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Abstract

Education for Science, Technology, Engineering and Mathematics (STEM) is
acknowledged as a priority around the world. However, many primary teachers are
inadequately prepared for teaching the Australian Curriculum: Technologies because
of their limited exposure in their own schooling and teacher preparation. Remote
Access Laboratories (RAL) offer hands-on and remote experiments to students and
teachers in schools, especially those in remote locations. They also have potential for

influencing teachers’ capacity and capability to teach the Technologies curriculum.

Bandura’s self-efficacy theory was the theoretical framework for this research, which
explored the use of Remote Access Laboratories (RAL) as a vehicle to influence
Queensland pre-service teachers’ (PSTs) self-efficacy to teach the Australian
Curriculum: Technologies. Mixed methods were used to investigate how engagement
with the Remote Access Laboratories for fun, innovation and education (RALfie)
project influenced teachers’ self-efficacy for teaching the Technologies curriculum.
The Science Teaching Efficacy Belief Instrument-B (STEBI-B) used to measure pre-
service teachers’ self-efficacy to teach science was modified to create the Technology
Teaching Efficacy Belief Instrument (T-TEBI) to measure pre-service teachers’ self-
efficacy to teach technologies. The Positive and Negative Affect Schedule (PANAS)
was used to measure pre-service teachers’ emotional status. Using pre-test and post-
test survey data, the research investigated changes in pre-service teachers’ self-
efficacy as measured before and after engagement with RAL. Interviews, PSTs’
comments and reflections were used to investigate factors affecting their self-efficacy

in greater depth.

The pre-test results of T-TEBI and PANAS (N=119) demonstrated the reliability of
the instruments. Comparison of the pre-test and post-test results of T-TEBI and
PANAS (N=41) showed that there was no significant difference between PSTs who
engaged with the RALfie experience and PSTs who did not engage with the RALfie
experience. Subsequently, the individual results for pre-test and post-test comparison
were examined to identify interview participants for further analysis using qualitative
data to further understand the quantitative data. The themes that emerged from the



pilot study and the main study were very similar. A case study approach was used to
explore the changes of self-efficacy associated with the RALfie experience for

individuals.

The qualitative data from this research revealed that PSTs’ self-efficacy can be
affected by their engagement with successful experience, vicarious experience, verbal
persuasion and emotional status in the context of working with RALfie. This study
showed that hands-on events were more powerful than remote experiences. Hands-on
experiments were concrete and better suited to PSTs who were at a beginning level of
robotics. This study also showed that the lack of background knowledge of technology
in PSTs’ schooling can cause anxiety, and technical issues occurring while using

RALfie can result in frustration.
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Chapter 1: Introduction

This study focused on primary pre-service teachers’ (PSTs) self-efficacy for teaching
the Australian Curriculum: Technologies. The chapter begins with the rationale for the
importance of technology, followed by discussion of the importance of Science,
Technology, Engineering, and Mathematics (STEM) and STEM education. It then
discusses the Australian Curriculum: Technologies and its relationship to STEM
education. Primary teachers’ preparation for teaching STEM subjects is contextualized
in relation to the Remote Access Laboratories for fun, innovation and education
(RALfie) project at the University of Southern Queensland (USQ). This chapter

concludes with discussion of the significance and structure of this research.

1.1 Background

There are five areas of background related to this research. They are the role of
technology in society, the consequent significance of STEM subjects, challenges of
STEM education, the Australian Curriculum: Technologies, and the research context

of Remote Access Laboratories.

1.1.1 Technology

Human beings respond to the world by inventing new technologies to solve problems.
China invented paper and printing to store and spread knowledge in ancient times.
Traditional technologies were most often related to tangible goods such as food,
clothing and shelter whereas modern technologies are more related to intangible

products such as information.

Digital technology has changed the way we learn. Digital technology has offered
flexibility of time and place. It is convenient to revisit teaching resources and learn
using more visual forms (Henderson, Selwyn, & Aston, 2015). Digital technology
extended the possibilities of distance learning and subsequently reshaped teaching and

learning even for students studying on campus (Ng, 2012). At the University of
1



Southern Queensland (USQ), for example, over 70% of students study via online

courses. Therefore, it is important to learn how to use digital technologies.

Modern citizens need to be equipped with digital skills to understand the government
policy. The new media helps citizens to understand social phenomena and make
decisions for the future of a country. The affordability of digital technologies has
enhanced the decentralization of decision making. (Webster, 2014). Individuals need
to be educated to understand the consequences of their application of knowledge so
that they can make wise decisions. It is the individuals who matter most in making use
of technologies for good or bad purposes. Australian citizens need to be digitally
enabled to make information-intensive decisions (Roden, 2014). Digital skills are

important for citizens to enjoy a modern life in the digital era.

However, there are challenges to educating students to learn digital technologies in
schools. Technology anxiety may be caused among teachers by the rapidly changed
digital technology and insufficient exposure of technology learning in their own
education (Chiu & Churchill, 2016). Teachers who demonstrate technology anxiety
avoid integrating technology into their teaching. Individuals should overcome
technology anxiety. People need to learn and use new technologies and even create
new technologies. Therefore, it is important to learn digital skills and build up digital

confidence in the digital age.

1.1.2 STEM Subjects

It is now commonplace in public discussion to refer to the STEM subjects, meaning
science, technology, engineering and mathematics, as a cluster of related areas of
knowledge (Park, 2015) rather than to technology alone. The significance of STEM
has been highlighted by various researchers and policy makers (Van Aalderen -
Smeets, Walma van der Molen, & Asma, 2012). It is argued that STEM contributes
dramatically to development of new knowledge and technologies which benefit
national prosperity and social welfare (Office of the Chief Scientist, 2013). However,

although science, technology, engineering and mathematics are interrelated and



integrated they are different subjects (Park, 2015), each with its own body of

knowledge.

Science helps human beings to understand the universe as well as humanity’s
relationship to nature. Science developed areas such as physics, chemistry and biology
which enabled human beings to find new solutions (Bohm & Peat, 2000). The
scientific approach and experimental techniques help human beings to test hypotheses,
explore and discover the unknown world which appears to have a substantial impact
on the relationship between humans and nature. The power of scientific knowledge
evoked strong beliefs to find the truth of the world and to question the foundations
upon which the truth rested. Many believe that science has enabled humans to draw on
new paradigms which included not only a system of theories and principles but also
the infrastructure of ideas which are transmitted from generation to generation (Bohm
& Peat, 2000).

Technology is important to modern life in the developed world. Some suggest that
technology is the medium of social life in modern society. Technologies have changed
the way people live in the world. People use smart phones and tablets for study, work
and social life. In agriculture, computer monitoring systems help farmers to be more
precise and less wasteful which improves efficiency and productivity (Rehman,

Jingdong, Khatoon, & Hussain, 2016). Technology has a great impact on peoples’ lives.

Engineering helps human beings to solve problems, often by making things.
Engineering has been developed based on scientific and technological principles (De
Weck, Roos, & Magee, 2011). Engineering covers multiple areas in daily life and has
been developed into different engineering subjects such as civil engineering, electronic
engineering, bioengineering, software engineering and so on. Engineering has impact
on every aspect of human lives by designing, building and operating new systems (De
Weck et al.,, 2011). Engineering has a substantial impact on sustainability and

innovation in the world.

Mathematics is very important in the history of human civilization. In the construction

of the Pyramids, Egyptians introduced various mathematical concepts, such as the

3



cotangent of an angle to maintain a uniform slope for the faces, which laid a great
foundation for the construction of the Pyramids in Egypt (Boyer & Merzbach, 2011).
In the Mesopotamian Valley, the empire used measurement which was the keynote of
algebraic geometry to build a system of canals to irrigate the land and control floods.
In Egypt and Mesopotamia, the elements of arithmetic and geometry contributed to
solving the problems associated with pyramids and inheritance of land. In the modern
civilization, mathematics is a crucial skill for technological change and scientific
development. Mathematics is a key to economic prosperity. Mathematics contributes
to daily life and also to engineering, psychology, science, statistics and social science.
Many believe that mathematics has contributed to both early and modern human

civilization.

Each individual subject of STEM is important to national development. However, it is
argued that STEM is a holistic concept and emerging perspective rather than merely

the sum of separate component (English & King, 2015).

1.1.3 STEM Education

Leading authors who research in the STEM area argue that the STEM concept
emphasises cooperation and collaboration across science, technology, engineering and
mathematics. STEM pedagogy enables students to build connections with the real
world. STEM concepts are addressed through the exploration of the real-world

applications of principles.

The STEM concept emphasises the interdisciplinary collaboration and
interdisciplinary approach rooted in STEM pedagogy (Bell, 2016). STEM pedagogy
enables students to become more aware of real-world connections. Aproject-based
learning approach focuses on learning to do something with knowledge acquired. The
aim of problem-based learning in STEM is to motivate and engage more students to
learn STEM and become STEM literate.

STEM concepts are addressed through STEM education which moves from the

acquisition of facts to the exploration of the practical application of principles and
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theories (Bell, 2016). STEM educators seek to create purposeful learning
environments and real-world connections. The STEM concept facilitates students to
understand learning contexts and become motivated toward STEM learning. It helps
students to become better problem-solvers, demonstrate more positive attitudes in

STEM learning, and also improve their learning results.

STEM education is attracting increased international interest (Drew, 2015; Royal
Academy of Engineering, 2016). STEM learning and teaching was considered as an
integration of the underlying STEM disciplines. Educating a more scientifically
literate community is one of the core targets of STEM education (English & King,
2015). Although educational institutions in many countries have argued the
importance of STEM education in schools, the nature of STEM teaching experiences
and how these subjects are integrated within the curriculum are still open to debate
(English & King, 2015).

Research has found that incorporating aspects of engineering in the STEM curriculum
can enhance STEM learning, especially for primary school students (English & King,
2015). Problem-based learning follows the key components of engineering design
(Capraro et al., 2016). Engineering experiences include making and building things
which develop children’s understanding of the important role of engineering in
shaping and developing societies. Engineering can provide a real world context.
Students can draw on maths and science principles to solve problems, which enhances

motivation and performance for STEM learning.

Students’ high dropout in STEM learning has been identified in the Australia
workforce. Australia’s lack of STEM graduates entering the workplace is caused by a
decline in STEM study at the tertiary level. Fewer tertiary students choose to study
STEM as a career path because there is a high dropout rate from STEM subjects in
high school (Freeman, 2013). The reason for the decline in STEM interest in high
school has been attributed to an inadequate amount of time spent on STEM teaching
in primary schools (Office of the Chief Scientist, 2013). Thus the shortfall of STEM
graduates entering the workforce is attributed to their low engagement and low



performance in STEM learning at primary school. Therefore, it is important to provide

experiences to maintain students’ STEM interest in primary school.

One response strategy is to embrace an expanded engagement with STEM skills at
primary school level when children first encounter these areas (Education and
Training:The Australian Industry Group, 2013). It is important to promote the STEM
pipeline through K-12 education. In order to foster STEM learning, it is of significance
for primary teachers to deliver motivating and engaging STEM lessons to engage
students to learn STEM. Primary school teachers need to be able to incorporate
different technologies and be confident to teach STEM. Therefore, teachers need to be
exposed to different modes of technologies and to build up their capability to teach
STEM.

Research shows that pre-service science teachers’ positive science experiences during
their childhood are an important contributor to their decision to pursue an advanced
level of STEM learning (Westerlund, Radcliffe, Smith, Lemke, & West, 2011).
Research shows that young adults made their career choice, which was rooted in earlier
learning experience in childhood (van Tuijl & van der Molen, 2015). Many pre-service
primary teachers described how good science teachers in their past were an important
factor which influenced their interest in teaching science (Westerlund et al., 2011).
Good science teachers provided positive science learning experiences which were
helpful to maintain their long-term interest in learning science. To build up the pipeline
of science teachers, it is important to teach children science in a motivational and
engaging way when they first encounter science. Negative experience of STEM
learning at school results in negative attitudes towards STEM in later life (Cormick,
2014). Thus, STEM learning in primary schools is of great importance to attract more
students and teachers to the STEM field.

In order to promote STEM education, the adoption of robotics is being increased
dramatically as an educational tool. Robotics in schools has mainly been used to
stimulate learning STEM concepts. Robotics allows learning through designing,
building and operating robots (Zhou, Yuen, Popescu, Guillen, & Davis, 2015). It leads

to the acquisition of principles and knowledge in electrical, mechanical and computer
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engineering, skills which are in high demand in the industrial workforce. Robotics
promotes problem-solving, system-oriented thinking, team work and independent
study skills (Zhou et al., 2015). LEGO Mindstorms is probably the best known product
which allows students to have a hands-on experience with robotics while maintaining
concurrent focus on their academic learning (Zhou et al., 2015). Using robotics appears
to be an effective method for delivering STEM content in the classroom to engage

students in STEM learning.

STEM-oriented teacher professional development is important for teachers to develop
their professional knowledge to be able to engage students in STEM learning.
Research has showed that teacher professional development can benefit students’
performance (Capraro et al., 2016). There is a great need to provide professional
development about how to teach technologies in the classroom. There are many
professional development opportunities for STEM integration which are engineering
oriented (English & King, 2015; Wang & Nam, 2015), and science and mathematics
oriented (Charlesworth, 2015). However, how to prepare teachers to teach technology

for STEM integration is a gap because few researchers have explored this issue.

1.1.4 Australian Curriculum: Technologies

The Australian Curriculum was released to ensure all students benefit from learning
traditional, contemporary and emerging technologies that shape the world (Falkner &
Vivian, 2015). It comprises two distinct but related subjects: Design and Technologies,
and Digital Technologies (Australian Curriculum Assessment and Reporting
Authority, 2015). The Australian Curriculum: Technologies provides opportunities for
students from Foundation (F) to Year 10 to explore their design thinking, algorithmic
thinking and coding skills. For example, in Years 3-6, students need to be introduced
to a visual programming language, such as MIT’s Scratch (Falkner & Vivian, 2015).
In order to enhance STEM competitiveness, the Australian Curriculum: Technologies
provides a significant opportunity for children to develop and master their skills to

design and create new technology to create a preferred future.



However, to ensure the successful implementation of the Australian Curriculum:
Technologies, high-quality learning resources are core components (Falkner & Vivian,
2015). High quality resources are important to engage students in meaningful ways to
build up their capabilities to solve problems and a clear pathway for STEM capacity
from primary school (Zagami, 2015). Therefore, it is important to provide a variety of

high-quality resources to engage students in learning technologies.

The capacity of teachers, especially primary school teachers, plays a fundamental role
in the successful implementation of the Australian Curriculum: Technologies (Zagami,
2015). Primary school teachers are lacking experience of learning Technologies based
on their own school learning experiences. Many primary school teachers are unfamiliar
with the concepts of computational thinking and design thinking and consequently
anxious about teaching Technologies (Albion et al., 2016). The successful introduction
of the Australian Curriculum: Technologies requires a significant effort to prepare
primary teachers to be capable of delivering high quality teaching in their classrooms.
Therefore, it is urgent to build up primary school teachers’ capacity to be able to teach
Technologies in an engaging way through provision of high quality professional

learning opportunities.

1.1.5 Research Context— RALfie

There is substantial experience over recent decades with Remote Access Laboratory
(RAL) use in universities to provide students with more flexible access to learning
through experiments, especially in electrical and computer control engineering
disciplines (Lowe, Newcombe, & Stumpers, 2012; Maiti, Maxwell, & Kist, 2013).
More recently they have been found effective in secondary schools (Lowe, Newcombe,
& Stumpers, 2013) and may also offer benefits for primary schools by enabling sharing
of equipment that is expensive to acquire and maintain and by assisting teachers. To
date there has been little research on RAL in teacher education (Kist, Maxwell, &

Gibbings, 2012), which suggests a gap to be further explored in this study.

The RALTfie Project represents a new approach to RAL. Where most RAL systems
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offer remote access to experiments at a central location such as a university campus,
RALfie is designed to support peer-to-peer (P2P) sharing of experiments. It was aimed
at creating a learning environment and the associated technical systems to allow
children aged 11 to 17 years to create low cost RAL, using tools such as cameras,
sensors, LEGO Mindstorms EV3, and other robotics, and share them with other
learners online (Maxwell et al., 2013). The RALfie project was originally designed for
students and was extended for pre-service and in-service teachers to prepare them to
teach technology in classrooms.

RALfie is technology which addresses key skills related to computational thinking and
associated concepts, such as design thinking and systems thinking. Computational
thinking is a key idea in the new Australian Curriculum: Technologies (Australian
Curriculum Assessment and Reporting Authority, 2013a). It is believed that
computational thinking will empower children to change the future of the world (Catlin
& Woollard, 2014).

There are two types of participants in RALfie activities: makers and users (Maxwell
et al., 2013). RALfie allows students and teachers to create and access STEM
experiments face to face or remotely via an online system. The unique feature of the
RALfie project was that it provided not only for users but also for makers of
experiments other than the host organization. RALfie provided a hands-on experience
which allowed makers to build and create their own hands-on experiments and share
them in the RALTfie online community. Depending upon their location, PSTs in this
study could access both maker and user activities.

1.2 Overarching Research Problem

The aim of this research was to investigate the effect of working with RALfie on PSTs’

self-efficacy for teaching technologies. There have been many research studies and

programs for science teacher education (Bellocchi et al., 2014; Luehmann, 2016).

However, there were few research studies about preparing primary school teachers to

teach technology. The Australian Curriculum: Technologies has been newly released

(Australian Curriculum Assessment and Reporting Authority, 2013a). It is important
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to prepare primary school teachers to build up their capacity and capabilities to teach
the Australian Curriculum: Technologies. Children will benefit from motivating and
engaging lessons about technology. It is crucial to establish a positive attitude of
learning technology when they first encounter STEM areas. Additionally, RAL has
been widely used in engineering, nursing and farming areas. But there have been few
research studies using RAL in teacher education (Bowtell et al., 2012). This research
Is important. This study will use RAL to enhance pre-service primary teachers’ self-
efficacy for teaching technologies education. The specific research questions will be
elaborated in Chapter 2.

1.3 Significance of this Research

1.3.1 Theoretical Significance

This study investigated the effects of hands-on and remote experiences with RAL on
PSTs’ self-efficacy to teach the Technologies Curriculum. Teachers’ attitudes and
beliefs about their capability to teach technology have a great impact on students’
attitudes and achievements in learning. It is important to explore PSTs’ self-efficacy
to teach Technologies (Albion et al., 2016). This study also built a theoretical
framework based on Bandura’s self-efficacy theory, Vygotsky’s social constructivism
and Piaget’s learning stages theory. The framework broadened understanding of self-
efficacy theory by building links to scaffolding and learning stages theory. The

framework also highlighted the importance of hands-on learning in technologies.

1.3.2 Methodological Significance

Both quantitative data and qualitative data were collected and a mixed method was
used to study self-efficacy. In the past, predominantly quantitative research methods
have been used for study of self-efficacy. Quantitative data was used to identify the
‘unusual’ participants and qualitative data was used to elaborate reasons for changes
in self-efficacy. It was important to understand the value of PSTs’ self-efficacy

through their voice as agents of change.
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The Technology Teaching Efficacy Belief Instrument (T-TEBI) was developed by
adapting the Science Teaching Efficacy Belief Instrument (STEBI) (Enochs & Riggs,
1990). T-TEBI was used to measure PSTs’ technology teaching efficacy beliefs. The
pre-test and post-test T-TEBI results were examined for the differences in their self-
efficacy before and after engaging with the RAL experiments. The Positive and
Negative Affect Scale (PANAS) was used to measure experiences of positive and
negative affect (Ebesutani, Kim, & Young, 2014). The pre-test and post-test PANAS
results were used to measure differences between their emotional status before and
after the treatment as emotional status was one source of self-efficacy (Bandura, 1997).
The combination of T-TEBI and PANAS used different methods to identify the
differences in self-efficacy before and after the treatment with RAL experiments.

1.3.3 Practical Significance

This research allowed PSTs to access hands-on and remote RAL experiments and
empowered them to learn about RAL as a new technology. PSTs used LEGO,
computers, and cameras to build their own experiments and hook them to the RAL
system to allow remote control. The hands-on experiments allowed them to interact

with their peers and professional engineers.

This research provided opportunities for PSTs to be engaged and motivated to learn
material relevant to teaching the Technologies Curriculum. The RALfie project
provides ready-made experiments for PSTs to use. Ready-made experiences save
preparation time and evoke positive responses from teachers to teach science (Albion
& Spence, 2013b). Ready-made RAL experiments and successful learning experiences
with RAL have the potential to positively impact teachers’ self-efficacy to teach
Technologies.

1.3.4 Personal Significance

My personal STEM learning experience was full of ups and downs. When my maths
teacher was capable of delivering motivating and engaging lessons, my maths
11



performance was very good. My maths teacher in Year 6 was not good at delivering
maths concepts in an engaging way. Her teaching style was more like ‘a sage on the
stage’. Students had to do a maths test in a competitive way every day. She did not
respect students who did poorly in maths tests. Even though | could achieve good
results sometimes, | did not like her teaching style and gradually the subject that she
taught. From Year 8 to Year 9, my maths teacher had difficulties to answer students’
questions in class. From Year 10 to 12, | avoided learning Maths, Physics and
Chemistry which began a bad cycle. From my personal experience of learning STEM,
I know that students not only respond to the subject but also the teacher, who he or she

is in the classroom.

My two years teaching practice in Sydney local schools helped to identify teacher
engagement as my research focus for my Master of Education (Honours) degree. If
teachers are positive and engaged, it is more likely that students are motivated and
engaged to learn. If teachers are negative and diffident, students will soon sense the
negativity and adopt negative attitudes which will impede students’ engagement and
their learning outcomes. Students can sense teachers’ anxiety and fear which teachers
want to hide. Therefore, teachers’ confidence has a great impact on students’ attitudes
towards learning (Bursal & Paznokas, 2006). It is one of the reasons why | chose to

investigate teachers’ preparation for my PhD study.

When | first started my PhD, | was overwhelmed by the complex science and
technology experiments that RALfie involved. | changed the focus of my research. My
supervisor never doubted about my capacity to complete my PhD. At different stages
of my research, my supervisors encouraged me to try different approaches to tackle
research problems which interested me. | experienced some success which was helpful
to build up my confidence and capacity to conduct my PhD. Bandura’s self-efficacy
theory was a torch which guided me through my intellectual journey.

1.4 Structure of this Research

This thesis is divided into six chapters, which are organized as follows:
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Chapter 1 Introduction

This chapter introduced the background of the thesis. It introduced the significance of
technology, STEM and STEM education. It then introduced the Australian Curriculum:
Technologies. The research was limited to the context of the RALfie project at a
university in Queensland, Australia. The significance of this research was outlined as

well.

Chapter 2 Literature Review

This chapter reviews the relevant literature in three parts. Part one reviews contexts of
this study. Part two reviews Bandura’s self-efficacy theory which is the main theory
for this study. Part three reviews Piaget’s learning stages theory, Vygotsky’s social
constructivism theory and Motivation and Engagement theory. Drawing on the four
theories, this researcher builds the theoretical framework. The research gaps are
identified based on the theoretical framework. Research questions are raised to address

the research gaps.

Chapter 3 Methodology
This chapter introduces the methodology of this research. It outlines the research
paradigm which was pragmatism. It talks about the mixed methods, data collection

and analysis, ethics, validity and reliability.

Chapter 4 Pilot Data Analysis
This chapter focuses on pilot data analysis. It introduces the RALfie experiences. It
outlines data collection and analysis, discussion, lessons learnt from pilot data analysis,

and summary.
Chapter 5 Major Data Analysis
This chapter focuses on the major data analysis. It introduces the RALfie experiences.

It outlines major data collection and analysis, discussion, and summary.

Chapter 6 Conclusion

13



This chapter concludes this thesis. It answers the research questions and outlines
contributions. It reports limitations and recommendations and finally draws a

conclusion to this research.
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Chapter 2: Literature Review

This chapter contains three parts. Part one reviews the relevant literature on the context
of this study. It begins with the significance of STEM education and then considers
issues related to STEM education in Australia. The Australian Curriculum:
Technologies is discussed as a national response to the challenges of STEM education.
Remote Access Laboratories are reviewed for their potential to contribute to STEM
education. Part two reviews literature about Bandura’s self-efficacy theory, which is
the main theory for this study. Part three reviews Piaget’s learning stages theory,
Vygotsky’s social constructivism, and the Motivation and Engagement (MeE)
Framework. Drawing on these theories, a theoretical framework is developed to serve
as a basis for exploring the issues around teacher preparation. The chapter then

addresses the research gaps and raises research questions.

2.1 Context of This Research

2.1.1 The Significance of STEM Education

STEM education has a great impact on innovation and new technology-based
enterprises (Marginson, Tytler, Freeman, & Roberts, 2013). In order to stimulate
creativity, productivity and economic growth, it is essential to enhance STEM
education in Australia. Hence, STEM education is very important for Australia to
participate in the global digital economy (Office of the Chief Scientist, 2013). A
technology-based economy requires citizens to be engaged in mainstream STEM

education.

Besides the economic reasons, there are political reasons to develop STEM education.
To improve the quality of STEM teachers in the workforce has been increasingly
prioritized by policymakers and politicians (Goldhaber, Krieg, Theobald, & Brown,
2014). President Obama launched a series of recommendations regarding taking
actions to ensure that the United States of America is a leader in STEM education with
the reason that STEM education plays a critical role to enable the U.S.A. to be a leader

of the global market in the digital landscape. The most important factor in ensuring
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excellence in STEM education is excellent STEM teachers (Holdren, Lander, &
Varmus, 2010). To improve the quality of STEM education is a priority because it will

enhance national competitiveness.

Australian prosperity is greatly shaped by STEM education (Office of the Chief
Scientist, 2013). STEM education contributes to the pipeline for a STEM workforce
which will stimulate innovation and productivity for economic growth. STEM is a
crucial and critical element that Australian education must be committed to develop
and sustain for the prosperity of the nation (Office of the Chief Scientist, 2013). STEM
is a key way to improve Australia’s productivity and competitiveness in the digital

future.

2.1.2 STEM Education Challenges in Australia

There are several issues impeding the success of Australian STEM education. They
include the STEM divide by students’ gender (Gonski et al., 2011) based on the
stereotype that girls are less successful than boys in STEM learning. Women are under-
represented in STEM fields (Marginson et al., 2013; Ping et al., 2011; Stout, Dasgupta,
Hunsinger, & McManus, 2011; Wallace & Sheldon, 2014). Even though such
stereotypes are diminishing, there is a link between girls’ STEM performance and girls’
stereotype endorsement (Beilock, Gunderson, Ramirez, & Levine, 2010). Girls with
low STEM achievement are more inclined to endorse the stereotype. Research also
highlighted that first-grade and second-grade girls are more likely to endorse such
traditional gender stereotypes of their female teachers (Beilock et al., 2010). Teacher
training is of great importance to reduce teachers’ anxiety and build up their
confidence to teach STEM subjects (Van Aalderen - Smeets et al., 2012). Therefore,
it is important to provide teacher professional development which will be helpful to
increase students” STEM performance and engage more girls toward STEM careers
and to diminish the gender stereotype.

There are shortages of highly developed STEM skills in the workforce worldwide
(Hausamann, 2012), including in Australia (Education and Training:The Australian
Industry Group, 2013), America (Innes, Johnson, Bishop, Harvey, & Reisslein, 2012;
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Knezek, Christensen, & Tyler-Wood, 2011) and Europe (Hausamann, 2012). The
shortage of advanced STEM workers is a global concern. Low numbers of STEM
graduates are also reflected in a shortage of qualified STEM teachers. The shortage of
STEM teachers is a concern in Australia (Marginson et al., 2013). The reason for the
falling numbers of STEM graduates was students’ low interest in learning STEM (van
Tuijl & van der Molen, 2015). Australian education systems need to employ primary
and secondary teachers and specialist teachers to a total of 10,000 each year to meet
the domestic requirement. It is important to maintain numbers of qualified STEM
teachers in schools so that there will be enough teachers to teach STEM. It has been
recommended that Australia needs to lift quality, capacity and qualifications in STEM
and related disciplines (Education and Training:The Australian Industry Group, 2013).
It has been identified that countries with high STEM advancement have a reliable
STEM workforce whose STEM skills are valued by employers (McLaughlin, Kennedy,
& Reid, 2015). Evidence shows that “Australia is falling short in educating future
STEM graduates” (McLaughlin et al., 2015, p. 356), which is reflected by the
shortages of STEM teachers. It is important to retain qualified STEM teachers in

Australia to meet the domestic needs in schools.

The lack of teacher professional development for teaching the Australian Curriculum:
Technologies is a concern. Teachers’ professional development is important to support
them to teach in the classroom (Marginson et al., 2013). Evidence shows that high
quality professional development on STEM-oriented problem based learnings could
result in increasing students’ learning achievement. Low quality professional
development could lead to low gains by students which could be mediated through
teacher content knowledge (Capraro et al., 2016). Providing high quality professional
development enhances teachers’ knowledge and expertise (Miles, van Tryon, &
Mensah, 2015). Science and Mathematics teacher professional development has been
highlighted and investigated for a long time (Miles et al., 2015). There are some
research studies that have targeted teachers’ professional development for ICT
integration (Blau & Shamir-Inbal, 2016) and pre-service teachers’ competence for
using ICT into teaching practice (Tondeur et al., 2016). However, there were few
research studies targeted on teachers’ professional development for teaching

technology. Therefore, it is important to provide and investigate professional
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development opportunities to prepare teachers to be able to teach the Technologies

curriculum (Freeman, 2013).

There is huge disparity in the success of STEM education based on socioeconomic
status (Marginson et al., 2013) and the size and location of schools and funding
systems (Gonski et al., 2011). The different funding systems between Government,
Catholic and Independent schools result in unequal learning resources and learning
opportunities to achieve STEM outcomes (Gonski et al., 2011). The disparities are
longstanding between states and territories. The most disadvantaged cohorts are
students with disabilities, low socioeconomic status, English as a second language,
Indigenous background and those in remote locations (Gonski et al., 2011). There is
the equivalent of up to three years’ of schooling difference in STEM performance
between students of the same age from different backgrounds (Freeman, 2013). It is
very difficult for the most disadvantaged cohorts to have hands-on STEM experiences
(Johnson et al., 2013). Therefore, it is urgent to provide equal opportunities for
students with different backgrounds to achieve STEM success in education.

One of the concerns is that the digital divide increases disparity in STEM education.
The digital divide refers to the gap between people who have, or have not, access to
digital technologies (Henderson & Romeo, 2015). Digital divide not only includes the
lack of ability to afford technology but also the lack of access to training and education
which enhances digital learning. It is evidenced that the digital divide is across rural
and urban areas in Australia (Erdiaw-Kwasie & Alam, 2016). The rural areas of
Australia with low socioeconomic status are in a disadvantaged position because the
digital divide is widening. It is hard for students and teachers in rural areas to access
digital technologies. The digital divide makes it hard for everyone to achieve the

requirement of the Australian Curriculum: Technologies.

In order to improve STEM teaching in primary schools, there are some initiatives
which focus on “allocating more time” to STEM education (Van Aalderen - Smeets
et al., 2012, p. 159). However, merely adding more time to STEM teaching does not
solve the problem for unqualified or less qualified STEM teachers in primary schools

(Van Aalderen - Smeets et al., 2012). In order to improve STEM teaching in primary
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schools, teachers need professional learning about how to teach STEM in an engaging

way.

STEM teacher shortages have been identified as a key element of the crisis in STEM
education in Australia (Freeman, 2013; Marginson et al., 2013). In order to fill STEM
teaching positions, primary and secondary schools apply the following strategies:
requiring teachers to teach outside their expertise; recruiting less-qualified or
unqualified replacement teachers; reducing the STEM curriculum offered; reducing
the length of classroom time for STEM; combining classes across year levels;
combining classes across subject areas; combining classes within subject areas;
sharing programs with other schools and recruiting retired teachers on short-term
contracts (Marginson et al., 2013; McKenzie, Rowley, Weldon, & Murphy, 2011).
Schools in remote locations, of small size with low socioeconomic status, and in
Indigenous communities find it very hard to recruit teachers (Marginson et al., 2013).

The STEM teacher shortage is a significant concern in Australia.

The consequences of employing such strategies to address the STEM teacher shortage
are serious. Requiring teachers to work outside their area of expertise has been shown
to result in anxiety (Bandura, 1997). If teachers become anxious as a result of working
outside their area of expertise, their anxiety will cause student anxiety and low
performance in STEM (Ping et al.,, 2011). Teachers who are less-qualified or
unqualified to teach STEM are not capable of delivering motivating and engaging
lessons to engage students to learn STEM. Employing less-qualified or unqualified
teachers is against the Australian Teacher Performance and Development Framework
(Australian Institute for Teaching and School Leadership, 2012). Removing STEM
from the curriculum and reducing teaching time for STEM are against the learning
requirements of Australian Curriculum (2013a, 2013b). Combining classes across year
levels and subject levels will increase class size and reduce learning time for STEM
subjects (Marginson et al., 2013). The consequences of using these strategies result in

students’ low performance and low engagement in STEM learning.

The lack of relevant professional development is another issue that causes teachers’

STEM anxiety. There are insufficient professional learning programs for STEM
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teachers, especially primary school teachers (Freeman, 2013). Primary school teachers
without specific discipline training are required to teach the primary school science
and technology curriculum (Freeman, 2013). It is reaffirmed that primary school
teachers are not adequately trained to teach Science in the Netherlands which resonates
with the situation in Australia (Van Aalderen - Smeets et al., 2012). It is important to
provide professional learning programs for primary school teachers which are in line
with the Australian Professional Standards for Teachers (2011) and the Melbourne
Declaration on Educational Goals for Young Australians (2008). It is suggested that
the crux of high quality teaching lies in how and what teachers learn (Goldsmith, Doerr,
& Lewis, 2013). There is a great need for primary school teachers to access
professional training about STEM. Professional learning related to STEM is helpful to
build up their “confidence and capacity” (Freeman, 2013, p. 12) to teach STEM in

motivating and engaging ways.

In order to meet the STEM priority, it is important to prepare pre-service teachers at
all levels of schooling to teach the Australian Curriculum: Technologies (Cooke &
Walker, 2016). It is important to focus on pre-service teachers with the reason that they
will implement the new curriculum, they are eager to learn and to change (Idowu,
2013). Pre-service teachers’ STEM perception, confidence, belief and knowledge
impact on their quality of STEM teaching (Cooke & Walker, 2016). It is imperative
that pre-service teacher education focus on skills, competencies, and knowledge which
can prepare PSTs to become capable of teaching the Australian Curriculum

Technologies.

2.1.3 Australian Curriculum: Technologies

Australia has incorporated Science and Technology in the general curriculum at all
year levels since 1989 (Australian Education Council, 1989). Before that time study
of technologies was limited to the vocational subjects of manual arts (woodwork and
metalwork) and home economics in secondary schools. Due to a growing interest in
the value of technological literacy, the national and state governments developed the
national framework in 1989 to develop scientific and technological skills to stimulate

students to be informed citizens in modern society (Australian Education Council,
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1989). The Melbourne Declaration on Educational Goals for Young Australians
(Ministerial Council on Education Employment Training and Youth Affairs, 2008)
acknowledged major technological changes in the world which placed greater
demands on further education and technological skills for jobs in the global context.
However, it was another 25 years before a truly national technologies curriculum was
developed (Barr et al., 2008).

In order to build a technologically literate workforce, the development of a new
curriculum for technologies was undertaken in consultation with ICT industry and
public stakeholders in 2013 (Australian Curriculum Assessment and Reporting
Authority, 2013a; Department of Broadband Communications and the Digital
Economy, 2013). There are two subjects in the new Curriculum, Design and
Technologies and Digital Technologies. Both of them are presented through two
strands, ‘knowledge and understanding’ and ‘processes and production skills’. From
Foundation to Year 10, Digital Technologies and Design and Technologies are
mandatory subjects. The overarching idea for the entire curriculum is ‘creating
preferred futures’. Students identify possible and preferred futures as they progress
with the Technologies Curriculum. The key ideas included are project management
and thinking in technologies (systems thinking, design thinking and computational
thinking).

Including Digital Technologies as a compulsory subject for Foundation to Year 10 is
revolutionary and new in Australian education (Reynolds & Chambers, 2015). The
Digital Technologies curriculum receives particular support and welcome by the
Australian Council for Computers in Education (Zagami, 2015). Digital Technologies
allow students to “use computational thinking and information system to define,
design and implement digital solutions” (Australian Curriculum Assessment and
Reporting Authority, 2010, p. 4). Teaching Digital Technologies will provide
opportunities to engage students in learning, enhance digital skills and problem-
solving skills. The Queensland government has announced that the new curriculum
will be implemented in its schools from 2016 with significant new initiatives to support
work with robotics and coding (DET, 2015). The NSW Board of Studies, Teaching

and Educational Standards has developed new syllabuses for primary schools to focus

21



on the Science and Technology K-6 syllabus (NSW Department of Education and
Communities, 2016).

Incorporating design thinking into the curriculum allows students to engage in the
process of design and apply integrated STEM knowledge to solve real-world problems
(English & King, 2015). Design and Technologies allows students to use “design
thinking and technologies to generate and produce designed solutions for authentic
needs and opportunities” (Australian Curriculum Assessment and Reporting Authority,
2010, p. 4). Through design, students can appreciate that there are multiple ways to
solve complicated problems and there are various tools which can produce a desired
product (English & King, 2015).

For many in-service and pre-service teachers, many of the elements in the technologies
curriculum were not experienced in their own school education and have received little
attention in their post-secondary education (Zagami, 2015). They are likely to be
unsure about the knowledge and skills that children are expected to learn in
technologies and will lack the repertoire of teaching ideas and resources that they have
accumulated for more traditional subjects (Wu et al., 2015). They will require time and
support for preparation. Thus, successful implementation of the Australian Curriculum:
Technologies will require the provision of relevant teaching resources and attention to

relevant pre-service and in-service teacher education.

In summary, it is important to build up teachers’ capacity and capability to teach the
Technologies curriculum. It is crucial that teachers are capable of delivering the new
technologies curriculum to attract a large pool of students to enter STEM careers. It is
also important to educate everyone to have a good understanding of technologies for
participation in advanced democratic economies. Teachers need to be prepared to be
confident and competent to engage students in learning the Technologies. This
research will investigate using RAL to prepare PSTs to teach the Australian

Curriculum: Technologies.
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2.1.4 Remote Access Laboratories (RAL)

Attracting and employing teachers in remote and rural locations is a major issue
(Dorman, Kennedy, & Young, 2015) because of the increased urbanisation in Australia.
Queensland is the most decentralised state in Australia and it is estimated that nearly
one third of school-aged children study in remote and rural communities in Queensland
(Queensland Government: Department of Education, 2006). RAL provides
professional development opportunities for PSTs and in-service teachers in schools
where they can access resources from remote locations. At the University of Southern
Queensland up to 70% of students in the 4-year Bachelor of Education are studying at

least some subjects online (Albion, 2014).

The regular mainstream STEM teaching provides insufficient hands-on labs to
motivate and engage students in learning STEM (Hausamann, 2012). The gifted and
talented students are often unchallenged by regular STEM lessons in schools. They are
less motivated or engaged by the lower cognitive level provided by regular STEM
teaching. There is a need for schools to provide extracurricular science labs for talented
students. In order to retain more students to learn STEM at the tertiary level, a variety
of extracurricular science laboratories have been established successfully to engage
primary and secondary students in STEM learning (Hausamann, 2012). However,
physical classroom laboratories are very expensive and may be unavailable at many
schools (Hausamann, 2012), especially those with low socioeconomic status or in
disadvantaged locations (Erdiaw-Kwasie & Alam, 2016). Additionally, it is very hard

to maintain physical equipment for individual schools (Lowe et al., 2012).

Remote access laboratories (RAL) have been increasingly investigated as a partial
solution to the challenge of hands-on labs (Lowe, Dang, Daniel, Murray, & Lindsay,
2015). RAL are online systems using real equipment and physical devices which are
operated at distance to observe a real result over the Internet (Heintz, Law, Manoli,
Zacharia, & van Riesen, 2015; Séenz, Chacén, De La Torre, Visioli, & Dormido, 2015).
The aim of RAL is to accommodate a large number of students with limited resources
and remove barriers such as time and space limitations (Maiti, Kist, & Maxwell, 2015).

The nature of RAL provides opportunities for students to make experimental
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observations using real equipment. The experimental interface records full data
streams which allow students to capture, study, manipulate and analyse experimental
data (Lowe et al., 2013). It allows deep understanding of the experimental observation.
RAL enable a large number of schools to share access to high quality facilities and
offset costs. Therefore application of RAL provides an opportunity for schools to share

resources to offset costs (Lindsay, Murray, & Stumpers, 2011).

There are many benefits of using RAL in engaging students in learning STEM. RAL
can be carried out autonomously (Hanson et al., 2008). Students can try experiments
in remote laboratories many times without being identified with their failure. Students
can access RAL any time which increases learning time for them to study STEM
subjects (Lindsay et al., 2011; Zubia & Alves, 2012). The flexibility of access is one
of the most significant benefits (Lowe et al., 2013). They can use it repeatedly to check
answers and test their hypotheses (Olive et al., 2010). RAL allows students to use it
repeatedly with “round the clock accessibility” (Lindsay et al., 2011, p. 4). Importantly,
technology makes students feel that they are in control because students are the locus
of control at key decision-making junctures during exploration (Olive et al., 2010).
Additionally, RAL provides online experiments instead of physical experiments which
minimize the risks of being hurt (Lindsay et al., 2011). Equipment that involves high
radiation or voltages is dangerous to access (Lowe et al., 2013). RAL offers
opportunities for students’ collaboration internationally which is rather difficult using
the hands-on labs (Machotka, Nedi¢, & Nafalski, 2011). Therefore, there are multiple
advantages of using RAL in STEM teaching.

However, there are disadvantages that need to be taken into consideration when using
RAL. RAL has been used and researched in undergraduate education. However, there
is limited research that investigates RAL for K-12 education (Lowe et al., 2013). In
tertiary education, content needs to be redesigned for RAL as courses that incorporate
RAL are not reproductions of face-to-face classes in an online environment (Kist,
2012). RAL courses need to be designed carefully to scaffold the learner under the
principle of constructivism. There are many studies analysing the implementation

details of RAL. However, pedagogical issues are key concerns in the deployment of
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RAL at universities. Teachers need professional support related to technical

knowledge and online operational support to use RAL (Kist, 2012).

In order to solve pedagogical problems using RAL, a key to solving them is
collaboration among academics in different faculties in universities (Kist, 2012). With
different expertise drawn from across disciplines, collaboration provides an
opportunity for reflection and critical thinking about the existing RAL courses.
Importantly, collaborations allow specialists from different disciplines to work

together to design and create new RAL activities (Kist, 2012).

2.1.41 RALfie

Traditional Remote Access Laboratories (RAL) system follow a client-server
architecture. The universities host the RAL system and manage user access (Maiti,
Kist, et al., 2015). Traditional RAL architectures play the role of service provider
which add experiments from the server side. Users can only use the experiments but
had little operational autonomy regarding to design of rigs. Figure 1 depicts the
traditional RAL model (Maiti, Maxwell, Kist, & Orwin, 2015, p. 213).

i--.f:,% r . Internet

Universit& Side

Figure 1: Traditional RAL System

RALfie offered peer-to-peer (P2P) RAL system which enabled users to create
experimental setups and share experiments with others. Users can run experiments
created by others and evaluate them. RALfie featured the notion of a distributed
RAL system where users have the flexibility and autonomy to join or remove any
experiment. RALfie offered a significant change by distributing experiments
geographically. It expanded the one-to-many approach, where one central laboratory
serves many users, to many-to-many approach, with many users using multiple
equipment by various providers (Maiti, Kist, et al., 2015). Individuals can be both
makers and users of experiment in RALfie system. Figure 2 shows the RALfie
distributed P2P system (Maiti, Kist, & Maxwell, 2014b, p. 179).
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Figure 2: The RALfie P2P System

RALfie system is built using a VPN service which allows direct access between users

and makers’ experimental rigs. Snap! (http://snap.berkeley.edu/) is a graphical
programming language which provides the basis for programming and interfacing with
the rigs (Kist, Maiti, & Maxwell, 2015). Using Snap! to program LEGO Mindstorms
to remote control a robot enables the makers to learn mathematical, engineering and
computational ideas and conceptions. Importantly, makers learn how to work

collaboratively in a group to think creatively.

2.1.4.2 Maker activity

The maker movement started in 2006 from America where a growing number of
people are engaged in building, creating and tinkering things in the world such as
designing their own jewellery, furniture and robots (Reshick & Rosenbaum, 2013).
Makers are passionate to engage with designing things which make them more than
just consumers. Makers are enthusiasts essentially (Dougherty, 2012). Makers take
pride and pleasure to invent things personally. The Maker movement allows
enthusiasts to gather together to share their hobbies, interests and new ideas in a
community. Today’s makers are interconnected within micro-communities defined by

a particular hobby with the significant influence of new technologies and digital tools.

Makerspaces are increasingly being viewed as a method for engaging learners in
creative, high-order thinking, problem-solving through hands-on design, construction

and iteration (Johnson, Adams Becker, Estrada, & Freeman, 2015). The driving force
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behind makerspaces originated from the Maker movement which comprised artists,
engineers, builders, tinkerers, tech enthusiasts and anyone else with a passion for
making things. Many school leaders are considering adding makerspaces into the
formal learning environment to encourage students and teachers to develop their ideas

and explore design thinking from start to end.

RALfie offered hands-on activities. Tinkering and making are powerful ways to learn
(Martinez & Stager, 2013). The tinkering approach is characterized by “a playful,
experimental, iterative style of engagement, in which makers are continually
reassessing their goals, exploring new paths, and imagining new possibilities”
(Resnick & Rosenbaum, 2013, p. 164). A tinkering approach allows makers to try out

ideas, make adjustments and experiment with new things.

Hands-on experiments are designed to motivate and engage students in STEM learning
(Innes et al., 2012). Compared to didactic STEM teaching, hands-on activities in
laboratories provide opportunities for students to actively apply the principles and
concepts to solve problems in authentic environments. Students are more likely to view
themselves as problem solvers in collaborative hands-on laboratories which are helpful
in enhancing students’ engagement in learning STEM. Hands-on activities in
laboratories help to motivate and engage students in STEM learning and are one
potential solution to the problem of declining interest by K-12 students in learning
STEM. Hands-on experiments allow students to “directly manipulate the tools and
materials” (Innes et al., 2012, p. 226). Maker activities offer great opportunities for
learners to learn how to setup and configure the experiments (Kist et al., 2014). Direct
operation of experiments is preferable but not always possible so then RAL is a

suitable alternative.

Computational tools and digital devices allow makers to tinker around with new
technologies.

Digital tools such as robotics, 3D printers, and web-based 3D modeling applications
are affordable to more people. Creativity, design and engineering are making their way
to the forefront of educational considerations since technological devices are become

accessible. LEGO Mindstorms enables makers to build robotics devices that move,
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interact and remote controlled. SNAP! allows makers to assemble a set of scripts to

program robots and control their behaviours (Resnick & Rosenbaum, 2013).

Coding skills are being regarded as a way to instill computational thinking in students
because they combine deep computer science knowledge with creativity, analytical
reasoning and problem-solving (Johnson et al., 2015). The coding process is helpful
for students to construct, explore, experiment, evaluate and draw conclusions. RALfie
allows PSTs to program robotics and control them locally and remotely which will

help PSTs to develop their computational thinking.

RALfie as an innovative technology provides both hands-on and online modes for
participants to access STEM experiments. By engaging with RALfie, PSTs have a new
experience of working with technology. Students’ competent achievement in building
things produce a large part of their enjoyment and sense of accomplishment (Nickerson
& Zodhiates, 2013). RALfie activities are in line with the requirements of the
Technologies Curriculum such as “identify and explore a range of digital systems with
peripheral devices for different purposes, and transmit different types of data
(ACTDIK007)”.

There are some key factors which influence remote learning. Combined with perceived
ease of use they are the most important factors which impact on the continuance of
intention and use of online learning. Motivational factors are also important for the
acceptance of using technologies. Motivational factors such as control over goals,
ownership, fun, continuity between contexts and communication are important
(Edmunds, Thorpe, & Conole, 2012).

2.2 Bandura’s Self-efficacy Theory

The importance of STEM education has been highlighted as attracting worldwide

interest (Chubb, 2015). However, there have been many changes for implementation

of STEM education in schools. The Australian Curriculum: Technology iss newly

released and many school teachers are not familiar with the content of the Curriculum

(Albion & Spence, 2013b). Many schools lack hands-on experiments and resources,
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especially schools in rural and remote areas. There have been many studies researching
science education using self-efficacy theory to investigate science teachers’
preparedness to teach science in classrooms (Kazempour & Sadler, 2015; Sangueza,
2010). This study draws on self-efficacy theory to explore teachers’ self-efficacy to

teach the Australian Curriculum: Technologies.

Self-efficacy theory was developed by Bandura (Bandura, 1977, 1986, 1997) as a
component of social cognitive theory. In the social cognitive view, human functioning
is explained in terms of a “model of triadic reciprocality in which behaviour, cognitive
and other personal factors, and environmental events all operate as interacting

determinants of each other” (Bandura, 1986, p. 18).

Self-efficacy has been defined as “people’s judgments of their capabilities to organize
and execute courses of action required to attain designated types of performances”
(Bandura, 1986, p. 391). Self-efficacy strongly influences how people make choices,
how much effort people exert and how long people persist in the face of adversity.
How people behave can be better predicted by their beliefs about their capabilities
rather than what they are actually capable of accomplishing (Bandura, 1977). Personal

self-efficacy indicates what people do with their knowledge and skills (Bandura, 1977).

Bandura believed self-efficacy is central to affecting human behaviour (Bandura,
1986). Self-efficacy represents how people construct their thinking about personal
agency. Agency refers to “acts done intentionally” (Bandura, 1997, p. 3). Personal
agency is the power to initiate actions purposefully. The essence of personal agency is
that human beings exercise control over motivation, thought and feeling for a given
purpose (du Preez, 2013). But whether the purposeful action contributes to positive or

negative results or unintended consequences is another issue.

Bandura suggested that self-efficacy beliefs are derived from four principal sources of
information, namely enactive mastery experience, vicarious experience, verbal
persuasion, and physiological and emotional status (Bandura, 1997). The enactive,
vicarious, exhortative, and emotional sources influence the cognitive processing of

efficacy information (Bandura, 1977). Successful or mastery experiences have the
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most robust influence on people’s personal efficacy, whereas failures undermine it,
especially when failures precede the firm establishment of one’s self-efficacy. By
exerting persistent effort, people develop a resilient sense of efficacy. Setbacks and
difficulties help people to learn from their failures and build up their capacities to
exercise better control over endeavours. When people are convinced that they can
succeed, they are more likely to persevere in tough times and emerge from setbacks

stronger (Bandura, 1997).

Vicarious experiences also contribute significantly to self-efficacy. When people
perceive others with similar skills or situations, such as classmates, colleagues and
competitors, succeed in a similar activity it serves as a positive model for their efficacy
appraisals (Bandura, 1997). Verbal persuasion provides a further means of
strengthening people’s efficacy. Verbal persuasion alone may play a limited role in
creating enduring increases in self-efficacy, but if verbal persuasion is within realistic
realms, it can help people to change. People who are persuaded that they have the
ability to achieve a given task are more likely to exert greater effort and sustain it,
whereas people who doubt their personal ability and dwell on personal deficiencies are
more likely to quit when adversity arises (Bandura, 1997). Evaluative feedback and
verbal encouragement given to performers from others serves as persuasory efficacy
information. Physiological and emotional state is indicated by somatic information
which is relevant to physical accomplishments, health functioning and coping with
stressors. In physical activities, people can read their fatigue and pain. Mood states
affect people’s perceptions and performances (Bandura, 1997). Therefore, one way to
change people’s efficacy beliefs is to enhance their physical state, reduce stress and

negative emotional interpretations.

Self-efficacy has two components, efficacy expectations, and outcome expectancy
(Bandura, 1997). Efficacy expectations represent the conviction or belief that a person
can execute the behaviour necessary for some result (Bandura, 1977, 1986). It is a
judgement of one’s ability to achieve some performance. Outcome expectations are
defined as estimations of likelihood that a given behaviour will produce some
outcomes. It is the judgement of the likely outcome such behaviour will lead to

(Bandura, 1986, 1997). For example, the belief that one can run a marathon is an
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efficacy expectation, whereas the anticipated social recognition, applause, medal and

self-recognition for the marathon contribute to outcome expectations (Bandura, 1986).

Efficacy expectation and outcome judgements are different, “because individuals can
believe that a particular course of action will produce certain outcomes, but they do
not act on that outcome belief because they question whether they can actually execute
the necessary activities” (Bandura, 1986, p. 392). Instruments for measuring self-
efficacy normally include efficacy expectations and outcomes expectations. Two

separate subscales are used for the two components of self-efficacy (Bandura, 1997).

Self-efficacy has been the focus of research in various fields such as business, athletics,
psychology, clinical health and political changes (Pajares & Urdan, 2006). Self-
efficacy theory has been especially prominent in the educational field. Self-efficacy is
important to human beings for the reason that it is about people’s beliefs about their
own capabilities to achieve something and the outcome of their efforts which will
powerfully influence the way they behave (Usher & Pajares, 2008). Based on social
cognitive theory, self-efficacy beliefs assist people to determine the choices they make,
the effort they exert, the perseverance they demonstrate when faced with challenges,
and the extent of anxiety or serenity they experience as they engage with the tasks in
their lives (Bandura, 1997).

Teacher efficacy beliefs refer to “the extent to which teachers believe they have the
capacity to positively affect student achievement” (Riggs & Enochs, 1990, p. 626).
Teachers who believe that effective teaching can impact on students’ learning and who
are also confident about their own teaching capabilities should persist longer. They are
more likely to provide greater learning focus in the classroom teaching than those who
have lower expectations in terms of their ability to impact on student teaching learning
(Gibson & Dembo, 1984). Therefore, teacher efficacy is important because has a

positive impact on students’ learning outcomes.
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2.2.1.1 Self-efficacy for Teaching Science

Bandura’s self-efficacy theory is seminal and has been found to be robust in a variety
of research from its inception until now. It was used to analyse teachers’ self-efficacy
for teaching with ICT (Albion, 2000), Science (Albion & Spence, 2013a) and STEM
(Yang, Anderson, & Burke, 2014). There were research studies analysing PSTs’ self-
efficacy in tutoring mathematics for primary school students (Bjerke & Eriksen, 2016).
K-12 teachers’ self-efficacy for teaching engineering were analysed as well (Yoon
Yoon, Evans, & Strobel, 2014).

Self-efficacy beliefs of teachers and teacher candidates should be a focus in
educational research. Self-efficacy research can inform educational practice and
research agendas (Pajares, 1992). Self-efficacy can predict people’s persistence and
achievement in challenging subjects (Griggs, Rimm-Kaufman, Merritt, & Patton,
2013). There is a “strong relationship between teachers’ educational beliefs and their
planning, instructional decisions, and classroom practices” (Pajares, 1992, p. 326). It
seems that “beliefs are far more influential than knowledge in determining how
individuals organize and define tasks and problems and are stronger predictors of
behaviour” (Pajares, 1992, p. 311). Therefore, teachers’ self-efficacy beliefs are of

great significance for educational research.

Teachers’ self-efficacy beliefs can be used to predict their performance in teaching
(Cakiroglu, Capa-Aydin, & Hoy, 2012), which will consequently affect students’
learning outcomes. Research shows that teachers with higher levels of STEM teaching
self-efficacy are confident in their ability to teach STEM (Yang et al., 2014). They
believe that their effective teaching can contribute to the success of students’ STEM

learning.

Low self-efficacy has been highlighted as an issue because a large number of STEM
teachers have demonstrated a low self-efficacy to teach STEM and to help students to
learn STEM (Cakiroglu et al., 2012). STEM teachers with low self-efficacy are more
likely to avoid teaching complex concepts which are beyond their expertise. They also

tend to spend less instructional time in STEM (Cakiroglu et al., 2012). Research has
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shown that pre-service maths teachers who possess stronger beliefs in their capacity
to teach maths are more likely to have more confidence in solving maths problems and
teaching complicated maths concepts (Briley, 2012). Hence, teachers’ self-efficacy
beliefs are one of the most powerful variables to predict teachers’ performance in
teaching (Briley, 2012; Cakiroglu et al., 2012). Teachers’ self-efficacy indicates
teachers’ professional performance which will consequently affect students’ learning

outcomes.

Science teaching self-efficacy is the belief in one’s own ability to learn science and
organize and execute skills and knowledge related to science to manage science
content and the learning process (Sahranavard, 2014). A large number of science
teachers have demonstrated low self-efficacy for teaching science and helping students
to learn science (Cakiroglu et al., 2012). Science teachers with low self-efficacy are
more likely to avoid teaching complex concepts which are beyond their expertise and

tend to spend less instructional time on science subjects.

2.2.1.2 Science Teaching Efficacy Belief Instrument (STEBI)

Self-efficacy is a situation specific construct (Bandura, 1981). “From the social
learning perspective, it is no more informative to speak of self-efficacy in global terms
than to speak of nonspecific social behaviour” (Bandura, 1981, p. 227). It is “a context-
specific assessment of competence to perform a specific task, a judgment of one’s
capabilities to execute specific behaviours in specific situations” (Pajares & Miller,
1994, p. 194). Explicit efficacy measurements for particular areas are especially
necessary since primary teachers teach all subjects and may not be equally good at all
subjects (Enochs & Riggs, 1990). It is important to use a specific instrument to
measure self-efficacy in science teaching.

Based on Bandura’ theory (Bandura, 1977) the Science Teaching Efficacy Belief
Instrument (STEBI) was developed and validated and has become one of the most
widely used instruments targeting science teachers’ self-efficacy (Albion & Spence,
2013Db; Riggs & Enochs, 1990). Even though it is more than 20 years old, the STEBI-
A is still widely used in research (Albion & Spence, 2013b; Sinclair, Naizer, &
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Ledbetter, 2011). STEBI-A is used for in-service science teachers (Riggs & Enochs,
1990), whereas STEBI-B has been adapted and developed for pre-service teachers
(Enochs & Riggs, 1990). “The STEBI is a valid and reliable tool for studying
elementary teachers’ beliefs towards science teaching and learning. The STEBI might
easily serve as a needs assessment for future in-service and pre-service training”
(Wenner, 1993, p. 464) which is consistent with Riggs and Enochs (1990). Therefore,
the STEBI is a valid and reliable instrument which has been justified and used in
different areas. Figure 3 is Science Teaching Efficacy Belief Instrument-B which is

categorized according to outcome expectancy and self-efficacy subscales.

Please indicate the degree to which you agree or disagree with each statement below
by placing an “X” on the appropriate letters to the right of each statement. SA=
strongly agree, A=agree, UN=uncertain, D=disagree, SD=strongly disagree. *
means reverse score.

Outcome Expectancy Subscale

1. When a student does better than usual in science, it is often because the teacher
exerted a little extra effort.

4. When the science grades of students improve, it is often due to their teacher
having found a more effective teaching approach.

7. If students are underachieving in science, it is most likely due to ineffective
science teaching.

9. The inadequacy of a student’s science background can be overcome by good
teaching.

*10. The low science achievement of students can not generally be blamed on their
teachers.

11. When a low-achieving child progresses in science, it is usually due to extra
attention given by the teacher.

*13. Increased effort in science teaching produces little change in students’ science
achievement.

14. The teacher is generally responsible for the achievement of students in science.
15. Students’ achievement in science is directly related to their teacher’s
effectiveness in science teaching.

16. In parents comment that their child is showing more interest in science, it is
probably due to the child’s teacher.

*20 Effectiveness in science teaching has little influence on the achievement of
student with low motivation.

Self-efficacy Subscale

2. 1 will continually find better ways to teach science.

*3. Even if | try very hard, | will not teach science as well as | will most subjects.
5. 1 know the steps necessary to teach science concepts effectively.

*6. | will not be very effective in monitoring science experiments.
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*8. 1 will generally teach science ineffectively.

12. 1 understand science concepts well enough to be effective in teaching primary
science.

*17. 1 will find it difficult to explain to students why science experiments work.

18. I will typically be able to answer students’ science questions.

*19. I wonder if I will have the necessary skills to teacher science.

*21. Given a choice, | will not invite the principal to evaluate my science teaching.
*22. When a student has difficulty understanding a science concept, | will usually
be at a loss as to how to help the student understand.

23. When teaching science, | will usually welcome student questions.

*24. 1 do not know what do to turn students on to science.

Figure 3: Science Teaching Efficacy Belief Instrument-B (STEBI-B)

The original STEBI has been modified as the basis for similar instruments, including
the Microcomputer Utilization in Teaching Efficacy Beliefs Instrument (MUTEBI) for
measurement of teachers’ self-efficacy for classroom computer use (Enochs, Riggs, &
Ellis, 1993). The Mathematics Teaching Efficacy Belief Instrument (MTEBI) for pre-
service teachers resulted from the modification of the STEBI-B (Bursal & Paznokas,
2006; Enochs, Smith, & Huinker, 2000). Based directly on the STEBI-B, the STEBI-
CHEM was created to measure teaching confidence in teaching chemistry (Rubeck,
1990). The STEBI-B was used as a model to develop the Self Efficacy Beliefs about
Equitable Science Teaching (SEBEST) instrument which measures teacher beliefs in
regard to ethnical identities, language minorities, gender issues, and socioeconomic
status (Ritter, Boone, & Rubba, 2002). The SEBEST was modified to include talented

and gifted students with diverse learning needs.

There were two subscales in STEBI-B in Figure 3, namely, Personal Science Teaching
Efficacy Belief (PSTE) and Science Teaching Outcome Expectancy (STOE). The two
subscales were calculated separately. The total subscale scores were calculated to
measure changes in teaching self-efficacy of participants involved in various

interventions (Bleicher, 2004).

2.2.1.3 STEM Anxiety

There are numerous reports of clinical research on the topic of anxiety and the
associated misbehaviour and therapy (Taylor, 2014). Anxiety is defined as a state of

worry and discomfort when individuals are faced with a threatening situation (Sahin,
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Caliskan, & Dilek, 2015). Anxiety is developed out of a trauma which can stimulate a
readiness to become frightened very easily and result in a vicious circle. People vary
greatly in their sensitivity to experiencing anxiety. Some experience anxiety symptoms
very easily, whereas others feel anxious only under the most stressful situations. Based
on empirical and conceptual evidence, anxiety is among the most common problems
in childhood and in youth (Laurent et al., 1999). Anxiety has been connected to heart
diseases, suicidal behaviour and decreased qua