions required a coding scheme, with accompanying measures to ensure
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inter-rater reliability and accuracy of application of the coding scheme. In stage 8, the
questionnaire consisted of both open and closed questions. Open-ended questions
allowed teachers to elaborate on what issues arose during the professional
development, how these issues affected them, and how they responded to these
issues. This enabled rich feedback that revealed explanations of what was going on, as
well as any ideas, attitudes, feelings, perceptions, and concerns that arose

unexpectedly.

All questionnaires were designed in such a way as to include contexts familiar to the
teachers. The teachers completed the pre-questionnaire at the beginning of the
programme and the post-questionnaire at the end of the programme. Several strategies
were employed to ensure a high response rate. For example, in cases where teachers
could not complete the questionnaire during a session, they were allowed to complete it

in the next session. Where teachers missed a post-questionnaire, | emailed it to them.

Coverage error is another limitation when using surveys (Dillman Smyth & Christian
2014; Singleton & Straits 2009; Check & Schutt 2012). A sample can never be fully
representative of the population it represents, and sample bias will always be present to
some degree. A wide range of teachers, each with their own teaching experiences
across the range, participated. Teachers from urban, township and rural schools and
quintile 1 to 5 schools participated. However, an unequal representation of the
categories was seen in the group of teachers. There were for example more teachers

from township and rural schools than from urban schools.

When questionnaires are used there is a chance that some questions will be ignored,
which impacts on the reliability and representability of data (Debois 2016).
Uncertainness about the meaning of some questions may lead to the non-response of
participants. Answers are sometimes selected without thoroughly reading the alternative
answers or even the question. Participants may make split-second decisions or skip
questions, impacting the quality of the data. In the data collected, all teachers made an

attempt to answer all of the questions.

The main aim of standardised questionnaires is to include tested and well-designed
questions that have the same meaning to all participants. Language and social and

cultural differences can, however, influence interpretation. Visser, Krosnick and
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Lavrakas (2000) therefore indicate that measurement error needs to be considered
when designing questionnaires. Piloting the questionnaire is an important component of
qguestionnaire development, as it reduces measurement error. The first step is usually to
conduct an expert review to screen items and ensure unambiguous wording, after which
a field test or pilot is done (Krosnick & Presser 2010). Methods that do not employ pilot
testing can only provide insight into possible problems after the data comes in, whereas
methods that include pilot testing can provide information about actual problems. In the
design of this questionnaire, validated items were used to compile the questionnaire to

limit ambiguity in the wording of questions, and ultimately limit measurement error.

4.6.2 Interviews (including justification for the interview schedule)

An interview is a data collecting process in which one person, the interviewee, is
questioned by another, the interviewer (Polit & Beck 2006). Interviews can be
conducted either by telephone or face-to-face. The in-depth qualitative exploration of
individuals' perceptions that cannot be obtained from questionnaires can be provided by
a well-designed and conducted interviews. Interviews allow the exploration of
perceptions, emotions, thinking, assumptions, and attitudes, which may be encouraging
the observed behaviour of individuals involved in the learning and teaching
transformation in some way. They can further confirm interpretations or follow up on

unexpected results of various data collection and analysis methods (Polit & Beck 2006).

The focus of this study was not only to capture how teachers’ perceptions regarding use
of ICT changed, where necessary, but also to gain insight about how teachers learned
in the programme, which activities they found most valuable, and outcomes, e.g.
whether they implemented what they had learned during the programme. For this
purpose, semi-structured interviews were chosen as the most appropriate data
collection tool. Semi-structured interviewing is a method that consists of a dialogue
between researcher and participant, guided by a flexible interview protocol and
supplemented by follow-up questions, probes and comments (Dejonckheere & Vaughn
2019).

Semi-structured interviews provided opportunities to explore those aspects that could
not be observed directly, such as feelings, intentions, and thoughts. Semi-structured

interviews were important in this study because it was difficult to observe situations
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when the observer was not present, how people have organised their world and the
meanings they attach to what happens in their world. Semi-structured interviews
allowed me to enter the participants’ perspective. Interviewer-respondent interaction is a
complex phenomenon. The physical characteristics, attitudes, predispositions, and
biases that affect the data and the interaction, are brought to the interview by both

parties as explained below.

4.6.2.1 Interviewer bias

Respondents can easily be distracted by the presence of an interviewer. Respondents
are usually more prone to provide socially desirable and positive responses when an
interviewer is present. Respondents are also often reluctant to disclose beliefs which
are not likely to be validated by the interviewer. Interviewers have varying abilities to
use techniques to aid and recall recording responses, to probe adequately, to listen and
to sound and appear neutral (Bowling 2005). | was known to all the interviewees
through my previous position as a Physical Sciences subject advisor and provincial
subject coordinator in the Free State province. | have been part of the programme from

the beginning to the end.

To reduce researcher bias, | used semi-structured interviews. In the semi-structured
interviews, a mix of more and less structured questions was used. There was no set
order, and the interview was mostly guided by a list of questions. All questions were
utilised flexibly, and participants were requested to provide precise information.

4.6.2.2 Social desirability bias

During an interview there is social interaction with another person. This can lead to
interviewees taking social norms into consideration when they respond, which can result
in social desirability bias. Social desirability bias occurs when interviewees present
themselves in the best possible light, which can lead to either under-reporting or over-
reporting undesirable behaviours. This can cause confusion in relationships by
weakening, moderating, or inflating them (Bowling 2005). | made an effort to explain the
value of their contribution to the study to the teachers, and | assured them that their
identities would not be revealed and that they would not be identifiable by how | use
their responses in the report. Teachers were free to choose between a Friday or a

Saturday for their interview and could also state a preferred time.
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4.6.2.3 Sampling bias

Interviews can be with individuals or with groups. Unlike an interview between the
interviewer and the interviewee, where the interviewer acts as moderator, group
interviews take place when a group of people are interviewed together using an
exploratory and flexible discussion format highlighting the interactions between the
participants (Qu & Dumay 2011). In this study, interviews took place in a group setting.
The primary benefits of group interviews are convenience and time. Relative to
individual interviews, there tends to be less researcher-bias since the researcher is less
involved in the discussion (Doyle 2004). However, sampling bias can occur when the
sample does not accurately represent the population. To minimise sampling bias, the
selection of teachers was guided by the participation of teachers during sessions, and
progress made during the sessions (highly participating, medium, and non-participating
teachers). Teachers were further selected based on more experienced, medium
experienced and less experienced teachers, teachers from quintile 1 to 5 schools, and
teachers from urban, township and rural schools. More details about the interviewees
are provided in Table 4.2.

4.6.2.4 Interview protocol design

It is undisputed that an interview is "a complex and involved procedure" (Minichielle,
Aroni & Hays 2008, p. 1). There is no “recipe” for designing appropriate and insightful
questions. The purpose of the interview protocol was two-fold: firstly, to allow teachers
to express and articulate their prior usage, prior beliefs, and prior practices, compared
to their practices, beliefs, and usage after the short learning programme. Secondly, to
express how they generally feel about the programme, relating to aspects such as the
scope of the programme, facilitation, duration of the programme and the impact of the

programme on their teaching.

To break the ice between the group members who, in most instances knew one
another, | allowed them to introduce themselves to the group. | encouraged the group
members to engage in a free-ranging discussion, as the main purpose of the interview
was for them to make me understand their beliefs about ICT usage. | also wanted to
find out how often they had used computers or tablets or laptops in their teaching before
the programme, and how this had changed after the programme. | also wanted them to

reflect on the programme itself. The group members were assured that their answers
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would be treated with confidentiality. Each member group was given time to respond
freely and in a relaxed manner to the questions. Each member could substantiate or
give a different version of the point under discussion. This was allowed because they all
came from different contexts. Each member responded to the same question in his or
her way. Toward the end of the interviews, general comments and observations were

invited from the participants.

4.6.3 Observation (including explanation of the observation tool)

As cited by Koh (2016), Marshall and Rossman defined observation as an ordered
account of artefacts, behaviour, and events in the social setting chosen for the study.
The observation further affords the researcher an opportunity to observe how
participants act separately and together. Rather than self-reported metrics, it is a more
reliable measurement of actual participant behaviour (Koh, 2016). In this study,
observations allowed me to observe the actual behaviour and attitudes of teachers. The
quality of initial behavioural analysis based on demographics was improved during

observations, therefore increasing the validity of the research.
Various types of observations are discussed below (Koh 2016).

a) Descriptive observation: In this type of observation, the researcher produces a lot
of data, of which some can be irrelevant and some relevant to the study at hand. The

researcher notes down everything that occurs as he or she observes.

b) Focused observation: In this type of observation, only the material that is relevant
to the study is analysed by the researcher. An example includes tracking the gaze of a
participant, or the facial expressions of a participant when trying to perform a specific
task.

c) Selective observation: Specific activities are observed by the researcher, such as
how participants browse through the menu on a website.

In this study, descriptive observation was used. | was part of the programme for its
duration. The behaviour, attitudes, participation, and progress of teachers towards

technology usage were intensively observed. Field notes were used to note down
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everything that occurred during the sessions. Observations made during the sessions

guided me in selecting teachers to participate in the group interviews.

Sauro (2015) identified four observational roles during observational research.

1. Complete observer

The role of the researcher is a detached one, meaning that the observer is neither
noticed nor seen by the participants. Because the participants are unaware that they are
being observed, they are more likely to respond normally. However, ethical questions
such as possible deception are likely to be raised by this role. For example, how would
a person feel when he or she finds out that he or she has been watched without

knowing?

2. Observer as participant

The role of the researcher is recognised and known by the participants. In many cases,
the research goals of the observer are known by the participants. The interaction
between the researcher and the participants is limited, despite the fact that there is

interaction. It is the researcher’s aim to be as neutral as possible.

3. Participant as observer

The researcher fully engages with the participants. The researcher is not a neutral third
party, but more of a colleague or a friend. The presence of the researcher is known by

participants.

4. Complete participant

The role of the researcher is almost like a spy. The researcher takes part in the
participants’ activities, and fully engages with them. However, the participants are not
aware that research and observation are being conducted, even though there is full
interaction between them and the researcher. It is sometimes referred to as "going

native," in the context of performing indigenous fieldwork.
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In this study, | was an observer as participant. | was formally introduced to the group of
Physical Sciences teachers, and the study goals were disclosed to the teachers. This
was to minimise the ethics of observing bias, as this is a major issue in observational
research. Unlike scientific study, however, Jorgensen (1989) claims that "participant
observation does not contain human beings" (p. 28; emphasis in original). Observing as
a participant afforded me the opportunity to describe the Physical Sciences teachers'
behaviours, attitudes, and intentions in detail, and the opportunity for naturally viewing

participation in unscheduled events.

Slack (2001) points out that whatever form an observation may take, ranging from the
informal to the formal, or formal to the informal, in all cases it is crucial that the observer
be aware of the psychological and physiological factors that may determine how
observations are interpreted. There are a range of preconceptions of how observers
observe. When other methods are used to cross-check these perceptions, there is a
likelihood that bias can be reduced. To minimise the observer's bias, questionnaires,
semi-structured interviews, and the final assessment as data collection tools were used

to validate the observations.

According to Schensul, Schensul, and Lecompte (1999), observations are filtered by
interpretive frames, and "the most precise observations are fashioned by formative
theoretical frameworks and careful attention to detail" (p.95). The researcher's ability to
observe, document, and analyse what is observed has an impact on the quality of
participant observation. In the early stages of research, it is critical for the researcher to
make detailed observation field notes from the population under investigation, rather
than from the researcher's imposed predetermined classifications. | was part of the
programme with no preconceived ideas, just like the other Grade 10 Physical Sciences
teachers who completed the programme. To this effect, a pre-determined set of
observation questions were drawn up which, as the programme continued, was

adjusted due to the observed behaviour in the programme (Appendix 6).

| continually discussed the observations with the facilitator of the programme to improve
the reliability and validity of my observations. This was done to identify areas of
disagreement and agreement so that my observational data would be more reliable and
trustworthy. | further assumed a neutral position during the sessions. The field notes
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were analysed using NVivo 12 (QSR International 2012). Codes were used to classify

qualitative data to capture key observations during sessions (Appendix 11).

4.6.3.1 Observation tool design

The design of the observation tool was guided by the questions what, why, how, and
when. In addressing what, the observation tool was designed for Grade 10 Physical
Sciences teachers who underwent a short learning programme in the use of ICT. The
why was to answer the posed research questions, especially research questions 1 - 3.
In addressing how, the tool was designed in such a way that observations could be
done in all the sessions, as the observer participant role was assumed by the
researcher, and descriptive observation was used. Lastly, in addressing the when, as
indicated above the observation design tool was designed to enable the researcher to

observe everything in all the sessions during the SLP.

4.6.4 Document analysis (including framework for analysis)
Through the final assessment, | could decide what practices the teachers displayed in
their use of ICT towards the end of the professional development opportunity.

Therefore, it formed one of the data collections tools in this study.

4.6.4.1 Moderation of final assessment task

| anticipated that the teachers would develop their lessons in a way that was in line with
the TPACK framework. | therefore used the TPACK framework to moderate their
lessons. The TPACK framework is based on the understanding and application of three
categories of knowledge linked to technology, pedagogy, and content (Koehler, Mishra,
Kereluik, Shin & Graham 2014). | used the TPACK framework to moderate the teachers’
final assessment tasks. | was able to recognise the convergence of these parts of
teacher knowledge as a means of effectively teaching with technology and was able to
articulate it (Koehler et al. 2014).

Effective teaching with technology necessitates an awareness of the mutually
reinforcing links between all three aspects when used together to generate
representations and context-specific, suitable techniques (Koehler, Mishra & Yahya
2007). However, teachers need to go beyond just having technological, pedagogical,
and content knowledge to be able to design appropriate technology-based lessons
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(George & Sanders 2017). Shulman (1987 p. 13) explains that “teachers must use their
knowledge base to provide the grounds for choices and actions”. He calls this process

“pedagogical reasoning and action”.

To determine whether the 53 teachers in the sample could design technology-based
lessons, | analysed the implemented lessons that the teachers submitted for the final
assessment of the short learning programme. | used Tables 4.2 and 4.3 found in
Appendix 9 to analyse the designed and implemented technology lessons. The first
column in both Tables 4.2 and 4.3 shows six components of the TPACK framework and
their brief descriptions. The second column shows the activities per six components of
the TPACK framework observed during the analysis, and the third column shows the
number of lessons in which the components of the TPACK framework were covered in
each teacher’s lesson. Analysis of the technology-based lessons provided a new
perspective on what teachers know and think about technology, as well as their design
capacity (Dorner & Kumar 2016). It further illustrated their intentions based on lesson
planning, their opinions and beliefs (Costa 2016; Koh & Chai 2016; Koh, Chai, & Tay
2014; Tallvid 2016), and their reasoning and practices (Almerich, Orellana, Suarez-
Rodriguez & Garcia 2016; Archambault & Crippen 2009; Hinostroza, Ibieta, Claro &
Labbé 2016; Koh, Chai & Tsai 2014).

The analysis of the 53 technology-based lessons revealed that 38 of the 53 teachers
could design and implement lessons that are consistent with the TPACK framework,
while 11 of the 53 teachers could design and implement lessons that consisted of PCK,
PK and CK. Four of the 53 teachers did not submit their lessons. The results of the
analysis of the technology-based lessons imply that 38 teachers who could design and
implement lessons that are consistent with the TPACK framework, have acquired the
required skill and knowledge to design and implement the technology-based lessons.
They demonstrated that they could apply the acquired skill and knowledge to design
technology-based lessons. Eleven teachers designed and implemented lessons
consisting of PCK, PK, and CK. The decision of the 11 teachers to not include the TK,
TPK, and TCK in the design of their lessons, should not be ascribed to the assumption
that they did not acquire the necessary skill and knowledge to design technology-based
lessons consistent with the TPACK framework. It might instead mean that they decided

not to include TK, TPK, and TCK in their lessons, since their strongest knowledge areas
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were CK, PK, and PCK. Archambault and Crippen (2009) argue that teachers rate the
components CK, PK and PCK as their strongest knowledge areas, as they were taught

these components during their pre-service training.

The use of CK, PK and PCK, and the non-use of TK, TPK and TCK of 11 teachers
cannot be attached to acquired or non-acquired skill and knowledge. | therefore,
assume that the teachers’ beliefs and attitudes affected their intention to use ICT in their
design and implementation of technology-based lessons. As with other research that
employed the TPB to explain teachers' beliefs, practices, and attitudes, Ajzen and
Madden (1986) and Venkatesh et al. (2003) claim that teachers' intention to use ICT are
influenced by their beliefs, practices, and attitudes. The other reason for not using TK,
TPK, and TCK might be that they were told that they did not have to use ICT.

There are two key factors when teachers design technology-based lessons. The first is
the knowledge of the teachers about technology-related matters in the teaching of their
subject, and the second is the competency levels of teachers when their knowledge and
design and technological competencies are applied. Almerich et al. (2016) believe that
meaningful use of ICT will occur when teachers have acquired the required skills and
expertise to go beyond merely substituting ICT for traditional ways. Teachers’ ICT-
related beliefs and attitudes are affected by frequent application of skills and knowledge
consistent with the TPACK framework. Therefore, it is important that teachers become
more skilled so that their attitudes and beliefs can change. When ICT innovators focus
on teachers' attitudes towards a specific behaviour, and what they believe about the

behaviour, there is a better probability of success (George & Sanders 2017).

The SAMR model was used as the basis for designing a tool to categorise the
technology use implementation levels of the 38 teachers who used technology in their
lessons. | designed a spreadsheet that contained the four elements of the SAMR model,
namely substitution, augmentation, modification, and redefinition. | used the teachers’
self-reported accounts and their final assessment tasks, regarding how they had used
ICT during their lesson, to make a judgement about which of these categories best
described the teachers’ ICT usage in the described lesson. As seen in Figure 4.2 in
Appendix 10, 20 teachers used technology at the substitution level, 12 teachers used
technology at the augmentation level, three teachers used technology at the
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modification level, and three teachers used technology at the redefinition level. Table

6.8 gives a detailed classification of how the 38 teachers used ICT in this study.

4.7 SAMPLING

A sample is a small proportion of the population that is selected as representative of the
entire population. There are two types of sampling, namely non-probability (purposive
and convenience) sampling and probability (random) sampling. In non-probability
sampling, some individuals have no chance of selection while in probability sampling, all
people have the same chance of being selected (Nigam 2013). Conclusions drawn from
a non-probability sample cannot be inferred from the sample to the whole population
(Surbi 2016), while conclusions drawn from probability samples can be generalised to

the target population (Nigam 2013).

Different sampling methods were utilised in this study:

e All 86 participants of the programme answered the pre-questionnaire, but only the
53 who were present at the session, near the end of the programme, at which the
post-questionnaire was administered, answered this and were therefore
conveniently used as the sample whose quantitative data were analysed. These 53
are not representative of the 86 participants since they do not include those who
dropped out of the programme, and they are not representative of the population of
South African Physical Sciences teachers, since these 53 were able, and prepared,

to participate in and complete, the programme.

e Purposive non-probability sampling was used to establish a group through which
semi-structured interviews were carried out. No generalisation of the findings was

needed, as the sample was chosen for a specific purpose.

e | observed all participants in the programme, as | participated as an observer.

e For consistency, only the final assessment task of the 53 teachers who had
completed both pre- and post- questionnaires, were analysed, despite 69 of the

original 86 participants having completed this task.

Table 4.1 below summarises the demographic information of the survey sample.
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Table 4-1: Demographic information for a survey sample

Gender

G Frequency Percent
Female (F) 28 52.83
Male (M) 25 4717
Age range

AR Frequency Percent
21-25 3 5.66

26 - 30 12 22.64
31-35 11 20.75
36 - 40 8 15.09
41 - 45 10 18.87
46 - 50 2 3.77
51-55 4 7.55

56 and above 3 5.66
School location

Rural Township Urban
23 17 13

Age group

Age Group Frequency Percent
21-35 26 49.06
36 - 50 20 37.74
51+ 7 13.21
Teaching experience

1-5 6-10 11-20 21+
19 12 15 7
Qualification type

BSc/Hons

Non-BSc/Hons

School quintile

1-3 39

4-5 14

Table 4.1 shows the following: A good balance between male and female teachers was
achieved. Most teachers came from rural schools, and there was a good balance of
teachers who came from township and urban schools. The teachers were divided into
five categories related to years of teaching experience, following the guidelines provided

by Schneider and Plasman (2011): beginning teachers (1-5 years teaching experience),
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mid-career teachers with some experience (6-10 years), and teachers with much
experience (11+ years). There are two categories of later-career teachers, namely those
with 11-20 years of teaching experience and those with 21+ years of experience.
Teachers were further divided into years of teaching experience in Physical Sciences
into the categories: beginning teachers in the subject (0 — 5 years), mid-career teachers
in the subject (6 — 11 years), late-career teachers in the subject (11 — 29 years) and
veteran career teachers in the subject (32 — 33 years). One of the aims of the study is to
determine at which age range did the change in beliefs and practices occur, and that’s
the justification for the further categorisation into young teachers (21 — 35 years), mid-

age teachers (36 — 39 years), and old teachers (50 and above years).

Table 4.2 below summarises the interview sample. Only teachers who participated in

the survey were eligible to be chosen to participate in the interviews.

Table 4-2: Participants taking part in interviews

Lzl Age range Teac.hing SC.hO.OI S.ChOOI Qualifications
code experience quintile situated
T 26 - 30 3 Years 2 Rural BEd
T51 31-35 12 Years 3 Urban BSc, PGCE
T53 31-35 7 Years 1 Rural BEd Hons, PGCE
T10 26 - 30 3 Years 1 Rural BEd
T15 31-35 3 Years 3 Township BSc Hons, PGCE
T40 36 -40 13 Years 5 Urban BEd
T12 31-35 6 Years 2 Township BEd
T11 31-35 2 Years 2 Township BSc, PGCE
T43 31-35 5 Years 3 Rural BEd Hons
T38 26 - 30 1 Year 1 Rural PGCE
T25 31-35 8 Years 2 Township BEd
T24 26 - 30 4 Years 2 Township BSc
T34 36 -40 15 Years 3 Rural UDES
T22 51 -55 25 Years 5 Urban BSc Hons
T4 36 -40 11 Years 4 Urban BSc Hons, PGCE
T45 26 - 30 5 Years 2 Rural PGCE
T23 26 - 30 3 Years 3 Township PGCE
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48 DATA MANAGEMENT

At the beginning of the short learning programme, a pre-questionnaire was administered
to all 86 teachers enrolled in the programme, to determine the teachers’ prior ICT
usage, prior ICT skills, prior beliefs, and practices. At the conclusion of the programme,
the post-questionnaire was administered to 53 teachers due to the non-attendance of a
number of the teachers. For consistency and relevance of the data collected during the
pre- and post-questionnaire, data of only the 53 teachers who participated in both the
pre- and post-questionnaire were captured and analysed. All responses for the pre- and
post-questionnaire were captured in a spreadsheet and submitted to a statistician for

analysis.

Seventeen teachers, as described in Table 4.2, were interviewed in stage 5. The
interviews were voice recorded and transcribed by me. Interviews lasted for an average
of 60 minutes per group. NVivo 12 (QSR International 2012) was used to code the data
(see codes used in Appendix 11).

In stage 8, a questionnaire was administered after teachers were interviewed as
described above. The purpose of the questionnaire was to validate the findings during
the interviews and give teachers another opportunity to express what they could not
during the group interviews. All responses were captured in a spreadsheet and

submitted to the statistician for analysis.

In stage 9, data collection involved the final assessment. Eighty-seven (87) teachers
wrote a compulsory assessment, but only the assessment tasks of the 53 teachers who

completed both the pre- and post-questionnaires, were included as data in this study.

The observation was used for the entire duration of the programme. The observation
protocol was used as a guide to do observations. Observations were not only limited to
the observation protocol but included other observations that could contribute to the
purpose of the study. Observation notes were taken during each session. Field notes
were further coded using NVivo 12 (QSR International 2012).
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49 DATA ANALYSIS

To integrate findings and provide a more holistic view to study the phenomena under
investigation, different approaches are required by a mixed-methods study at the data
analysis stage (Greene, Caracelli, & Graham 1989; Tashakkori & Creswell 2007). The
data were analysed in three stages.

The first stage involved the use of both mean and standard deviations, calculated from
the pre- and post- Likert scale questionnaire items. This was done to understand the
teachers’ perceptions before and after the programme, and the changes in perceptions
across the professional development opportunity. The descriptive statistics were
calculated in terms of participants’ responses to items related to perceived usefulness,
perceived ease of use, perceived behavioural control, subjective norms, and ICT usage
on a five-point Likert scale: 5 — strongly agree, 4 — agree, 3 — neither agree nor disagree
2 — disagree and 1 — strongly disagree (see Appendix 1 & 2). After the presentation of
the responses to each statement, participants' choices for both pre- and post-training
were summarised by me to determine if there had been any changes in choice for each

construct.

After the analysis of teachers’ perceptions before and after the training, | used statistical
analysis to establish how the teachers’ perceptions regarding the use of ICT changed
through the course of the professional development opportunity. This was achieved by
running a paired t-test, which gave the difference between the pre- and post-
questionnaire perceptions and significance value, p = 0.05. When paired t-tests are
performed on the same items or participants, they eliminate any variation between
samples that may be caused by factors other than that which is being tested. This
makes them more powerful than unpaired t-tests (Gleichman 2020). The standard
deviations of pre- and post-tests were compared to establish if the difference between
the pre- and post-perceptions was significant.

The second stage involved the use of analysis of covariance (ANCOVA) of the pre-post
differences regarding biographical factors, where the p-value = 0.05. Field (2009, p.
781) describes the analysis of covariance as "a statistical procedure that uses the F-
ratio to test the overall fit for linear model controlling for the effect of one or more

covariates have on the outcome variable”.
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The third stage involved the use of NVivo 12 to code qualitative data gathered from the
semi-structured interviews and observations. This data would assist in showing how the
teachers’ perceptions changed through the course of the professional development
programme, and how school factors affected the change in the use of ICT. It would also
assist to determine teachers’ perceptions regarding the change in the quality of teaching
and learning when ICT was used, the practices displayed by teachers when they used
technology at the end of the professional development opportunity, and to identify the
issues that arose during the professional development, as well as the teachers’
responses to these (see Appendix 11). | further grouped data into themes to respond to

research questions 2, 4 and 5.

410 INTEGRITY OF THE STUDY

The quality of inferences generated from a mixed methods study are directly influenced
by quality of the respective qualitative and quantitative results. Therefore, it is of critical
importance to evaluate the results in the qualitative and quantitative study strands by
using common quality standards adopted in quantitative and quantitative research
(Creswell & Plano Clark 2011; Greene 2007; Teddlie & Tashakkori 2009).

The methodological quality of quantitative data is assessed based on their validity and
reliability using statistical procedures. In qualitative research, the methodological quality
of the data is assessed by determining “whether the findings are correct from the
perspective of the researcher, the participant, or the readers” (Creswell 2014, p. 201). In
other words, researchers are interested in the credibility and trustworthiness of the

qualitative findings and their interpretations.

4.10.1 Validity and reliability of quantitative data

The data is valid when the study instrument measures what it is supposed to measure.
The research study is considered entirely genuine if there is no mistake in measurement
(Surbi 2017). The main types of validity applicable in this study are construct and
content validity.

4.10.1.1 Content validity
The point at which the instrument provides acceptable coverage of the subject under

investigation is called content validity (Surbi 2017). In this study the pre- and post-
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questionnaire design was based on the construct of the theories being measured,
thereby providing adequate coverage of what was tested. The concept of acceptance
was used to align with the constructs of theory of planned behaviour and technology
acceptance model, therefore grounding the questionnaire in these theories, as
explained in Chapter 3 The questions from the questionnaire were further classified
according to the constructs of theory of planned behaviour and technology acceptance

model

Construct validity refers to the point at which inferences regarding test scores relating to
the concept under study can be made. Is it true, for example, that a high score on an
ICT usage survey indicate that the person has a high proficiency level of ICT usage?
Evidence for construct validity can be gathered by showing that the instrument
measures a single underlying construct, and that the result of the test instrument is
aligned with the theoretical assumptions of the construct. Teachers with favourable ICT
beliefs, for example, are more inclined to use technology to meet their pedagogical
requirements. Furthermore, they are likely to expand their abilities in order to improve
their efficacy and efficiency. On the other hand, technology integration is seen as an
add-on activity by teachers with negative ICT beliefs. As a result, many do not
incorporate ICT because they fear it will add to their already heavy teaching loads
(Mbatha 2015).

4.10.1.2 Reliability

Reliability refers to the degree to which an instrument consistently gives the same
results when employed in similar settings. When a person completes a questionnaire
that assesses their beliefs, they should have roughly the same results each time the
qguestionnaire is completed. The internal consistency and equivalence of an instrument

can be used to determine its dependability (Heale & Twycross 2015).

Internal consistency is commonly determined by using Cronbach's coefficient alpha.
The average of all correlations in each combination of split-halves is determined in this
test. It is employed in instruments that have questions with more than two answers
(Heale & Twycross 2015). The Cronbach's coefficient alpha result is a number between
0 and 1. According to Lobiondo-Wood and Haber (2013), an acceptable reliability score

is 0.7 or higher, as outlined in Table 4.3 below.
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Table 4-3: Cronbach’s coefficient alpha reliability values (Lobiondo-Wood & Haber 2013)

Cronbach’s coefficient alpha value Reliability

Greater than 0.90 Very high reliability
0.80-0.90 Highly reliable

0.70-0.79 Reliable

0.60-0.69 Marginally reliable

Less than 0.60 Unacceptable low reliability

The study used a quantitative inferential pre- and post-design questionnaire to measure
the change in ICT beliefs, change in ICT usage, and how age, gender, qualifications,
and school environment affected the change in the use and beliefs of ICT. The
Cronbach coefficient alpha reliability results for different category of questions are

shown in Table 4.4 below.

Table 4-4: Cronbach’s coefficient alpha reliability results

) ) Cronbach’s coefficient alpha o
Type of a questionnaire - Reliability
Raw Standardised

Perceived usefulness of pre- and 0.879102 0.89102 Highly reliable
post-questionnaire
Perceived ease of use for pre- and 0.738530 0.736194 | Reliable
post-questionnaire
Usage for pre- and post-questionnaire 0.815225 0.809675 Highly reliable
Perceived behavioural control for pre- | - g45743 0.846784 | Highly reliable
and post-questionnaire
Subjective norms for pre- and post- 0.843499 0.842151 | Highly reliable
questionnaire

As seen in Table 4.4, Cronbach's coefficient alpha values for perceived usefulness,
usage, perceived behavioural control, and subjective norms reveal a high reliability
score for pre- and post-questions. On the other hand, the Cronbach's coefficient alpha
value for perceived ease of use reveals a reliable score for pre- and post-questionnaire.
Therefore, the Cronbach's coefficient alpha values in Table 4.4 assume that the pre-

and post-questionnaires in this study were internally reliable.

4.10.2 The trustworthiness of qualitative data
Trustworthiness is a concept introduced by Lincoln (1995) and Guba (1981) to

represent many of the quality measurements in qualitative research. Transferability,
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credibility, dependability, and confirmability are four criteria identified by the authors for

the trustworthiness of qualitative data.

4.10.2.1 Transferability

The transferability of research findings to various contexts is defined as the extent to
which the findings revealed in one study are applicable to subsequent research
(Houghton, Casey, Shaw & Murphy 2013; Polit & Beck 2012). Qualitative research
studies are not generalisable by quantitative standards, since findings in qualitative
research frequently relate to a small number of locations or individuals (Flyvbjerg 2006).
As a result, when compared to quantitative studies, the number of research participants
is frequently lower, and the exhaustive character of each case becomes more essential

than the number of participants (Polkinghorne 2005).

It is difficult to show that qualitative study conclusions or findings may be applied to
different contexts or groups (Drury, Homewood & Randall 2011). Instead, the goal could
be to find and begin to explain phenomena that have not yet been properly defined due
to a lack of clarity. The phenomenon will often appear unusual, necessitating inquiry for
researchers to establish hypotheses about it or comprehend the various views that
define it (Denzin & Lincoln 2011). The likelihood of the teachers in this study being a
representative sample of other South African teachers is enhanced by the wide range of
biographical characteristics of the sample (see Table 4.1). Additionally, rich descriptions
of the observations made during this study are provided in Chapters 5 and 6, to aid the

reader to form naturalistic generalisations.

4.10.2.2 Credibility

Credibility refers to the accuracy of the participants’ views or data, as well as the
researcher's representation and interpretation of it (Polit & Beck 2012). To establish
rigour in an inquiry, a qualitative researcher adopts credibility approaches such as
method and data triangulation. A number of data sources and methods are therefore
used (Padgett 2008). This study used different data collection methods, both
quantitative (questionnaires) and qualitative (interviews) data collection tools, and
multiple data sources (questionnaire responses, interview transcripts, observation field
notes, and the final assessment rubric). Data were also collected at different points in

time to ensure that deductions were not based on once-off events.
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The same data, for example questionnaire responses, were also analysed using
different methods such as descriptive data presentation and statistical analysis to
triangulate findings. Shenton (2004) indicates that credibility is strengthened when
participants have the freedom to participate or not. Teachers were invited to participate
but could still decide whether to take part or not. Many teachers participated in the
questionnaires and semi-structured interviews. During the interviews, | aimed to build
rapport with the participants by emphasising that there were no correct or incorrect
responses and that they were participants in this study rather than "experiment

subjects.”

4.10.2.3 Dependability

Dependability refers to the consistency and reliability of the research findings, as well as
to the level to which research techniques are documented to allow an external person to
review, audit, and follow the same research process (Polit & Beck 2006; Streubert
2007). Examining extensive coverage of the approach and procedures used, allows the
reader to determine the extent to which suitable research practices have been followed
(Shenton 2004). Lincoln and Guba (1985) argue that for data to be valid, it should be
reliable. In the same way, for data to be credible it should be dependable. A
demonstration of credibility should be enough to establish dependability. A full
description of the research design and implementation was provided in this study, which
included methodology and methods (as explained in section 4.5), data gathering (as
explained in section 4.2), and sample selection (as explained in section 4.6). The design
and data collection tools were included, as well as detailed descriptions of the various

coding schemes and data analysis techniques.

4.10.2.4 Confirmability

Confirmability refers to the researcher's ability to show that the data reflect the
participants' responses rather than the researcher's prejudices or perspectives (Polit &
Beck 2012). As discussed previously, multiple methods of data collection and sources
of data, as well as triangulation of data analysis approaches, were employed to reduce
researcher bias and ensure that the findings and deductions emerged from the data and
not from the researcher. For example, rich quotes from the participants that depicted
themes during data analysis were included.
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411 ETHICAL CONSIDERATIONS

| attended to several ethical considerations.

4.11.1 Seeking permission from authorities

| sought permission from the concerned authorities before conducting this research,
including approval of the research project by an academic institution, and permission
from the education authority where | would conduct research. As such the following

steps were taken:

e As afirst step towards ethical clearance, the research proposal was presented within
the special interest group, and then the proposed title was registered at the Faculty

of Education at the University of the Free State.

e Ethical approval was received with the number UFS-HSD 2017/1134. This included
approval for all internal gatekeepers, and permission for the study was granted by

the department and the Short Learning Programme Unit.
e | applied for permission at the Free State Department of Education
e The following declarations are made:

o The facilitator of the programme is also my study supervisor. The supervisor
is employed by the University of the Free State, which is remunerated to run

this programme.

o | am employed by the Department of Education, which applied to the SETA to

fund this programme.
o The co-supervisor is not related to the programme in any way.
o | do not have any influence on the current programme

o | am an observer in the programme. My presence and role during the
programme were made known to the participants.
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o To ensure validity for every coding category, which suggests effectiveness, |
created a rebutting coding category and explicitly searched the data for both
confirmatory and contradictory evidence. The same was done for every
coding category generated to suggest ineffectiveness.

4.11.2 Respect for human dignity

This is the core ethical principle that underpins research ethics, and it is designed to
safeguard an individual's physical, psychological, or cultural integrity (Harriss,
MacSween & Atkinson (2020). As such, | undertook and have treated the participants
with respect. | protected individual integrity and preserved individual freedom when |
was observing during sessions, during interview sessions, and when | presented and

analysed data.

4.11.3 Informed consent
Informed consent: After a participant has been informed of the research risks,
procedures and so forth, he or she gives permission to be part of the research project.

The following steps were taken in this regard (Bhandari 2021):

e There was openness through the process of the research. Participants were
informed of my presence during the short learning programme sessions, for

example.

e | took all necessary precautions to ensure that all research participants were aware
of the research process, including why their participation was required, how it would
be used, and how and to whom it would be reported.

4.11.4 Freedom to withdraw
Freedom to withdraw: In this case, participants were notified that they were free to
withdraw from the study project at any time, without any penalty or loss of rewards

(British Educational Research Association 2018). |, therefore:

e informed them about their right, for any reason and any time, to withdraw from the
study without any penalty imposed on them. It was also made clear that they would
not lose any benefits, such as the “7” inch tablet they were entitled to.
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e informed them that any information collected would not be used in the research.

e informed them that they could withdraw verbally, or by failure to further participate.

4.11.5 Confidentiality

Everyone has the right to restrict other people’s access to information about their
person. Respect for the individual is very important, because personal data can be used
in the wrong way. Even in the absence of such misuse, it can be both harmful and

disagreeable if sensitive information goes astray (Fossheim 2015). Therefore,

e | kept the information from the respondents strictly secret. No information was
disclosed in any of the records, and there was no reporting on the personal data of

the respondents without the consent of the respondents.
e | acknowledged the private rights of participants and granted them these rights.

e | ensured that participants’ information was not shared in any way that could identify

them.

412 CONCLUSION

The research design for the study consisted of a sequential mixed methods design,
which used survey and case study approaches. Followed by a series of qualitative
analysis methodologies, a quantitative data analysis provided insight into how the
perception of teachers about the use of ICT may be modified by a subject-specific

professional development opportunity.

The study was divided into ten stages. Stages move from instrument selection and
design, to data collection using the designed data collection instruments. Several
different measures were put in place to ensure high-quality data collection and analysis
for this study. These measures informed the entire study, including the choice of
methodology and research methods, the design of data collection tools, the sampling
choices, and the data analysis procedures. In the next chapter, a detailed description of

the course is provided.
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CHAPTER 5: DESCRIPTION OF THE CASE

5.1 INTRODUCTION

The purpose of this chapter is to provide a rich description of the case under study in
order to provide the reader with insight to be able to make judgements about the validity
(Plowright, 2011) of the claims made in the following chapter, in which the answers to
the research questions are presented. The short learning programme is first described,
after which an attempt is made to paint a picture of the range of experiences that

teachers had across the duration of the short learning programme.

5.2 THE SHORT LEARNING PROGRAMME

5.2.1 Background

The short learning programme that serves as a case for this study was aimed at
enhancing the effectiveness of the teaching and learning of Physical Sciences in the
Free State province of South Africa, by strengthening teachers’ content knowledge and
promoting teacher ICT usage. The programme was an initiative of the Department of
Education in the Free State in partnership with the University of the Free State in
Bloemfontein and funded by the Education Training and Development Practices Sector
Education and Training Authority. The original target was to enrol 100 Grade 10 in-
service Physical Sciences teachers from three districts in the province, namely Motheo,
Xhariep, and Lejweleputswa, although this target was not met since only 86 teachers

enrolled.

The logistics, specifically regarding funding timelines, meant that the relevant staff
members at the University of the Free State were given a little over a month to
conceptualise and create the short learning programme, as well as to register the
participants and meet all the administrative requirements of the funder Education
Training and Development Practices Sector Education and Training Authority, the
Department of Education, and the University. The staff consisted of three qualified
science teachers: (1) a full-time administrator who was responsible for administration
and also for setting the content tests; (2) a project leader who was involved in multiple
other projects at the same time, and who was responsible for co-ordinating the various

118



Chapter 5: Description of the case

aspects of the programme and communicating with the various bodies and people
involved; and (3) the facilitator who also created the short learning programme. This

person was occupied in another position from Monday to Thursday each week.

The short learning programme was advertised on social media and communication
platforms used by the Free State Physical Sciences subject advisers. Attendance was
free, and all participants would receive a tablet and Physical Sciences software on
registration. Registration was voluntary and on a first come first served basis. Eighty-six
teachers registered, although six teachers did not finish the programme. The teachers
were given pre- and post-questionnaires, for the purpose of this research, to complete
at the first and final sessions, respectively. Fifty-three teachers completed both of these
questionnaires, and 17 of these also participated in focus group interviews in the last
session. This data, together with the administrative records and the resources used in
the short learning programme, were used to generate the descriptions given in this
chapter.

5.2.2 Aims and resources

Guzman and Nussbaum (2009) argue that effective training in technology integration
will only take place if a set of professional competencies are targeted. This programme
mainly focused on instrumental or technological, pedagogical or curricular, and didactic
or methodological competencies (as explained in sections 2.10.4.1-2.10.4.6). The
programme was grounded in promoting the TPACK framework (cf. 3.11). According to
Herring, Koehler and Mishra (2016), training grounded on TPACK principles is a
requirement for ICT to be effectively used in education. The key to better ICT use is to
provide teachers with the skills and know-how to move beyond the use of ICT to replace
conventional ways of teaching (Almerich et al. 2016; George & Sanders 2017). In a
study by Kabakci Yurdakul and Coklar (2014), it was found that ICT training grounded in
TPACK improved Turkish teachers’ ICT-usage.

The resources supplied to the teachers were designed to develop the teachers’
pedagogical, content and technological and knowledge for teaching Physical Sciences.
In addition to a Samsung 7” tablet, the teachers each received resources which firstly
targeted technological knowledge. Short technological demonstration movies,

downloaded from YouTube, were saved in relevant folders on the micro-SD card that
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each teacher received. Examples include demonstrations of basic and more advanced
use of PowerPoint, ZipGrade, Kahoot and Plickers. Additionally, the teachers were

given printed instructions (click here for the online version of these) on how to navigate

the folder system on the micro-SD card in order to access these movies. They also
received resources focused on pedagogical knowledge. The presentations used by the
facilitator to teach the various pedagogies targeted in the short learning programme
were saved onto the micro-SD card. These presentations can be accessed through the
links given in Table 5-1. Additionally, practitioner-directed articles relevant to each of the
pedagogies covered in the short learning programme, were loaded onto the teachers’
micro-SD cards. Thirdly, they received resources on content knowledge. By the end of
the short learning programme, each teacher had the full 9Gb offline Grade 10 Physical
Sciences software package, created by Dr Angela Stott, saved onto their micro-SD

cards. This software includes teaching videos (for examples click here), PowerPoint

presentations, worksheets, and interactive electronic quizzes. Research related to the
use of these quizzes in the South African context has been the subject of a number of
publications (Stott 2018a, 2020a, 2020b; Stott & Beelders 2019). They were given a
license to load this software on every device at their school for use by all their learners,
and they were encouraged to do this for the duration of the short learning programme.
The teachers were also encouraged to bring tablets from their schools to the contact
sessions to get technical assistance from the facilitator in how to install the software
onto these devices. In addition, the teachers were given printed versions of the content
task instructions, which can be accessed using the hyperlinks in Table 5-1. These
instructed the teachers which tasks they needed to work through, using the software, as
the minimum homework requirement between sessions. Besides the 9Gb offline Grade
10 Physical Sciences software package, the resources were provided electronically

both offline, on each teacher’'s micro-SD card, and online, at bit.ly/gr10psslp. In addition,

the teachers were given many of the resources in hard copy.

Given the short amount of time available for preparation of the course, some of the
content of the course had to be developed during the course. Although the participants
were given a plan and some resources at the start of the course, they were also given
resources at the start of each session. Additionally, the Physical Sciences software
package software had been created for use on a computer, and conversion to a format

compatible with android tablets had not yet been completed by the start of the course.
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This meant that the teachers could only be given some of the software at the start of the
course, with additional material being provided later in a series of electronic patches.
The initial plan was that this patching should be done by each teacher during the
session, through access to Google Drive, where the latest patch would be stored.
Teachers were given guest passwords for the university Wi-Fi at the beginning of
workshop to access this patch, as well as to access Blackboard for writing tests
electronically at the end of the session. However, unanticipated problems arose, partly
due to the less intuitive procedure for applying a patch on a tablet, relative to a
computer, and the less intuitive mobile app for Blackboard, relative to the computer-
based version, and mainly due to poor and variable Wi-Fi quality at the university.
Consequently, after a few sessions, paper-based tests were used instead of electronic
tests, and the facilitator applied the patches to the participants’ tablets via cable during
the session. It appeared to me, however, that many of the teachers developed negative
attitudes of frustration due to the initial difficulties they experienced with the Wi-Fi, the
patches and the online tests on Blackboard, and that some might not have recovered
from these negative attitudes despite the later measures put in place to mitigate them.

5.2.3 Structure, timeline, and assessment of the programme

Rudduck (1986) found that short-duration (four hours or shorter) teacher education
workshops did not have a meaningful effect on the teachers’ subject matter knowledge.
Although this view was disputed by Stott and Case (2014), who provided evidence for
some subject matter knowledge gain among South African Physical Sciences teachers
following such a short-duration workshop, it is generally understood that programmes
for in-service teacher education of a longer duration are superior, particularly when ICT
uptake is targeted (Cradler, Freeman, Cradler & McNabb 2002). The short learning
programme was relatively extensive. A blended approach was used, with 70 hours of
contact time and at least 80 hours of distance engagement being expected of the
teachers. The contact time usage is summarised in Table 5-1. Between these contact
sessions, the teachers were expected to engage with the provided software and
implement their learning in the classrooms for the final assessment task, as described

below.

As shown in Table 5-1, the short learning programme consisted of a 2-hour information

session, followed by two 8-hour technical sessions at the start of the short learning
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programme, and thirteen 4-hour sessions which alternated between a focus on
pedagogy and content. In addition to these planned sessions, which took a total of 70
hours, a 7-hour catch-up session was provided in the winter holidays to cater for
teachers who fell behind due to absenteeism. The technical and pedagogical sessions
were indicated as being compulsory for all, although there was a great deal of
absenteeism. The teachers wrote a content test on the subject at the end of each
pedagogy session (as seen in Table 5-1). They had been expected to work through the
homework related to this topic after each session, using their tablet and the offline
Grade 10 Physical Sciences software package. Those teachers who scored 80% or
higher in this test were not compelled to attend the next session, which focused on the
content of that topic. At the end of each content session, the teachers who attended
wrote a second test on the same topic. The contact sessions indicated in Table 5-1 took
place over the weekend. Except for the whole-day technical sessions, attended by all
the teachers simultaneously, each programme item was offered twice, and teachers
could choose which of the two sessions was more convenient for them to attend- either
Fridays 14:00: — 18:00 or Saturdays 9:00 - 13:30.

Due to the rushed start of the programme to meet the timeline imposed by the funders,
the tablets were not available by the time of the first technical session. Consequently, a
computer-based technical session was designed as a fill-in. By the time of the second
technical session the tablets had arrived. Unfortunately, however, the limitations
imposed by the poor and variable campus Wi-Fi were only discovered during this
session, and this resulted in frustration and confusion as the planned outcomes could
not be met. Additionally, a prominent sports match was played on that day, resulting in
most of the teachers leaving early. Additionally, many teachers tended to work very
slowly, partly due to poor technological skills and partly due to difficulties with the Wi-Fi.
Consequently, the targeted technical outcomes in the use of a tablet and the use of the
provided software were not met by most of the teachers, with obvious negative

consequences for the rest of the short learning programme.

The completion of the course was incentivised by the participants being allowed to keep
the tablet as well as the potential of earning credits towards various qualifications,
through a process of recognition of prior learning (RPL). To pass the course, the

participants had to achieve 50% or higher for the course. The course mark was
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obtained from two equally weighted components: (1) Content test mark, obtained from
the average of the four highest marks the participant scored in tests across the six
topics, where a maximum of 11 tests may have been written. (2) A final assessment

task (click here to view the task instructions, template and rubric used), in which each

participant was required to implement any two of the pedagogies covered in the

pedagogy sessions in their class, and document and reflect on this process.

Table 5-1 The structure of the short learning programme, with hyperlinks to some of the
resources used. Technical sessions are shaded pink and pedagogical sessions blue.

Date, Homework Presentation | Activity Compulsory | Test in the
duration done by this for last 30
venue date minutes
18/02; Introduction Registration and | Everyone
2 hours; debriefing
South
campus
25/02; Computer tasks | Everyone
8 hours;
Main
campus
computer
centre
04/03; Files and Tablet tasks Everyone
8 hours; folders
South apps
campus
10,11/02; Matter and Algorithms and | Start of Inquiry: | Everyone Matter and
4 hours; materials tasks | heuristics Practical materials
South demonstrations
campus (slide 1).
25/03; Matter and Matter and Those who Matter and
4 hours; materials tasks materials tasks achieved materials
South below 80% rewrite
campus for the Matter
and materials
test
5,6/03; Waves content | Remembering | Competition Everyone Waves
4 hours; tasks and forgetting | between groups
South
campus
12,13/05; Waves content | Tablet and Waves content Those who Waves
4 hours; tasks cell-phone tasks achieved rewrite
South installation below 80%
campus for Waves
test
19,20/05; Electricity and | Inquiry Inquiry Everyone Electricity
4 hours; magnetism and
Main tasks magnetism
campus
computer
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centre
2,3/06; Electricity and Electricity and Those who Electricity
4 hours; magnetism magnetism achieved and
South tasks tasks below 80% magnetism
campus: for Electricity | rewrite
and
magnetism
test
9,10/06 Chemical Conceptual Conceptual Everyone Chemical
4 hours; change tasks teaching teaching change
South
campus:
23,24/06 Chemical Chemical Those who Chemical
4 hours; change tasks change content | achieved change
South below 80% rewrite
campus: for Chemical
change test
4.5/07 e Matter & Catch-up Those who
7 hours; materials sessions run have not
South tasks informally on- written the
campus e \Waves demand required tests
tasks yet
o Electricity
and
magnetism
tasks
e Chemical
change
tasks
11,12/08 e Mechanics e Presentation | Everyone Mechanics
4 hours; tasks principles
Main e PowerPoin e Final
campus t task assessment
computer e Final task share
centre assessmen and help
t task: First
drafts /
plans
25,26/08 e Mechanics Mechanics Those who Mechanics
4 hours; tasks content achieved rewrite
South below 80%
campus: for
Mechanics
test
8,9/09 e Hydrosphe e Problem- Everyone Hydros-
4 hours; re tasks solving phere
South
campus:
15,16/09 Final Apps & sites; Everyone
4 hours assessment Games
South task: second
campus: draft
D100/D206
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https://sites.google.com/view/gr10psslp/assessment
https://sites.google.com/view/gr10psslp/assessment
https://sites.google.com/view/gr10psslp/pedagogy/presentation-principles
https://sites.google.com/view/gr10psslp/pedagogy/presentation-principles
https://sites.google.com/view/gr10psslp/assessment
https://sites.google.com/view/gr10psslp/assessment
https://sites.google.com/view/gr10psslp/assessment
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https://sites.google.com/view/gr10psslp/pedagogy/problem-solving
https://sites.google.com/view/gr10psslp/assessment
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22,23/09 Final e Final Everyone
4 hours assessment assessment
Main task: final task: submit
campus and
computer showcase
center e Pairand

share

e Upload to
submit

5.2.4 Context and philosophy of the programme

Each of the pedagogy session started with an approximately 1-hour presentation by the
facilitator. The topics of these presentations are given in Table 5-1, from which the
hyperlinked PowerPoints can be accessed. During these presentations, the facilitator
presented relevant practitioner-directed pedagogical theories, and applied these to
practical Physical Sciences teaching examples. After this, the teachers engaged in
tasks in which they applied what had been presented within the context of using ICT in
teaching Physical Sciences. These activities are accessible from the hyperlinks in Table
5-1.

For example, for the session focusing on presentation pedagogy on the 11" and 12t of
August, the teachers were asked to bring along a PowerPoint presentation to the
session, although fewer than half followed this instruction. The facilitator presented
Mayer's Presentation Principles (Mayer's 2009), embedded in the Information
Processing Model of Learning. This presentation was meant to take an hour, but due to
poor attendee punctuality the facilitator considered it inappropriate to start until half an
hour into the session, and even so many of the teachers did not arrive until the
presentation was almost finished. For each of the presented principles, the facilitator
displayed slides showing examples of poor use of PowerPoint, asked the participants to
critique these, and then showed examples of improved versions of each slide. This
presentation, as well as the task instructions, can be accessed by clicking here. The
teachers were then expected to apply the demonstrated principles to improve their own
PowerPoint presentations for the next hour and a half. Those who had not brought
PowerPoint presentations were helped to create one. In the last half hour before the
content test was written, a few teachers volunteered to present their ‘before’ and ‘after’

slide versions to the class, and to explain how they had applied the Presentation
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Principles in making certain changes. Since there was a wide range of PowerPoint
technical skill among the teachers, the outcomes they achieved differed widely - from
merely opening the application and typing a few words, to making significant
improvements to an existing PowerPoint, in line with Mayer's (2009) Presentation

Principles.

Figures 5.1 and 5.2 present examples of one teacher's PowerPoint task before and
after exposure to the session on principles of good presentation. Changes include an

increased use of images and decreased use of text.

It’s a change where there is no
new substance being formed.

There is only a rearrangement of
particles of a substance form one

Introdution
form to another.

Slide 1 Slide 2

Physical change is mestly affected by the ability of particles to
move.

The main factor i TEMPERATURE

Solid Liquid Gas J

Slide 3 Slide 4

Figure 5-1: PowerPoint presentation of a teacher before the session on Presentation
Principles
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Change physically into different states of matter

Slide 1 Slide 2

Temperature

Slide 3

Figure 5-2: PowerPoint presentation of a teacher after the session on Presentation
Principles

5.2.5 Communication

The short learning programme had four forms of communication, namely the website

bit.ly/gr10psslp, a WhatsApp group, email, and Google Classroom. The website was

created by the facilitator, and it contained all of the content including the pedagogies to
be taught, presentations per topic, tasks and their instructions, a detailed programme,
calendar, and assessment information. The website allowed teachers to download all

the presentations and any other information they needed.

The WhatsApp group allowed teachers to communicate with the facilitator the
challenges that they experienced, and share their experiences, including photographs,

as they implemented their learning from the programme in their classrooms. These
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posts likely helped to motivate other teachers to also implement their learning in their

classrooms.

Notices and any other information were communicated through email, and Google

Classroom was used to submit the final assessment tasks.

5.3 THE TEACHERS’ EXPERIENCES WITH THE SLP

The aim of this section is to immerse the reader in the experiences that the teachers
had with the short learning programme. This is done to provide the reader with
information they can use to judge the validity of claims made when answering the
research questions in Chapter 6. To reach this aim, the range of teaching contexts in
which the teachers taught is briefly referred to as a backdrop for the rich descriptions
which follow. To contextualise the few examples which are elaborated on, the sample is
divided into three categories based on the teachers’ technological skill at the start of the
SLP. For each category, comparisons are made between the given example and the
group as a whole, to give the reader an understanding of the ways in which the example
is similar and different to other members of the group.

5.3.1 Biographical contexts of the teachers

Lucking, Bligh, Munches, Ainsworth, Crook and Noss (2012) argue that the context of
the school in which digital technologies are used is critically important for the success of
teachers in using digital technologies. Fullan and Langworthy (2013) agree that the
context of a school should be considered when trying to understand teachers’
experience with technology. This applies to understanding the teachers’ experience with

this short learning programme, too.

Table 4-1 gives detailed biographical descriptions of the 53 participants who completed
the pre- and post-questionnaires. Of these, 39 taught at quintile 1 to 3 schools, which
serve the approximately 75% of South African learners who live in poor communities.
Such schools usually underperform (Spaull, 2013). Fourteen teachers came from
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quintile 4 to 5 schools, which serve more affluent communities. Twenty-three teachers

taught in rural schools, 17 teachers in townships and 13 in urban areas?.

5.3.2 Initial technological skills of the participants

Consistent with Jacobs’ survey (2018) of computer literacy among teachers in the Free
State province, there was a broad spectrum of ICT competence among the educators.
Clarkson and Oliver (2002) identify four phases that teachers pass through in their
progress towards integrating ICT in their classrooms. These phases are dependence,
counter-dependence, independence, and interdependence. | added a phase ‘non-
usage’ to describe the phase before teachers begin using ICT in teaching. As teachers
progress along these phases, they develop increasing technical competence and
confidence with ICT usage, and this enables them to devote increasing time and energy
to the development of pedagogical knowledge. It should be noted that the
questionnaires did not measure the degree of learner- or teacher- directedness in the
teachers’ pedagogy, so it was not possible to differentiate between the counter-, in-, and
inter-dependence phases based on the questionnaires. However, it is known that
teachers in developing countries, including South Africa, tend to teach in a teacher-
directed manner (Schweisfurth, 2013). Therefore, only the phase | added (non-usage),
and the lower two phases (dependence and counter-dependence) were used as
category names to describe the level of ICT integration with which the teachers started
the SLP, as presented in Table 5-2. It seems reasonable to expect that a teacher should
progress from their starting phase to the next phase, at least, within the course of an

intervention such as this SLP.

2 In the South African context, “township” refers to high population density areas that, under apartheid,
were exclusively reserved for people of colour. “Urban areas” are suburbs that were in the past
reserved for white people, and still have better infrastructure. “Rural” refers to low population density
areas, as well as to areas that are geographically remote from economic opportunities and amenities
(Fish, Allie, Pelaez & Anderson, 2017).
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Table 5-2 Categorisation of teachers in the sample regarding the initial phase of ICT integration

into teaching

Mean for ICT usage
category of pre-
questionnaires (/5)

Deduced phase of
initial ICT integration
into teaching

Meaning of this phase
(Clarkson & Oliver
2002)

Number of
teachers in sample
(/53)

1-3 Non-usage Not integrating ICT into 21
teaching
4 Dependence Focus is on 22
technological skills
rather than pedagogy
5 Counter-dependence | ICT is integrated into 10

lessons in a teacher-
directed manner

5.3.3

usage phase

5.3.3.1

The teachers in the non-usage phase category

Experience of teachers who started the SLP within the non-

Table 5-3 below gives some biographical details of the teachers who were classified in

this category. This group is relatively old, with only one teacher (T38) being younger

than 35, and with six older than 50. The group covers the full spectrum of the South

African teaching context regarding school location and quintile. Apart from T38, who

said that his school had only one computer used by the clerk for administrative

purposes (Interview, T38, 22/09/2017), the teachers said that their schools had several

computers. Of these 21 teachers, three participated in the interviews, and of these three

| chose T33 as the example to describe in detail for this section, since she was the most

articulate about her experience of the short learning programme.

Table 5-3: Teachers classified as starting the SLP in the non-usage phase of ICT usage

Teacher code Age range elgzcr;ig:ge s&zﬁfel s?tzgct)gclj Qualifications

T22 51 -55 25 Years 5 Urban BSc Hons
T34 36 - 40 15 Years 3 Rural UDES
T38 26 - 30 1 Year 1 Rural PGCE
T39 41 - 45 20 Years 2 Rural UDES
T47 56 and above 32 Years 4 Urban BSc

T50 36 -40 14 Years 1 Township UDES

T5 41 - 45 21 Years 3 Township BEd Hons
T19 56 and above 31 Years 5 Urban HDE
T33 51-55 18 Years 1 Rural UDES
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T2 36 -40 9 Years 3 Rural BSc
T6 41 - 45 15 Years 1 Rural ACE
T7 41 -45 2 Years 1 Rural PGCE
T8 41 - 45 17 Years 3 Rural BEd Hons
T18 41 - 45 16 Years 2 Rural BEd Hons
T19 56 and above 31 Years 5 Urban HDE
T20 41 - 45 13 Years 3 Township BEd Hons
T31 41 -45 13 Years 3 Rural PGCE
T35 36 -40 14 Years 1 Rural HDE
T36 56 and above 40 Years 5 Urban BSc Hons
T37 36 -40 10 Years 1 Rural NPDE
T52 41 - 45 17 Years 1 Rural HDE

5.3.3.2 The experience of one of these teachers during the course of the
SLP

T22 teaches at an independent school. These are schools that are under the
governance of an independent board of trustees and funded by external organisations
such as religious groups, unlike public schools which are 100% fully funded by the
Department of Basic Education. Such schools are characterised by lower learner
numbers and more facilities and advanced technology, compared to public schools
(Kennedy 2020). During the interviews at the end of the short learning programme
(23/09/17), T22 reported that she started the short learning programme knowing very
little about ICTs. She said that this often made her feel frustrated and lost during the
short learning programme. At the start of the following extract from her interview on
23/09/17, she seemed to be saying that sometimes she would want to complete a task,
but instead the instructor indicated that the group should move on to the next activity.
This suggests that she found the pace of the SLP too fast, and possibly the
expectations too disjointed. At the end of this extract, it seems as if she is implying that
the SLP was very intense, since she needed a break from it. It is unclear what the ‘lots
of talking’ she mentions refers to. It is possible that it could have been the facilitator's
presentation, or the participant discussions during the activities. It certainly seems clear

from this extract that she experienced a high degree of cognitive load in the SLP.

“I don't know, | was lots of times very frustrated because | wanted to finish this job

and then it is already three hours and please leave this one, go there. It made me
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angry, frustrated. Then | had a week to think about it, and taking a break, a break
is not for eating. A break is a break because a human being needs a break after
two hours of a lot of talking (Interview, T22, 23/09/17).

Despite this cognitive load and the expression of frustration, anger and difficulty, the two
assessment tasks she submitted at the end of the short learning programme
demonstrated considerable technological knowledge and PCK, as described below.
This corresponds to her statement in the interview that “I did not like it at all, but |
learned a lot. | worked through that lot of things, and | did it” (Interview, T22, 23/09/17).

For the two lessons implemented, documented and described in the final assessment
task, T22 chose the pedagogies Presentation and Conceptual teaching from those
covered in the SLP (See Table 5-1). The ICT she used were PowerPoint, Sharelt and
video. These were used and reflected on in the task with a high degree of pedagogical
insight. For example, she used the PowerPoint, which she created for, and refined after,
the Presentation Principles session on 12/08, to interactively develop learners’ ability to
name compounds such as potassium dichromate and potassium permanganate, from
building the names up from the component ions. She did this by first drilling the learners
in knowledge about compound ion names and formulae, applying the principles covered
in the “Remembering and forgetting” module of the short learning programme on 06/03,
after which she asked learners to apply this drilled knowledge to name compounds she
provided in her presentation. She reported, in her final assessment reflection essay, that
after she had engaged interactively with the learners in this manner with several
examples, the learners spontaneously started challenging one another to name

compounds that they proposed themselves.

In the conceptual teaching task, T22 began the lesson with a problem related to an
electric generator, and ended the lesson with a self-study task related to the
photoelectric effect. Although the first part of the lesson did not utilise ICT, it
demonstrated the principles of conceptual teaching covered in the session on 10/06.
She had a model of an electric generator, from which she had removed the brushes.
She asked the learners to explain why the model would not generate electricity, what to
do to fix it, and why this would work. In the last part of her lesson, she used Sharelt to
send videos about the photoelectric effect to each learner’s cell phone. She had used

Google to find these videos on YouTube and download them onto her tablet. She
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divided the topic into sections, assigning one to each group of learners, and she
instructed each group to watch the video, focusing on their assigned topic, and prepare

a presentation for the class on this topic for a later lesson.

This description demonstrates that T22 was able to use several ICT resources
(PowerPoint, Google, Shareit, and YouTube) by the end of the short learning
programme, despite having reported both in her pre-questionnaire and in her interview,
that she had had little prior exposure to ICTs before the short learning programme.
Further, we see that the ways she applied these ICTs were pedagogically meaningful.
For example, using PowerPoint, she first promoted learner competence and confidence
through drill, followed by promoting classroom interaction through the dialogue she
conducted with her learners. Her self-reflection essay, submitted at the end of the short
learning programme, demonstrated that she used this interaction to diagnose learners’
conceptual difficulties. She further used it to adjust her teaching in a manner appropriate
to remedying these difficulties, corresponding to Chan, Rollnick and Gess-Newsome’s
(2019) components of PCK, namely knowledge related to conceptual specific topic

teaching strategies and to student understanding (see Appendix 16).

T22’s advanced PCK is not surprising, given that she has 25 years of teaching
experience. What is surprising is that she was able to integrate that PCK with the new
TK she had learnt during the SLP to display admirable TPACK. It seems reasonable to
expect a non-user to progress into the first phase of ICT integration during the course of
an intervention such as this SLP. However, T22 was clearly operating beyond the
dependence phase, in which a teacher is usually so concerned with the technical
aspects of ICT usage that they are unable to focus on pedagogy (Clarkson & Oliver
2002). Instead, she seemed to be operating at the counter-dependence phase by the
end of the SLP, since she was using ICT in a teacher-directed manner.

5.3.3.3 Comparison of this example with the rest of this group

There are several ways in which T22 is atypical of the other members of the group into
which | categorised her. Nevertheless, some of the characteristics of her experience
with the SLP were shared by others in this group. In this section, | compare and contrast
the description of T22’s experience across the short learning programme with that of

other members of this group, so as to give a clearer picture of the range of experiences
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within this group. All the data available, i.e., questionnaire, final task submission and

interview data, are drawn on to make these comparisons.

T38, T34, T5, T19, T39, and T50 did not use ICT in their final assessment tasks, and
therefore they will not be discussed in this section. It should be noted, however, that this
does not necessarily mean that they did not know how to use ICT, since they had been
told that this was not obligatory for the final assessment task.

Although T33 and T22 taught in completely different environments, they were both
experienced teachers who started the short learning programme having had little prior
exposure to ICTs. T33, like T22, demonstrated competent use of ICTs in a
pedagogically meaningful way in the final assessment task. She used the Ping Pong
Ball Cannon direct measurement video provided offline with the software package to
promote mechanics learning and problem solving, using the tablets available in her rural
quintile 1 school. These specific direct measurement videos have been created by Peter
Bohacek, and demonstrate various physics concepts in a manner which allows
measurement of relevant variables when the video is watched frame by frame (click

here for some examples). Only certain offline video-play-back applications, such as

Quicktime and VLC player, allow for this frame-by-frame stepping, and it is not
necessarily intuitive to the user how to access these functions. This technological
knowledge, as well as the pedagogical knowledge of developing problem-solving skills,
were addressed in the short learning programme on 09/09. T33 loaded the Ping Pong
Ball Cannon video onto the tablets of her school, and the learners engaged hands-on
with these videos. In the video a ping pong ball is shot at high velocity at a tin can. The
time between each frame in the video is provided, and a ruler placed behind the ping
pong ball’'s path allows for the measurement of the displacement of the ping pong ball
between successive frames. T33 required her learners to access this information by
interacting with the videos, and then to use this to calculate the velocity of the ping pong
ball before its impact with the can. Although T33’s final assessment task did not reveal
the level of depth of pedagogical reasoning and justification of T22's task,
implementation of such a learner-cantered and cognitively ambitious lesson, particularly
within a rural quintile 1 school, seems to demonstrate the presence of considerable TK
and PCK. Therefore T33, like T22, did not seem to be operating in the dependence
phase of ICT integration by the end of the SLP.
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In contrast to the very positive extents of development of TPACK, suggested by the
discussion above, T34 is an example of a participant who indicated, at the beginning of
SLP, that she did not know much about ICT. At the end of the SLP, she was still
struggling to use ICT in her every-day life, let alone in her teaching:

“I do not know much about ICT. | am even struggling with a simple cell phone that

everyone is addicted to. | am still struggling with ICT after the programme’
(Interview, T34, 23/09/17).

5.3.4 Experience of teachers who started the short learning

programme in the dependence phase

5.3.4.1 The teachers in the dependence phase category

Consistent with these teachers’ categorisation in the dependence phase of ICT
integration at the start of the short learning programme, the following extract suggests
that at the start of the short learning programme the teachers categorised in this group
were comfortable with using ICT for their own use, but were using ICT in a limited

manner, if at all, in their teaching:

“Because | am not big on ICT, in terms of teaching and learning. | am big on the
use of ICT for myself” (Interview, T 43, 23/09/17).

Table 5-4 gives some biographical details of these teachers. This group is relatively
young. Only three were above 36. It is therefore not really surprising that their PCK was
fairly limited at the start of the short learning programme, as suggested by this

comment:

"I always thought that teaching is about content only. | did not give much attention
to pedagogy. | only learned in this programme that content delivery goes hand in
hand with pedagogy" (Interview, T10, 22/09/2017).

The group also covers the full spectrum of the South African teaching context regarding
school location and quintile. All of the teachers except T12 reported having computers
at their schools. T12 reported that at his school there is one computer used by the
school’s clerk to capture learners' marks (Interview, T12, 22/09/2017). Of these 22

teachers, eight participated in the interviews, and of these, | chose T53 as the example
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to describe in detail in this section, since he was the most eloquent about his

experience in using ICT in his school during and at the end of the SLP.

Table 5-4: Teachers classified as starting the SLP in the dependence phase of ICT usage

Teacher Age range Teaching School School Qualifications

code experience quintile situated

T10 26 - 30 1 Year 3 Rural BEd Hons
T12 31-35 6 Years 2 Township BEd

T14 41 - 45 17 Years 2 Rural BEd Hons
T15 31-35 3 Years 3 Township BEd Hons
T26 46 - 50 10 Years 1 Rural BEd Hons
T27 31-35 2 Years 2 Township BSc

T40 36 -40 13 Years 5 Urban BEd

T42 26 - 30 6 Years 2 Urban BEd

T43 31-35 5 Years 4 Rural BEd Hons
T44 21-25 1 Year 1 Rural BEd

T53 31-35 7 Years 3 Rural BEd Hons
T3 26 - 30 5 Years 1 Township BEd Hons
T9 21-25 3 Years 2 Rural BEd

T16 31-35 3 Years 3 Urban BEd Hons
T25 31-35 8 Years 2 Township BEd

T28 26 - 30 6 Years 3 Rural BEc

T29 26 - 30 2 Years 2 Township BSc

T30 31-35 6 Years 1 Rural BEd

T41 26 - 30 5 Years 1 Township PGCE
T48 26 - 30 8 Years 4 Urban BSc

T49 26 - 30 3 Years 3 Rural BEd

T51 31-35 12 Years 3 Urban BSc

5.3.4.2 The experience of one of these teachers during the course of the
SLP

T53 teaches at a state school located in a rural area, which tends to show the greatest

degree of dysfunctionality amongst the spectrum of South African schools (Fish et al.

2017). At his school there are high learner numbers, and the available computers are

used by Computer Application Technology (CAT) learners only (Interview, 22/09/2017).

Consequently, he said that he did not have access to the computers. During the
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interviews at the end of the SLP (22/09/2017), T53 reported that he started the SLP with

moderate ICT skills, which improved, as did his confidence to use them in his teaching:

“In my case the confidence has improved a lot, | can do lesson preparations so
when | go to class believe you me that my confidence level has improved up to
100%” (Interview, T53, 22/09/2019).

For the final assessment task, T53 reported having used inquiry-based teaching (see

Table 5-1). The ICT he used was the circuit construction kit Phet simulation. The

teachers had been provided with all the relevant PhET simulations for offline use, on
their micro-sd cards. T53 required the learners to determine how changing the
resistance of bulbs affects their brightness when connected in series or parallel.
Learners were given a worksheet to complete. The teacher first demonstrated how to
use the Phet simulation using a laptop and smartboard. After this, the teacher asked
one learner to stand in front of the class and do the investigation on behalf of the other
learners. While the chosen learner manipulated the variables on the Phet simulation to
answer questions in the worksheet, the rest of the class noted observations in writing in

the worksheet.

It is evident from this description that T53 can use ICT as reported in his pre-
questionnaire, final assessment task, and in his interview. However, the context of the
school negatively affected how he could use ICT in a pedagogically meaningful way.
For example, he reported having used inquiry-based learning in his final assessment
task. In inquiry-based learning, which is open in the design of the procedures, learners
devise their own procedures to solve the problem (Heick 2019). The SLP session on
inquiry had led teachers in such a process. However, in this lesson the simulation was
used in a confirmatory, demonstrative manner, rather than as part of an open-ended
inquiry. The high number of learners and non-availability of computers resulted in a
learner being chosen to do the Phet simulation on behalf of the other learners. This
demonstrates the role that the school context plays towards the use of digital
technologies (Lucking et al. 2012). Fullan and Langworthy (2013) therefore argue that
the context of a school should be considered when trying to understand someone’s

experience with technology.
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5.3.4.3 Comparison of this example with the rest of this group

Most educators in this group, including T53, used technology in a teacher-directed
manner, as illustrated by the description of T53’s final assessment task lesson above.
This is to be expected of teachers who begin a SLP at the dependence phase, and
should therefore be expected to progress into the counter-dependence phase of ICT
integration (Clarkson & Oliver 2002) during the course of the SLP. An example is given
below of a teacher (T44) who displayed a high level of similarity to the described
example above, as well as to the teacher (T12) who did not follow the trend for the

group as described above.

Like T53, T44 teaches at a low quintile school with high learner numbers. T44 also
reported having used inquiry-based learning using the same circuit-construction Phet
simulation used by T53. Unlike T53, T44 manipulated the Phet simulation himself for the
entire duration of the class, rather than giving learners the opportunity for hands-on
experience with the simulation. While T44 did this, his learners completed an associated
worksheet. T12, in contrast, used inquiry-based learning with this Phet simulation in a
discovery-based, learner-centred manner, enabling learners to discover the relationship
between current strength and potential difference in parallel and series circuits, if

resistance is maintained constantly.

5.3.5 Experience of teachers who started the SLP in the counter-

dependence phase

5.3.5.1 The teachers in the counter-dependence phase category

Table 5-5 gives some biographical details of the teachers categorised as starting the
SLP in the counter-dependence phase. This group is relatively young, with only four
being older than 35. The group also covers the full spectrum of the South African
teaching context regarding school location and quintile. Of these 10 teachers, five
participated in the interviews, and of these | decided to choose T24 as the example to
describe in detail for this section. He was a very interesting case, showing a very
exploratory approach to technology to enhance teaching and learning. This is captured

in the extract below.
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“I did have expectations. | expected to learn new things that | can use to improve

my style of teaching and that has been accomplished” (Interview, T24, 23/09/17).

Table 5-5: Teachers classified as starting the SLP in the counter- dependence phase of

ICT usage

Teacher | Age Range Teaching School School Qualifications
Code Experience Quintile Situated

T 26 - 30 3 Years 2 Rural BEd

T13 21-35 2 Years 3 Township UDES
T17 36 —40 9 Years 4 Urban BSc

T21 51-55 31 Years 2 Rural BEd Hons
T23 26 - 30 3 Years 3 Township PGCE
T24 26 - 30 4 Years 2 Township BSc

T32 31-35 10 Years 5 Urban BSc Hons
T45 26 - 30 5 Years 2 Rural PGCE
T46 46 - 50 19 Years 4 Township BEd Hons
T4 36 - 40 11 Years 4 Urban BSc Hons

5.3.5.2 The experience of one of these teachers during the course of the
SLP

T24 teaches at a public school located in a township area. T24 reported that he
integrated ICT in his lessons before the SLP, but that the SLP has expanded the
pedagogical range of this usage. His reference to enhanced abilities to address
learners’ needs using technology, suggests that he has progressed into the
independent or interdependence phases of ICT integration. In these phases, technology
usage becomes second nature, and therefore the teacher can focus more on learner-

centred and innovative pedagogies (Clarkson & Oliver 2002):

“I previously used ICT, but | was not using it the way | am using it now, especially
to teach, assess and identify mistakes that learners do in Physical Sciences. One
of the reason is that | am like these kids. | like new things. When something is
new | would want to learn about it. | had extra classes and you would find that
afternoon this kids are just tired and they just want to leave. This programme
exposed me to how do | get learners to be more involved even if they want to
leave. So | saw the opportunity because the programme was talking about ICT

and a little bit of less chalk board and more of technology which is what these
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kids like. Whether it is in the afternoon or in the morning, they would be 100%
involved” (Interview, T24,23/09/17).

During the SLP, T24 created a website for his class using Google Sites, even though
this was only modelled in the short learning programme, and not explicitly taught. It was
clear that he implemented what he had learnt in the short learning programme for the
improvement of his learners’ learning, rather than only for the aim of the final
assessment task. For example, he started a "Student of the month" feature on his
website. He also posted photographs of all the learners who achieved 80% and above
in Physical Sciences. For the final assessment task, T24 chose the pedagogy
Competition (see Table 5-1). He used PowerPoint and Plickers to teach the mole
concept of stoichiometry, even though Plickers was only briefly mentioned in the SLP,
rather than taught explicitly. Plickers is an assessment tool that can be used to do a
quick formative assessment to measure if learners have grasped a particular concept or
skill through multiple choice or true/false questions. Each learner is given a Plickers
card with a unique visual code (see Figure 5-1). After projecting a multiple-choice
question, each learner holds their Plickers card at the orientation relevant to the option
of their choice, after which the teacher scans the cards using the mobile app, which

captures and displays the learners’ responses.

Picture 1: Multiple choice question and | Picture 2: Learners raising the

registered learners Plickers cards to answer

250.02mol
B: 0.008mol
C: 0.005mol

5 Omo TN = O 1
Figure 5-1: Pictures of multiple-choice question and how learners raised Plickers cards to
answer
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T24 reported that his learners were actively involved and excited in the class and
tended to race one another and be very focused on winning. He reflected that although
this had a motivating effect on the learners, he was concerned that it might have
negatively affected their learning at times. He also reported that he noticed some
learners guessing the answers. In his reflective essay, he discussed ways to change his
practise to improve learning in the future. This description demonstrates that T24

integrates ICTs in an innovative and explorative manner and has strong TPACK.

5.3.5.3 Comparison of this example with the rest of this group

T1, T4, T13, T17, T21, T23, T24, T32, T45 and T46 have relatively varying teaching
experiences, and started the SLP with high technological knowledge. They
demonstrated competent use of ICT in a pedagogically meaningful way in their final
assessment task. For example, T46 used the Ping Pong Ball Cannon direct
measurement video provided offline within the software package to promote mechanics
learning and problem solving, using the computers in her quintile 4 school (cf. 5.3.3.3).
However, not all teachers in this group implemented learner-centred lessons, as might
be hoped if they had progressed into the in- and inter-dependence phases of ICT
integration (Clarkson & Oliver 2002). T1, T17, T21, T23 and T13 used ICT in a teacher-
directed manner, while T45, T32, T46, T4 and T24 used ICT in a learner-directed

manner.

5.4 CONCLUSION

In this chapter | described the short learning programme which was aimed at promoting
technological knowledge and TPACK. This description suggests a very ambitious
programme aimed at helping teachers from a wide range of backgrounds, teaching
contexts and initial ICT-competences to develop advanced technological, pedagogical
and science content knowledge. Further, this was the first time that this SLP was
presented, and it was developed within a very short period due to logistical reasons.
This resulted in several technical problems which could have been avoided if more time
had been allowed for its development, and which would probably be ironed out in later
versions of the short learning programme. Despite these challenges, the descriptions
provided suggest that many teachers were able to progress to the next phase, or even
beyond, in their ICT integration journey, according to the phases described by Clarkson
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and Oliver (2002). However, the descriptions also highlighted the frustration and lack of

progress experienced by some of the teachers. Table 5-6 provides a summary of this

chapter.

Table 5-6: Synopsis of the description of the case

Issues Summary/Sense making Section

The short learning This SLP is a South African context-based 5.2.
programme programme targeting Grade 10 Physical Sciences

teachers.
Context and philosophy | It is a face-to-face programme intended to promote 524
of the programme TPACK.
Teachers’ experiences | The teachers experienced the SLP differently. 5.3
Biographical contexts Teachers come from diverse contexts: quintile 1 -5 5.3.1
of teachers schools located in urban, rural and township areas.
Initial technological There is a wide range of ICT competence among the 5.3.2
knowledge teachers in terms of the four phases identified by

Clarkson and Oliver (2002). These are dependence,

counter-dependence, independence, and

interdependence. ‘Non-usage’ was added to

describe the phase before teachers begin using ICT

in teaching.
Experiences of Some teachers found the use of ICT to teach 5.3.3.-5.3.5.
teachers with the SLP | challenging, for some it was not so challenging, and

for others it was what they have been longing for in

their teaching career.

In the next chapter, the results of the qualitative and quantitative sample data are

analysed and interpreted. The analysis and interpretation are done in terms of the

theoretical framework discussed in Chapter 3, the literature review in Chapter 2, and

guided by the study’s research questions.
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CHAPTER 6: ANALYSIS AND INTERPRETATION

6.1 INTRODUCTION

This chapter focuses on the analysis and interpretation of the collected data. Both
qualitative and quantitative data were collected for the study, using a variety of tools.
The chapter is structured according to the relevant secondary research questions posed
at the start of the study. Secondary research questions 1 to 5 will be discussed, based
on the qualitative and quantitative data gathered from the questionnaires, interviews,

observations, and the final assessment task.

Several claims are made to answer the research questions, and each of these claims is
then supported by reference to the data of the study. It is important to note that these
claims refer to what emerged from this study. The numbering of these assertions

correlates with how the research questions follow each other.

6.2 CHANGE OF TEACHERS’ PERCEPTIONS REGARDING
THE USE OF ICT

Assertion 1: Through the course of the professional development opportunity aimed at
promoting TPACK, the teachers’ knowledge and confidence to use ICT improved. Both
before and after the programme teachers were very optimistic about the potential of ICT
to improve the effectiveness and efficiency of the teaching and learning of Physical
Sciences. This optimism was slightly tempered across the course of the programme.
The teachers perceived that their integration of ICT usage into their Physical Sciences
teaching improved across the course of the programme. However, the teachers’
perceptions regarding the extent to which they could access ICT resources daily, and to
which their principals expected and encouraged them to use ICT to teach Physical

Sciences, remained low throughout the course of the professional development.

To understand how teachers’ perceptions regarding the use of ICT changed through the
course of the professional development aimed at promoting TPACK, | compared their
perceptions before and after the training, using the paired t-test method. Table 6.1

below shows the results of how teachers’ perceptions changed.
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Table 6-1: Comparison of post- and pre-values (n=53)

Variable Statistic Mean Mean difference: Post — Pre
Point 95% Confidence t- 2
Pre (/5)  Post(’5) estimate' interval’ statistic’ AR
Perceived Mean 3.48 4 .15 0.67 0.3910 0.96 4.71 <0.0001
ease ofuse gp 0.94 0.88
Perceived Mean 4.53 4.28 -0.25 -0.41 to -0.08 -2.93 0.005
usefulness gp 0.56 0.60
Mean 3.48 3.89 0.41 0.24 to 0.58 4.82 <0.0001
Usage
SD 0.78 0.73
Perceived Mean 3.1 3.08 -0.03 -0.29 t0 0.23 -0.25 0.807
behavioural
control SD 1.12 0.99
Subjective  Mean 3.68 3.45 -0.23 -0.53 10 0.08 -1.50 0.139
norms SD 1.04 0.96

"Point estimate and 95% confidence interval of the mean difference “post-pre”.
2Paired t-test (df=52) and P-value for of the null-hypothesis that the mean difference is 0.

6.2.1 Perceived ease of use

Assertion 1.1: The teachers’ knowledge and confidence to use ICT to teach Physical
Sciences improved through the course of the professional development opportunity.

Perceived ease of use refers to how confident teachers feel about using computers,
data projectors, smartboards, tablets, and cell phones as resources for teaching
Physical Sciences. When teachers feel confident to use technology, they are more likely
to use it. Scherer, Siddiq and Tondeur (2018) have noted perceived ease of use as a
critical element that influences the use of technology. They described it as the extent to
which teachers believe that using ICT resources in Physical Sciences would not require
too much effort. Therefore, it refers to the person’s estimation of the effort it would take
to use technology in the teaching of Physical Sciences, and is connected to beliefs

about competency (Scherer, Siddiq & Teo, 2015).
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The findings in this study revealed that the teachers’ perceived knowledge and
confidence to use computers, data projectors, smartboards, tablets, and cell phones as
resources to teach Physical Sciences improved statistically significantly (p<0.05)
through the course of the professional development: M = 3.48(/5) (SD = 0.78) before the
programme and M = 4.15(/5) (SD = 0.88) after the programme. This improved
knowledge and confidence matched the teachers’ purpose of joining the training, which

was to learn more about ICT and how to use it in the teaching of Physical Sciences.

The qualitative results confirmed that teachers in this study improved their knowledge to
use ICT during the programme and found it easy to use it in the teaching of Physical
Sciences. T10 said:

“The programme helped me to grow in my teaching and content delivery. | am
now confident to use cell phones to teach my learners as there are no computers
or tablets in my school. The more confident | am as a teacher, the more confident

my learners will be in getting their knowledge from me” (Interview, T10, 22/09/17).

Exposure and support are related to perceived ease of use of ICT (Chikasa, Ntuli &
Sundarjee 2014). In this study, teachers were exposed to how to use ICT to teach and
were given technical support across the programme. In this study, 13 of the 17
interviewed teachers self-reported feeling confident to use ICT during the teaching of
Physical Sciences, even though various researchers such as Peeraer and Petegem
(2011), Aslan and Zhu (2016), and Msila (2015) revealed that teachers in general do not
use ICT because of a lack of skill and training. As previously mentioned, T10 ascribed
this feeling of confidence to use ICT to the training received in this short learning

programme:

“The programme helped me to grow in my teaching and content delivery. | am
now confident to use cell phones to teach my learners as there are no computers
or tablets in my school. The more confident | am as a teacher, the more confident

my learners will be in getting their knowledge from me” (Interview, T10, 22/09/17).

Tasir, Abour, Halim and Harun (2012) found that teachers’ confidence levels towards
using ICT were correlated positively to their competence in technology (r = 0.749,
p<0.05). Technology confidence means that teachers believe that they can use ICT

tools effectively, and that they can integrate these tools into their teaching process.
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Several teachers in this study expressed how they improved their ways of using
technology due to the knowledge and skills gained during the training (Interview,
22/09/17 & 23/09/2017). For example, this is what T11 indicated:

“In my case the confidence has improved a lot due to the fact that even if | am in
a bus, at least have my tablet. | can prepare anytime what | want, | can watch
videos and simulations. So, for preparation purposes | have everything at my
disposal and at any time, so when | go to class believe you me that my
confidence level has improved up to 100%, now that the information is readily
available” (Interview, T11, 22/09/17).

Chikasa et al. (2014) assert that teachers who find it easier to use ICT are more likely to
use technology frequently in their teaching and learning. On the other hand, teachers
who doubt that technology will work when they need it, will be reluctant to use it in their
teaching and learning (Chigona, Chigona, Kausa & Kayongo 2010). The improvement in
the teachers’ perceived ease of ICT usage in the teaching of Physical Science, in this
study, therefore, suggests that these teachers are likely to have improved their usage of
ICT in their teaching. However, this is not certain, since ICT uptake is influenced by

other factors as well.

6.2.2 Perceived usefulness

Assertion 1.2: Both before and after the programme, most teachers were very
optimistic about the potential of ICT potential to improve the effectiveness and efficiency
of the teaching and learning of Physical Sciences, with this optimism being slightly
tempered across the course of the programme.

Perceived usefulness is described as the degree to which a person has a strong belief
that his or her job performance will greatly improve when technology is used (Davis et
al. 1989). Perceived usefulness is recognised as having a huge impact on the adopters’
intention to use technology. Previous research found that perceived usefulness strongly
predicts teachers’ attitudes towards successful implementation and the effective use of
technology (Buabeng-Andoh 2012; Fu 2013; Sabzian & Gilakjani 2013; Deng et al.
2014; Ertmer, Ottenbreit-Leftwich & Tondeur 2015; Farrukh & Singh 2014; Teo, Fan &
Du 2015; Govender & Govender 2009). In this study, the perceived usefulness
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construct was measured using statements about whether teachers perceive technology

to enhance the effectiveness and efficiency of teaching and learning.

Before the programme, teachers in this study had high expectations that ICT would
enhance their success and productivity of teaching and learning (M = 4.53(/5); SD
=.0.56). However, this dropped to M = 4.28(/5) (SD = 0.60) by the end of the
programme. This value is still very high, even though statistically significantly lower than
the initial value (p<0.05). This seems to suggest that the participants developed a more
realistic, while still very positive, view of the usefulness of ICT in teaching during the

programme.

The teachers’ perception before the training that technology is effective and efficient to
improve teaching and learning, could mean that their intentions of using technology at
schools are good (Hart & Laher 2015). Conversely, even if teachers hold the belief that
the use of technology can assist them to achieve personal and professional tasks more
efficiently and effectively, they may be resistant to integrate the same tools into the
classroom for various reasons, which include insufficient knowledge (Lawless &
Pellegrino 2007; Yuen & Ma 2002; Venkatesh & Davis 1996). According to Mathipa and
Mukhari (2014), teachers tend to resist ICT integration in teaching because of the belief
that ICT holds no advantages for their learners and themselves. Such teachers are

likely to avoid using technology in the classroom (Chikasa et al. 2014; Teo et al. 2008).

Teachers in the sample held favourable attitudes towards general usage of ICT in their
teaching. It is undisputed that teacher attitudes are critical in determining whether
teachers will adopt ICT or not. The teachers in this sample generally expected the
outcome of ICT usage to positively impact on their teaching. They also believed that
technology could help them to achieve professional or personal tasks more efficiently
(Assessment tasks, Interview, 22&23/09/17). Benefits of the effectiveness and efficiency
of using ICT in the teaching and learning of Physical Sciences in this study were
mentioned by some teachers:

e Where there was no apparatus to perform experiments, teachers downloaded such
experiments from YouTube and other apps (Interview, 22&23/09/17).
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e They used the apps and sites they were exposed to during the training to teach and
access useful information regarding Physical Sciences. An example of such an app
was Photo Math. Teachers expressed how excited their learners were when they
were exposed to the app (Interview, 22/09/17 & 23/09/2017). A teacher even

commented by saying:

“If every teacher can use ICT in his or her teaching, the teaching will no more be
boring and certainly learners will never absent themselves from school. Our
learners will forever be excited to be at school and ready to explore the world”
(Interview, T24, 23/09/17).

The following benefits of using ICT experienced by the participants in this study are
described in detail in paragraphs 6.5.1 to 6.5.5 (Interview, 22&23/09/17):

Use of ICT leads to better ways of teaching and learning

Use of ICT improves learner motivation and participation

Use of ICT influences teacher professional growth

Use of ICT promotes learner independence and collaboration

Use of ICT improves learner performance

Coupled with the above self-reported ICT benefits mentioned by the teachers in
general, T22 is a unique participant who was also exposed to the benefits of using ICT.
She discovered the many benefits of ICT for herself and her learners, even though she
was a first time ICT user. This is seen from her final assessment task, which is
discussed in detail in paragraph 5.3.3.2. She was able to integrate her PCK with newly
acquired TK to display admirable TPACK. However, she made it clear that she would
never completely replace doing hands-on experiments with equivalent ICT-based
activities (Assessment task 1 & 2 & Interview, T22, 23/09/17).

6.2.3 UseofICT

Assertion 1.3: The teachers in this study perceived that their integration of ICT usage

into their Physical Sciences teaching improved across the course of the programme.

148



Chapter 6: Analysis and interpretation

ICT use is understood as an indicator of ICT acceptance. ICT use can either be
observed or self-reported. ICT usage may be observed during classroom visits, which
could not be conducted in this study. As a substitute for classroom visits, the final
assessment task required teachers to video and report on a lesson in which they had
used ICT. This enabled me to evaluate usage through some form of observation. In
this section, | report on the teachers’ responses to self-reported questionnaire items

regarding their ICT usage.

The teachers’ perceptions that they used ICT during the teaching of Physical Sciences
improved statistically significantly across the course of the programme: M = 3.48(/5) (SD
= 0.78) before and M = 3.89(/5) (SD = 0,73) after the programme (p<0.05). As
previously discussed, Scherer et al. (2018) showed that perceptions of ease of ICT
usage improved ICT usage. This is consistent with this study’s finding, that the
participants’ improved perception of ease of use of ICT was coupled with improved
usage of ICT during teaching.

T10 indicated that he is now using computers daily to teach Physical Sciences, in
contrast to low computer usage before he joined the programme:

“‘We are indeed living in a world that requires us to use technology. Before |
Joined the programme, | used computers once or twice in a week. Sometimes not
at all. But since | joined this programme, | am using a computer daily. The
programme has exposed me to the benefits of using technology to teach, so |
cannot just get enough of using it to teach Physical Sciences” (Interview, T10,
22/09/17).

What T10 said gives evidence that the teacher was provided with technical knowledge
and teaching skills. This is why there was a noticeable change in how they used ICT to
teach Physical Sciences after the training. It is remarkable that the teachers in this
sample reported improving their use of ICT to teach Physical Sciences, because South
African teachers are known to resist the uptake of ICT use, and that this is related to
their preference of “traditional methods of teaching which hinder the growth of skills of
the 21st-century student" (pp. 566) (Blignaut, Els & Howie 2010). This resistance is
understandable if teachers lack prior technical knowledge and do not understand how
ICT can impact their teaching (Tedla 2012).
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In one of the statements to measure “usage”, teachers were asked to indicate if they
were using computers for administrative purposes. Before the training, the teachers
indicated that they mainly used computers for administrative purposes such as entering
marks (M = 4.04(/5); SD = .24). However, after the training, there seems to have been a
decline in how computers were used this way since (M = 3.89(/5); SD = 1.46),

suggesting a shift in the perception of how computers are used.

In contrast, the participants’ perceptions of the extent to which they used computers and
cell phones for email and to access the internet already high before the course,
increased slightly, through the course (M = 4.53(5); SD = 0.95) to (M = 4.74(5); SD =
0.65) and (M = 4.68(5); SD = 0.67) to M = 4.74(5); SD = 0.81). Stols (2008) argues that
practices where computers and cell phones are used for email and accessing the
internet are easily adopted by teachers, since they require no pedagogical change. In
contrast, ICT integration into teaching requires pedagogical change. In this training,
teachers were exposed to different pedagogies that could guide them to appropriate
technologies to use during teaching. It is beyond the limitations of the available data to
make claims about what the participants practiced daily in their classrooms after the
programme. However, the final assessment tasks suggested that the teachers were
able to apply different learned pedagogies to teach Physical Sciences content by the

end of the programme (as explained in sections 5.3.3, 5.3.4 & 5.3.5).

6.2.4 Perceived behavioural control

Assertion 1.4: Most teachers’ perceptions regarding the extent to which they could
access ICT resources daily to teach Physical Sciences remained low through the
course of the professional development opportunity.

Perceived behavioural control is described as a person’s perception of how difficult or
easy it is to execute a task based on the opportunities and resources available to the
person (Ajzen 1991). In this study, perceived behavioural control was established by
statements measuring the teachers’ perceptions regarding the daily access of
computers, data projectors, smartboards, and tablets, and support in the use of these
resources. Perceived behavioural control also refers to the teachers’ perceptions
regarding learners' access to computers, tablets and cell phones during teaching and

learning of Physical Sciences. The findings in this study revealed that there was no
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significant difference in the teachers’ perception of the control they had over their
behaviour with use of ICT in teaching Physical Sciences (p > 0.05). This finding
corresponds to the interview data in which some teachers self-reported that they and
their learners could not easily access computers, data projectors, smartboards, and
tablets, and support when using of these resources (Interview, 22/09/17 & 23/09/2017).
The finding that these perceptions were unchanged by the programme may indicate that
these access constraints are real, rather than merely being perceptions, and that
addressing these constraints may be beyond the agency of these teachers. The
detailed discussion on this self-reported non-accessibility of ICT resources by teachers
and how it impacted on ICT integration is found in an answer to research question 3 in

paragraph 6.3.2.2.

The South African Department of Basic Education has invested financially in providing
ICT resources to schools (DBE 2015). In the Free State province, most schools have
received donations of electronic equipment (Jacobs 2018). However, findings in the
literature reveal that the use of computers in most South African schools is limited or
completely absent (Jacobs 2018; Stott 2021). As discussed in 6.3.2.2., despite this
presence of ICT in most Free State schools, teachers are often unable to access these
for use in the teaching. The limited or non-access to computers is a first-order barrier
towards technology use (Sherman & Howard 2012), particularly in low quintile schools
(Stott 2021). Most of the teachers in this study come from low quintile schools where

they experience limited or no access to computers (as explained in section 6.3.2.2).

Hennessy, Harrison, and Wamakote (2010) agree that the limited or non-access to ICT
resources in most schools is a complex barrier that influences change in teachers’
practice. According to the theory of planned behaviour, the general lack of access to
ICT resources experienced by many of the participants which likely caused the
observed insignificant change of the participants’ perceived behavioural control across
the programme, should have resulted in no improvement in ICT usage. However, this
was not the case. As discussed in 6.3.2.1 and 6.3.2.3, several participants found ways
to improvise their ICT access within the constraints of their environment.
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6.2.5 Subjective norms
Assertion 1.5: Most of the teachers’ perceptions regarding the extent to which their
principals expected and encouraged them to use ICT to teach Physical Sciences

remained low through the course of the professional development opportunity.

Subjective norms refer to expectations from significant others, for example from
learners and principals, that teachers should use ICT in their teaching. Subjective norms
may also include interpersonal influences from friends, colleagues or family members,
as well as external influences such as different types of media reports and expert ideas
(cf. 3.3.3). Altawallbeh, Soon, Thiam and Alshourah (2019) described SN as a construct
that places an expectation on Physical Sciences teachers to use ICT. Al Haderi and
Aziz (2015) also presented subjective norms as an outcome of each teacher’s reaction
to the perceived expectations from management and colleagues. This also includes the
personal belief that teachers must respect those expectations (Aversano 2005).

No significant difference was measured across the course of the programme regarding
the teachers’ perceptions in terms of the subjective norms exerted by their principals
and learners to use ICT in teaching Physical Sciences (p > 0.05). This finding is
unsurprising since the programme had not targeted the principals or learners. Teachers
further perceived that their principals did not encourage or expect them to use ICT

during the teaching of Physical Sciences in this study.

If options 1 - 3 in the Likert scale used in this study as indicating a degree of negativity
or indifference towards the questionnaire statements, then 68% and 63% respectively of
the teachers indicated that their principals did little to show expectations (SN1) or
encouragement (SN2) regarding their use of ICT in their teaching (Figure 6.1). In
contrast, as shown in Figure 6.1., the teachers perceived their learners as wanting them
to use ICT in their teaching, although in my experience, it is unlikely that the learners’
views were considered to weigh much towards the subjective norms experienced by the

teachers.
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Figure 6-1: Percentage of participants who chose each option in a 5-point Likert scale for
items related to the subjective norm regarding use ICT in teaching and learning after
training

The subjective norms exerted by principals is known to affect teachers’ uptake of ICT.
For example, Ghavifekr and Rosdy (2015) noted that teachers need motivation and
support from the school’'s top management team to use ICT during teaching. Mathipa
and Mukhari (2014) argue that poor management in the school environment does not
support a change in school ICT use. In the interviews conducted by Mathipa and
Mukhari (2014), one primary school teacher indicated that their computer laboratory is
always locked during school hours and is dysfunctional. According to this teacher, this is
because the school management team, which controls their laboratory, does not

understand the usefulness of computers.

In contrast, when support and motivation are provided by the principal or school
management team, teachers are more motivated and willing to integrate ICT. In addition
to feeling motivated, teachers also feel that their efforts are acknowledged by the
principal or school management team. The principal or school management team
should be aware of the critical role they play in teachers' lives, especially when they
appreciate the work teachers do. Kannan et al. (2012) position the principal as a
technology leader, the one who should envisage opportunities for the use of ICT during
learning and teaching. Afshari et al. (2009) say that the principal, as the transformation

leader, needs to be fluent in basic information technology, and must be an ICT user to
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encourage teachers to use ICT and to develop their computer literacy skills. By so

doing, he or she becomes a mentor to the school community.

However, it was clear from the focus group discussions that not many of the principals
of the teachers in this study expect and encourage ICT integration in subjects such as
Physical Sciences (as discussed in sections 6.3.2.1 — 6.2.3.4). One of the reasons
given was that the principals see the school computers as intended for Mathematics,
Computer Applications Technology and administrative purposes (as discussed in
section 6.3.3.2). For example, a teacher from a well-resourced school was denied use
of the media centre, which has ICT resources, by the school management team
(Interview, T34, 23/09/21). Another teacher who was denied access to the use of tablets
at his school strongly feels that principals, head of departments and school governing

bodies must attend this type of programme. This is how T1 felt:

“I really think that principals must attend these programmes. You explain to the
principal, principal one two three is very interesting. | tend to find that our
principals are still in that old school’s leadership style. They still believe in old
school of doing things. The principal will tell you that you are just new and you
want to tell me to change how | do things. One another thing is that head of
departments have to come. It should be for the whole school and if principals,
head of departments, leadership in general are at the workshops then they would
know. | also think school governing body member must also attend such
programmes, even if they do not learn the content but they would understand

how the programme does and what it is all about” (Interview, T1, 22/09/17).

Another reason for principals’ reluctance to support ICT integration, is their fear of the

risks associated with its use, as alluded to by T53:

“l had to ask the facilitator to write me a letter confirming that | have enrolled in
the ICT training and the nature of this programme require that learners also have
gadgets. | took the letter to the principal to allow my learners to bring their cell
phones. It was after this letter that my learners were allowed to bring their cell
phones. But the sad part is that the principal told me on my face that | am on my
own if anything wrong happens in his school. Clearly, he did not really support
me” (Interview, T53, 22/09/2017).
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This lack of encouragement from principals for ICT integration discouraged many of the
teachers in the sample (as discussed in section 6.3.3.5). Despite this discouragement,
the knowledge and skills gained from the training (as discussed in section 6.2.1) seem
to have been effective in allowing some of the teachers to see the value of the use of
ICT during teaching and learning (as discussed in section 6.2.2), and improving their

ICT uptake, as suggested in 6.2.3.

In contrast to the limited support given by many principals, as discussed above, several
teachers indicated that their principals were very supportive of their integration of ICT
(see Figure 6.1, page 164) One such teacher, who is also part of the school
management team, expressed how supportive her school principal was towards the
implementation of what was learned during the training. This is how T51 expressed her

appreciation of the support she received from her principal:

“I want to attest on the point of leadership. | have a boss that runs the school, and
| am fortunate enough to be in a leadership position where in all honesty say that
| have all the favour and support in the world from my principal. | think after the
first three sessions, | went back, and | just said to my boss, there is this course |
enrolled for and is good. | have got only the Grade 10 programme, however there
are Grade 9, 11 and 12 programmes available and this is the cost. She was not
even interested as to find out what it is about, she just said if you say it is good
then it is good enough for me. Let us put it in the budget and make sure that
when 2018 starts we have those programmes. | am fortunate to have extremely
few learners. Right now, Grade 11's are six, so because | was always making
trips to computer applications technology class and stay after school because |
want to show videos, our board room (which is the territory for teachers). She put
in the computer and the big screen TV, and she said, anytime and anybody can
book it, bring your learners. There are few teachers whose learners can fit in the
boardroom. My trips and my cry over using computer applications technology
class were over” (Interview, T51, 22/09/2017).

There is an obvious need for the sort of leadership in schools which drives higher levels
of ICT expertise. This is necessary for the development of a joint culture which
encourages ICT to be introduced into the teaching and learning process, and for

teachers to use ICT-based teaching methods (Pelgrum & Voogt 2009). Therefore, | feel
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that the principal, as the leader of the school and the school management team, must
encourage teachers to attain the goals of education. As the connection between
teachers and the Department of Education, he or she must ensure that educational
transformation such as ICT usage and innovation are welcomed by all teachers. This
can be achieved when funding is provided for continuous professional development
opportunities such as ongoing training and workshops. This will allow teachers to
access the needed ICT infrastructure and provides a conducive environment where
teachers and learners could gain the knowledge and skills to use technology as

expected by educational authorities.

6.3 THE RELATIONSHIP BETWEEN BIOGRAPHICAL AND
SCHOOL FACTORS AND THE CHANGE IN TEACHERS’
PERCEPTION REGARDING USE OF ICT

Age, gender, qualifications, teaching experience, school location, and school quintile
are biographical factors that may affect how teachers’ perceptions regarding use of ICT
change (as discussed in sections 2.8.1 to 2.8.3). One-way ANCOVA was applied to the
questionnaire data to understand how these factors are related to the extent to which
the teachers’ perceptions changed through the course of the professional development

opportunity in terms of the use of ICT.

Availability and accessibility of ICT resources, policies controlling access to other ICT
resources, infrastructure and learner enrolment, and theft are some of the school factors

that teachers mentioned affected their ICT usage, as discussed in section 6.3.2.

6.3.1 Biographical factors and the change in teachers’ perceptions

regarding the use of ICT
Assertion 2.1: Age, gender, qualifications, school location and school quintile did not
influence the teachers’ perceptions regarding the use of ICT changed through the
course of the professional development opportunity. The teachers in the most
experienced category experienced the greatest decline in their perception of the

usefulness of ICT in teaching, across the programme.

Tables 1 - 5 in Appendix 15 indicate that there was no significant difference in the

change in teachers’ perceptions (PU, PEU, PBC, SN and Usage) in relation to age,
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gender, qualifications, school location, and school quintile (p > 0.05). To understand the
findings presented in Tables 1 — 5 in Appendix 15, | unpack in detail how the teachers’
perceptions regarding the easy use of ICT changed across the professional
development opportunity in relation to age and gender, as examples in Tables 6.2 - 6.7.

6.3.1.1 Age and perceived ease of use

Table 6.2 below indicates that the 21 - 35 age group perceived the use of ICT to be
easier, on average, M = 3.64(/5) (SD = 0.94) than the 35 — 56 age group: M = 3.35(/5)
(SD = 1) before the professional development opportunity. By the end of the
professional development opportunity, the 21 - 35 age group greatly improved their
perception regarding the ease of ICT usage: M = 4.41(/5) (SD = 0.63) than the 35 — 56
age group: M = 3.95(/5) (SD = 1.1). The change in the perception that it is easy to use
ICT is greater in the 21 - 35 age group: M = 0.77(/5) (SD = 0.89) as compared to the 36
- 56 age group: M = 0.6(/5) (SD = 1.16). However, as shown in Table 2 in Appendix 15,
and in Table 6.3., below, this difference was not statistically significant. Given the very
high final value of the younger age group, the possibility does exist that the post-
questionnaire data exhibited a ceiling effect for this group, which prevented statistical
significance from being evident. In the ceiling effect, participants’ views cannot be
distinguished from one another within the data, or from themselves, between pre- and
post-data, due to an indication of the maximum score possible despite differences in
experiences. A high average score suggests that a large number of participants have
chosen the maximum score possible. Further investigation would be needed, however,

to verify this speculation.

Table 6-2. Change in perceived ease of use across age group

Age Group
21-35 36-56
N 26 20
) o Mean 3.64 3.35
Perceived ease of use before training —
Std. deviation 0.94 1
) . Mean 4.41 3.95
Perceived ease of use after training —
Std. deviation 0.63 1.1
. , Mean 0.77 0.6
Change in perceived ease of use S
Std. deviation 0.89 1.16
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This speculation is supported by literature. Padayachee (2017), for example, found the
change in the perception that it is easy to use technology among older teachers to be
lower than in younger teachers. According to Hsu (2014) and Chikasa et al. (2014),
older teachers as compared to younger teachers have higher degrees of technological
anxiety. There are other reasons that cause older teachers to find it more difficult to use
technology during teaching. Some examples include that some may feel that ICT is
time-consuming, they lack basic ICT skills, and they do not understand the importance
of ICT. Because of the above-mentioned reasons, older teachers may tend to continue
to use old methods of teaching, despite being told what ICT can add to their teaching
(Hart & Laher 2015).

Table 6-3. Age in relation to the change in perceived ease of use

Mean difference
Depgndent Demographic Factor level Point : Dearees of
variable factor : F-static g P-value
estimate freedom
21-35 years 0.88
Perceived 36 — 50
ease of Age group 0.51 1.76 2.49 0.183
Use years
>50 years 0.35

6.3.1.2 Gender and perceived ease of use

Table 6.4 below indicates that the males in the sample perceived the use of ICT to be
easier on average: M = 3.73(/5) (SD = 1.01) than females: M = 3.25(/5) (SD = 0.83)
before the professional development opportunity. After the professional development
opportunity, the males’ perception on average, regarding the ease of use of ICT was still
higher: M = 4.28(/5) (SD = 0.95) than that of the females: M = 4.04(/5) (SD = 0.81),
although the change from pre- to post questionnaires was greater among females: M =
0.79(/5) (SD = 1.02) as compared to the males: M = 0.55(/5) (SD = 1.08). This change
was not, however, found to be statistically significant, as shown in Table 2 in Appendix
15, and in Table 6.5., below. As for the influence of age, this finding could have been
invalidated by the ceiling effect, as suggested by the very high values for the post-

questionnaire for both genders.
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Table 6-4: Perceived ease of use and gender

Gender
F M
N 28 25
) o Mean 3.25 3.73
Perceived ease of use before training —
Std. deviation 0.83 1.01
) . Mean 4.04 4.28
Perceived ease of use after training —
Std. deviation 0.81 0.95
) ) Mean 0.79 0.55
Change in perceived ease of use —
Std. deviation 1.02 1.08

In contrast with the possibility that the females in this group might have improved their
perceptions of the ease of use of ICT across the programme, studies by Scherer et al.
(2015) and Eickelmann, Bos, Gerick and Kahnert (2014), suggest that the change in the
perception that it is easier to use ICT, to be more true of male teachers than of their
female colleagues. However, the view that women tend to be more nervous than men
about using technology is more likely to decrease women’s self-efficacy and raise
perceptions that the use of technology requires more work (Goswami & Dutta 2016), is
consistent with the suggestion, from this study’s data, that males were more confident
with ICT use. If the lack of a statistically significant difference in the change in teachers’
perceptions that it is easy to use ICT in relation to gender (p>0.05) is a valid finding,
rather than being an artefact of the ceiling effect and limitations inherent to Likert scale
use, then this finding is consistent with Aslan and Zhu’s finding (2016) that gender does
not influence the change in teachers’ perceptions that it is easy to use ICT during

teaching.

Table 6-5: Gender in relation to the change in perceived ease of use

D dent | D hi Mean difference
Sgreigblzn en‘:ggt?rp © | Factorlevel el F-static DEGIEES 0 P-value
estimate freedom
Perceived Female 0.63 0.15 1.50 0.6974
Gender
ease of use Male 0.72
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6.3.1.3 Teaching experience and perceived usefulness

Table 6.6 below indicates that all groups of teachers, according to teaching experience,
had a high perception of the usefulness of ICT in improving the effectiveness and
efficiency of teaching and learning, on average, before the professional development
opportunity: 0 - 5 years [(M=4.71(/5) (SD = 0.38)], 6 — 10 years [(M = 4.6(/5) (SD = 0.6)],
11 - 20 [M =4.42(/5) (SD = 0.54)], and 21+ [(M=4.12)(/5) (SD = 0.79)]. After the
professional development opportunity, there is an observed drop in the perception that
ICT can improve the effectiveness and efficiency during teaching for teachers with 0 - 5,
11 - 20 and 21+ years of teaching experience [(M = 4.46(/5) (SD = 0.44)] [M = 4.09(/5)
(SD = 0.59)] and [M = 3.64(/5) (SD = 0.61)] respectively, while there was no change in
the perception for teachers with 6 — 10 years of teaching experience: M = 4.6(/5) (SD =
0.49) that ICT can improve the effectiveness and efficiency during teaching. The
change in the perception that ICT can improve the effectiveness and efficiency during
teaching than the teachers decreased significantly for teachers with 21+ (M = -0.48(/5)
(SD = 0.81) as compared to teachers with 0 - 5 and 11 — 20 years of teaching
experience respectively: (M = -0.25(/5) (SD = 0.56); (M = -0.33(/5) (SD = 0.51). Even
though there was a drop across all groups in the perception that ICT can improve the
effectiveness and efficiency during teaching after the professional development

opportunity, the perceptions of all groups remained high.

Table 6-6: Perceived usefulness and teaching experience

Years of teaching experience
0-5 6-10 11-20 21+
N 19 12 15 7
Perceived usefulness Mean 4.71 4.6 4.42 4.12
before training Std. deviation 0.38 0.6 0.54 0.79
Perceived usefulness after Mean 4.46 4.6 4.09 3.64
training Std. deviation 0.44 0.49 0.59 0.61
Change in perceived Mean -0.25 0 -0.33 -0.48
usefulness Std. deviation 0.56 0.66 0.51 0.81

The findings in this study, as shown in Table 6.7 below, further revealed that the
teachers’ teaching experience influenced the change in teachers’ perception that ICT
can improve the effectiveness and efficiency of teaching and learning (p<0.05) and not
PEU, PBC, SN and Usage (p > 0.05). It seems to me that there was a ‘pie in the sky’
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fantasy of ICT being the magic word to solve all problems at the beginning of the
professional development opportunity (as seen by the very high initial values), and then
all groups became more realistic across the duration of the course. Clearly the more
experienced teachers ‘tempered’ their view to a greater extent than their younger
counterparts. My speculation for more experienced teachers to temper their view is that
older teachers are just more sceptical and realistic, so their ‘pie in the sky’ fantasy was

brought down to earth to a greater degree.

Table 6-7: Teaching experience in relation to the change in perceived usefulness

Mean difference
Dependent | Demographic
variable factor Factor fevel Point | o . | Degreesof | o . o
estimate freedom
0-5 -0.12
i 6-10 0.04
Perceived | Age group 4.28 348 | 0.0093
ease of use 11-20 -0.40
21+ -0.74

6.3.2 School factors and the teachers’ change regarding the use of
ICT

Assertion 2.2: The availability and accessibility of ICT resources and infrastructure
appropriate to figures of learner enrolment, served as barriers to the participants’ use of
ICT in their respective schools. Where the schools had no ICT policies, there was

inequitable access to ICT resources.

6.3.2.1 Availability of ICT resources

Several studies have confirmed the possible effects of school characteristics such as
the availability of ICT resources regarding the use of ICT in classrooms, (e.g. Akbulut,
Kesim & Odabasi 2007; Tallent-Runnels, Thomas, Lan, Cooper, Ahern & Shaw 2006).
When ICT resources are available for usage to provide assistance, and to provide
support when needed, this is referred to as the availability of ICT resources (Jebeile &
Abeysekeka 2010). Ndlovu and Lawrence (2012) found that South African schools are
still facing a variety of challenges when it comes to the availability of ICT resources. The

findings of my study confirmed what was found in a study by Ndlovu and Lawrence
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(2012) (Interview, 22/09/17 & 23/09/2017). Teachers self-reported various challenges
they experienced in their respective schools regarding the availability of ICT resources.

For example:

“At my school, we do not have laptops and computers at school. Ehmm we had
tablets that we were not using. Before the programme of course. The computers
are only used by the Tech, eh what is this, computer applications technology
learners that’s it” (Interview, T1, 22/09/17).

“We do have 20 laptops in my school. We just recently received tablets,
unfortunately, we did not have chargers and we could not use them and
apparently, they were for mathematics, and | could not access them” (Interview,
T11, 23/09/17).

The attachment of computers or tablets or laptops to specific subjects made it difficult
for some Physical Sciences teachers to use the available computers or tablets to teach
Physical Sciences, and this resulted in conflict and tension in the school context
(Interview, 22/09/17 & 23/09/2017).

Different schools have different levels of the availability of ICT resources in schools.
This obviously has an impact on the use of technology during the teaching of Physical
Sciences (Interview, 22/09/17 & 23/09/2017). Two of the 17 (12%) interviewed teachers
in my study reported that in their schools there is only one computer used by the clerk,
and this shared by the entire school to capture marks (Interview, 22/09/17 &
23/09/2017). In other schools there might be no computers, or a computer laboratory to
be used by 60 learners or by the CAT learners only (Interview, 22/09/17 & 23/09/2017).
One teacher mentioned that:

“In my school, we do have only one computer lab, unfortunately, it is only for CAT
learners (Interview, T25, 23/09/17).

ICT integration is likely to be difficult when each school has only one computer

laboratory, when more than 100 learners need to use computers (DBE 2012).

The non-availability of ICT resources influenced eight of the 17 (47%) to advocate for
learners to be allowed to use their cell phones for learning (Interview, 22/09/17 &
23/09/2017).
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“I decided to start asking learners to bring their cell phones to use them. And | get
blown away by the fact that some of them own even more expensive cell phones
than | own” (Interview, T10, 22/09/17).

‘Il am now able to share small content with my learners. Because their phones go
flat easily | arrive every day at 7:00 and share content with them before their
batteries go” (Interview, T38, 22/09/17).

The non-availability of computers or tablets or data projectors in some schools
frustrated these teachers and delayed the progress of ICT integration. These teachers
self-reported that the non-availability of resources made them resort back to the
traditional methods of teaching Physical Sciences (Interview, 22/09/17 & 23/09/2017).
Mbatha (2015) also pointed out that the non-availability of ICT resources can influence
teachers to resort to traditional methods of teaching. The use of traditional methods in
South African schools is a proven factor that deters the use of technology (Msila 2015;
Chigona & Chigona 2010; Mdlongwa 2012). | assume that the use of traditional
methods of teaching does not imply that they are not good enough for teaching. It rather
suggests that where there is willingness from teachers to use ICT for teaching but are
distracted by the non-availability of ICT resources, the use of traditional methods is

likely to hold them back from integrating ICT.

Despite the non-availability of ICT resources in most of the schools in this study, there
are some schools with ICT resources. Seven of 17 (41%) of the teachers self-reported
that computers were available at their schools. Three of these teachers were at a
Mathematics, Science, and Technology (MST) school. These are schools that benefit
from the MST grant and are provided with resources. A teacher from an MST grant
school said that at his school there is a laboratory that has an interactive board and a
data projector, and he also has access to two laptops (his personal laptop and school's
laptop) (Interview, T40, 22/09/17 & 23/09/2017). Another teacher reported having both
an MST and a "Smart School Project" laptop. Smart School Project schools are
provided with computers and laptops for each teacher and learner (Interview, T43,
22/09/17 & 23/09/2017). The availability of ICT resources impacted positively on the use
of technology during the teaching of Physical Sciences for T40 and T43, and they were
able to finish the curriculum ahead of schedule (Interview, 22/09/17 & 23/09/2017).
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6.3.2.2 Accessibility of ICT resources

Accessibility refers to when teachers and learners can access the right type and number
of ICT resources in areas where they can use them, to ensure that ICT is used during
teaching and learning (Wilson-Strydom & Thomson 2005; Hew & Brush, 2007). The
guantitative findings in this study revealed that most of the teachers in this study did not
have easy access to computers, data projectors, smartboards and tablets, while their
learners could not access computers, tablets, and cell phones during the teaching and
learning of Physical Sciences before and after the training as discussed in paragraph
6.2.4. The interviews revealed that some of the teachers could access the ICT

resources during the teaching of Physical Sciences, while others could not.

Two of the 17 (12%) teachers interviewed in this study had access to personal Wi-Fi
and the rest of the teachers relied on their school’'s Wi-Fi, which they could not access
most of the time (Interview, 22&23/09/17). T40 expressed how lucky he was to work at

a well-resourced school with access to Wi-Fi:

“Luckily I am from a well-resourced school. | have a smartboard, a laptop and |
can access Wi-Fi at any time of the day at my school. Even learners can access
Wi-Fi. | always download information and videos that help me to understand any
topic in Physical Sciences. Compared to what | heard from colleagues | am very
fortunate” (Interview, T40, 23/09/17).

T34 did not have the same experience regarding access to Wi-Fi at her school:

“Unfortunately, at my school there is Wi-Fi, but | cannot access it. Only school
management team members have the password and can access it. | tried that |
be allowed to access it since | want to download information | learned in this
programme, but | did not succeed. And this led me to be frustrated | don’t know
how many times as it was challenging to download the valuable information that
will help me to teach” (Interview, T34, 22/09/17).

The more devastating experience is with T38, who is from a school located in a rural

area:

“Unlike T40 where there is Wi-Fi and can access it, in my school there is no Wi-Fi

and there is only one computer which is used by our clerk. | must also say this
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made it difficult for me to implement what | learned, and | am nicely frustrated and
demotivated” (Interview, T38, 22/09/17).

Problems with connectivity left most teachers frustrated and demotivated, and delayed
progress regarding the use of ICT, despite them being willing to use ICT during their
teaching of Physical Sciences. Unreliable and limited connectivity in South African
schools is still a significant obstacle towards ICT integration, even though some schools
have been provided with internet connectivity through various projects (Mweli 2013).

The non-accessibility of ICT resources can lead to the non-usage of ICT during the
teaching of Physical Sciences. A teacher expressed how he could not implement the

programme due to non-accessibility:

“There are computers brought to my school and have not been used and
gathering dust. | was denied access to use them such that it was difficult for me
to use them to teach Physical Sciences” (Interview, T11, 23/09/17).

The non-accessibility to ICT resources can also lead to low motivation, and teachers
feeling as if they had failed to achieve their teaching objectives. This is what one

teacher said:

“l do not have access to the computers, but | do have my laptop. | use a laptop
for my learners to watch videos. | download the videos from YouTube. | have
large classes (in terms of number of learners), the use of videos at the moment it
is not useful. At the moment the situation is making me less motivated” (Interview,
T12, 22/09/17).

The non-accessibility to ICT resources can lead to unhealthy competition and

interpersonal conflicts at school. This is the experience of T25:

“There are two data projectors in my school and access to use them frequently is
a challenge as other teachers are using them as well. This situation has led to us
competing to grab the data projector before others could do. This has led to us
fighting all the time especially the one who makes sure that he/she grab it first all
the time” (Interview, T25, 25/09/17).
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Clearly the non-accessibility to ICT resources impacted on how teachers used ICT in
terms of non-usage of ICT during teaching, low teacher motivation and the inability to
achieve lesson objectives, and unhealthy competition and conflict among teachers.
Access to ICT resources is a crucial prerequisite for ICT to be integrated in teaching
and learning. Schools with limited access to ICT resources will have limited chances to
integrate ICT (Drossel, Eickelmann & Gerick 2016).

| believe that for ICT integration to be effective and successful in South African schools,
learners and teachers should have access to ICT resources whenever they want to use
them. However, Wilson-Strydom and Thomson (2005) point out that it is not guaranteed
that when teachers and learners have access to ICT resources, ICT usage will be
maximised in teaching and learning. Access to ICT resources is clearly a necessary, but
insufficient, criterion for ICT uptake. An additional criterion is teacher competence to use
ICTs within their lessons, which is what this professional development opportunity

aimed at improving.

This view is supported by instances in the data where teachers who had access to ICT
resources at their school applied what they had learnt in the programme to integrate ICT
into their teaching of Physical Sciences. For instance, T43 expressed how access to
ICT resources and the use of ICT has led him to achieve recognition of good

performance in Physical Sciences by the Free State Department of Education:

‘I do have access to the computers and tablets. | have my own tablet from the
smart project, and a laptop. | have access to computers/laptops. Like | said my
school is well resourced (my school had tablets since 2015). | have been using
Edukite, programme to teach my learners. | use the programme for personal
growth in the subject and for teaching my learners. My school is a recognised
best performing school in Physical Sciences by the province” (Interview, T43,
22/09/17).

6.3.2.3 Policies controlling access to other ICT resources

The information in the literature on how technology integration can be achieved is
abundant, but little is mentioned about the role of a school’s ICT policy regarding ICT
integration. One of the conditions for ICT to be successfully integrated is “having a
shared vision and ICT policy plan” (Hew & Brush 2007).
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A school-based ICT policy plan is a detailed document consisting of a variety of
operational and strategic points regarding how technology can be integrated in learning
and teaching. Some of the critical elements to be included in such a policy are how to
use technology to teach, how ICT resources could be equally allocated to staff
members, and how the resources can be accessed regularly and effectively by all “end-
users (learners, teachers, managers, and administrators)” (Department of Education
2004, p. 22). None of the interviewed teachers self-reported that such a school-based
ICT policy plan was available in their schools. The non-availability of such a policy
resulted in unfair resource allocation. Subjects such as Mathematics and Computer
Applications Technology were allocated ICT resources, while no allocation was made
for Physical Sciences (Interview, 22/09/17 & 23/09/2017). As a result, in most instances
Physical Sciences teachers and learners were denied access to the available ICT
resources meant for Mathematics and CAT (Interview, 22/09/17 & 23/09/2017). T1 who

said:

“People would want to own equipment in schools, to say if this is the Science
department's material then other people are not allowed to use the equipment.
They feel it belongs to them. Entitlement is very toxic in our school system.
People can learn to share. | am a victim at my school, | ended up using pen and
paper, chalk and chalkboard because of this toxic environment of people owning
equipment and not wanting to borrow. For example, Mathematics tablets, | would
ask to use them but be denied access as | am told they are meant for
Mathematics. That created conflict until | ended up not going to the Maths Centre
and stick to my laptop” (Interview, T1, 22/09/17).

The tension and conflict created by the perceived ownership of ICT resources as
experienced by some teachers in some schools is expressed by T25 when he said:

“At my school, there is a computer applications technology class, and the lady
owns that class. We have an Internet Broadcast Programme; she also controls
the Internet Broadcast Programme. When | am in the computer applications
technology class with my learners there are a lot of don't do this and that, tell your
learners not to touch this and that. She comes with a lot of excuses so that | am
not able to use the class. Unless | become demanding it is only when | can use
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the computer applications technology classroom. Such challenges prohibit me to

implement the programme the way | wish” (Interview, T25, 22/09/17).

Clearly the unfair allocation of resources not only resulted in conflict and tension, but
also delayed the implementation of what was learned in the programme. Rather than to
be frustrated and feel helpless, eight of the 17 Physical Sciences teachers resorted to
telling their learners to bring their cell phones to be used during the teaching and
learning of Physical Sciences. This option of using cell phones during school time is

against the policies of most schools. T53 said:

“In my school learners are not allowed to come with their phones. All of them are

not able to be engaged every day” (Interview, T53, 23/09/17).

Teachers in a study by Mathipa (2015) also wanted to use cell phones as an alternative
to computers, but the policy of the school would not permit the use of cell phones. In my
study, T12 was given permission by her principal that her learners were allowed to use
their cellular phones during Physical Sciences lessons. Unfortunately, this is what she

experienced:

“It is the case in my school however my learners only use the phones in the
Physical Sciences class, unfortunately the following day other teachers would
have taken their phones as they are not allowed to bring them at school. This
meant that my whole planned lesson will be disturbed, and | will be nicely
frustrated. That is my challenge” (Interview, T12, 23/09/17).

This school-related policy factor, i.e. non-allowance of learners to use cell phones
especially where there are no other ICT resources, affects how ICT is integrated in the
classroom (Tondeur et al. 2008), as was the case in this study. | believe that mobile
phones can be used for educational purposes and in support of certain teaching and
learning activities, particularly in schools without sufficient information and
communication resources. Therefore, | feel that such schools should consider amending
their policy regarding the use of cell phones by learners during the teaching of Physical

Sciences.
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Gulbahar (2007) argues that one way to solve the challenges encountered during the
process of ICT integration is to have a school ICT policy. In schools where there is a
school ICT policy, which emphasises commonly understood goals, ICT can be
consistently used by teachers to teach (Tondeur et al. 2008). Tondeur et al., (2008),
also argue that a school ICT policy is not a necessity since it may prohibit individual

teachers’ creativity regarding the use of ICT.

6.3.2.4 Infrastructure and learner enrolment

Some of the ICT projects which have failed in the South African education context did
so due to inadequate or unreliable infrastructure. Inadequate or unreliable infrastructure
is one of the reasons that South African teachers are not able to incorporate ICT into
their teaching (Ford & Botha 2010; Langat 2015). The South African president also
raised concerns that this inadequacy of ICT infrastructure is one of the contributing
factors that the incorporation of technology into teaching and learning is slow in South

Africa (Engineering News 2015).

This study revealed that there is no proper infrastructure in most schools to support the
integration of technology. The three teachers in the interview sample who were from
MST schools were an exception in this regard. For example, in paragraphs 6.3.2.1 and
6.3.2.2, mention was made that there is only one, or a limited number of computers or
tablets or data projectors in most schools, and connectivity is also a challenge in most
schools. For instance, as previously referenced in paragraph 6.3.2.1 and 6.3.2.2:

“We do have 20 laptops in my school. We just recently received tablets,
unfortunately, we did not have chargers and we could not use them and
apparently, they were for mathematics, and | could not access them” (Interview,
T11, 23/09/17).

“Unlike T40 where there is Wi-Fi and cannot access it, in my school there is no
Wi-Fi and there is only one computer which is used by our clerk. | must also say
this made it difficult for me to implement what | learned, and | am nicely frustrated
and demotivated” (Interview, T38, 22/09/17).

The study further revealed that in some schools there are computer laboratories with no

computers, and some computer laboratories cannot accommodate more than 20
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learners since there are 20 or less computers. Where there are no computer
laboratories, or laboratories cannot accommodate more than 20 learners, learners are
allocated specific days on which they can go to the computer laboratory, as explained
by T25:

“I have big learner numbers in my school. On average my learner numbers is 45.
This makes it difficult for me to use computer laboratory. | therefore have to divide
learners into groups for them to be able to be in the laboratory to use computers.
Same topic is taught several times, this contributes to the slow place to cover the
curriculum” (Interview, T25, 23/09/17).

The delays due to infrastructure issues discourage some teachers from using
technology to teach in this study. The practice in schools with high enrolment numbers
is usually that the computer laboratory is used on a first-come-first-served basis, and
this causes a further delay in teaching (Interview, 22/09/17 & 23/09/2017). Mweli (2013)
points out that the shortage of computers and computer laboratories is a barrier that
prevents the successful utilisation of technology, as was found to be the case for some
of the teachers in this study. For example, as previously referenced in paragraph
6.3.2.1:

“In my school, we do have only one computer lab, unfortunately, it is only for CAT
learners” (Interview, T25, 23/09/17).

When the number of learners in a class is far more than the number of computers
available, teachers, as in T25’s case, coped with this situation by using a rotation roster
for the computer laboratory, and thus learners and teachers share the available
computers. However, this situation is not conducive to the use of technology. In
addition, teachers are likely to find it more difficult to manage learners when the
computer laboratory is full. Teachers who are not prepared to make efforts and
arrangements regarding the sharing of resources, distance themselves from adopting

the use of technology (Korte & Husing 2007).

In research conducted by Mathipa and Mukhari (2014), teachers expressed a concern
that the computers available for their use were far fewer than the number of learners in

a class due to overcrowding. Therefore, it was not possible for each learner to use his
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or her own computer to learn. Instead, learners had to be grouped to share one
computer at a time. In such situations, some learners do not engage fully, and take a
step back and allow themselves to be led by active learners in their educational
activities. The high learner-computer ratio is an injustice to education, says Mweli
(2013).

Teachers can be adequately trained and be willing to pass on the gained knowledge
and skills to their learners, as seems largely to have been the case in this study, but if
the ICT resources they have access to are inadequate, they will be hindered from

integrating ICT into their teaching (Ngwu 2014). For example:

“We have a computer center, but all computers are not working. They were taken
for repair and never came back. As it is | cannot fully engage my learners the way
| am taught at the programme, which is the way we are engaged at the

programme” (Interview, T11, 23/09/17).

6.3.2.5 Theft

Theft is a negative factor that hinders the utilisation of ICT (Mungai 2011). This
meaningful factor has the potential to destabilise education in many South African
schools (Mathipa & Mukhari 2014). In a study by Mathipa and Mukhari (2014), most
teachers in their study reported that their computer laboratories had been burgled on
several occasions, and that laptops, tablets, printers, and computers had been stolen.
The teachers in Mathipa and Mukhari’s study (2014) also reported that a flat-screen TV
was stolen in one high school, and it was impossible for learners to watch the planned
enrichment lessons. The teachers in the study by Mbatha (2015) also reported several

stolen computers at their schools.

Teachers in this study also reported cases of theft in their schools. T25 expressed his

fears regarding theft:

“The other thing in my school and in the area where my school is located is that
theft is very high. | am afraid to ask learners to bring cell phones. This could be
something that makes learners not to bring cell phones even if | ask them to”
(Interview, T25, 23/09/17).
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Clearly, theft negatively affected how often T25 wanted to use technology in his

teaching, and he was frustrated. This is how he expressed his emotions:

“Based on my challenges, one computer lab, high learner numbers and high theft
rate, my implementation rate of using technology to teach is very slow and most
of the time frustrating me. This is all | can say. So, for me | did what | could in this
situation” (Interview, T25, 23/09/17).

6.3.2.6 Support and maintenance
Peer, administrative and technological support are some of the types of support needed
to enforce successful integration of ICT (Ertmer et al. 2012). The majority of teachers

need support to overcome technical challenges (Hew & Brush 2007; Ertmer et al. 2012)

Altawallbeh et al. (2019) noted that teachers need to be supported in order to change
their perceptions of the control they can exert over their behaviour with regards to ICT
integration. Four of the teachers interviewed in this study indicated that they had been
given professional support by their principals to access ICT resources. For example, as

previously mentioned, T43 did received support from her school's management team:

“l do have access to the computers and tablets. | have my own tablet from the
smart project, and a laptop. | have access to computers/laptops. Like | said my
school is well resourced (my school had tablets since 2015). | have been using
Edukite, programme to teach my learners. | use the programme for personal
growth in the subject and for teaching my learners. My school is a recognised
best performing school in Physical Sciences by the province” (Interview, T43,
22/09/17).

There was no professional support offered by the school management team in T34’s

case. She was not allowed to use tablets during the Physical Sciences period:

“After | transferred what was in the tablet to computers in the media centre so that
everyone can be able to do what | want to do with them, and we do it together.
The School Management Team denied me access to use the media center during
my teaching period” (Interview, T34, 22/09/17).
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The results of the studies by Bingimlas (2009), Afshari et al. (2009) and Levin and
Wadmany (2008), revealed that the teachers in their respective studies successfully
changed how they used technology during teaching when they were provided with
professional support. Altawallbeh et al. (2019) argue that for high perceived behavioural
control to be achieved, professional support at school level is required. The professional
learning opportunity described in this study appears to have been effective in providing
at least some of the participants the professional support that they needed to not only to
know about ICT use, but also how to effectively use different programmes to teach
Physical Sciences (Interview, 22&23/09/17).

Malfunctioning computers and failure to connect to the internet are some of the issues
that can be ironed out by technical support. The smooth delivery of a classroom lesson
or its natural flow may be hampered due to a lack of technical support (Sicilia 2005 cited
by Bingimlas 2009). Majority of teachers in this study reported that the absence of
technical support is likely to delay the delivery of curriculum coverage (Interview,
22/09/17 & 23/09/2017).

The lack of maintenance and updating of computers were self-reported as a challenge
in most schools in this study. Schools would function for weeks and months without any
working computers while waiting for the district technical support team to repair them
(Interview, 22/09/17 & 23/09/2017). T15 said:

“There are computers at my school, but all computers have viruses and cannot
be used. Similarly, most interactive boards are not working and there are no
efforts from the school management team to fix them” (Interview, T15,
22/09/2017).

When teachers are given the technical support they need, they will not have to deal with
technical problems, but will be able to focus on their teaching to finish the curriculum as
expected (Chen 2008; Goktas, Gedik & Baydas 2013; Law & Chow 2008).
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6.4 PRACTICES DEMONSTRATED BY TEACHERS IN
THEIRUSE OF ICT

Assertion 3: Most teachers used technology to enhance teacher-centred practices at
substitution and augmentation levels. A few teachers used technology to enhance

learner-centred practices at modification and redefinition levels.

The lesson descriptions and reflections of 38 teachers involved in this programme,
presented in their final assessment tasks, were analysed. As seen in Table 6.8 below,
20 (52%) and 12 (31.6%) of these 38 teachers used ICT to enhance teacher-centred
practices at substitution and augmentation levels respectively. Teacher-centred
practices are usually related to behaviourism (Deng et al. 2014), and highlight moral
standards, subject matter, and discipline (Mayer 2003). Learning occurs in a structured
environment, and the teacher supervises the process of learning acquisition, serves as
an expert, and acts as an authority (Mayer 2003). The teacher is the supreme

information evaluator and giver (Ahmed 2013).

In both substitution and augmentation, ICT was used to represent information.
According to Hokanson and Hooper (2000), when technology is merely used to
represent information in another medium, this is referred to as representational use of
ICT. Even if the technology is used within a lesson, its motive is to “re-present’
information, not to produce or create completely new information and transform tasks in

a manner which affords learners greater autonomy.

It must be noted that teachers may restrict the use of technology to representational
usage when their pedagogical beliefs are influenced by behaviourist theories of
learning, and their epistemological assumptions are described by the objectivist beliefs
of knowledge (Wilson-Strydom & Thomson 2005). For example, a teacher can believe
that making a beautiful front cover using an attractive font and page border, and just
typing a lesson plan, can be defined as “integration”. Therefore, what teachers believe
represents effective learning and good teaching is influenced by their perceptions about
how they use technology, and their actions towards developing and changing their
teaching methods (Ertmer et al. 2015). Some authors have argued that in the context of
the developing world, such as exists in at least the lower quintiles of South African

schools, teacher-centred practices are understandable and, possibly, even optimal
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within the constraints imposed by the context (see, for example Tabulawa 2013; Guthrie
2018; Stott 2018). It is therefore not at all surprising that most of the teachers in this
study used ICT in teacher-centred ways.

What is surprising, is that a fair number of teachers, some of whom even taught in low
quintile schools, were able to use technology in learner-centred ways. This can be seen
in Table 6.8. Here it is illustrated that three (7.9%) and another three (7.9%) of the 38
teachers whose lesson descriptions and reflections were analysed, used ICT to
enhance learner-centred practices at the modification and redefinition levels
respectively. When a teacher focuses on individual learner interests and needs, he or
she is likely to adopt learner-centred practices (Mayer 2003). Learner-centred practices
are associated with constructivism (Deng et al. 2014). Learner-centred practices are
grounded in learners taking ownership of their own learning, and making important
value judgments and decisions about the relevance of the methods of teaching and
content to their own lives. This gives them a degree of autonomy, which improves the
likelihood that they will become self-directed in their learning (Brown 2008). The teacher
assumes the role of guide or facilitator, who assists learners to accomplish their
ambitions (Ahmed 2013).

According to Hockly (2013), the true potential of learning is likely to be fully realised only
at the modification and redefinition levels, even though positive benefits of learning in
the substitution and augmentation levels may be visible. In both the modification and
redefinition level, technology is not only used to view multimedia presentations or as a
word processing function, but in ways that enable learners to create knowledge.
Hokanson and Hooper (2000) argue that technology used in this way is generative and
not representational. The concept of “generative use” is underpinned by a Piagetian
cognitive constructivist view of learning and knowledge. This view assumes that
knowledge is a process of individuals constructing knowledge, and not a product that
can be transmitted from one person to another. The notion of “generative use” can be
expanded to a Vygotskian socio-constructivist view of learning and knowledge. This
view assumes that knowledge is a process of negotiation of meaning in a specific
context, which cannot be limited to an individual’s view of it (Wilson-Strydom &
Thomson 2005). Teachers are likely to extend the use of technology to generative uses

if their pedagogical practice are informed by cognitive constructivist theories of learning,
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and their epistemological assumptions are defined by constructivist beliefs of knowledge
(Wilson-Strydom & Thomson 2005).
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Table 6-8: Classification of teachers’ usage of ICT

SAMR level Explanation Applications | How these | Justification of | Number of | Teacher who used | Reference
(what this | observed, in | applications were | why this | final the assessment | descriptive
level entails) | the final | used. constitutes assessment | task at this level example

assessment classification at | task
task. this level examples
of this type
The teacher used a | The video 18 T1, T10, T11, T15,
Traditional . video to teach the | substituted the T2, T3, T8, T20, T21,
teaching is Video lesson. teacher. T27,T28, T29, T30,
) T31, T35, T36, T41,
directly
substituted by 152
The teacher used a | The PhET simulation 1 T23
use of ; . . X
technology PhET simulation to subst[tuted phy.3|ca.ll
PhET demonstrate the | electric circuit
(Puentedura . . . . .
Substitution 2014). simulation relat|c_>nsh|p between | equipment.
electric current and
potential difference.
The teacher used | PowerPoint 1 T22 5.3.3.2
PowerPoint to teach | substituted a
learners how to write | chalkboard. No
PowerPoint | balanced chemical | visuals were used
reactions. that could not have
been presented on a
chalkboard.
Interactive PowerPoint The teacher used | The teachers were 7 T12, T43, T25, T26,
digital and PhET | PowerPoint to teach on | able to  present T44,T47, T49
enhancements | simulation electric circuits, and | visuals that could
and elements then demonstrated the | not have been
such as use of a PhET | drawn on the
comments, simulation. Learners | chalkboard.

Augmentation | hyperlinks, were required to
and answer questions about
multimedia are this.
integrated to | Video, PhET | The teacher used a | The teachers were 3 T23, T45, T14,
the lesson. | simulation video to teach about | able to present
(Terada and quizzes electric circuits, and | visuals which could
2020). then demonstrated the | not have  been
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use of a PhET
simulation. Learners
were required to
answer self-marking
electronic quizzes
about the topic.

drawn on the
chalkboard. The
self-marking nature
of the quizzes
augmented the
questioning process
by giving immediate
feedback.

Kahoot Kahoot was used as a | Kahoot augments a T13
quiz, and the lesson | traditional quiz
was conducted as a | competition in
competition. offering automated
features such as
immediate feedback.
PhET The learners were | The PhET simulation T53 534.2
simulation required to determine | augmented physical
the effect of resistance | electric circuit
on the brightness of the | equipment by
bulbs in a series and | enabling the
parallel electric circuit | learners to conduct
using PhET. The | a self-directed
teacher first | exploratory
demonstrated how to | investigation without
use the Phet | fear of damage to
simulation. One learner | equipment, such as
was nominated to | short-circuiting
manipulate the PhET | batteries and fusing
simulation, while the | ammeters.
other learners were
noting observations and
completing the
worksheet.
Modification Technology is | Interactive Both teachers used | Learners used the T51 and T32
used to | PowerPoint PowerPoint to teach | simulation hands-on
transform PhET electromagnetic in an autonomous
tasks in a | simulation induction, after which | and self-directed

manner which
enhances
learner

the learners worked
individually on school
tablets to investigate

manner.
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autonomy and
encourages
self-direction
(Brown 2015).

and formulate
Faraday’s law on their
own.

Video
PhET
simulation

T4 used a video and
open inquiry through
Phet simulation. She
used a flipped
classroom  approach.
The learners  self-
studied the topic for
homework, using the
video. The learners
then worked individually
on tablets with a Phet
simulation to apply
what they had learnt in
the video to derive
Faraday’s Law.

In a flipped
classroom,

technology enables
the learner to self-
study, which in turn
enables alteration of
the roles of the
learner and the
teacher in
comparison to the
traditional

classroom.

T4

Redefinition

Tasks that
would be
impossible
without the
technology
(Hilton 2016).

Direct
measurement
videos

Learners used a direct
measurement video to
take measurements of
displacement and time,
and from these
calculate the speed of a
ping-pong ball and a
roller coaster. Direct
measurement  videos
are high quality, short
videos of real events
that allow learners to
make accurate
measurements from
recorded investigations.

The high speed at
which the motions
occur makes it
impossible to
measure these
phenomena without
the use of high-
speed photography
and the stop-motion
playback feature.
Additionally, learners
would not have
access to the high-
quality  equipment

and precise
measuring tools,
which this

technology provides,
in a standard school
laboratory.

T33 and T46

Interactive

The teacher used

This provides the

T24

5.3.5.2
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PowerPoint
and Plickers

interactive PowerPoint
and the Plickers system
to teach the mole
concept of
stoichiometry. With
Plickers, the teacher
uses a mobile
application to scan
coded cards that
learners hold up at a
particular orientation to
indicate their answer.

learner with the
confidence to
answer, without their
peers knowing how
they answered. It
allows the teacher to
see whether, and
how, each learner
has answered, and
enables the teacher
to instantly display
graphical feedback
of the collective
response of the
class. These
pedagogically

valuable features
are impossible
without the use of
technology.
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6.5 TEACHERS’ PERCEPTIONS REGARDING HOW THE
USE OF ICT AFFECT THE QUALITY OF TEACHING AND
LEARNING

Assertion 4: Most teachers perceived that integration of ICT in the teaching of Physical
Sciences is likely to result in improved: (a) ways of teaching and learning, (b) learner
motivation and participation, (c) teacher professional growth, (d) learner independence

and collaboration, and (e) improved learner performance.

6.5.1 Better ways of teaching and learning

Assertion 4.1: Most teachers perceived that the use of ICT leads to better ways of
teaching and learning.

In their research Tella, Tella, Toyobo, Adika and Adeyinka (2007) reported that the use
of technology made Nigerian teachers’ lessons more enjoyable, motivating, interesting,
fun, diverse and easier for both the teachers and their learners. This is consistent with
T24’s report on his learners’ experience with his integration of technology during the

teaching and learning of Physical Sciences:

“I never thought | can teach using competitions. What | noticed is that my learners
are enjoying, excited, participative during the lessons. | also noticed they are glad
that | am doing something extra from chalk and board. Because they learnt a lot
after | changed quite a number of things in my teaching. The Grade 9's now, as
there are those that are struggling and those that are fast. As | try to explain to
the ones that are struggling, the ones that are fast will literally say give us the
work for tomorrow. Can you give us something that is ahead? This makes my
work easier as it is their initiative and | would give them a lot of work to do, they
always complete the work | give them. | now see motivated learners in my class.
And that will be Mathematics and not Science” (Interview, T24, 23/09/2017).

This report suggests that T24’s altered teaching style, which accompanied his
integration of ICT into his lessons, enhanced the autonomy and self-direction of his
learners. This finding is further supported by reports, such as given by T23, on the effect
that the use of simulations had on providing learners with the opportunity to actively

construct knowledge rather than merely being passive receivers of knowledge:
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“Before | joined the programme, | would do experiments for the learners and
discover what needed to be discovered for them. Learners would only answer the
worksheet at the end of the experiment. After | joined the programme, | don’t do
experiments for the learners anymore. | taught my learners to use PhET
simulations for and to discover many concepts for themselves. My role is to just
clear where they do not understand. This for me is making teaching easy”
(Interview, T23, 23/09/17).

This corresponds with literature suggesting that the use of ICT can bring about a
change in a teacher’s role to be that of a facilitator, coach, co-learner, knowledge
navigator, and a collaborator, who gives learners responsibilities and options for their
learning. This is opposed to the more traditional view of a teacher as the figure at the
centre of learning, responsible for directing and controlling all processes of learning
(Brown 2006; Ul Amin 2013; Kler 2014; SAIDE 2005).

Mukhari (2016) and Vandeyar (2013) assert that when ICT is used, learners with
different learning styles and needs are better accommodated. Consistent with this, T25
stated that three of her learners reported enhanced learning due to the teacher’s use of
visuals in PowerPoint. It is possible to project images to support teaching and learning

that would have been impossible without ICT:

“After three weeks of using PowerPoint, and other technologies, three learners
who used to not participate in my classes approached me to tell that they are now
enjoying my lessons. It is not easy to forget what they saw. | could literally see
the excitement in their eyes” (Interview, T25, 23/09/2017).

T51 also expressed how the use of technology helped her learners by improving

visualisation:

‘I have had a group where majority of the group were visual learners and me
trying to explain and do it on the board was just not working, so (yah) I think it has
made teaching Physical Sciences way better for these learners” (Interview, T51,
22/09/2017).

Shan Fu (2013) and Vandeyar (2013) found that the use of ICT has a beneficial effect

on educational and instructional goals such as learner discipline and attendance.
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Learner attendance and well-controlled classes maximise the opportunity for learning to
take place. Fourteen of the 17 (82.4%) teachers who were interviewed in this study
indicated that learner discipline and attendance have improved in their classes since
they started using ICT in their lessons. These teachers reported that instead of their
learners being noisy and avoiding Physical Sciences classes, they completed their
assigned tasks and even worked beyond what they had been instructed to do. Peer
learning was also observed to take place. These 14 out pf 17 teachers (Interviews
22/09/17 and 23/09/17) indicated an improvement in their classroom discipline thanks to
their engagement in this professional development opportunity: They were T1, T4, T10,
T11, T12, T15, T22, T23, T24, T40, T43, T45, T51 and T53.

6.5.2 Learner motivation and participation

Assertion 4.2: Most teachers perceived that the use of ICT improved their learner

motivation and participation.

Teachers’ experiences in a study conducted by Vandeyar (2013) suggests several
benefits when technology is used during teaching and learning, of which the main two
are enhanced motivation and participation. In this study T24 expressed how the use of

ICT has enhanced learner participation in his class:

“I had extra classes and you would find that in the afternoon these kids are just
tired, and they just want to leave. This programme exposed me to how do | get
learners to be more involved even if they want to leave. So | saw the opportunity
because the programme was talking about ICT and a little bit of less chalk board
and more of technology which is what these kids like. Whether it is in the
afternoon or in the morning, they would be 100% involved” (Interview, T24,
23/09/17).

Not only did learner participation improve in terms of extra class attendance, but also
during the normal Physical Sciences classes. He believed that he achieved this
improved participation by posting motivating messages on the website he created as a
direct outcome of this professional learning opportunity. One of his daily goals was to
make the teaching and learning of Physical Sciences fun, and to ensure that learners

have fun during the learning process. He reported that more Grade 9 learners enrolled
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to take Physical Sciences in Grade 10 in the next year than had been the case in

previous years, which he attributed to his new approach (Interview, T24, 23/09/17).

T24 reported that the use of Plickers improved learner participation in class. He
reported the case of one of his learners as an example. Previously this learner had not
done his homework and had never asked or answered any questions in class or
participated in class in any visible manner. Since T24’s use of Plickers, this learner had
become an active participant and one of the best performing learners (Interview, T24,
23/09/17).

6.5.3 Teacher professional growth
Assertion 4.3: Most teachers perceived that the use of ICT influences teacher

professional growth.

In a study conducted by Vandeyar (2013), teachers’ professional identity, beliefs, and
classroom practices gave the impression that there are multiple benefits for learning
when technology is used during teaching. Some teachers in this study openly declared
their positive attitudes and beliefs regarding the influence of the use of ICT in teaching
and learning (Observations, February to September 2017). The positive attitudes
regarding the use of ICT were also expressed by most interviewed teachers in this
study. These teachers expressed how they had professionally matured in their career
due to their enrolment in the SLP, and many of their prior teaching practises had
changed as a result (Interview, 22&23/09/17).

Some teachers reported that they no longer limited themselves to the four walls of the
classroom. They had begun to think out of the box. For example, T43 wanted to
demonstrate precipitation reactions to his Grade 10 learners. He googled the
precipitation reaction and found a relevant video that met his lesson objectives. T43
remarked about how his persistence has matured. Before he joined the programme, he
would have given up easily and would not even have pursued to download the reaction
(Interview, T43, 22/09/17).

Fourteen (82.4%) of the 17 interviewed teachers self-reported improved confidence in
their teaching of Physical Sciences. This confidence was brought about by the fact that

they now allocated themselves enough time for lesson preparation and lesson planning
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using technology. As a result, their lessons were more organised than before they
joined the SLP (Interview T1, T4, T10, T11, T12, T15, T22, T23, T24, T40, T43, T45,
T51 & T53, 22/09/17 & 23/09/17).

Before they joined the programme, eight (47%) of the 17 interviewed teachers in this
study understood the focus of teaching to be on teaching the content. They did not pay
much attention to the relevant pedagogical methods that would enable them to teach
the specific content. This programme taught them that even if a teacher knows the
content, it is equally crucial that the teacher must pay attention to the pedagogy used, to
ensure the effective teaching of the content (Interview, T4, T10, T11, T15, T24, T40,
T43 & T45, 22/09/17 & 23/09/17).

According to seven (41.2%) of the 17 interviewed teachers, the session in which they
designed and evaluated their own PowerPoint presentations helped them to become
more critical thinkers. These teachers indicated that they were no longer easily
impressed by glamourous PowerPoint presentations with distracting features that did
not enhance the message. Instead, they now critiqued other people's PowerPoint
presentations, especially when they attended workshops or conferences (Interview, T1,
T10, T24, T40, T45, T51 & T53, 22/09/17 & 23/09/17). Additionally, they have become

self-critical, for example:

“Before this programme | would type a test and print, only to realise that the very
last question the marks are not aligned well, and | would say that is nothing and |
would leave it there. After the programme | will not allow that mistake to happen,
if my facilitator can see this test, she will not be proud of me as a student, let me
retype and do it better. Because | am proud of my work, then | put my name in
the test. And | feel proud of my own work. | like it when | study and go back to
implement the knowledge learned. It has developed me and has made me very
critical” (Interview, T51 22/09/17).

Further, 14 (82.4%) of the 17 interviewed teachers reported that the programme helped
them to use ICT more frequently during their teaching of Physical Sciences. Some
teachers indicated that they now use ICT daily, with others using it three or four times a
week. These teachers reported that this higher frequency of use of ICT enabled them to

cover the curriculum within the set target dates as communicated by the district. This
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promoted collaboration with other teachers not teaching Physical Sciences (Interview,
T1, T4, T10, T11, T12, T15, T22, T23, T24, T40, T43, T45, T51 & T53, 22/09/17 &
23/09/17).

6.5.4 Learner independence and collaboration

Assertion 4.4: Most teachers perceived that the use of ICT promotes learner

independence and collaboration.

Mdlongwa (2012) believes that increased collaboration improved knowledge and skills,
increased motivation, increased active participation or creativity, and increased
responsibility and self-esteem are some of the benefits for learners when ICT is
implemented properly. The use of technology enables high performance in science and
Mathematics, and the acquisition of social and digital skills are required in the learners’
current worlds and future society where technology plays a critical role (Starkey 2011,
Van Rij & Warrigton 2010; Shin et al. 2012).

The findings in this study have shown that independent learning and collaboration
amongst learners were promoted by using technology. For example, 11 (64.7%) of the
17 interviewed teachers reported that some of their learners studied on their own using
videos, completed tasks on their own using quizzes, and would go beyond what they
were tasked to do. They also helped their struggling peers. Collaboration amongst
learners promoted the participation of learners, including those learners who were
previously known to shy away from asking questions and participating in class activities
(Interview, T4, T10, T12, T15, T22, T23, T24, T40, T45, T51 & T53 22/09/17 &
23/09/17).

6.5.5 Improved learner performance

Assertion 4.5: Some teachers perceived that the use of ICT improves learner

performance.

Eight (47%) of the 17 interviewed teachers self-reported improved learner performance
in their Grade 10 Physical Sciences classes as a result of their altered pedagogy due to
participation in the programme (Interview, 22/9/17 & 23/09/17). According to the model
of teacher change by Guskey (2002) as discussed in paragraph 2.7.1.1, the model

asserts that it is only after there has been improved learner performance that teachers’
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beliefs and attitude can significantly change. The improved performance of learners
likely resulted from the teachers’ changes in teaching practice. These include changes
in teaching approaches and the use of new ICT materials (as discussed in sections
6.5.1 & 6.5.3). Those teachers who perceived a positive change in learner performance
to be associated with these changes to their teaching practices, were likely to have
experienced enhanced motivation to continue to use ICT during the teaching of Physical
Sciences (Interview, T4, T12, T22, T23, T24, T45, T51 & T53, 22/09/17 & 23/09/17).

This is consistent with Ul Amin (2013) and Fuchs and Woessman'’s findings (2004) that
the appropriate use of technology has a substantial positive effect on both learners'
performance and attitude. In contrast, numerous other studies have shown no
relationship between learner achievement and the use of technology (Banerjee, Cole,
Duflo & Linden 2007; Machin, McNally & Silva 2007; Erdogdu & Erdogdu 2015; Leuven,
Lindahl, Oosterbeek, & Webbink 2007; Skryabin, Zhang, Liu & Zhang 2015; Gil-Flores,
Rodriguez-Santero & Rodriguez-Santero 2017).

6.6 ISSUES THAT AROSE DURING THE PROFESSIONAL
DEVELOPMENT OPPORTUNITY

Assertion 5: Issues which arose during the programme included difficulties with (a)
being presented with a large amount of new information within a limited time, (b)
technical difficulties such as poor connectivity and the complexity of the update
procedure, (c) the expectation, held by some participants with very low technological
skills, that the programme would focus on the development of these skills, rather than
on technological knowledge and PCK. Some teachers responded to these difficulties by
becoming frustrated, while others become more self-directed in their learning. The first
iteration of this programme, reported on here, exposed unanticipated challenges which
later iterations would benefit from in hindsight. It also exposed the need for providing

different programmes for teachers of different baseline levels of ICT skill.

6.6.1 Too much information given within a limited time

Fourteen of the 17 interviewed participants expressed the concern that too much
information was given within a limited time. The teachers dealt differently with this

concern. As previously mentioned, T22 expressed her frustration this way:
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“I don't know, | was lots of times very frustrated because | wanted to finish this job
and then it is already three hours and please leave this one, go there. It made me
angry, frustrated. Then | had a week to and think about it, and taking a break, a
break is not for eating. A break is a break because a human being needs a break
after two hours of a lot of talking” (Interview, T22, 23/09/17).

Another teacher, T34, indicated that she was also frustrated many times with the

massive amount information. This what she said:

“For me it was too much information, and | would be frustrated because | would
have to go to class and teach the learners and she is explaining, and | cannot find
what she is explaining. | missed some of the things along the way. | was
frustrated” (Interview, T34, 23/09/17).

According to Ertmer (2001), ICT teacher development training should focus on creating
learning spaces in which teachers can work at their own pace, and they should not be
expected to grasp everything at once, as it seems was experienced by a number of

participants in this programme.

Nine of the 17 interviewed teachers reported that they messaged the facilitator when
they did not understand or missed information. These teachers reported receiving
prompt responses from the facilitator, which enabled them to overcome their confusion
and frustration. Another mechanism used by three of the 17 interviewed teachers was to
acknowledge that they were all adults and responsible for their own learning. During the
interview these three teachers remarked that the facilitator was not there to teach them
step by step, but only to guide them. These teachers therefore took it upon themselves
to further study and revise on their own, as they would wish their own learners to do.
T10 supported his view on this matter by giving the following example. He could not
initially find the quizzes he had been required to work through by the next session.
Instead of giving up and leaving the work undone, he had explored the resources
himself until he made sense of the navigation system so that he could find the quizzes
himself without click-by-click instructions (Interview, T1, T4, T10, T11, T12, T15, T22,
T25, T34, T38, T40, T43, T51 & T53, 22/09/17 & 23/09/2017).
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6.6.2 Technical issues

As was explained in detail in Chapter 5, technical issues encountered during the training
included poor internet connectivity provided by the campus Wi-Fi and the complexity of
the update procedure. The facilitator had tested the software update procedures and
online testing system using her home Wi-Fi, and assumed that the university Wi-Fi,
which the participants would use, would provide a comparable experience. Additionally,
one of the organisers of the programme had also tested the test-writing procedure using
the campus internet, with positive results. However, it only became evident during the
session with the teachers that the campus internet was erratic and lacked the bandwidth
required to accommodate all the teachers at the same time. The Wi-Fi challenges
derailed the logins, slowed the sessions, and caused a number of disruptions. There
was a lot of content that had to be covered by the facilitator, which caused anxiety. As
explained in Chapter 5, internet connectivity was needed to update the software.
Because of the Wi-Fi challenges, paired with the observation that many of the
participants found the update procedure too complicated. After an initial attempt to let
the participants do the updates themselves, the facilitator decided to rather update each
participants’ files herself while also facilitating the session. This required multitasking
and added additional stress to the situation. Wi-Fi challenges also made it impossible to
complete the online content tests, which were written at the end of each session. After
an initial trial of online testing, paper-based tests were later introduced. The failed initial
trial could likely have disillusioned teachers with online testing, affecting their belief
systems regarding use of online vs paper-based testing (Observations, February to
September 2017). The discussion above highlights the disadvantages, including likely
disillusionment, resulting from a negative first impression of the use of technology,

which was particularly prevalent in the first iteration of the programme.

6.6.3 Participants’ expectations of the training

| asked the interviewees whether they had had any expectations about the programme
prior to its commencement, and whether these expectations had been met. Most of the
interviewees’ answers revealed that they had indeed had expectations. The discussion
in 6.6.3.1 highlights the interviewees’ expectations, and whether these expectations had
been met or not. It is therefore important to first understand the participants’ prior

expectations.
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6.6.3.1 Participants’ expectation to develop personal skills
From T34’s comment, below, it appears that her expectation had been that the
programme would develop her basic ICT literacy skills:

‘I know nothing, and | cannot do anything with a computer.... e.g., | would be
setting a question paper and don’t even know how to do spacing” (Interview, T34,
23/09/17).

T34 has noted that even the basic use of Microsoft Word was a problem for her, and
that she depended on different people for support to solve what was the challenge at
the time. According to T34, she was still struggling with most of the basic computer
operations (Interview, T34, 23/09/17).

In contrast, T24 started the programme with basic ICT skills, and expected the
programme to expose him to more advanced ICT skills, and his expectations were met.
This is what he said:

‘I was exposed to this application, the one we use to ESFile explorer. | never
used it before. It was just an accessory for my phone for viewing files. Now | saw
that | can store most things online and with that because we have to submit
online. My technology skills are now better. If | want to upload something on
Drive, | can go there on the ESFile explorer and take it from my phone and put is
there, create a link, upload and then (voila!!). Using ESfile explorer more than just
a file explorer that is one skill | had gained. Also, the PowerPoint presentations, |
used to put in a lot of text. Now it is a different thing. When | see a text, | just find
something to replace it with, and | replace it with something visual thing. | think it

is powerful for the learners | am teaching” (Interview, T24, 23/09/17).

Twelve of the seventeen interviewed participants further indicated that they expected
the programme to expose them to alternative ways of teaching, in other words favouring
ICT instead of the chalk and board. Twelve of the 17 teachers indicated that the
programme indeed exposed them to alternative ways of teaching, which was the use of
ICT instead of the chalk and board. (Interview, T1, T4, T10, T12, T15, T23, T24, T40,
T43, T45 & T51, T53 22/09/17 & 23/09/2017).
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Four of the 17 participants indicated that at the time of the interviews, they could not tell

whether their expectations had been met or not. This is what T4 said:

“I had expectations like | said | wanted to close the gap between how | teach and
how the learners learn. | had a feeling there was a gap there. | expected that the
course will help me to close the gap. | cannot say whether the expectations have
been met yet. | think it will be something that will take time to see but on a small
scale when | used the tools with the children for instance when we did the
interactive simulations for electricity. | could see the impact” (Interview, T4,
23/09/17).

There have been some notable personal changes, as T4 mentioned, even though some
of the teachers were not yet able to comment on whether their expectations had been
met or not, citing the need for more time to implement their learning before they would
be qualified to make this judgement.

6.6.3.2 Training challenges and mismatch of expectations

The study further revealed that in some cases there was a mismatch of the expectations
in terms of the participants (as discussed in 6.6.3.1) and what the programme intended
to achieve. In an attempt to discover the reason for this mismatch of expectations, | also
interviewed the programme's facilitator. She pointed out that there was a mismatch of
expectations between what she had intended to achieve in the programme and what
she had come to realise that some participants had actually expected from the
programme. The trainer mentioned two issues, namely training challenges and a
mismatch between expectations and aspects of the training. These issues are
necessary for understanding the change process encountered by the teachers that took

part in the training.

a) Training challenges
The trainer (T) firstly noted that some of the participants, like T34, required more

support even with simple things:

‘I have become aware that some people need to be told click by click in every

single time. There is no exploration” (Interview, T, 16/09/17).
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Some participants were not able to work independently to explore the activities given

and demonstrated to them. The trainer commented on this, saying:

“.... person that has that exploratory mind-set or attitude is going to benefit from
this course” (Interview, T, 16/09/17).

The lack of an explorative character was seen by the facilitator as a challenge for some
participants. This could have had an impact on the expected change at the end of the
programme, which was the improved and effective use of ICT in teaching and learning
of Physical Sciences. Furthermore, the facilitator's view was that the participants who
lacked an explorative mind-set, required more one-to-one support than had been
planned for in the programme. The requirement of one-to-one support had an impact on
the progress of all of the participants, as minimal support was given. This increased the
likelihood that the participants would go back to their normal use of ICT, which was
minimal or non-existence before the training (Interview, T, 16/09/17).

b) Mismatch between expectations and aspects of the training

According to the facilitator, a possible cause for the mismatch was that participants
wanted a technology-focused course, as seen in the case of T34, while the facilitator
focused on pedagogy. Pedagogy should drive technology, and the facilitator never

intended that the programme would be focused on fun (Interview, T, 16/09/17).

According to the facilitator, some of the participants’ expectations was not in line with
the purpose of the course, as discussed in detail in paragraph 5.2.2, and this on its own
could have affected their attitude towards the training. The result would then be very

little difference in the data before and after the training. As the trainer indicated:

“If a person is not receiving what they thought they are going to get that can
develop negative attitudes and belief system can be harmed and that might be a
problem then” (Interview, T, 16/09/19).

Based on the mismatch of expectations that occurred between some of the participants
and what the programme intended to achieve, it is important that teachers’ baseline ICT
levels are determined before the start of similar professional development opportunities
as recommended by Albirini (2006). Another aspect to consider, according to Winslow,
Dickerson, Weaver and Josey (2016), is that for a professional development opportunity
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to be successful, teachers’ expectations and needs should be determined. Teachers
must participate in the identification of such needs. Lin (2008) asserts that ‘one-size-fits-

all’ training is ineffective, while tailored support-based training on individual needs is

more valuable.

Table 6-9: Synopsis of the findings on the interpretation and analysis

Issues Summary/Sense making Section
Change of teachers’ | During the professional development opportunity, the | 6.2.1
perceptions regarding | teachers' expertise and confidence in using ICT to
the use of ICT teach Physical Sciences improved.
Exposure and support 6.2.1
Technology knowledge and skills 6.2.1
ICT can improve the effectiveness and efficiency of the | 6.2.2
teaching and learning and Physical Sciences
Positive attitude 6.2.2
Benefits of ICT 6.2.2
The use of ICT improved 6.2.3
The teachers’ perception that they can access ICT | 6.2.4
resources daily to teach Physical Sciences remained
low throughout the course of the professional
development opportunity
The teachers’ perception that their principals expected | 6.2.5
and encouraged them to use ICT to teach Physical
Sciences remained low throughout the course of the
professional development opportunity
Biographical factors | Age, gender, qualifications, school location and school | 6.3.1
and the change in | quintile did not influence the change in teachers’
teachers’ perceptions | perceptions (PU, PEU, PBC, SN and Usage)
regarding the use of | Teachers' teaching experiences may influence their | 6.3.1
ICT belief that ICT, rather than PEU, PBC, SN, and Usage,
may improve the efficacy and efficiency of teaching and
learning
The school factors Availability and accessibility of ICT resources, policies
and the teachers’ controlling access to ICT resources, infrastructure,
change regarding use | learner enrolment and theft are the school factors that
of ICT. affect teachers’ change regarding the use of ICT.
Availability of ICT resources 6.3.2.1
Accessibility of ICT resources 6.3.2.2
Policies controlling access to ICT resources 6.3.2.3
Infrastructure and learner enrolment 6.3.2.4
Theft 6.3.2.5
Support and maintenance 6.3.2.6
Practices displayed by | Technology is used to enforce teacher-centred | 6.4.1
teachers in their use | practices
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of ICT Technology is used to enhance learner-centred | 6.4.2
practices
Teachers’ perceptions | The use of ICT improves teaching and learning | 6.5.1
regarding how the use | methods
of ICT affects the | The yse of ICT improves learner motivation and | 6.5.2
quality of teaching participation
and learning : :
The use of ICT influences teacher professional growth | 6.5.3
The use of ICT promotes learner independence and | 6.5.4
collaboration
The use of ICT improves learner performance 6.5.5
Issues that arose | Too much information given in a limited time, technical | 6.6
during the | issues such as Wi-Fi and patch challenges, and a
professional mismatch of training expectations were issues that
development arose during the programme. Teachers responded
opportunity either positively and negatively towards these issues
Technical issues 6.6.2
Expectations of the training 6.6.3
Personal skills 6.6.3.1
Training challenges 6.6.3.2
One-to-one support 6.6.3.2
Mismatch of expectations 6.6.3.2
ICT training vs pedagogical training 6.6.3.2.
One-size-fits-all training 6.6.3.2
Training based on teacher needs 6.6.3.2

6.7 CONCLUSION

In this chapter, several assertions have been made in answer to the study’s research
questions. The study's data have supported these assertions. | recommend that to
change teachers’ beliefs and practices regarding the use of ICT through subject-specific
professional development, the following aspects need to be taken into consideration:
how teachers’ perceptions change regarding the use of ICT, biographical and school
factors that affect changes in the use ICT, how the use of videos, PowerPoint, PhET
simulations, Kahoot and quizzes can change teachers' beliefs and practices, how the
use of ICT can enhance teacher-centred and learner-centred practices, and how issues
such as mismatch of expectations and technical issues such as Wi-Fi and patches that
can arise during the training, affect teacher attitude and integration of ICT. In the
following chapter, | conclude this thesis by presenting the study's recommendations and

conclusion.
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CHAPTER 7: CONCLUSION AND
RECOMMENDATIONS

71 INTRODUCTION

This was a case study to determine whether, and how, a group of South African
Physical Sciences teachers’ beliefs, practices, and teaching quality with regards to the
use of ICT in teaching grade 10 Physical Sciences changed, if appropriate, through
participating in a subject-specific professional development programme aimed at
improving Technological Pedagogical Content Knowledge (TPACK). | will firstly provide
an overview of the study to remind the reader of the path | have followed.

7.2 OVERVIEW

The first chapter provided an outline of the study. South African teachers urgently need
to increase the rate at which they take up and meaningfully use ICT during teaching
There is a need for a face-to-face ICT training for South African teachers (vide 1.2). The
integration of TAM and TPB underpins this study (vide 1.5), with pragmatism as the
paradigmatic framework (vide 1.6.1). | formulated the main research question (vide 1.3)
that informed the aim that guided this study and framed the study through research
objectives (vide 1.4). To map a pathway, | provided a synopsis of my research

methodology and stated mixed methods as my research approach (vide 1.6.2).

In Chapter 2 | reviewed the literature. | wanted to investigate what research had already
been done on the topic, and to place my own research within this body of knowledge.
The chapter gave an overview of educational beliefs held by teachers, and such beliefs
and their characteristics were described (vide 2.2). The chapter also highlighted the
types of ICT beliefs that teachers may hold, and how such beliefs may impact the type
of pedagogy that the teacher chooses in the classroom (vide 2.3). The chapter further
showed that teaching methods when using technology can be influenced by
pedagogical beliefs about technology integration (vide 2.4). This illustrated the link
between beliefs and practices (vide 2.5). Research has shown that belief change is a
complicated process, so therefore it is interesting to explore how and when belief

changes in pre-service and in-service teachers can take place (vide 2.6). To change
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teachers' beliefs through a programme intended to promote teacher technology usage,
a specific sequence of goals should be followed (vide 2.7). Also, there are factors
affecting teachers' change in practices and beliefs towards the use of ICT (vide 2.8).
There are programmes intended to promote the use of ICT, which were explored in this
chapter (vide 2.9). Based on the explored programmes, it was clear that there are a
number of aspects to consider when conducting ICT programmes intended to promote
the use of ICT by changing teachers' beliefs and practices. The chapter contributed to
exposing that teachers’ beliefs are central to the decisions they make in the classroom.
Therefore, to promote teachers’ technology usage through a programme, belief change

must be targeted.

Following the literature review, | discussed the theories, model, and framework
underpinning this study in Chapter 3. These theories are the Theory of Planned
Behaviour and the Technology Acceptance Model. The integration of these two theories
contributed indispensable knowledge and insight into understanding processes of
predicting human behaviour and technology user acceptance (vide 3.2, 3.3, 3.4, 3.5).
An important theme that runs across the two theories is that for a person to accept and
use technology, it starts with the intention to accept and use it, and that is why both of
them are called intention models. The integrated model of the two theories predicts that
the intention to use and accept technology (vide 3.7.3) is directly influenced by the
attitude towards technology use (vide 3.3.2), which is in turn influenced by perceived
usefulness (vide 3.6.1) and perceived ease of use (vide 3.6.2), subjective norms (vide
3.3.3), perceived behavioural control (vide. 3.3.4), and perceived usefulness (vide
3.6.1). The integrated model further indicates that ICT usage (vide 3.7.2) is one of the
measures of acceptance of technology. The use of technology can be self-reported or
observed (vide 3.7.2). Both theories predict that there are external variables that
influence beliefs (vide 3.5, 3.3.5). The chapter further discussed the Substitution,
Augmentation, Modification, and Redefinition model (vide 3.9.). This model assisted me
to determine and understand the level at which technology was used in this study.
Lastly, the chapter discussed the TPACK framework, which informed the SLP used in
the case study. This chapter assisted me to understand how technology acceptance
and use occurs, and how teachers can use technology at different levels.
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The next chapter unpacked the research methodology and tools used to investigate
how South African teachers' beliefs, practices, and quality of learning regarding the use
of technology in teaching changed when they experienced subject-specific professional
development opportunities based on TPACK principles. A sequential exploratory and
explanatory mixed methods research design was used to answer the research
questions. (vide 4.4). Data collection was pragmatically done in seven stages, and
various methods were used (vide 4.2). The chapter discussed how the data tools were
designed (vide. 4.5.1.2, 4.5.2.4, and 4.5.3.1), how collected data were analysed (vide
4.8), how the quality of data was ensured (vide 4.9), and information was provided on
the study’s sample (vide 4.6). The chapter concluded by presenting the research ethics

observed throughout this study (vide 4.10).

In Chapter 5 | provided details on the short learning programme to paint a picture in the
readers’ mind about this South African-based programme (vide 5.2.1). Information was
provided on the following: the general context of the programme in terms of background
(vide 5.2.1), the structure of the programme (vide 5.2.3), duration of the programme (cf.
5.2.3), the biographical context of participants (vide 5.3.1), and the context and
philosophy of the programme (vide 5.2.4). The programme is grounded in promoting
TPACK (vide 5.2.2). The chapter further discussed communication tools in the
programme (vide 5.2.5). The success of the integration of ICT depends on school
contexts, so | discussed them to paint a picture in the readers’ mind of the day-to-day
challenges facing our teachers (vide 5.3.1). The final assessment tasks of three
selected teachers, from three different levels of technological competence (vide 5.3.3),
were discussed in detail. Lessons learned from these identified teachers' assessment
tasks were described in detail (vide 5.3.3. - 5.3.5).

Chapter 6 sought to reveal insights that could be gained from a South African
professional development opportunity aimed at changing teachers’ beliefs, practices,
and teaching quality related to the use of ICT. | did this by exploring the experiences of
Grade 10 Physical Sciences teachers through the course of a professional development
programme, by observing their interactions, participation, etc. during sessions,
analysing their responses through pre- and post-questionnaires, interviewing selected
teachers in focus groups, and the moderation of their final assessment task. | found that

through the course of the professional development opportunity, aimed at promoting
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TPACK, the following occurred: the teachers’ knowledge and confidence to use ICT
improved (vide 6.2.1), ICT can improve the effectiveness and efficiency of the teaching
and learning of Physical Sciences (vide 6.2.2), and the use of technology to teach
Physical Sciences improved through the course of the professional development
opportunity (vide 6.2.3). On the other hand, the teachers’ perceptions that they could
access ICT resources daily, and that their principals expected and encouraged them to
use ICT to teach Physical Sciences, remained low through the course of the
professional development opportunity (vide 6.2.4 & 6.2.5). The discovery was also
made that age, gender, qualifications, school location and school quintile did not
influence the change in teachers’ perceptions regarding the use of ICT through the
course of the professional development opportunity. However, the teachers’ teaching
experience could influence their perception that ICT can improve the effectiveness and
efficiency of teaching and learning, and not PEU, PBC, SN and Usage (vide 6.3). The
analysis further revealed that availability and accessibility of ICT resources, policies
controlling access to other ICT resources, infrastructure, learner enrolment and theft are
the school factors that affect teachers’ change regarding the use of ICT (vide 6.3). The
results further showed that most teachers used technology to enhance teacher-centred
practices at the substitution and augmentation levels, while few teachers used
technology to enhance learner-centred practices at the modification and redefinition
levels (vide 6.4). Despite how ICT was used, teachers in this study perceived the use of
ICT to improve the quality of teaching and learning. Hence, several benefits of using
ICT were noted in this study (vide 6.4). Lastly, despite the intentions of any professional
development, there will be issues that arise, as was the case in this study. These issues
included too much information imparted in a limited time, technical issues such as Wi-Fi
and patch challenges, and a mismatch of training expectations (vide 6.6). This chapter
made a meaningful contribution towards exposing and helping me to determine insights
that can be gained from a South African professional development opportunity aimed at

changing teachers’ beliefs, practices, and teaching quality related to the use of ICT.

In this chapter | attempt to make sense of how South African teachers' beliefs,
practices, and teaching quality with regarding the use of technology in teaching
changed when they experienced subject specific professional development
opportunities based on TPACK principles. | will firstly provide a synopsis of how such a

change can occur (as discussed in section 7.3), then make certain recommendations
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(as discussed in section 7.4), and finally, by reflecting on the study as a whole (as
discussed in section 7.5), its contribution (as discussed in section 7.5.1), suggestions
for further studies (as discussed in section 7.6), and limitations (as discussed in section
7.7).

7.3 SUMMARY OF KNOWLEDGE CLAIMS

Having completed this study | am convinced that it is possible for teachers’ perceptions
regarding the use of ICT to improve when teachers participate in subject-specific
professional development programmes. Such a shift in perceptions takes time and
effort, and is likely to be accompanied by considerable challenges. This view arises
from the findings of this study, summarised in the following assertions, which answer

the research questions.

Assertion 1: Through the course of the professional development opportunity aimed at
promoting TPACK, the teachers’ knowledge and confidence to use ICT improved. Both
before and after the programme teachers were very optimistic about the potential of ICT
to improve the effectiveness and efficiency of the teaching and learning of Physical
Sciences. This optimism was slightly tempered across the course of the programme.
The teachers perceived that their integration of ICT usage into their Physical Sciences
teaching improved across the course of the programme. However, the teachers’
perceptions regarding the extent to which they could access ICT resources daily, and to
which their principals expected and encouraged them to use ICT to teach Physical

Sciences, remained low throughout the course of the professional development.

Assertion 2.1: Age, gender, qualifications, school location and school quintile did not
influence the teachers’ perceptions regarding the use of ICT changed through the
course of the professional development opportunity. The teachers in the most
experienced category experienced the greatest decline in their perception of the
usefulness of ICT in teaching, across the programme.

Assertion 2.2: The availability and accessibility of ICT resources and infrastructure
appropriate to figures of learner enrolment, served as barriers to the participants’ use of
ICT in their respective schools. Where the schools had no ICT policies, there was

inequitable access to ICT resources.
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Assertion 3: Most teachers used technology to enhance teacher-centred practices at
substitution and augmentation levels. A few teachers used technology to enhance

learner-centred practices at modification and redefinition levels.

Assertion 4: Most teachers perceived that integration of ICT in the teaching of Physical
Sciences is likely to result in improved: (a) ways of teaching and learning, (b) learner
motivation and participation, (c) teacher professional growth, (d) learner independence

and collaboration, and (e) improved learner performance.

Assertion 5: Issues which arose during the programme included difficulties with (a)
being presented with a large amount of new information within a limited time, (b)
technical difficulties such as poor connectivity and the complexity of the update
procedure, (c) the expectation, held by some participants with very low technological
skills, that the programme would focus on the development of these skills, rather than
on technological knowledge and PCK. Some teachers responded to these difficulties by
becoming frustrated, while others become more self-directed in their learning. The first
iteration of this programme, reported on here, exposed unanticipated challenges which
later iterations would benefit from in hindsight. It also exposed the need for providing

different programmes for teachers of different baseline levels of ICT skill.

In addition to these assertions, | further present a framework in Figure 7.1 and a model

in Figure 7.2 on how to promote ICT usage and acceptance in South African schools.
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The purpose of the framework is to propose to all stakeholders, including governmental
and non-governmental organisations, how ICT usage can be promoted. Through the
framework | suggest that the training of teachers on how to use ICT is one of the ways
in which the use of ICT can be promoted. The diagram illustrates aspects to be
addressed in an ICT training course for ICT usage to be promoted. Through the
framework | suggest that the ICT training must have a clear purpose from the beginning
or before the training starts. For example, will the ICT training cover only basic ICT
skills, or quality ICT pedagogical integration training, or promote principles of the
TPACK framework? The clear purpose of the ICT training will then guide which
technological skills participants should have before participating in training of this
nature. It is important to consider the participants’ varying technological skills, since
there will be people encountering technology for the first time, together with computer
literate participants and participants who can apply technology in practice. Therefore,
by differentiating the participants’ technological competence skills, the less likely a
contradiction between participants’ expectations and the intended programme outcomes
will be. In simple terms, the diagram suggests that if ICT training is to promote the use
of ICT, such training should be tailor-made to meet the individual participants’ needs.
The failure of the Khanya Project (vide 2.9.2), Intel® Teach to the Future (vide 2.9.3)
and New Opportunities Fund ICT training (vide 2.9.4) to promote the use of ICT, was
due to the fact that neither of the approaches used in these projects could recognise
teachers’ different ICT competencies, and the non-specification of the type of training

that the teachers were to receive. Hence, | propose the above ICT training framework.

As shown in the framework there are teacher attributes such as experiences with ICT by
teachers (vide 2.10.1), teacher attitude (vide 6.2.2), teacher self-efficacy (vide 2.8.4.1),
biographical data (vide 6.3.1), and beliefs (vide 3.2 & 3.5) that teachers hold that
contribute to technology usage and acceptance. The beliefs are classified into
behavioural beliefs, control beliefs and normative beliefs. Additionally, there are external
factors that directly influence the beliefs that teachers hold, which in turn indirectly
influence the behavioural intention to use and accept ICT. The impact of the external
factors on the acceptance and usage of ICT is summarised in the model presented in
Figure 7.2 below. The purpose of the model is to highlight these external factors to all

stakeholders, including governmental and non-governmental organisations.
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Figure 7-2: Model to promote ICT use in teaching and learning

The model retains the basic structure of Pynoo and Van Braak’s (2014) technology
acceptance and the theory of planned behaviour, although perceived usefulness is
given as a predictor of attitude and not influencing perceived ease of use, as in these
models. This alteration is consistent with the findings, given in paragraph 6.2, that the
teachers in this sample generally expected the outcome of ICT usage to positively
influence their teaching. They also believed that technology could help them to achieve

professional or personal tasks more efficiently (vide 6.5.3).
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The external factors in this model emerged from this study when data were

quantitatively and qualitatively analysed and interpreted. The model suggests the

following:

a)

Teachers’ confidence to use and accept technology can be influenced by their
exposure to ICT training. This confidence emanates from the skills and
knowledge they would have gained during ICT training. Therefore, ICT training
plays an important role in ensuring that teachers can gain the skills, knowledge,

and confidence to use and accept technology during teaching.

It is important that there is proper infrastructure in South African schools so that
computers are available and accessible by both teachers and learners, even in
schools with a high learner enrolment figure. Along with accessibility and
availability, there should be a school ICT policy to ensure the fair and equitable
distribution of ICT resources in schools. The availability of a school ICT policy will
among other things address issues of the accessibility and availability of
computers during teaching and learning, and how ICT resources can be
managed optimally in schools.

The use and acceptance of technology requires that the school leadership,
especially the principal and the school management team, assume a
transformational role. The principal and the SMT must ensure that the school ICT

policy covers all subjects.

When teachers believe that the use of ICT will impact positively towards teaching

and learning, then usage and acceptance is likely to occur.

To achieve one of the educational goals, which is ICT acceptance and usage during

teaching and learning, the external factors as discussed should be addressed in South

African schools.
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7.4 RECOMMENDATIONS OF THE STUDY

To change teachers’ beliefs and practices regarding the use of ICT, the following

recommendations are made:

7.4.1 Recommendation to conduct teacher professional training

The study revealed that for most of the teachers involved in the programme, their
knowledge and confidence to use ICT to teach Physical Sciences improved through the
course of the subject-specific professional development opportunity (vide 6.2.1),
grounded to promote the TPACK framework (vide 5.2.2). Therefore, the study
recommends that teachers be exposed to subject-specific professional development
opportunities grounded to promote TPACK principles (vide 3.11). The purpose of the
subject-specific professional development opportunity, based on TPACK principles, is to
promote teachers’ reflection on their content knowledge and pedagogical knowledge,
and for them to relate this to their technological knowledge to yield technological
pedagogical knowledge. Additionally, the study further recommends that professional
development opportunities are tailor-made according to baseline ICT competence at the
start of the programme. This means that there should be different programmes for
people who start with little to no ICT competence and for those who start with average
to good ICT competence.

7.4.2 Recommendation for school leadership

The study revealed that there is minimal or no involvement of the principal, the school
management team (vide 6.2.5), and the school governing body in schools where
teachers came from. The non-involvement of school leadership harms the adoption and
implementation of ICT at a school. It is a fact that you cannot lead and manage what
you do not know. Chances are that if you are a school leader, leading a teacher who
knows how to use ICT better than you, you will have no interest in the matter and offer
little or no support to the teacher that knows how to use ICT. The study revealed that
some principals felt that the teachers who wanted to make changes by implementing
ICT, wanted to tell them how to lead and run their schools. Therefore, the study
recommends that the principal, the school management team, and the school governing
body be exposed to technology teacher training in order for them to be able to know
how to lead and manage from the front in the implementation of ICT in South African

schools.
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The study further revealed that the non-availability of ICT infrastructure in schools
where the teachers came from, impact negatively on the implementation of ICT (vide.
6.3.2.1). In some schools, the ICT infrastructure is there, but it appeared subjects like
Mathematics and computer applications technology are more favoured than others like
Physical Sciences, and these cause conflict and tension amongst teachers in the same
school (vide 6.3.2.3). Therefore, the study recommends that principals as ICT leaders at
the school level must lead the process of drawing up an infrastructure policy. The
infrastructure policy will prevent the favouring of certain subjects favoured more than
others, minimise tensions in schools, and advance a sense of shared ownership of

resources for teachers and learners of other subjects.

7.4.3 Recommendation for the Department of Education

The study also revealed that there was no guiding ICT policy for South African schools
on how ICT should be implemented in many of the schools where teachers in this
sample came from (vide 6.2.2.3). This absence of school-based ICT policies and plans
have resulted in the non-use of available ICT resources, as discussed in detail in
6.3.2.3. There is an urgent need to guide schools to develop sensible and well-defined
ICT policies and realistic and executable implementation plan. The following could be

included in the guidelines for school policies:

Policies should provide clarity on what the particular school aims to achieve with ICT

integration and justify these.

e Such a policy should not be imposed, but collaboratively developed by all
stakeholders including the school management team, the school governing body,

teachers and where possible even learners.

e Schools should establish ICT committees and designate a competent and
enthusiastic staff member who will oversee all matters about ICT usage at the

school, and act as leader and champion to motivate and assist teachers to use ICT.

e Collaboration between ICT leaders and champions from neighbouring schools

provide a space for deliberations, capacity building and support.
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7.5 REFLECTIONS ON THE STUDY

The study has accomplished its main research aim, which was to determine how a
group of South African Physical Sciences teachers' beliefs and practices with regards to
the use of ICT in teaching changed (or not) through experiencing a subject-specific
professional development programme aimed at improving TPACK (cf. 1.4).

The study has illuminated that the beliefs that teachers hold drive many of the choices
they make in the classroom. The study succeeded in mapping the complicated nature of
such beliefs, and how beliefs inform the pedagogical choices teachers make in the
classroom, as reflected in Chapter 2. This was a critical step in the study, because the
programme at hand intended to promote technology usage by changing teachers’
beliefs and practices. The two theories used in this study provided the lens to explain
why a person decides to display specific behaviour, as reflected in Chapter 3. They both
predict that behaviour is stimulated by intention, which in turn is influenced by
underlying beliefs. They further indicate the presence of external variables, which
indirectly influence technology acceptance and use. This was helpful to me to
understand the complexity of the belief change process, which lies at the centre of

behaviour.

The many sources of data collection, including pre- and post-questionnaires, group
interviews and the assessment task used in this study, exposed me to massive amount
of information. | used this to determine how South African teachers' beliefs and
practices change with regards to the use of ICT in teaching, when they experience

subject-specific professional development opportunities based on TPACK principles.

The interviews | conducted exposed me to the daily problems that teachers encounter
regarding the availability and accessibility of ICT resources. What came as a shock to
me was the allocation of ICT resources, in particular tablets, laptops, and computers, to
subjects like CAT and Mathematics. This allocation denied the teachers and learners of
Physical Sciences (and other subjects) access to the available ICT resources at
schools. It was alarming to know that the majority of principals are not involved in the
process of ICT integration. These day-to-day challenges experienced by teachers are
defeating the Departmental goal that ICT is to be integrated in South African schools.
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Personally, | also learnt a great deal from this study. Like most people, | thought that
ICT integration was about being able to do a PowerPoint presentation, type a question
paper and lesson plans, and capture learners' marks on a spreadsheet. My involvement
in this project corrected this perception, but unfortunately most people and our partners
in education still hold this perception. ICT integration is so much more than what |

thought it was.

7.5.1 Value of the research

It is my strong belief that this study, through its findings, will contribute towards
expanding the knowledge and understanding of how to promote teacher usage of
technology through South African-based teacher training programmes. There is a great

need for a South African-based contextualised ICT programme.

With all the practical recommendations | put forward, | hope this study will benefit
educational practitioners, school leadership, and partners in education on how to
promote ICT integration in South African schools. There is an urgent need for a guiding
policy to schools on how to integrate ICT, and school policies on how to integrate
technology. When these policies are available in those schools that do not have,
guidance will be given to the partners in education to align their projects towards
achieving the goals stated in the departmental and school policy regarding ICT
integration. One of the conditions from the Department of Education in granting
permission to undertake the study was that | needed to submit both a hard copy and an
electronic version of this thesis to them. It is my sincere hope that the relevant
managers from the Department will read the recommendations of the study and
implement them, specifically with regards to the non-availability of proper infrastructure
that enables ICT integration in most South African schools, especially schools located in

rural areas.

7.6 SUGGESTIONS FOR FURTHER RESEARCH

This study focused on how grade 10 Physical Sciences’ teachers' beliefs and practices
with regards to the use of ICT in teaching can change when they experience subject-
specific professional development opportunities based on TPACK principles through a
top-down ICT teacher training approach. Further research on the impact of the bottom-

up ICT teacher training approach should be investigated. Focus should be placed on
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the role played by South African principals’ ICT leadership knowledge and skills, since
this study suggests that principals predominantly are not dedicated to their role as ICT

leaders at their schools.

7.7  LIMITATIONS

The following limitations are evident in this study:

7.7.1 Layers of subjectivities

In this study, there are various subjectivities that | want to acknowledge.

7.7.1.1 Insider bias

The first limitation is that my promotor is the person who presented the short learning
programme. This could have led to unacceptable levels of subjectivity and bias. To
counteract this subjectivity, a co-promotor was appointed who was not in any way
involved in the short learning programme. Furthermore, my promotor made it clear from
the start that any weaknesses identified in the study would lead to the improvement of

the short learning programme, and that she was therefore keen on any feedback.

7.7.1.2 Researchers’ subjectivity

The second limitation of this study is the way in which teachers were selected to
participate in the semi-structured interviews, which may have biased certain views and
excluded others. | conveniently selected teachers who | interviewed because | believed
that they would provide me with the answers | need to answer the research questions. |
selected 17 teachers who | understood to have demonstrated the following changes in
their beliefs and practices regarding the use of ICT to teach Physical Sciences: a
significant shift (n=6), modest change (n=7); no change (n=4). | used other forms of
data, i.e. the questionnaires and my observation notes. to guide my selection process to
increase the validity of my judgements.

7.7.1.3 Professional bias

The third limitation is that of professional bias. All the teachers who participated in the
short learning programme know my involvement in Physical Sciences as their subject
advisor. This might have influenced how they responded to the questions, and they

might not have been truly honest with how they felt. To reduce this bias, | set the tone
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and the interview atmosphere to be that of a relaxed and comfortable mode for them to
answer questions with honesty. | further explained to the interviewees the purpose of
the interview which was get their honest answers to enable me to answer the research

questions.

7.7.2 Generalisability

Lastly, as with any small-scale research study, the major limitation is that of
generalisability. However, it is possible to claim 'face-generalisability’ (Maxwell 1996;
Schofield 1993) based on the typicality of the schools and their contexts. Furthermore,
the descriptive teacher contexts provided in Chapter 5 provide researchers and
teachers with some basis for comparison with their contexts, towards the ideal of

transferability.

7.8 CONCLUSION

In the Fourth Industrial Revolution, all stakeholders need to work together. Teachers
need skills to implement, manage, and work with new technology. In view of the subject-
specific professional development programme, teachers were provided with
pedagogically sound tools that created new and innovative models of teaching that
maximised the learning opportunities and skills they needed to implement and work with
technology. As a result, their beliefs and practices regarding the use of ICT changed
(vide 6.2 and 6.5).

| have embarked on this Ph.D. journey with enthusiasm and optimism to learn about
how a South African sample of Free State grade 10 teachers' beliefs, practices, and
teaching quality can change, where necessary, with regard to the use of ICT in teaching
when they experience subject-specific professional development opportunities based on
TPACK principles. | did not do this study for myself, but for other stakeholders and
partners. My plans, therefore, include transforming the findings of this study into support

programmes in the Free State Department of Education where | am currently employed.
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Appendices

APPENDICES

APPENDIX 1: ICT BELIEFS AND USAGE PRE-

QUESTIONNAIRE

Teacher’'s name:

School:

| give permission for this information to be used for research purposes as long as this is

done anonymously and the information is not used to harm me in any way.

Yes OO No O

Strongly
Agree:

Agree

Neither
agree nor

disagree

Disagree

Strongly

Disagree:

Using ICT will/has improved my teaching.

Using simulations will’lhas improved my

teaching.

Using videos will/lhas improved my teaching.

Good use of ICT makes learning very

interesting.

Good use of ICT makes learners learn better.

Using ICT in teaching saves time.

My principal expects me to use ICT in my
teaching.

My principal encourages me to use ICT in my
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teaching.

My learners want me to use ICT in my

teaching.

| know how to use a data projector /
Smartboard for teaching. | feel confident to do
this.

| know how to get learners to use computers

in my teaching. | feel confident to do this.

| know how to get learners to use tablets or
cell phones in my teaching. | feel confident to
do this.

| have easy access to a computer every day.

| have easy access to a data projector /
Smartboard for teaching every day.

| have easy access to computers for learner

use in my teaching. | do use these for teaching.

| have easy access to tablets for learner use

in my teaching. | do use these for teaching.

Learners have easy access to cell phones for

learner use. | do use these for teaching.

| have easy access to someone at school who

can help me with ICT-problems.

| use ICT in my lesson preparation.

| use a computer in my teaching.
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| use a data projector / Smart board in my

teaching.

| get learners to use computers in my

teaching.

| get learners to use tablets/cell phones in my

teaching.

| always use a computer for admin (e.g.

entering marks / setting tests).

| use email.

| use the internet.

| use my cell phone to go on the internet

| need help with: (continue on back if necessary)
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APPENDIX 2: ICT BELIEFS AND USAGE POST-
QUESTIONNAIRE

Thank you for taking your precious time to complete this questionnaire. Please answer
each question to the best of your knowledge. Your thoughtfulness responses will be

greatly appreciated.

| give permission for this information to be used for research purposes as long as this is
done anonymously and the information is not used to harm me in any way. Yes

O No O

Section A
Demographic Information

Teacher’s name: Mr/Mrs/Ms School:

Age range (Tick)

20 and below
21-25
26 — 30
31-35
36 — 40
41 -45
46 — 50
51-55
56 and above
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Qualifications (Tick)

PGCE

PGCE/HDE/HOD

BSc

BSc(Hons)

BEd

BEd(Hons)

MED

PhD

Other

If you chose other please provide more details

Your teaching experience

How many years have you taught grade 10 Physical Sciences?
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About your school

What is your school quintile? (Tick)

1 (Very poorly

resources)

2

3

4

5 (Highly resourced)

Where is your school situated? (Tick)

Rural

Urban

Township

Other

How many working computers does your school have for use by learners? (Tick)

None

1-5

11-15

16-20

21-25

26-30

31-40

41+
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Section B

Strongly
Agree:

Agree

Neither
agree nor

disagree

Disagree

Strongly
Disagree:

Using ICT will/has improved my teaching.

Using simulations will’lhas improved my

teaching.

Using videos will’has improved my teaching.

Good use of ICT makes learning very

interesting.

Good use of ICT makes learners learn better.

Using ICT in teaching saves time.

My principal expects me to use ICT in my
teaching.

My principal encourages me to use ICT in my

teaching.

My learners want me to use ICT in my

teaching.

| know how to use a data projector /
Smartboard for teaching. | feel confident to do
this.

| know how to get learners to use computers

in my teaching. | feel confident to do this.

| know how to get learners to use tablets or
cell phones in my teaching. | feel confident to
do this.

| have easy access to a computer every day.

| have easy access to a data projector /

Smartboard for teaching every day.
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| have easy access to computers for learner

use in my teaching. | do use these for teaching.

| have easy access to tablets for learner use

in my teaching. | do use these for teaching.

Learners have easy access to cell phones for

learner use. | do use these for teaching.

| have easy access to someone at school who

can help me with ICT-problems.

| use ICT in my lesson preparation.

| use a computer in my teaching.

| use a data projector / Smart board in my

teaching.

| get learners to use computers in my

teaching.

| get learners to use tablets/cell phones in my

teaching.

| always use a computer for admin (e.g.

entering marks / setting tests).

| use email.

| use the internet.

| use my cell phone to go on the internet

| need help with: (continue on back if necessary)
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APPENDIX 3: CLASSIFICATION OF PRE AND POST
QUESTIONNAIRE

Construct

Perceived Usefulness

(Adapted from Davis

(1989)

Perceived Ease of Use
(Adapted from Davis et al.

1992)

Usage

Perceived

Behavioural

Example

Using computers will/lhas improve(d) my work. (PU1)
Using simulations will’lhas improve(d) my teaching.
(PU2)

Using videos will/has improve(d) my teaching. (PU3)
Good use of ICT makes learning very interesting
(PU4).

Good use of ICT makes learners learn better (PUS5).
Using ICT in teaching saves time (PU6).

| know how to use a data projector/Smartboard for
teaching. | feel confident to do this. (PEU1)

| know how to get learners to use computers in my
teaching. | feel confident to do this. (PEU2)

| know how to get learners to use tablets or cell
phones in my teaching. | feel confident to do this.
(PEU3)

| use ICT in my lesson preparation. (U1)

| use a computer in my teaching. (U2)

| use a data projector/Smart board in my teaching.
(U3)

| get learners to use computers in my teaching.

(U4)

| get learners to use tablets/cell phones in my
teaching. (U5)

| always use a computer for admin (e.g. entering
marks/setting tests). (U6)

| use email. (U7)

| use the internet. (U8)

| use my cell phone to go on the internet. (U9)

| have easy access to a data projector/Smartboard for
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Control (Adapted
Thompson, Higgins &
Howell 1991)

Subjective norm (adapted
from Ajzen (1991); Davis
et al. (1989))

teaching every day. (PBC2)

| have easy access to computers for learner use in
my teaching. | do/could use these for teaching.
(PBC3)

| have easy access to tablets for learner use in my
teaching. | do/could use these for teaching.

(PBC4)

Learners have easy access to cell phones for
learner use. | do/could use these for teaching.
(PBC5)

| have easy access to someone at school who can
help me with ICT-problems. (PBCG6)

My principal expects me to use ICT in my teaching.
(SN1)

My principal encourages me to use ICT in my
teaching. (SN2)

My learners want me to use ICT in my teaching.
(SN3)
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APPENDIX 4: VARIOUS ASPECTS OF THE PROGRAMME

Thank you for taking your precious time to complete this questionnaire. Please answer

each question to the best of your knowledge. Your thoughtfulness responses will be

greatly appreciated.

| give permission for this information to be used for research purposes as long as this is

done anonymously, and the information is not used to harm me in any way.

Yes [0 No I
Section A
Neither
agree
Strongly nor Strongly
disagree | Disagree | disagree | Agree agree
1 2 3 4 5
The  Short Learning  Programme

illustrated effective use of ICTs in the

teaching of Physical Sciences.

The SLP methodology changed my
belief towards ICTs usage.

The content of the SLP allow ICTs

implementation in my daily practice.

The posts on the WhatsApp group made

me want to use ICT in my teaching.

Through WhatsApp | could easily get
technical help when | needed it.

Classroom interactions  built my

confidence in the use of ICTs.

SLP changed the chalk and board belief
| had in the teaching and learning of
Physical Sciences.
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Learners’ attitudes towards Physical

Sciences has changed.

The Wi-Fi problems we had in this SLP
made me distrust using ICTs in teaching

and learning.

Navigating through the tablet
discouraged me in using ICTs in the

teaching and learning.

Too much content was taught in a short
space of time such that | more often got
confused.

| am still not confident in using ICTs in

my Physical Sciences class.

Section B

What aspects (if any) of the programme made you to use ICTSs in your teaching and

learning?

What aspects (if any) of the discouraged you to use ICTSs in your teaching and

learning?
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APPENDIX 5: INTERVIEW PROTOCOL 1

Introduction

(3 minutes)

Thank you for agreeing to meet with me. | am Modie Mafojane, | am
currently a student at the University of the Free State studying PhD. | am
also an employee of the Free State Department of Education. Kindly take
note that the semi-structured interviews | will be conducting with you is not
for the Free State Department of Education but it is for my PhD studies. The
purpose of this interview is to help me better understand how did various
aspects of the programme you attended influenced your beliefs and

practices regarding use of Information and communication technologies.

| will treat your answers as confidential. | will not include your name or any
other information that could identify you in any report | will write. | will

destroy the notes and audiotapes after | complete my study.

General

Why did you participate in this programme?

e \What was the results/impact of your participation?(Opinion and Value)

e Did the programme meet your expectations? What were your

expectations? (Opinion and Value)

e What are you doing today in your classroom that you did not do prior to

this programme? (Experience and Behaviour)

e After the programme do you think or do not think use of ICTs is
doable/not doable? What are reasons behind your thought? (Opinion
and Value)

In what way was this programme useful to you? (Opinion and Value)

Scope  of
the Training

Did the training meet your needs? What were your needs?

What skills did you learn in this programme? (Knowledge)

What new practice (s) will you implement as a result of this programme?
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(Knowledge)

Are you implementing the new practices?

What will it take for you to implement the new practices/skills in this

programme?

What specific assistance would be helpful to you in implementing the new

practices presented in this programme?

What practices you currently use will be discontinued as a result of this

programme?

Was the tablet user friendly?

Resources : : :
What are the main challenges you experienced when using the tablet?
(Tablet):
Could you access the loaded information easily/with difficulty?
Was the duration enough to make you understand the contents of the
programme?
) Given the duration of the programme, will you be able to implement what
Duration
you learned?
Did the duration of the programme in any way disadvantaged you? How did
it disadvantage you?
' ?
Participant's What are the strengths of this programme”
Opinion

What are the weaknesses of this programme

How would you like the programme to be conducted in future?
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APPENDIX 5.1: INTERVIEW PROTOCOL 2

Introduction | Thank you for agreeing to meet with me. | am Modie Mafojane, | am
currently a student at the University of the Free State studying PhD. |
(3 minutes) am also an employee of the Free State Department of Education.
Kindly take note that the semi-structured interviews | will be
conducting with you is not for the Free State Department of Education
but it is for my PhD studies. The purpose of this interview is to help
me better understand how teachers’ beliefs and practices regarding
use of ICTs changed during the programme and how various factors
(prior beliefs, prior ICT, age qualification and school environment)
affected the extent at which teachers’ beliefs and practices regarding
use of ICTs in the teaching of Physical Sciences change during the

programme.

| will treat your answers as confidential. | will not include your name or
any other information that could identify you in any report | will write. |

will destroy the notes and audiotapes after | complete my study.

Before the programme

Do you have computers/laptops at your school?

Do you have access and what are you using them for?

Have you used the computer/tablet before in the teaching of Physical

Prior usage Sciences?
(10 How often were you using the computers/tablet/laptops in the
minutes)

teaching of Physical Sciences?

Did the use of computers/tablet/laptops helped you to explain the
particular topic in Physical Sciences better?

Briefly explain how did the use of computers/tablet/laptops helped you
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in teaching the specific topic in Physical Sciences better?

Was it easy or difficult to use computers/tablet/laptops to teach

Physical Sciences?

What is your general perception towards use of computers/laptops in

teaching?

Prior Do you think use of computers/tablet/laptops would make the
Beliefs and | teaching of Physical Sciences easy/difficult/interesting?

Practice

Do you think use of computers/tablet will help you to cover all the

(5 minutes) | prescribed curriculum?

Do use of computers make your lesson planning

easy/difficult/interesting?

After the programme

What is your general perception towards use of computers/laptops in

teaching?

e Do you know how to get learners to use computers/laptops/tablet?

How confident are you?

Beliefs and | ¢ Do you know how to get learners to use computers/laptops/tablet

Practice in your teaching?

(10 Do you use computers/tablet/laptops in your lesson preparation?
minutes)

Do you use computers/tablet/laptops in your teaching? How often?

What are you using computers/tablet/laptops for during your

teaching?

Has your teaching improved? How did it improve?
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Do use of computers/tablet/laptops make the teaching of Physical

Sciences easy/difficult/interesting?

How do computers/tablet/laptops make the teaching/learning of

Physical Sciences easy/difficult/interesting?

How confident are you to use computers/tablet/laptops in your

Physical Sciences teaching?

e Can you now use computer/tablet/laptop to teach Physical

Sciences?
Usage
What are you using computers/tablet/laptop mainly for?
(5 minutes)
How often are you using the computers/tablet/laptops in the teaching
of Physical Sciences?
Is it time consuming to use computers/tablet/laptops in the teaching of
Physical Sciences?
Do the use of computers/tablet/laptops impacted negatively/positively
on learners?
Final These were all the questions | wanted to ask. Do you have any final

Thoughts thoughts about what we discussed that you would like to share?

(3 minutes) | Thank you for your time
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APPENDIX 6: OBSERVATION SHEET

Programme: To what extend does the programme address the identified need?

Is the programme taking place as originally intended? Or is the programme being

implemented as planned?

Resources

Are participants given the required resources needed to achieve intended goals?
Are participants equipped on how to use the resource?

Are they able to use the resource?

Tasks

Are tasks objectives clear?

Are there enough instructions to guide participants when performing tasks?
Are participants able to complete given tasks on time?

Facilitator

Is the objective of the session explained well to the participants?

Is the facilitator clear during instruction?

Does the facilitator make it easy for participants to ask questions for clarity/say

comments during the sessions?
Engagement/Participation

What is the general attitude of participants during sessions?
Are participants able to navigate through the tablet?

Are participants’ asking questions for clarity?
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Are participants’ able to tell when they do not understand?

Are participants’ doing their homework’s or any other task they needed to do as per the

requirement?

Do participants show commitment to the programme?

Performance

What is the performance of participants during tests?

General Observation

To what extent is the programme achieving the intended outcomes, in the short term?

To what extent is the programme producing worthwhile results (outputs, outcomes)
and/or meeting each of its objectives?

Does the programme meet the participant’s needs?
Are participants being reached as intended?

How satisfied are programme participants?
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APPENDIX 7: FINAL ASSESSMENT TASK INSTRUCTIONS

Name:

School:

Student number:

What did you do?

Details list

Teaching strategy:

Grade:

Topic:

Date(s):

Description

Describe what you did:

Documentation

Give names of the files you have uploaded in your folder in the Gr1OPSSLP google

drive:

Worksheets:

Photos:

Videos:
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What were your expectations?
Justification for the teaching strategy with reference to teaching and learning theory

Describe why you thought the strategy you used and the way you used it would lead to
effective learning. Refer to relevant learning and teaching theory. Make sure your
answer demonstrates that you understand the required prior knowledge and you are

aware of the learners’ age and the context in which this occurred.
What happened in class?
Description

Describe what happened: how learners responded, were expectations met, what
worked well, what did not work well.

Analysis and interpretation
Give insightful suggestions for reasons for the observed outcome of the teaching
strategy. Make sure you demonstrate that you understand principles of learning and

teaching and demonstrate deep thought and metacognition.

What are your self-reflections?

What have you learnt from this experience? How will it affect the way you teach in the

future?
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APPENDIX 8: FINAL ASSEMENT RUBRIC

Assessment 125
2 1 0
What was done

List Clear list of the grade, | Not clear or

topic, teaching | incomplete
strategy and dates.

Description Clear and relevant | Somewhat clear and | Description poor,
description of what was | relevant description of | irrelevant, or
done. what was done. incomplete.

Documentation | Extensive and relevant | Some relevant | Inappropriate or
documentation (video, | documentation. insufficient
photos, worksheets). documentation.

4 3 |2 0
1
Expectations

Justification for | An insightful motivation for | The student’s | The student’s work is

teaching using the teaching | motivation is fair, or | very poor, or largely

strategy strategy in the given|good but slightly | incomplete.
context. This | incomplete.
demonstrates that the

student understands the
required prior knowledge,
is aware of the learners’
age and context, and

understands principles of
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learning and teaching.

Reference to | An accurate, insightful, | The student’s | The student’s work is
teaching and | and relevant summary of a | summary of, and link | very poor, or largely
learning teaching / learning theory, | to, teaching/learning | incomplete.
theories with justification of use of | theory is fair, or good
the teaching strategy in | but slightly
terms of this teaching /|incomplete, or good
learning theory. but lacking clear
linkage between
theory justification.
What happened in class
2 1 0
Description Clear and relevant | Somewhat clear and | Description poor,
description of what | relevant description of | irrelevant, or
happened: how learners | what was done. incomplete.
responded, were
expectations met, what
worked well, what did not
work well.
4 3 |2 0
1
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Analysis and

interpretation

An insightful suggestion of
reasons for the observed
outcome of the teaching

This
that the

understands

strategy.
demonstrates
student

principles of learning and

The
discussion is fair, or
but

incomplete.

student’s

good slightly

The student’s work is
very poor, or largely

incomplete.

teaching and
demonstrates deep
thought and
metacognition.
Self-reflection
Self-reflection | Critical and  personal | The student's self- | The student’'s work is
reflection. From this | reflection is fair, or | very poor, or largely
insightful conclusions are | good but slightly | incomplete.
drawn about learning and | incomplete.
teaching.
Overall impression
2: Excellent 1: Good 0: Fair / poor
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APPENDIX 9: TABLES USED TO MODERATE FINAL

ASSESSMENT TASK

Appendix 9, Table 1: Teachers that used the six TPACK components to design

technology-based lessons.

Component of TPACK Activity Number of lessons
TK: Knowledge of old and new technology | Used: Share it, Navigation of the tablet, videos, PowerPoint, Kahoot, and Edukite
tools including hardware and software, how to | programme 38
install and operate them and how to trouble
shoot)
TCK: Knowledge of technological tools suited | Used PowerPoints: learners to speak and understand Chemistry, teach forces,
to represent specific subject content periodicity, electrons,
Used video: video to teach stoichiometry, teach learners solubility of salts, share
video of resistance prior teaching (Flipped Classroom) and guided simulation,
simulation to discover ohm’s law,
Used Simulation to: build electric circuits in order to discover ohm’s law, teach | 3g
electric circuits
Used video, simulations and quizzes to introduce grade 10 Electric circuits
whilst starting from what learners know
Used Kahoot to teach organic molecules
Direct measurement video to measure speed of a ping-pong ball
TPK: Knowledge of particular tools, the | PowerPoint and inquiry based learning, PowerPoint and analogy, Simulation and
educational uses they are suited to and how to | inquiry based learning, Simulation and problem solving, Direct measurement 38
use them, including tools for record-keeping, | video and problem solving, Drill and practice and PowerPoint,
interacting
PCK: Knowledge of the best teaching and | Inquiry based learning to teach Ohm’s Law, Drill and practice to teach electric
learning approaches to promote understanding | circuits, Problem solving method to teach electric circuits, Direct measurement
o : . ; . 38
of specific subject content taught video to calculate the speed of the pin-pong ball and quizzes to answer
questions on electric circuits, organic molecules and vectors
PK: knowledge of variety of generic teaching | Inquiry based learning, Discovery based learning, Drill and practice, Problem | 38
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methods Solving and Dirill and practice

CK: knowledge of subject matter to be taught Organic molecules, vectors, electromagnetic induction and electric circuits.

Appendix 9, Table 2: Teachers that used PCK, PK and CK components of TPACK to
design technology-based lessons.

Component of TPACK Activity Number of lessons

PCK: Knowledge of the best teaching and | Chalk and board to teach electromagnetic induction, Problem solving method to | 11
learning approaches to promote understanding | calculate resistance, drill and practice to memorize organic molecules and
of specific subject content taught

PK: knowledge of variety of generic teaching | Chalk and board, problem solving, drill and practice 11
methods
CK: knowledge of subject matter to be taught Electromagnetic induction, Calculate resistance and organic molecules 11
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APPENDIX 10: TECHNOLOGY LEVELS OF 38 TEACHERS

Number of teachers
—_ —_ M
o 3 o o o
ﬁ
o
N)
L‘H
Uj

Technology Level

Appendix 10, Figure 1: Technology levels of 38 teachers
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APPENDIX 11: CODES

Appendix 11, Table 1: Codes used during data analysis

%+ Name
B TPACK

= () lssues

=-(7) Expectations

) PE
D Ne
=-(_) Technical
@ T
) NT

=-(7) School Issues

D Pl
) NS

) RCP
() PrePost
) Pre
Post
_) Teacher Categorization
() Step by Step
() Transitional

) Independent

Files

W o O W RO

References

126
49

Created On
8/27/2018 4:53 AM

8/27/2018 4:53 AM
8/27/2018 4:53 AM
8/27/2018 4:53 AM
8/27/2018 4:53 AM
8/27/2018 4:54 AM
8/27/2018 4:54 AM

8/27/2018 4:54 AM
8/27/2018 4:55 AM

/2018 4:55 AM
7/2018 4:35 AM

8/27/2018 4:55 AM

8/27/2018 4:55 AM
8/27/2018 4:56 AM

8/27/2018 4:56 AM

/2018 4:57 AM

7 8/27/2018 4:57 AM

9/3/2018 11:17 AM
8/29/2018 2:39 PM
8/29/2018 2:39 PM
8/29/2018 2:40 PM
9/3/2018 2:00 PM
9/3/2018 2:01 PM
9/3/2018 2:01 PM
9/3/2018 2:01 PM

Created By
MAJ
MAJ
MAJ
MAJ
MAJ
MAJ
MAJ

MAJ
MAJ
MAJ
MAJ

MAJ
MAJ

MAJ

MA)J
MAJ

MAJ
MAJ
MAJ
MAJ
MAJ
MAJ

MAJ
MAJ

Modified On
8/27/2018 4:53 AM
9/11/2018 11:11AM
9/8/2018 7:15 PM
9/7/2018 3:13PM
9/11/2018 10:49 AM
9/8/2018 7:23 PM
9/7/2018 4:51 PM

8/27/2018 4:54 AM
8/27/2018 4:55 AM
9/11/2018 9:26 AM
9/11/2018 11:06 AM
8/27/2018 4:55 AM

9/8/2018 6:48 PM
9/11/2018 11:06 AM

8/27/2018 4:56 AM

9/8/2018 7:18 PM
9/11/2018 9:44 AM
9/11/2018 11:04 AM
8/29/2018 2:39 PM
9/11/2018 9:11 AM
9/11/2018 11:14AM
9/3/2018 2:00 PM
9/11/2018 11:03 AM
9/11/2018 9:16 AM
9/11/2018 9:26 AM

Medified By
MAJ

MAJ
MAJ
MAJ
MAJ
MAJ

MAJ
MAJ

MAJ
MAJ

MAJ

MAJ
MAJ

MAJ

MAJ
MAJ

MAJ

A
MAJ
MAJ
MAJ

MAJ
MAJ
MAJ
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* Name £ Files

D P8O
7 NBO

Q
|_ ) T
O «

D) PN
© NN
) PBC

() preC
© NPeC

5@ TAM

woown e

ra

wn

References

o

3
3
30

h -

oo

L=

o

180

Created On

8/27/2018 4:40 AM
8/27/2018 4:41 AM
8/27/2018 4:41 AM
8/27/2018 4:41 AM
8/27/2018 4:41 AM

8/27/2018 4:45 AM
8/27/2018 4:45 AM

8/27/2018 4:45 AM
8/27/2018 4:46 AM
8/27/2018 4:46 AM

7 8/27/2018 4:46 AM

8/27/2018 4:46 AM

7 8/27/2018 4:46 AM

8/27/2018 4:48 AM

8/27/2016 4:48 AM
8/27/2018 4:49 AM

8/27/2018 11:34 AM

8/29/2018 3:04 PM
8/29/2018 3:06 PM

8/27/2018 4:52 AM

8/27/2018 4:52 AM
8/27/2018 4:53 AM

Created By
MAJ

MAJ
MAJ
MAJ
MAJ

MAJ
MAJ

MAJ
MAJ
MAJ

MAJ
MAJ
MAJ

MAJ

MAJ
MAJ

MAJ

MAJ
MAJ

MAJ

MAJ
MAJ

Modified On
8/27/2018 4:40 AM

9/12/2018 3:45 PM
9/12/2018 3:45PM
9/12/2018 3:45FPM
9/12/2018 3:39 PM

8/27/2018 4:45 AM
8/27/2018 4:45 AM

9/11/2018 11:14 AM
9/11/2018 11:12 AM
8/27/2018 4:46 AM

9/8/20187:24 PM
9/11/2018 11:13 AM
9/8/2018 3:02 PM

8/27/2018 4:48 AM

9/8/2018 6:33 PM
9/11/2018 11:08 AM

8/29/2018 2:37 PM
9/8/2018 6:44 PM

9/11/2018 11:08 AM
8/27/2018 6:31 PM

9/11/2018 9:49 AM
9/8/2018 T:24 PM

Medified By
MAJ

MAJ
MAJ
MAJ
MAJ

MAJ
MAJ

MAJ
MAJ
MAJ

MAJ
MAJ
MAJ

MAJ

MAJ
MAJ

MAJ

MAJ
MAJ

MAJ

MAJ
MAJ
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APPENDIX 12: PERMISSION FROM PROGRAMME
MANAGER TO CONDUCT RESEARCH

"‘ "“}Aia'::h'.'{i UFS

WUMIVERSITEIT WAN D

VRYSTAAT
YUNIVESITHI YA
FREISTATA

SO CAMIRS ¢ D A

TO WHOM IT MAY CONCERN

| hereby grant permission to Me MAJ Mafojane, student number 2007088434, to
conduct research on the Grade 10 Physical Science: Teaching and Content Short
Learning Programme.

All research must adhere to the appropriate rules and regulations of the UFS.

Yours sincerely

Mr HA Dreyer
Head: Short Learning Programmes
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APPENDIX 13: APPROVAL FROM FSDOE TO CONDUCT

RESEARCH

Enquiries: BM Kitching

Ref: Research Permission: MAJ Mafojane

Tel. 051 404 9283 / 9221 / 082 454 1519

Email: berthakitching@gmail.com and B.Kitching@edu.fs.gov.za

MAJ Mafojane
18 Wisteria Flats 083 477 2911
First Street, BLOEMFONTEIN, 9301

Department of
Education

FREE STATE PROVINCE

Dear Mrs Mafojane

APPROVAL TO CONDUCT RESEARCH IN THE FREE STATE DEPARTMENT OF
EDUCATION

1. This letter serves as an acknowledgement of receipt of your request to conduct research in the Free
State Department of Education.

Research Topic: Promoting teachers’ usage of information and communication technologies in
some selected South African schools.

Schools: Xhariep District: 3 schools: Beang Tse Molemo, Boaramelo, lkanyegeng

Motheo District: 36 schools: Albert Moroka, Bainsvlei Combined, Bloemfontein SH, Commtech,
Goronyane, Hodisa, HTS Louis Botha, Kagisho, Kaelang, Khauho, Lereko, Lefikeng, Leratong,
Lekhulong, Lenyora La,Thuto, Louw Wepener, Mariasdaal, Ntemoseng, Ntumediseng, Qibing,
Reamohetse,, Reutiwhetse, RT Mokgopa, San Du Plessis, Seemahale, Sediti, Sehunelo,
Sentraal High, Setihaba Se Maketse, Strydom, St Michael's, Thato, Tsoseletso, Tlotlanang,
Tweespruit CS, Vulamasango

Lejweleputswa District 12 schools: HTS Welkom, Kheleng, Mamellang Thuto, Matseripe,
Rainbow . Reatlehile, Refihletse CS, Rheederpark, Senzile, Taiwe, Welkom High, Welkom
Secondary

Target Population: 86 Grade 10 Physical Science teachers from the schools above.

2 Period of research: From the date of signature of this letter until 30 September 2018. Please note
the department does not allow any research to be conducted during the fourth term (quarter) of the
academic year nor during normal school hours.

3. Should you fall behind your schedule by three months to complete your research project in the
approved period, you will need to apply for an extension.

4. The approval is subject to the following conditions:

4.1 The collection of data should not interfere with the normal tuition time or teaching process.

4.2 A bound copy of the research document or a CD, should be submitted to the Free State
Department of Education, Room 319, 3@ Floor, Old CNA Building, Charlotte Maxeke
Street, Bloemfontein.

43  You will be expected, on completion of your research study to make a presentation to the
relevant stakeholders in the Department.

44  The attached ethics documents must be adheared to in the discourse of your study in our
department.

5. Please note that costs relating to all the conditions mentioned above are your own responsibility.

Yours sincerely

Dé%EkﬁSEKO EiYANE DATE: O Oftf/ 2578

CHIEF FINANCHAL OFFICER

RESEARCH APPLICATION MAJ MAFOJANE PERMISSION EDITED JAN 2018
Strategic Planning, Policy & Research Directorate
Private Bag X20565, Bloemfontein, 9300 - Room 318, Old CNA Building, 3™ Floor, Charlotte Maxeke Street, Bloemfontein
Tel: (051) 404 9283 / 9221 Fax: (086) 6678 678
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APPENDIX 14: GOOD POWERPOINT PRINCIPLES

Good PowerPoint principles

e Redundancy principle: Narration + animation Principles for reducing extraneous
cognitive processing (reducing distractions):

e Coherence principle: Exclude extraneous material
e Signalling principle: Highlight essential material

e Spatial contiguity principle: Place corresponding words and pictures near
each other

e Temporal contiguity principle: Present corresponding narration and pictures
simultaneously

e Dbetter than narration, animation + text

e Principles for managing essential cognitive processing (enhancing selecting
processing):

e Segmenting principle: Break presentation into learner-paced segments

e Pre-training principle: Precede presentation in training in names and
characteristics of key components

e Modality principle: Speak, rather than print words

e Principles for fostering generative cognitive processing (enhancing sense-making
(organising and integrating) processing):

e Multimedia principle: Words + pictures better than words only
e Personalization principle: Conversational style better than formal style

e Voice principle: Human, rather than machine voice. Use of appropriate
intonation, expression and variation of pace and volume, for interest.
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APPENDIX 15: ANCOVA

Appendix 15, Table 1: Analysis of perceived usefulness covariance (ANCOVA) of post-
pre differences with regard to biographic factors (n=53)

Degendent Demographic Factor level Mean difference: Post — Pre
Variable factor
Point F- Degrees of P-value?
Estimate’ statistic2  freedom?
Perceived
Usefulness Age group 21-35yrs -0.08 2.74 2.49 0.0744
36-50 yrs -0.35
>50 yrs -0.55
Gender Female -0.26 0.03 1.50 0.8628
Male -0.23
Qualification BSc/Hons -0.12 1.04 1.50 0.3130
Non-BSc 0.3
Eead‘.‘”g 15 -0.12 428 3.48 0.0093
xperience
6-10 0.04
11-20 -0.40
>21 -0.74
School Location Rural -0.19 0.28 2.49 0.7567
Township -0.33
Urban -0.23
School Quintile 1-3 -0.21 0.63 1.50 0.4325
4-5 0.14

'Point estimate of the mean difference “post-Pre”.
2Qverall F-test, degrees of freedom and P-value for the null-hypothesis that the effect of the

demographic factor in question on the post-pre difference is zero.
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Appendix 15, Table 2: Analysis of perceived ease of use covariance (ANCOVA) of post-
pre differences with regard to biographic factors (n=53)

Dependent Demographic Factor level Mean difference: Post — Pre
Variable factor
Point F- Degrees ,
. 1 ... o of P-value
Estimate statistic § 2
reedom
Perceived
Ease of use Age group 21-35yrs 0.88 1.76 2.49 0.1823
36-50 yrs 0.51
>50 yrs 0.35
Gender Female 0.63 0.15 1.50 0.6974
Male 0.72
Qualification BSc/Hons 0.98 2.59 1.50 0.1141
Non-BSc 0.56
Eea"h.'”g 1-5 0.88 1.30 3.48 0.2867
xperience
6-10 0.72
11-20 0.62
>21 0.15
School Location Rural 0.59 0.28 2.49 0.7554
Township 0.68
Urban 0.81
School Quintile 1-3 0.60 1.04 1.50 0.3136
4-5 0.87

'Point estimate of the mean difference “post-Pre”.
2Qverall F-test, degrees of freedom and P-value for the null-hypothesis that the effect of the

demographic factor in question on the post-pre difference is zero.

311



Appendices

Appendix 15, Table 3: Analysis of perceived behavioural control covariance (ANCOVA) of
post-pre differences with regard to biographic factors (n=53)

Dependent Demographic . .
Variable factor Factor level Mean difference: Post — Pre
Point F- Degrees of P-value?
Estimate'’ statistic2  freedom?
Perceived
Behavioural Age group 21-35 yrs 0.06 1.03 2.49 0.3629
Control
36-50 yrs -0.23
>50 yrs 0.18
Gender Female -0.06 0.08 1.50 0.7850
Male 0.001
Qualification BSc/Hons 0.20 1.74 1.50 0.1929
Non-BSc -0.12
Teaching 15 -0.05 0.02 3.48 0.9972
Experience
6-10 0.06
11-20 -0.01
>21 0.01
School Location Rural -0.17 0.67 2.49 0.5164
Township 0.06
Urban 0.10
School Quintile 1-3 -0.08 0.50 1.50 0.4846
4-5 0.10

'Point estimate of the mean difference “post-Pre”.
2Qverall F-test, degrees of freedom and P-value for the null-hypothesis that the effect of the

demographic factor in question on the post-pre difference is zero.
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Appendix 15, Table 4: Analysis of subjective norm covariance (ANCOVA) of post-pre
differences with regard to biographic factors (n=53)

Dependent Demographic Factor Mean difference: Post — Pre
Variable factor level
Point F- Degrees of P-value?
Estimate’ statistic2 =~ freedom?
Subjective
N Age group 21-35yrs -0.19 0.92 2.49 0.4040
orm
36-50 yrs -04
>50 yrs 0.12
Gender Female -0.19 0.10 1.50 0.7567
Male -0.27
Qualification BSc/Hons 0.07 2.08 1.50 0.1556
Non-BSc -0.33
Teaching 1-5 -0.40 1.69 3.48 0.1816
Experience
6-10 0.29
11-20 -0.40
>21 -0.25
School Location Rural -0.22 0.57 2.49 0.5682
Township -0.39
Urban -0.03
School Quintile 1-3 -0.20 0.10 1.50 0.7584
4-5 -0.29

'Point estimate of the mean difference “post-Pre”.

2Qverall F-test, degrees of freedom and P-value for the null-hypothesis that the effect of

the demographic factor in question on the post-pre difference is zero.
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Appendix 15, Table 5: Analysis of usage covariance (ANCOVA) of post-pre differences
with regard to biographic factors (n=53)

Dependent Demographic

. Factor level Mean difference: Post — Pre
Variable factor
Point F- Degrees ,
. 1 ... o Of P-value
Estimate statistic 2
freedom
Usage Age group 21-35 yrs 0.47 0.90 2.49 0.4148
36-50 yrs 0.29
>50 yrs 0.56
Gender Female 0.46 0.51 1.50 0.4782
Male 0.35
Qualification BSc/Hons 0.65 3.91 1.50 0.0535
Non-BSc 0.32
Eead‘.‘”g 15 0.41 0.1 3.48 0.9719
xperience
6-10 0.39
11-20 0.46
>21 0.34
School Rural 0.25 1.89 2.49 0.1620
Location
Township 0.49
Urban 0.59
School Quintile  1-3 0.38 0.42 1.50 0.5217
4-5 0.49

'Point estimate of the mean difference “post-Pre”.
2Qverall F-test, degrees of freedom and P-value for the null-hypothesis that the effect of the

demographic factor in question on the post-pre difference is zero.
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APPENDIX 16 PEDAGOGICAL CONTENT KNOWLEDGE
(PCK), CHAN, ROLLNICK, & GESS-NEWSOME (2019)

PCK component:
Knowledge and
skills related to:

Explanation
Observed through observing:

Questions to help you develop this
PCK component

Curricular saliency

Accuracy and coherence of

o What do the learners in this grade

content; Selection and need to learn about __ , according
appropriate sequencing of big to the curriculum?
ideas; Alignment to
curriculum objectives e What concepts are key to
understanding , and in what
sequence should they be taught to
make the most sense to learners?
Conceptual topic- | Selection and use of [e How can | represent and its
specific  teaching | appropriate teaching components in a clear way,
strategies strategies, such as use of appropriate for my learners?
representations and
analogies e What could | compare parts of
to, to improve the learners’
understanding?
Student Awareness  of  possible | ¢ What might be difficult for the
understanding misconceptions and learners to understand about
difficulties and how to or about the representations and

address these

analogies | use, and how can | help
the learners with these difficulties?

Integration Promotion of interaction and [ ¢ How can | get the learners mentally
between use of this to monitor and engaged?
components adjust teaching to match
learner needs e How can | get the learners to speak
about their understanding and how
will | adjust my teaching according
to what they say?
Pedagogical Explanation of why specific [ ¢ How will | justify the things | do in
reasoning actions were performed in the the class, in terms of my
lesson understanding of what helps

learners learn better?
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ETHICS STATEMENT
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Faculty of Education
22-Mov-2017
Dear Mrs Molie Mafojane
Ethics Clearance: Promoting teachers® usage of Information and communication technologies In
some selected South African schools.
Principal Investigator: Mrs Maolle Mafojane

Department: Sehool of Education Studles (Bloemfonteln Campus)

APPLICATION APPROVED

With reference to yvou application for ethical clearance with the Faculty of Education, I am pleased to inform
you on behalf of the Ethics Board of the faculty that you have been granted ethical clearance for your
research.

Your ethical clearance number, to be used in all correspondence i1s: UFS-HSD2017/1134

This ethical clearance number is valid for research conducted for one year from issuance. Should you require
maore time to complete this research, please apply for an extension.

We request that any changes that may take place during the course of your research project be submitted to
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