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Glossary of Terms

In this Section, the researcher presents a definition of the main frequently referenced terms

used throughout the thesis.

1.

il.

1il.

1v.

V.

Vii.

Viil.

Motivation: “Motivation involves the process that energises, direct, and sustain
behaviour” (p. 424, Santrock, 2018)

Initial Teacher Education [ITE]: this refers to a set of programs and courses designed to
train beginning teachers in specific academic disciplines in preparation for teaching
students at either the primary school level, secondary school level or tertiary level.
Pre-service Teacher [PST]: An individual pursuing an ITE program/ course of study.
Theory of Action: Argyris & Schon (1974) defines the theory of action as a broad concept
consisting of three elements theory-in-use, espoused theory, and congruence/incongruence
between the two main aspects of the theory of action.

Espoused Theory: Espoused theory can be defined as those ideas, theories that an
individual claims to follow in directing his action (Argyris, Putnam & Smith, 1985). An
individual may have many espoused theories about a phenomenon.

Theory-In-Use: Argyris & Schon (1974) states that the term theory-in-use is one element
of the theory of action model that focuses on people’s behaviours. This element of the
model is normally inferred and not generally known to persons. An individual may have
many theories-in-use.

Beliefs: This construct is defined by Richardson (1996) as “Psychologically held
understandings, premises, or propositions about the world that are felt to be true.” (p. 103)
Perception: This refers to an individual’s view of an event/phenomena based on his/her

experiences (vicarious or personal) and his/her ontological assumptions.
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IX.

Contemporary beliefs about strategies for motivating students include widely accepted;
by science educators, modern teaching strategies used by teachers in the classroom. Such
strategies are generally student centred in nature.

Traditional beliefs about strategies for motivating students include didactic methods of

teaching, where there is a strong teacher-centred learning environment.
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Abstract

Previous research has documented the decline in motivation for learning science among
school students, particularly at the lower secondary level. The Australian Professional
Standards for Teachers (AITSL, 2011) indicate that teachers need to know students and how
they learn; this includes designing engaging learning experiences to motivate students. As
established in previous studies, pre-service teachers’ beliefs and professional identities are
particularly open to change. However, there has been limited research to date that has
investigated factors that influence pre-service teachers’ theory of action about strategies for
motivating lower secondary students to learn science. Furthermore, this aspect has not been
examined in Australia.

This research was conducted in two phases over four months. Phase one of the study
was conducted from August 2019 to early October 2019. Phase two data collection was done
from October 2019 to December 2019. In phase one of the study, I used a web-based survey to
gather data about pre-service teachers’ beliefs about effective strategies for motivating science
students and how they used those strategies during professional experience placements. Data
about the factors that influenced the pre-service teachers’ choice of strategies to motivate
students to learn science were also gathered.

In Phase Two of this study, case studies were conducted with three secondary science
pre-service teachers enrolled in their initial teacher education: secondary science program in
regional New South Wales and their supervising teachers. Case studies were conducted to gain
a deeper understanding of the factors influencing pre-service teachers’ theory of action about
strategies for motivating students to learn science during their professional experience

placement. Moreover, the case studies provided me with an avenue to understand better how

XViii



factors influence pre-service teachers’ choice of strategies for motivating students to learn
science. In phase two, data gathering methods included semi-structured interviews with three
pre-service teachers and their respective supervising teachers. Additionally, there was the use
of documentation of the pre-service teachers’ science lesson plans and science lesson
observations to gather data about the secondary science pre-service teachers’ espoused theory
and how they planned on enacting their espoused beliefs during their science lessons.

Those research findings highlight the incongruency between what secondary science pre-
service teachers believe about motivating students for learning science at the lower secondary
school level and how they enact those beliefs during their professional experience placement.
Moreover, this incongruency is further exacerbated by the difference between what pre-service
teachers learn during their ITE program and their school practice. This finding of incongruency is
critical as it is not only relevant to science education but to initial teacher education in general, and
as such, this research contributes directly to the body of knowledge in this area.

Moreover, the findings of this research suggest that the participating pre-service teachers’
beliefs about motivating students to learn science mainly originated from their own school experiences
and from observing other teachers teach. Moreover, although most pre-service teachers’ theory of
action could have been categorised as contemporary/ modern approaches concerning motivating
students to learn science, some pre-service teachers gave responses that deviated from widely

accepted contemporary approaches to teaching science.

XiX



Chapter 1: Introduction

Chapter 1

Introduction

In this chapter, I will introduce the study. In Section 1.1, I will explain various impetuses
that propelled me to conduct this research. Additionally, in Section 1.1, I will explain how those
impetuses aided in conceptualising the study. The chapter will continue with Section 1.2, in which
an explanation and discussion of the purpose of this research and the research questions to be
addressed in this study are presented. I will provide an overview of the background of this study
in Section 1.3, which considers the science education context. This section is followed by a
presentation of the conceptions of the theory of action in Section 1.4.

Additionally, in this chapter, the significance of the study will be discussed in Section 1.5.
This section will be followed by a discussion of the delimitations of the study in Section 1.6. The

chapter will end with Section 1.7, where I summarise the chapter.

1.1. The Impetuses for this Study

Many reasons led to my interest in studying pre-service teachers’ beliefs about and
strategies for motivating students to learn science at the lower secondary school level. Those
reasons comprise a mix of experience; personal and vicarious experiences, past research interest
from my Bachelor and Master of Philosophy degrees, which gave me the propensity to want to
know more about the phenomenon.

The first impetus for this research came through my reflections and experiences as a pre-

service teacher. During the portfolio component of his initial (ITE) program, I realised that there



Chapter 1: Introduction

was a vast discrepancy in the theory about motivating science students leant in during his methods
courses and the strategies he used to motivate students to learn science during his professional
experience placement. During my time at the ITE program, he conducted two professional
experience placements. I was aware and understood that pre-service teachers engaged in
professional experience placements to develop their experience in their subject disciplines,
develop increased knowledge and sharpen their teaching skills (Maddamsetti, 2018). The theory-
practice divide I experienced during the ITE program, which most of his colleagues from the ITE
program affirmed, made me curious about why this theory-practice divide existed.

My second impetus came from my lower secondary school science teaching practice. As a
science teacher, I was worried about the lack of motivation for learning science that his students
often displayed at the lower secondary level. I knew that I had my beliefs about motivating students
to learn science when I was a pre-service teacher, but I often wondered, how do other pre-service
teachers believe that they can motivate science students to learn? And what strategies do pre-
service teachers believe can motivate students to learn science? Moreover, I also wondered how
pre-service teachers could enact those beliefs about strategies for motivating students to learn
science? And whether pre-service teachers’ beliefs change during their initial teacher education
program?

My third impetus evolved from his previous two impetuses. To understand the theory-
practice divide, the researcher conducted postgraduate research into strategies by which secondary
science pre-service teachers can create and sustain students’ long-term interest in science. Upon
completing my postgraduate thesis, I realised that pre-service teachers’ beliefs about the factors
influencing those beliefs and how those beliefs may be enacted and possibly changed during their

professional experience placement were generally not well researched. As a result of this
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revelation, I decided to pursue this current research to gain insight into pre-service teachers’ theory
of action to motivate students for learning science.

Due to the awareness of social influences surrounding my three impetuses, I began to focus
on devising a methodology for studying pre-service teacher beliefs about and strategies for
motivation from a social cognitive perspective. Consequently, I decided to employ a qualitative
approach to gather my data at different time points from multiple participants. The primary data
gathering methods used to collect data in this study were web-based surveys with secondary
science pre-service teachers throughout Australia, science lesson observations, documentation of
lesson plans and semi-structured interviews with secondary science pre-service teachers and their
respective supervising teachers from regional New South Wales (NSW). The activities that were
observed during the science lesson observations were recorded as field notes. The pre-service
teachers’ and their respective supervising teachers’ perspectives concerning beliefs about
strategies for motivating students for learning science were recorded using audiotapes.

Fundamental to this research were the social cognitive theory coined by Bandura (1977)
(discussed in detail in Section 2.1 of this study) and the four principles of motivation, advanced
by Turner et al. (2011) (discussed in Section 2.2 of this study). The social cognitive theory and the
principles of motivations helped form a theoretical framework for this study which consequently
helped me with the data analysis component of this study. Additionally, the data were gathered
and analysed using the lens of the social cognitive theory. From the outset of this research, I
anticipated that there would be a significant contribution made to how pre-service teachers’ beliefs
about strategies for motivating students are conceptualised. This conceptualisation of pre-service

teachers’ beliefs was anticipated to draw on the fundamental notions of the social cognitive
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approach, which encompass the triadic reciprocality model (discussed in Section 2.1.) of the social

cognitive theory.

1.2. Purpose of the Study and Research Questions

This study aims to find out what factors influence pre-service teachers’ theory of action
about strategies for motivating students to learn science during their professional experience
placement. Moreover, through this research, I am trying to help the science education research
community better understand the different factors that shape teachers’ beliefs of how they motivate
students to learn science.

The following research questions will serve as a guide for this investigation into pre-service
teachers’ theory of action about strategies for motivating students to learn science in the context
of their professional experience placement:

1) What are pre-service teachers’ espoused beliefs about strategies for motivating
students to learn science during their professional experience placement?

2) How do pre-service teachers enact their espoused beliefs for motivating students to
learn science during their professional experience placement?

3) What factors influence pre-service teachers’ theory of action about strategies to
motivate students to learn science?

4) How do pre-service teachers’ theory of action change as they progress through their

professional experience placement?
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1.3. Background

The importance of science in our everyday living cannot be underestimated. There are
products of science and technology evident in all facets of our society, from road construction to
space exploration (Rennie et al., 2019). Science enables us to make empirical judgements and
sound decisions about phenomena that allow us to work together to become an economically
efficient society. In our modern era, as our dependence on science and technological advances
increases, so is our demand for more scientifically literate citizens (Udu, 2018). Therefore, to
function as we know it, all citizens need to understand science and have critical scientific literacies
(Ryder, 2001).

Scientific literacy is defined as the ability to use scientific knowledge to understand the
world around us and participate in decisions that may affect it (Udu, 2018). Some of the most
fundamental scientific literacies include the ability for an individual to engage in scientific material
and scientific discourse, reading and writing in a scientific manner (Laugksch, 2000). The global
population faces constant scientific challenges, including increased dangerous storms, diseases,
food shortages, and reduced dependence on fossil fuels for sustainable living. The onus lies with
members of the society who possess scientific knowledge to develop innovative solutions to
pressing challenges (Udu, 2018).

We cannot expect members of society to possess a certain level of scientific literacy if there
is no reliable science education program to teach them about critical scientific literacies in the first
place. It is therefore vital to have good science education programs so that members of the society
can learn various science competencies and possibly pursue science and science-related careers
since the primary purpose of science education is to increase the flow of specialist scientists,

technologists, and engineers (Tare et al., 2011). Tare et al. (2011) further assert that people with
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exceptional talent in science should be identified as early as possible and provided with a separate,
specialised, and highly focused science education. Upon completing good science programs,
students would participate in crucial debates and informed discussions on current issues such as
climate change in a meaningful and objective manner. Science education is, therefore, a critical
part of any country’s development. Udu (2018) states:

Science education has been recognised the world over as a prerequisite for scientific

and technological development. It provides opportunities for students to acquire

relevant functional knowledge and skills associated with scientific processes

needed for advancement in science and technology. In science education, students

are encouraged to develop and practice scientific skills (p.24).

It is crucial for countries to invest in science education. As Udu (2018) posits: “Science education
is the engine for growth and progress of any society” (p. 24). When a country invests time and
money into science education, it not only directly leads to students gaining scientific literacy but
in the future leads to society being uplifted due to the ability of persons to offer science-based
solutions to remedy complex scientific and mathematical problems and social problems that can
serve to benefit humanity. For such growth within the society to be achieved, Udu (2018) further
asserts that society must regard science education as “An engine of advancement in an information
era propelled by its wheels of knowledge and researching leading to development™ (p. 25).

Most people hoping to acquire a certain level of scientific literacy partake in Science,
Technology, Engineering and Mathematics (STEM) based subjects to gain a strong science
education background. Whilst STEM skills/education does not equate to science skills and
education, science is a part of STEM and as such, science skills’knowledge forms an integral part

of STEM. Consequently, science education is essential since students at all schooling levels,
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including secondary school and universities, should become interested in and motivated for
learning science. Research by the Australia Education Council (2018) shows STEM education
“Increases student interest in STEM-Related fields and improves students’ problem solving and
critical analysis skills” (p. 5).

However, although STEM is recognised as being of critical importance for the
advancement of our modern global society, in our secondary schools, there has been a severe
decline in science students’ motivation for learning science and science-related subjects (De Silva
et al., 2018). Vedder-Weiss and Fortus (2011) assert that many studies conducted on science
motivation among students show that “... students’ attitudes, interest, and motivation towards
science learning decline throughout their years at school, especially during secondary school”
(p.1162). The decline in science students’ motivation toward learning science (discussed further
in Section 3.2 of this study) is concerning and presents a fundamental challenge of having
scientifically minded persons who can help deal with societal challenges when they come about
(UNESCO, 2015).

Education researchers have defined motivation as the driving force to stimulate, guide, and
maintain students’ behaviours to achieve the desired conduct (Ilgaz & Eskici, 2019; Santrock,
2018). In the science context, Vedder-Weiss and Fortus (2011) add that science education
researchers have reported that student motivation for learning science in primary and secondary
schools has not increased over the past decade. Vossen et al. (2018) state that when students’
progress through their schooling, more so as they transition from primary to secondary, science
and science-related concepts are viewed as challenging, dull, and not being relevant to the real
world. Allen (2016) agrees that this decline in motivation is more prevalent as students transition

from primary to the lower secondary school years (years 6-9). Virtanen et al. (2019) further state
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that a general loss in the transition period from primary school to the lower secondary school
student engagement weakened self-esteem and a decline in academic performance.

Many international science education researchers, professional science education
organisations have pointed out the gravity of students’ declining interest in science (Caspi et al.,
2019; Ivanova & Korostelev, 2019; Renninger & Hidi, 2019). Allen (2016) points out that in the
2011 Trends in International Mathematics and Science Study (TIMSS), British-based students
showed less interest and motivation for learning science in Year 9 than Year 5 students. Likewise,
Sturman et al. (2012) assert that amongst British students, by Year 9, there were reports of fewer
year nine students feeling engaged with science than in Year 5. Moreover, this decline in students’
motivation for learning science was highlighted by Mohd Shahali et al. (2019). Mohd Shahali et
al. (2019) conducted a longitudinal study on students’ interest towards STEM in Malaysia and
showed that students’ lack of interest was the main contributor to the low numbers of students
pursuing STEM-based areas. Students at the lower secondary school are not motivated to pursue
science and science-related courses beyond compulsory science years in those transition years.
The European Commission (2004) suggests that if there is a sustained lack of interest and
motivation among science students, countries will experience a shortage of skilled, scientifically
literate persons. Vedder-Weiss and Fortus (2018) also assert that the decline in student motivation
in science is alarming and raises concern about the science-related professions and the level of
scientific literacy within society in general.

There has been a plethora of research into the decline of student motivation for learning
science in Australia. Science education researchers have pointed out that in Australia, students
have generally lost motivation and enjoyment for science at the secondary school level and the

post-compulsory school years (Chief Scientist, 2014; Pino-Pasternak &Volet, 2018; Tytler, 2007).
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Timms et al. (2018) emphasise that one of the main challenges of science/STEM-based teaching
in Australia is creating engagement and excitement amongst the students who pursue those
science-based fields. Educators must find innovative ways to enthuse and motivate students to like
science. This is important since Vedder-Weiss and Fortus (2011) claim that “...the decline in
students’ motivation for science learning might not be inevitable but rather connected to the way
science is taught at schools” (p. 200).

Motivation amongst students at the lower secondary school level plays a vital role in
shaping their long-term identity, interest in science, and their STEM career. Regarding shaping
students’ long-term identities, Williams et al. (2018) posit that when students engage in
motivational experiences at school, this can help them further engage with the content to be learnt
and help their identity. Williams et al. (2018) defined students’ identity in the science class as the
affinity for a student to belong “...in science and who may want to pursue science in college or
career.” (p.6). The research literature by Williams et al. (2018) suggests that they agree with the
notion that motivation is essential to help build students long term identity in science. Other
researchers such as Dweck et al. (2014) have indicated that when students are motivated to learn
based on the teachers’ use of specific instructional strategies, students may also be able to develop

13

academic and social identities “...which itself can be motivationally galvanising” (p. 31).
Moreover, concerning interest, Jean-Baptiste et al. (2019) have pointed out that when students are
motivated to learn science, whether intrinsically or extrinsically, students are more likely to
develop a long-term interest that can stay with them throughout their academic lives and career
paths.

Teachers, therefore, play a vital role in motivating students to pursue science and science-

related courses. UNESCO (2015) purports that teachers are the key players in improving all our
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children’s learning in school. You et al. (2018) additionally assert that “Many educators have
considered students’ motivation as an important factor for successful learning” (p.1162). When
students are motivated in science, they tend to develop a deeper understanding and learning of
science and better grasp the intended learning outcomes (Palmer, 2004). To motivate students to
enjoy and develop a long-term interest in science, teachers first must be scientifically literate and
hold a comprehensive understanding of science concepts (UNESCO, 2015). Howells (2018) states
that teachers should be empowered to use their professional knowledge, skills, and expertise to
deliver the curriculum to motivate their students effectively. Howells (2018) asserts further that
teachers are to display a passion and love for science during teaching so that their students can
eventually begin to emulate them to develop an interest in and passion for science learning.
Therefore, a good starting point for student motivation is at the pre-service teacher level.
In their study, Awad and Barak (2018) investigate how pre-service teachers are learning science,
suggesting that unless teachers are qualified in science education, possess good science education
training, and are motivated themselves, it would be a bit more difficult for them to motivate
students in science. During their ITE program, pre-service science teachers are expected to spend
time teaching during their professional experience placement. Riley Lloyd and Howell (2019)
assert that sometimes those pre-service teachers experience a disconnect between the theories they
learn during their ITE program and the types of strategies they use to get students to learn during
their placement; that is, they experience a theory-practice divide. Historically, there has been a
theory-practice divide in education, especially in science initial teacher education. Duffy and
Anderson (1984) assert that “The issue is how teachers can apply theoretical knowledge in real
classrooms where the relationship between theory and practice is complex and where numerous

constraints and pressures influence teacher thinking” (p.103).
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In addition to their in-class learning during the ITE programs, pre-service teachers come
into their programs with many beliefs and strategies about how they think they can motivate
science students to become fully-fledged science teachers (Beeth & Adanan, 2006). Ferguson and
Brownlee (2018) state that the beliefs pre-service teachers hold about the nature of knowledge and
knowing will likely have “Important consequences for the nature of the content delivered of their
future classrooms” (p.94). Therefore, it is at the ITE level that science educators should play a part
in helping the pre-service teachers develop their espouse beliefs (explained in Section 1.4 of this
study) theories of science motivation and help guide them on methods by which those espoused
theories, as well as those being learnt in class, can be enacted during the ITE program.

Knowledge of pre-service science teachers’ espoused beliefs about strategies to motivate
students to learn science and the factors that influence pre-service teachers’ enactment of those
beliefs is a vital step for narrowing the theory-practice divide in teacher education. Korthagen
(2010) states that the effects of teacher education on the actual practice of teachers are generally
insufficient as this does not help close the theory-practice divide that exists. As such, to assist in
narrowing the theory-practice divide that exists in teacher education, a deep understanding of pre-
service teachers’ beliefs in the context of their professional experience placements opens the road
to dialogue on the phenomena of how those beliefs about strategies can help motivate students for

learning science.

1.4. Conceptualisations of Theory of Action

The concept theory of action was coined by Argyris and Schon (1974). Argyris and Schon
(1974) suggested that the concept theory of action was made up of espoused theory and theory-in-

use. Furthermore, Argyris and Schon (1974) posit that the theory of action involves determining
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whether there is congruence/incongruence to be explored between an individual’s espoused theory
and their theory-in-use. Kerr and Todd (2009) define theory of action as being “Master programs,
governing variables, values, theories, beliefs, concepts, rules, policies, practices, norms, or skills
that underlie our actions” (p.4). In this research, I will be examining pre-service teachers’ espoused
theories and theories-in-use (to be described further in Sections 1.4.1.1. and 1.4.1.2, respectively)

concerning motivating students to learn science at the lower secondary school level.

1.4.1. Theory of Action

The theory of action helps explain persons’ thought processes and actions by considering
the factors that may be responsible for their congruence or incongruency (Argyris & Schon 1974;
Argyris et al. 1985). Jones (2009) explains that theory of action is the “...repertoire of concepts,
schemas and strategies which form a plan of action and are comprised of the beliefs and values
and assumptions which are designed to bring about the desired outcome” (p.177). The theory of
action was conceptualised by Argyris and Schon (1974) as a broad concept consisting of two main
elements: espoused theory and theory-in-use. Jones (2009) suggested an individual’s espoused
theory “...encompasses the world view and values upon which people believe their behaviour to
be based” (p. 177). Jones (2009) went on to assert that one’s espoused theory is a “formal, idealised
account of the reasoning underpinning their action and encompasses their aims and intentions” (p.
177). The second component to the theory of action is theories-in use, which was seen as tacit
knowledge that an individual could not easily verbally articulate (Bereiter & Scardamalia, 1992;
Polanyi 1966). Jones (2009) indicated that a person’s theories-in-use is a theory that underpins
action and determines behaviour. Jones (2009) stated, “Theory-in-use is the set of values suggested

by action or the maps people use to take action” (p.177).
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There have been various studies in which educational researchers have made a case for
highlighting the importance of teachers’ perceptions/beliefs as being an essential element in the
teaching/learning process. For instance, Stewart (2015) investigated whether education
professionals’ theories-in-use were in congruence with their espoused theories regarding the
inclusion of parents as team decision-making partners in the initial education meetings at schools.
The aforementioned studies’ main limitation is that they did not examine the theory-practice divide
pre-service teachers may experience during their professional experience placement. Another
study by Jones (2009) pointed out that there is a gap between teaching generic science disciplines
and how it is being enacted in the classroom by teachers. Therefore, this shows that having a
knowledge of teachers’ beliefs about the subject can pave the way for them to teach the subject
better.

Previous studies have shown that theory of action only focused on education in general and
not specifically on science education at the lower secondary level. One such example of this was
found in research conducted by Kheirzadeh and Sistani (2018), who concentrated their research to
discover whether there was any relationship between EFL teachers’ reflectivity and students’
language achievement. They conducted their research by observing and surveying 83 EFL teachers
at nine institutions in Iran. Kheirzadeh and Sistani (2018) concluded that teacher reflectivity or
implicit theories about their EFL teaching might influence student achievement. In the context of
Kheirzadeh and Sistani’s (2018) study, it can be seen that the theory of action was essential since,
in the EFL teachers’ reflections, they would have espoused their beliefs on how their EFL teaching
can enhance their students’ performance whilst the researchers observed their theory-in-use. In

this current research, the previous research is essential since it offers a lens through which I can
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investigate the pre-service teachers’ theory of action to motivate students to learn science at the
lower secondary school level.

The case study design has been used by many researchers studying the concept theory of
action. For instance, Rosari (2012), in her doctoral thesis, utilised a case study design to investigate
a teacher education leadership course that espoused and enacted theories of leadership and how
students experience them at different stages in their training. She did this by interviewing five
faculty members and 30 students and document analysis on the program structure. The interviews
served as a means of understanding the espoused theories/beliefs of the participants. It was found
that the faculty of education helped students create, grow and change their ideas/beliefs of teacher
leadership roles. The results from the case study conducted by Rosari (2012) are promising since
it guided my research design and provided some initial insight and understanding of the concept
theory of action pertaining to the teacher education context.

The examples, as mentioned earlier, of theory of action in international education research
are promising. However, based on my readings, I have not found any literature which speaks to
the theory of action about strategies for motivating students to learn science by secondary science

pre-service teachers in the local Australian context.

1.4.1.1. Espoused Theory

Argyris and Schon (1974) purport that teachers hold micro theories/beliefs that they
espouse to design and carry out their teaching. Argyris and Schon’s espoused theories can also be
understood as being synonymous with a persons’ beliefs, perceptions, and values about a specific
phenomenon (Pajares,1992). Although Dewey (1938) polarised the concept of beliefs/perceptions
into traditional and contemporary/modern, Argyris and Schon (1974) believed that there should be

a multifaceted approach to understanding what one espouses/believes/perceives about a situation
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and why a person will espouse views the way they do about that given situation. Due to the
alternate names given to espoused theories by researchers such as Argyris and Schon (1974), the
alternate terms to espoused theory, namely, beliefs, ideas and perceptions, will be referenced
throughout the study. Richardson (2003) states that pre-service teachers bring deep implicit beliefs
about the nature of teaching, learning, and schooling in general. Those tacit beliefs, also viewed
as espoused theories, can be enacted to become workable theories-in-use (Ferguson & Lunn
Brownlee, 2018).
1.4.1.2. Theory-In-Use

Argyris and Schon (1974) define the concept theory-in-use as one element of the theory of
action model that focuses on people’s behaviours. Argyris et al. (1985) assert that a person’s
theory-in-use is typically inferred; thus, it is generally unknown to persons. Theory-in-use
comprises of two main components; (a) governing variables, which are defined as values that
holders attempt to satisfy, and (b) behavioural strategies, which are behaviours that persons use to
satisfy as many governing variables as possible (Argyris & Schon, 1974).

Pertaining to this research, a teacher’s decision to use a particular strategy to motivate
students for learning science can result from his/her values/ governing variables, and they may use
various behavioural tactics to do so. Argyris and Schon (1974) posit that for anyone to satisfy those

governing variables, they are to use behavioural strategies such as:

1. Advocating a position and unilaterally controlling others to win that position

2. Unilaterally controlling tasks to be done

3. Unilaterally deciding how much people are told about what is being held and
distorted.
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In the context of this research, pre-service teachers’ theory-in-use, also referred to as theories-in-
use can be expressed as any of the behavioural strategies stated above. For instance, pre-service
teachers can advocate their position on a specific science topic that he/she wants the students to
adopt that position as well. Moreover, pre-service teachers can choose specific pedagogical
strategies to support students’ achievement of the objectives for that science lesson.

In this research, factors influencing pre-service teachers’ theory of action about strategies
for motivating students to learn science will be investigated through the lens of social cognitive
theory (discussed in Section 2.1 of this study). I assert that this is important to note as pre-service
teachers teach in a social setting, the classroom, and the school environment (Auster & MacRone,
1994). Pre-service teachers’ theory of action is also affected by various factors; some may be
social, which influences the choice of strategies for motivating students to learn science during
their teaching. Those factors may also be based on their governing variables/ values, which can

also be influenced by the social world in which they live (King, 1993)

1.5. Significance of the Research

The research literature from around the globe provides evidence of the types of problems
and issues facing science education, especially at the lower secondary school level (Palmer, 2004).
For science teaching at the lower secondary school level, the main problem includes the
uncertainty in the ability to teach science and the lack of confidence to motivate students to pursue
science and science-related subjects (Palmer, 2004). Pre-service teachers who intend to become
teachers are holders of many beliefs, often antagonistic toward science, and may not feel
efficacious in teaching the subject (Awad & Barak, 2018; Jean-Baptiste et al., 2019). For the

learning of science, there are concerns that students at the lower secondary school level are not
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motivated to learn science and decreased interest in science which leads to poor performances on
national and international tests such as PISA and TIMSS (Krapp, 2002; Office of the Chief
Scientist, 2016).

Governments of many advanced countries, such as England or Finland, are developing and
are continually implementing national STEM-based policies to ensure the continued sustainability
of their natural resources and economy. They have additionally articulated the need for most if not
all of their population to be scientific literate within a specific timeframe (Education Council,
2018). In Australia, the vision for a scientifically literate population by the year 2022 is captured
in a 2014 report by the Office of the Chief Scientist. This, therefore, requires the problems with
science education to be addressed with a growing sense of urgency, and as such, we need to have
our eyes set on the pre-service science teachers who will be charged with teaching science students
in the future.

Therefore, this study investigated the factors that influenced secondary science pre-service
teachers’ beliefs about and enactment of those beliefs about motivating their students to learn
science during their professional experience placement. To do so, [ investigate secondary science
pre-service teacher beliefs and how they used various strategies to motivate students during their

professional experience placement.

1.6. Delimitations of the Study
This study investigated pre-service teachers’ theory of action about strategies for motivating
students to learn science at the lower secondary school level in Australia. Therefore, this study is

not meant to obtain a detailed account of the nature and origin of the beliefs of each teacher but
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simply to understand the reason for the strategies that pre-service teachers use to motivate science
students.

The research was conducted in two phases, with both phases containing different populations.
The population consisted of secondary science pre-service teachers enrolled in an ITE program at
universities throughout Australia in phase one. Phase two of the research comprised of three pre-
service teachers conducting their professional experience placement at secondary schools in
regional New South Wales (NSW). Data were also gathered from the three pre-service teachers’
supervising teachers during phase 2 of this study. Despite the commonalities of the pre-service
science teachers participating in this study, with other pre-service teachers studying other subjects
within NSW and Australia, the findings of this study cannot be generalised to pre-service teachers
in NSW or pre-service teachers in Australia. However, I am hopeful that the results of this study
can stimulate similar research in other fields of education, for example, English and Mathematics
and thus shed further light on the importance of teachers’ beliefs about strategies that can enhance

student motivation to learn certain subjects throughout Australia.

1.7. Chapter Summary

I provided the impetuses for, as well as the purpose of the study in this chapter. The
impetuses for the study were described as it gave some insight into the personal reasons for
examining pre-service teachers’ theory of action about strategies for motivating students to learn
science at the lower secondary school level. Additionally, in this chapter, I introduced the research
by contextualising the main issues and terms to be referenced throughout the study. The
background of the study was discussed to provide an understanding of general issues, which led

to the more specific issue of what factors influence pre-service teachers’ theory of action about
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strategies for motivating students to learn science being studied in this research. Moreover, the
background served to uncover the contextual issues from the literature that influenced the research,
highlighting the need to study pre-service teachers’ theory of action about motivating students at
the lower secondary school level to learn science. The study is significant in terms of the potential
pedagogical implications of teachers espoused theories and theories-in-use for motivating science
students at the lower secondary science level.

This thesis contains seven chapters. I discuss the theoretical framework to include the
philosophical underpinnings and assumptions in chapter two of the study. A review of the literature
will be presented in chapter three, where consideration is given to the strengths and limitations of
previous research on the teachers’ beliefs, including where those beliefs originate and how those
beliefs are conceptualised in the context of pre-service teachers learning and teaching. In chapter
four, I present the methodological design of the study. Additionally, in chapter four, a discussion
of the research context, research questions and the methods used to carry out the research is
presented. Moreover, in this chapter, I discuss the two main phases of the research: including the
participants of each phase, the justification for each phase and the approach to data analysis and
interpretation.

After the methodology chapter, I present two findings chapters, chapters five and six, to
discuss the data gathered. Chapter five presents and analyses the findings from phase one of this
research, the nationwide web-based survey. Chapter six presents findings from the investigation
of three science pre-service teachers conducting their professional experience placement at
respective secondary schools in regional New South Wales (NSW). Chapter seven concludes the

research and presents this study's recommendations and implications.

19



Chapter 2: Theoretical Framework

Chapter 2

Theoretical Framework

Introduction

In the previous chapter, I presented the impetuses, background, and context of the study.
Additionally, my impetuses for conducting this study were also provided in the previous chapter. I
highlighted that students’ motivation for learning science at the lower secondary school level in
Australia is declining. As a result of this decline in motivation, I made a case for studying pre-service
teachers’ beliefs about and strategies for motivating students at the lower secondary school level and
how those strategies are enacted during their professional experience placement.

In this chapter, an analytical framework is presented to provide a baseline understanding of the
primary theoretical lenses through which data were analysed in this thesis. Two main approaches guided
this study of pre-service teachers’ beliefs and enactment of strategies to motivate science students in the
science classroom context: the social cognitive theory (Bandura 1995), which Albert Bandura first
envisioned, and Turner et al.’s (2011) principles of motivation.

This chapter is organised as follows: In Section 2.1, I discuss social cognitive theory and how it
was used to interpret the data gathered in this study. In Section 2.2, the principles of motivation are
presented and discussed in the context of the pre-service teachers’ strategies for motivating science
students. The chapter ends in Section 2.3 with a summary of the theoretical framework used in this

study.
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2.1. Social Cognitive Theory

Social cognitive theory (SCT) was chosen as the main theoretical framework best suited to
analyse and interpret data concerning the factors influencing pre-service teachers’ beliefs and
enactments of those beliefs found in this study. It must be noted that in this study, the pre-service teacher
adopts the role of a student and a teacher, and as such, the pre-service teacher is expected to learn about
strategies for motivating students to learn science, and also practise enacting those strategies as a teacher
during his/her placement. Therefore, the social cognitive theory offers a suitable lens to examine how
the pre-service teachers have developed their belief structures, how they develop those beliefs and the
factors that influence the formation of their beliefs, enactments and possibly a change of belief structures
during their professional experience placement. Education researchers have described a social cognitive
theory as a psychological perspective on human functioning that emphasises the critical role played by
the environment on motivation, learning and self-regulation (Schunk & DiBenedetto, 2020; Schunk &
Usher, 2012). Bandura (1977) developed a social cognitive theory and described it as a bridge between
behavioural and cognitive learning theories.

In this study, I considered the central focus of Bandura’s (1977) social cognitive theory that
focuses on how human behaviour operates within the concept of the triadic reciprocality model. In
Figure 2.1, the triadic reciprocality concept forming the social cognitive theory is shown. Bandura’s
(1977) concept of triadic reciprocality involved reciprocal interactions among three sets of influences:
personal (e.g., cognitions and beliefs), behavioural (e.g., actions), and social/environmental factors (e.g.,
members of the society). Personal factors, also called cognitive factors, as described by Bandura (1995),
were viewed as those factors that surrounded the individuals, beliefs, intentions, emotions and
encompassed their cognitive events (observational learning), biological events (temperament) and their

affective events (personal and vicarious experiences). The environmental factor component of the triadic
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reciprocality model was conceptualised by Bandura (1995) as any event from the environment, e.g.,
time, the weather, classroom culture, that has the potential to influence an individual’s personal factors
and, consequently, behaviour.

Moreover, researchers (e.g., Schunk & DiBenedetto, 2020; Schunk & Usher, 2012) have
suggested that the social cognitive framework is often employed to explore the outcomes of cognition
and behavioural processes underlying motivation. This is crucial because Bandura (1977) has stated that
motivation is a prominent feature of SCT. I assert that the social cognitive framework was the most
fitting framework for this study because it provides a comprehensive way of analysing the factors that
may influence pre-service teachers’ beliefs about and enactment (behaviour) of strategies for motivating
students to learn science.

Figure 2.1

Triadic Reciprocality Model of the Social Cognitive Theory

Personal

(Cognitive) Factors

Environmental
Factors

Behaviour

Adapted from Schunk and Usher (2012)

22



Chapter 2: Theoretical Framework

2.1.1. Personal (Cognitive) Factors

The first aspect of this triadic reciprocal concept of the social cognitive theory focused on
personal/ cognitive factors. The personal factors investigated in this study include pre-service teachers’
self-efficacy and observational learning. Schunk and Usher (2012) suggest that personal influences
include self-efficacy and cognition, perceptions, beliefs and emotions. The personal factors bear direct
relation to this study since, in this study, as part of the theory of action, I investigate pre-service teachers’
beliefs about strategies for motivating students for learning science as part of theory of action. Schunk
and DiBenedetto (2020) suggest that personal factors are not isolated from other factors such as
teachers’ actions in the classroom. Schunk and DiBenedetto (2020) state, “What people think can affect
their actions and environments; actions can alter their thoughts and environments...” (p. 2). Therefore,
these personal factors support Argyris and Schon’s theory of action, where it is believed that persons
thought processes influence their actions. I consider this premise when investigating pre-service
teachers’ espoused theories, their theories in use, and how pre-service teachers’ theory of action about
strategies for motivating students to learn science changes during their professional experience

placement.

2.1.1.1. Self-Efficacy Beliefs

One of the critical personal influences that pertain to this study is the concept of self-efficacy.
Bandura (1997) defined a person’s self-efficacy as being “The exercise of human agency through
people’s beliefs in their capabilities to produce desired effects by their actions” (p. vii). The concept of
self-efficacy has an important bearing on the analysis of the finding of this study since Trujillo and
Tanner (2014) suggested that self-efficacy was a critical “aspect of social cognitive theory” (p. 7).
Furthermore, Bandura (1995) states that self-efficacy beliefs, being an integral part of their personal

factors, determine how people think, feel, and ultimately behave. Moreover, Schunk and Usher (2012)
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claim that people act according to their beliefs about their capabilities and the expected outcomes of
their actions. In the context of this study, per-service teachers’ self-efficacy beliefs are crucial to
consider since those beliefs can determine their espoused beliefs about strategies for motivating science
students to learn, and they enact those strategies during their placement.

Furthermore, Trujillo and Tanner (2014) assert that self-efficacy has been shown to mediate
several factors such as the extent to which students feel belongingness in the class, academic
achievement, motivation/perseverance to learn a task. Schunk and DiBenedetto (2020) posit that
teachers with higher levels of self-efficacy beliefs are more likely to engage students in challenging
learning and persist in helping students learn. This assertion by Schunk and DiBenedetto (2020) seems
to provide more evidence that teachers’ self-efficacy beliefs determine their course of action in the
classroom when teaching. In the same way, in this study, it is expected that pre-service teachers’ self-

efficacy beliefs would determine their theory of action.

2.1.1.2. Observational Learning

Observational learning was cited as another significant sub-component of the personal factors
category of the triadic reciprocality model (Bandura 2005). Observational learning explains how
people’s thought processes and behaviours are influenced, noting the consequences of other persons’
actions in a particular context (Bandua,1986). I assert that one of the factors influencing pre-service
teachers’ theory of action about strategies for motivating students to learn science could have been due
to their observation learning experiences at some point in their lives. Observational learning, despite its
reliance on the consequences of others’ actions, is categorised as a personal factor because the onus lies
on the observer to pay attention and retain the information which they observe by using information
processing techniques such as chunking and or coding before reproducing the behaviour (Bandura

1986).
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In this study, there is an assumption that pre-service teachers’ ideas about strategies for
motivating students may have originated from them observing their supervising teachers or other
colleagues teaching. As a result of this observation, the pre-service teacher would have had to pay
attention to strategies that motivate students to learn science by retaining the strategies and then
reproduce successfully observed strategies in their classroom during their professional experience
placement. Bandura (2008) suggests that the focus of observational learning was the acquisition of
attitudes, values, styles of thinking and behaviours by observing the examples provided by other people
in similar contexts. Nabavi (2012) suggests that for observational learning to occur, there needs to be
the imitating and modelling of a model’s behaviours in a given situation by the observer. Nabavi (2012)
continues to assert that persons learn many of their actions by engaging in observation and modelling.
Bandura (1986) indicated that for observational learning to be effective, the individual must consider
the following four elements: attention, retention, production, and motivation.

2.1.1.2.1 Attention. The concept of attention is based on Bandura’s observational learning
model and occurs when an individual intently observes another person perform a task in a particular
context. Grusec (1994) asserts that the observer must pay attention to live or symbolic events before
modelling the observed behaviour. The importance of attention to observational learning was also
expressed by Morse et al. (2019), who suggest that attention could be classified as physical attention,
verbal attention, and cognitive attention. Bandura (1977) states that physical attention refers to any
tactile experience the observer may feel during the observation period. Bandura further explains that
physical attention can be increased by accentuating the essential features of observed experience.
Verbal attention refers to the extent to which the observer can communicate with the model during
observation. Bandura suggested that when the observer receives attention directing narrations, he/she
would be more likely to model the observed behaviour. Morse et al. (2019) argue that cognitive

attention refers to the extent to which an observer engages in reflection about their observed experience.
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Bandura (1986) states that cognitive skills and competencies are essential attributes that an observer
should contain to gain new behaviour through observation. Janelle et al. (2003) claim that the
subcategories, as mentioned earlier of attention, allow for the formation of information-rich symbolic
representations of observed behaviours.

2.1.1.2.2. Retention. The second concept of observational learning is retention. Grusec (1994)
states that retention occurs when the observer engages in mental rehearsal via imagining or developing
a verbal representative system of the observed behaviour. For an observer to be involved in the retention
process, he/she must have the ability to recall the observed behaviours demonstrated by the model
(Morse et al., 2019). Janelle et al. (2008) argue that the sub-processes attention and retention are
critically connected in the form of cues before the observer can go to the next subprocess in
observational learning. Janelle et al. (2008) continue to assert that any cues attended to by the observer
become primary cues that the observer relies upon to visually and verbally code the observed
behaviours. As it relates to my research, after the pre-service teacher observes a strategy being used by
a particular model (their lecturer, supervising teacher, other colleagues), there is the expectation that
he/she will try retaining how to use that strategy to motivate his/her students, for instance, via
verbalisation, during his/her placement.

2.1.1.2.3. Production. The term production as a subprocess of observational learning was
conceived by Bandura (1986) to describe a process where the observer reproduces the observed
behaviour. For this subprocess to occur, the observer must convert symbolic representation from the
retention phase into actions similar to the previously observed behaviour and the context within which
it was observed (Grusec, 1994). In this thesis, how secondary science pre-service teachers enacted the
strategies they possibly observed from their colleagues, lecturers and supervising teachers is uncovered

and explained in chapters 5 and 6.
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2.1.1.2.4. Motivation. The final subprocess of observational learning is motivation. According
to Bandura (2008), motivation occurs when the observer successfully reproduces the observed
behaviour in a similar context. It must be noted that the construct motivation, as part of the observational
learning process, is treated differently from the principles of motivation described in Section 2.2. of this
research. The reason for this conceptually different view of motivation in the two Sections was mainly
because, in the present Section, motivation refers to the pre-service teachers’ motivation to learn
strategies for motivating students, that is, during the formulation of their beliefs about strategies for
motivating students to learn. However, in Section 2.2, motivation refers to how the pre-service teachers

use strategies during their teaching to motivate students to learn science; that is, their theory-in-use.

Grusec (1994) argues that there must be sufficient incentive present for the observer to reproduce
the observed behaviour. In this thesis, this subprocess motivation is essential because pre-service
teachers’ use of a specific strategy to motivate science students would be dependent on two central
factors. The first factor would be how the pre-service teacher observed other teachers successfully using
specific strategies to motivate students for learning science. The second factor would be the motivation
they would get from their supervising teachers and others, including the responses from the students,
after enacting specific strategies to motivate students for learning science. For instance, Bandura (1997)
asserts that if the feedback received others from was positive, the observer would be inclined to continue
reproducing their behaviour. In the case of this study then, if the pre-service teachers gain positive
feedback from their supervising teachers; for example, if the pre-service teacher is told that his/her use
of strategies is a success, then the pre-service teacher would be more inclined to keep enacting the
particular strategy motivate students for learning science. Additionally, if students seemed to have been
motivated to learn when the pre-service teacher used a particular strategy, the pre-service teacher would

be motivated to keep using the strategy during science lessons. As part of the motivation component,
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the provision of feedback to the individual learning, in this case, the pre-service teacher, is seen as being
integral in determining whether that individual will continue a behaviour or not (Bandura 1977).

2.1.1.2.4.1. Scaffolding. The concept of scaffolding is an essential part of observational learning
within the personal factor category which helps persons learn via feedback about a learning task/
behaviour from more competent individuals. The feedback provided to persons on their behaviours can
serve as a form of scaffolding which is vital (Bandura, 1995). Education researchers have traditionally
defined scaffolding as the process by which a teacher or more knowledgeable peer assists a learner,
altering the task so that the learner can accomplish the task or solve problems that would otherwise be
out of reach (Collins et al., 1989; Reiser, 2004; Wood et al., 1976). Sivan (2010) likened scaffolding to
assisted learning and was conceptualised as the formation of interpersonal relationships (Sivan, 2010).
Sivan (2010) suggested that scaffolding “...is a method by which instructional goals are integrated, the
student’s cognitive and affective needs are able to be met, and the child can be helped to achieve
motivational competency.” (p. 222). Moreover, Reiser (2004) and Rogoff (1990) assert that this
assisted/scaffolded learning is associated with Vygotsky’s (1978) conceptualisation of the zone of
proximal development, which describes a region between where the learner is and what the learner can
accomplish with the assistance of more competent peers/ adults.

In the educational setting, the term scaffolding has been used to refer to any assistance that the
student receives from a more competent peer or adult (Vygotsky, 1978). As such, Turner et al. (2011)
asserted that scaffolding is essential to ensure that students become competent in learning a task and
become motivated to learn. Mercer (1995) states that the primary goal of scaffolding in teaching is to
allow the teacher to gradually transfer the responsibility of a given task to the student. Clark and Graves
(2005) argue that there are three main types of scaffolding, moment-to-moment verbal scaffolding,

instructional frameworks that foster content learning, and instructional procedures for teaching. In this
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study, the aforementioned types of scaffolding are critical because it has been found that pre-service
teachers use scaffolding in several ways to motivate students for learning.

Reiser (2004) suggests that moment to moment verbal scaffolding is also referred to as
scaffolding talk in science teaching. During this scaffolding talk, science teachers engage in two
functions: structuring and problematising. Reiser (2004) continued to assert that the structuring function
involves providing structured workspaces to help learners decompose a task and organise their work or
prompts to help learners recognise essential goals to pursue. In this study, it was found that examining
pre-service teachers’ science lesson plans provided a way of understanding how they structure their
science lessons and planned strategies to motivate science students during their professional experience
placement. The second aspect of the moment-to-moment verbal scaffolding, problematisation, deals
with increasing the complexity of the task given to the student (Hiebert et al., 1996; Reiser, 2004). In
the context of my research, problematisation is essential as it serves as a factor that helps determine how
pre-service teachers’ beliefs are developing to motivate science students.

Additionally, the continued use of the problematisation scaffold and belief in its effectiveness
for motivating science students by the pre-service teacher during teaching would determine how well
the pre-service teacher learned and consequently implemented the scaffold. For instance, if a pre-service
teacher gives students work that is too easy for them, they may get bored and not be motivated to learn
science. On the flip side, if pre-service teachers give students complex and way tasks above their current
level, they may become frustrated with the tasks and not be motivated to learn science. In my study, one
of the ways in which moment to moment scaffolding could have been noticed was by the structure and
complexity of the tasks that the pre-service teacher gave the students to perform.

Creating an instructional framework is another type of scaffolding that is essential for teachers
to encourage students’ content learning and improve students’ understanding and learning of the subject

matter (Clark & Graves, 2005). Clark and Graves (2005) state that verbal scaffolding may or may not
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be included as part of an instructional framework scaffold strategy. They suggest that teachers structure
their lessons within the instructional framework scaffold strategy to help students attain the intended
learning outcomes. In this study, I uncover how pre-service teachers use their science lesson plans,
classroom arrangement, and verbal prompting to the students helped facilitate this type of scaffolding.
Uncovering this type of scaffolding in the study helps shed light on how pre-service teachers develop
their theories-in-use to motivate students to learn science.

The use of instructional strategies as a form of scaffolding students to be motivated for learning
science is perhaps the most relevant form of scaffolding for this research. Clark and Graves (2005) argue
that teachers’ instructional strategies should lead to students becoming independent learners.
Additionally, Clark and Graves (2005) posit that in this type of scaffolding, the teacher gradually
transfers responsibility for strategy use as students become increasingly competent in the learning
environment. This scaffolding is vital to this research because the instructional strategies for teaching
chosen by the pre-service teacher can also motivate students to learn science. Moreover, instructional
strategies for teaching can serve to explain how the use of instructional strategies can lead to the further
development of their beliefs about strategies for motivating students to learn science. For this type of
scaffolding, I expected that the teacher would use appropriate instructional strategies such as
demonstration, group work, discussion, experimentation, and field trips tailored to the relevant concepts
to be taught to the students.

The structure for autonomy comes when science teachers allow students to rehearse the steps
of a specific demonstration and then reproduce this demonstration successfully when they get the
chance to do so. Bandura (1978) supports this view by suggesting that when someone pays attention
to an event and can mentally rehearse the steps involved and is given the opportunity to practice,
then the individual will be motivated to continue performing that behaviour. Concerning the science

lessons espoused by the pre-service teachers where the demonstration strategy is used, this researcher
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asserts that the concept of observational learning applies.

Pertaining to the use of demonstrations in the classroom environment, researchers such as
O’Brien (1991) have explained that demonstrations are a relevant, safe, simple, economical, enjoyable
and effective strategy to motivate students. Furthermore, Skinner and Belmont (1993) contend that
demonstrations provide teaching and learning opportunities since students will be given an initial
structure that supports autonomy and interactions. Other researchers (e.g. Meyer et al., 2003 and
Sherburn, 2012) are of the view that the use of demonstrations can allow students to ask questions about
concepts that they observe and thus develop higher-level thinking skills such as analysis,
characterisation, evaluation, and synthesis. Moreover, Miller (1993) also explained that a positive
learning community is created when science engages in demonstrations. There is increased collaboration
amongst students, which leads to a sense of community in the classroom. Research by Palmer (2007)
supported the findings of the web-based survey and demonstrated the link between demonstration
motivation by suggesting that in science classes, demonstration can arouse students’ curiosity and
motivation for learning science.

Despite the pre-service teachers suggesting that using field trips as a strategy can be time-
consuming and may not be able to plan and execute it to motivate students for learning efficiently,
Behrendt and Franklin (2014) contended that there are measures that can be instituted so that teachers
could plan and execute field trips in a time-efficient manner. They suggest that this can be done via
the use of virtual field trips on the computer or by having informal field trips. Hofstein and Rosenfeld
(1996) suggested a positive relationship between the use of informal field trips, where science
students engage in casual visits to informal settings, and students’ level of intrinsic motivation.
Rennie (2014) contends that students become more intrinsically motivated during informal field trips
because the interaction is unforced, and the students would feel at ease in the informal learning

environment, thus engaging in more social interactions.
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2.1.2. Environmental Factors

Environmental factors are described in terms of the social and physical context in which the
individual’s behaviour occurs (Bandura, 1995). Vicarious experiences are an essential part of this social
context within which persons learn, and as Schunk and Usher (2012) assert, much of human learning
occurs vicariously, and vicarious learning offers an efficient alternative to learning via direct
experiences. The primary type of vicarious experience that pertains to the environmental factors of the
triadic reciprocality model is Response facilitation. Schunk and Usher (2012) suggest that response
facilitation deals with the learning of socially acceptable behaviours. Moreover, Schunk and Usher
(2012) state that the behaviours of others motivate observers’ actions. Skamp and Mueller (2001)
continued to posit that there is a strong link between pre-service teachers’ beliefs and how it is shaped
by their observation process of their supervising teachers’ teaching during their professional experience
placement. They pointed out that the experience of observing science teaching can be both a positive
and negative experience, and this depends on how the supervising teacher teaches science, how effective
the supervising teachers’ teaching is and the supervising teachers’ attitude toward science.

In the context of this study, the pre-service teachers’ enactments of their beliefs will be
determined by the presence of the social world (e.g., classroom culture, supervising teacher, placement
school, friends or family), and the physical world, such as resources present in the classroom and time
available for instruction. Furthermore, there is consensus amongst science researchers such as Palmer
(2005) and Palincsar (1998) that learning relies on the development of relationships with fellow students
and learning with a skilful partner such as a teacher. In the context of this study, the formulation of
espoused theories of the pre-service teachers can be highly subjective and individualised since pre-
service teachers may espouse different beliefs based on their ontological assumptions about student
motivation stemming from their interactions with the social environment. Additionally, Bandura (1995)

suggested that the social aspect of the environmental component refers specifically to what people are
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present (or absent) and their attitudes, beliefs, and the ideas that those people hold. Schunk and Usher
(2012) state that when persons interact with other individuals, they learn knowledge, skills, beliefs,
rules, and attitudes from them. This causes persons to learn the appropriateness, usefulness, and
consequences of behaviours in the context within which the behaviour is via observation and interaction

with the model.

2.1.3. Behaviour

The behaviour aspect of the social cognitive triadic reciprocality model is described as activities,
effort, persistence and achievement and environmental regulation (Schunk & DiBenedetto, 2020)
demonstrated by an individual in a given situation. Other researchers assert that persons who are
motivated to succeed will choose to engage in activities that will allow them to learn and expend the
effort and persist on challenging tasks to achieve their desired outcome (Schunk & DiBenedetto, 2020;
Usher & Schunk, 2018). In the context of this study, this behavioural component is crucial as the pre-
service teachers’ behaviours; that is, their theories-in-use or enactments of their beliefs about strategies
to motivate students to learn science may be influenced by their personal factors and the environmental

factors.

2.2. Principles of Motivation

Motivation has been viewed as one of the most critical factors for constructing knowledge and
forming beliefs, especially in education (Palmer, 2005; Sivan, 1986). Because motivation is a social
construct that can involve various sub-concepts such as allowing students to construct their systems of
meaning through interaction with others (Massenzio, 2001; Prawat & Floden, 1994), motivation is well
situated in the social cognitive theory as a personal/ cognitive factor and therefore, it is well situated for

the phenomenon being researched in this study.
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I sought to use the four principles of motivation; developing students’ academic competency,
fostering belongingness, developing students’ autonomy and fostering meaningful learning, developed
by Turner et al. (2011), as part of the theoretical approach in this thesis. It was thought that those four
principles were helpful to understand the context within which this study was conducted. In the
classroom context, the principles of motivation proposed by Turner et al. (2011) interact with each other
and form the basis upon which students in the science classroom should be motivated. The teacher is at
the forefront of helping students become motivated by ensuring that they are engaged in activities that
bring about their level of competence, gives the students a feeling of belonging and autonomy, and learn
science in a meaningful way (Niemeic & Ryan, 2009). As it pertains to this study, therefore, the
principles of motivation proposed by Turner et al. (2011) serve as the socially constructed and socially
accepted concepts by education researchers such as Niemeic and Ryan (2009), guiding this research into
how the pre-service teachers are enacting their beliefs about and using strategies to motivate science
students.

I believed that motivation would be fitting to understand further how secondary science pre-
service teachers enact their strategies for motivating students to learn science in the context of their
professional experience placement. Researchers, for example, Pintrich and Schunk (2002), showed that
there is a link between the roles that schools play in student motivation and the social influences on
teachers’ motivational strategies in the classroom context.

Turner et al. (2011), in their research into motivating students for mathematics learning,
introduced four principles of motivation; supporting students’ competence, belongingness, autonomy
and making learning meaningful, which they viewed as spanning across the four main perspectives of
motivation mentioned earlier. The four main principles of motivation were introduced by Turner et al.
(2011) to understand changes in Mathematics teachers’ practices and beliefs in the context of motivating

students to learn. In this thesis, those four principles of motivation strengthen the social learning
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framework and provide a lens via which data about pre-service teachers’ enactments of their beliefs
about strategies for motivating science students could be interpreted in the context of their professional
experience placement.

Additionally, I assert that the strategies brought forward by Turner et al. (2011) and mentioned
under each motivation principle are viewed as contemporary strategies. Contemporary strategies for
motivating students include widely accepted, especially by social learning theorists, modern teaching
strategies used by teachers in the classroom. Such contemporary strategies encourage a student-centred
learning environment where the focus of learning is on the student. Contemporary teaching strategies
differ from traditional teaching strategies. Those traditional teaching strategies include didactic methods

of teaching, where there is a strong teacher-centred learning environment.

2.2.1. Developing Students’ Academic Competency

Competency has been described by many education researchers (e.g., Bandura, 1997; Deci et
al., 1991; Turner et al., 2011) as including ways to achieve specific learning outcomes and feeling
confident in their abilities in performing learning tasks. Students’ academic competency for learning
science concepts facilitates their general motivation for science learning at secondary schools (Wood,
2019). Over the past decade, education researchers have studied how science students’ competency to
learn can be supported (Lijium et al., 2021; Prosekov et al., 2020; Car et al., 2013). For instance, in
2005, Kozma and Russell studied how science students develop competency. They concluded that
science students’ competency and their motivation to learn could be enhanced when science students
use visualisations and models during science classes. Students are usually faced with demonstrating
their competence in the science classroom by performing measurement and manipulation or planning
and designing science experiments during summative or formative assessment periods. When a student
perceives themself as incompetent in completing an academic task, that student is likely to be

disengaged and demotivated to continue pursuing that task (Deci et al., 1991; Painter, 2011). On the
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contrary, when students believe that they are competent in an area, they tend to display a higher level of
motivation toward learning the intended learning outcome than if they had a lower competency level in
a given area (Wood, 2019; Turner et al., 2011). When a student perceives themselves as incompetent in
completing an academic task, that student is likely to be disengaged and demotivated to continue
pursuing that task (Deci et al., 1991; Painter, 2011).

There are many ways by which teachers can develop students’ competency in science and, by
extension, their motivation to learn science. Researchers (e.g., Turner et al., 2011) have pointed out the
main ways by which students’ academic competency for learning can be developed are by providing
feedback to students, demonstrating that mistakes are informational, by helping students reflect on what

they do and do not understand and why, and by offering to scaffold students.

2.2.1.1. Providing Feedback to Students

The first way students’ competency can be developed is via the provision of feedback by
teachers. Winstone et al. (2021) conceptualised feedback as a process where the learner makes sense of
performance-related information that promotes their learning. Winstone et al. (2021) assert that
feedback is “...one of the most powerful learning processes” (p. 1). Koenka and Anderman (2019)
suggested that personalised feedback can also be referred to as “Specific, student-centred information
delivered to students about their performance in a motivationally optimal manner...” (p. 15).
Furthermore, about personalised feedback in the context of this study, Koenka and Anderman (2019)
state that “Personalised feedback is arguably essential for middle school students” because “students
often experience a decline in motivation and performance as they transition from elementary to middle
school” (p. 16). Turner et al. (2011) suggest that to help develop students’ competence, the teacher’s
primary role is to promptly provide high-quality feedback to students. In addition to giving feedback
promptly, when giving effective personalised feedback to students, Koenka and Anderman (2019)

indicate that it is essential to follow four evidenced-based principles; 1. Personalised feedback should
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be student-centred 2. Feedback should be task-focused, self-referenced, and should identify next steps,
3. Avoid giving students feedback that compares them against their peers (normative feedback), and 4.
Avoid making personalised feedback about the student’s character. Turner et al. (2011) suggest that to
help develop students’ competence, the teacher’s primary role is to promptly provide high-quality
feedback to students. Additionally, the NSW Department of Education (2021) indicate that giving
students feedback is crucial because it can contribute to student learning and achievement. The NSW
Department of Education (2021) suggested that a bridge between students’ current and desired learning
forms when teachers provide frequent, constructive, and instructive feedback.

A necessary type of feedback that I thought to fit this study is the concept of emotional
motivational feedback messages. I asserted that emotional motivational feedback messages are essential
considering the context of the study because emotions are essential factors in learning since they affect
students’ successes (Burke & Pieterick, 2010; Meyer & Turner, 2006) and their motivation (Hannula,
2006). Students’ emotions also provide teachers with clues about what is happening in the classroom
during instruction (Meyer & Turner, 2006). Sarsar (2017) described emotional motivational feedback
messages as messages that include motivational strategies and emotional content for motivating and
encouraging students to learn more about a specific topic. Students receiving motivational feedback
exhibit some level of emotional reactions (Burke & Pieterick, 2010), and those emotional reactions
enable students to view feedback as a personal message that makes it a powerful tool to keep them
motivated to learn (Kim & Keller, 2008). From a social cognitive perspective, providing personalised
feedback to students by their educators is vital as it forms part of the environmental factors that influence
students’ thinking and behaviour; that is, the development of students’ academic competency.

Stemming from the provision of feedback, Turner et al. (2011) suggest that teachers must let
students know that mistakes are informational to get them to develop their academic competency.

Metcalfe (2017) suggests that “Learning about what is wrong may hasten understanding of why the
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correct procedures are appropriate” (p.468). In addition, Metcalfe (2017) suggested that the nature of
errors made by students when learning can provide teachers with valuable information on what type of
misconceptions students may hold about learning. This is important as Metcalfe (2017) continued to
assert that errors show specific areas of difficulty, misconceptions for students and reveal to teachers
students’ thinking processes which can help teachers focus on learning aspects of learning that need to
be clarified. In addition to teachers giving feedback and clarifying any misconceptions that may occur
when students make errors or mistakes on academic tasks, students also feel a sense of disequilibrium,
and that makes them want to learn. Van Loon et al. (2015) confirm that when individuals find out they
made errors in learning and are wrong, they have increased attention to refutation. Therefore, this links
to the social cognitive theory, highlighting the importance of students being aware of their strengths and
limitations in the learning environment (Bandura, 1991). Bandura (1991) stated that “People cannot
influence their motivation and actions very well if they do not pay adequate attention to their
performances...and the immediate and distal effects they produce” (p.250). Bandura (1991) continued

to explain that students learning from mistakes is natural and is part of the learning process.

2.2.1.2. Helping Students Reflect on What they Do and Do not Understand and Why

Researchers such Dekker-Groen et al. (2013) have defined reflection as a process of thinking
about and interpreting situations, events, experiences, and emotions, aimed at critically analysing
decisions, actions and effects to learn from them. Turner et al. (2011) state that by reflection on the
feedback provided by their teachers, students can further develop competency. When students reflect
on their learning, researchers have found that those students are better able to be engaged in the learning
process and participate in more in-depth and rich discussions during their class (Bogo et al., 2013;
Turner et al., 2011). Turner et al. (2011) indicated that “...by helping students reflect on what they do
and do not understand [their misconceptions] and why teachers can make them aware of their growing

competence and more inclined to increase effort.” (p.720).
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Researchers have pointed out that when students reflect on what they do and do not understand
and why, and this leads to them working harder to succeed (Schunk, 1995). Watkins and Marsick (1992)
assert that the reason for this hard work to succeed amongst students after the feedback-reflection
process is because students become more aware of their learning as they reflect, and this propels them
to want to work harder at academic tasks. Zimmerman (2013) confirms that when students engage in
reflections on their performances, this influences their thought processes and beliefs, leading to more

subsequent efforts to learn.

2.2.1.3. Scaffolding to Develop Students’ Academic Competency

Another way education researchers suggest that students’ competency can be developed is by
offering students scaffolding or assistance during learning (Turner et al., 2011). The concept of
scaffolding and how it pertains to this study was explained in Section 2.1. of this chapter.

In this research, developing students’ academic competency in science is of critical importance
since students may demonstrate varying levels of competence and motivation for learning science.
Therefore, based on the research, students’ academic competency in various science concepts was
explored as one of the factors that could impact the pre-service teachers’ theory of action about strategies

to motivate students for learning science.

2.2.2. Fostering Belongingness in the Classroom

Turner et al. (2011) define belongingness as “The human need to be an accepted member of a
group and to have strong, stable relationships with others” (p.721). Kowalski (2018) asserted that
belongingness is also referred to as connectedness or relatedness and has been one of the most
recommendations for improving student motivation to learn. The social cognitive theory used in this
study emphasises the importance of belongingness/connectedness (personal influences) as a condition

for motivating persons (Bandura, 1993). This social cognitive perspective is aligned to the thinking;
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learning occurs through social interactions, and motivation happens when students feel competent in the
learning, which stemmed from previous physical and emotional environments which foster the
development of belongingness (Bandura, 1993). Other researchers (e.g., Zumbrunn et al., 2014) are of
the view that student belonging is associated with academic achievement. Studies have shown that
secondary school students who receive a supportive academic climate and feel like they belong were
more motivated (Anderman, 2003; Murdock et al., 2000) and felt more connected to their school

(McNeely et al. 2002).

Science education researchers have found that fostering belongingness in the science classroom
has motivated students to learn science, especially at the lower secondary school level (Strayhorn, 2018;
Vazetal., 2015). In the classroom, it is essential that science students feel as though they are part of the
learning community to have deeper engagement in the science subject and be motivated to continue
learning the intended learning outcomes (Feille et al., 2018). Feille et al. (2018) continue to purport a
shared emotional connection, influence and needs satisfaction when a student feels as though they
belong to a community. Furthermore, studies with secondary school students show that students who
feel as though they belong and support in their academic journey were more motivated to learn because
they felt more connected to their school (Anderman 2003; McNeely et al. 2002; Murdock et al. 2000;
Zumbrunn et al., 2014). Science teachers have been able to help students get a feeling of belonging in
the classroom in several ways, such as encouraging group work and peer tutoring during classroom
learning activities, showing students that they care about them and engaging in storytelling.
2.2.2.1. Cooperative/ Collaborative Group Work and Peer Tutoring

One of the main ways teachers foster belonging in the classroom is by allowing students to
participate in cooperative/collaborative group work activities. Education researchers have

conceptualised cooperative group work as a teaching strategy that promotes student achievement and
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socialisation (Baines et al., 2007; Forslund et al., 2014; Oliveira & Sadler, 2008). Collaborative group
work has been conceptualised as an important to approach learning where students’ abilities are
highlighted along with their shared responsibilities in the learning environment and cooperation (Fujita
et al., 2021, Panitz, 1999). Moreover, researchers have indicated that when students interact with each
other and share ideas during group work, they can better construct new understandings and clarify ideas
by using language to explain issues (Webb & Mastergeorge, 2003). Furthermore, Gillies (2003) asserts
that students are more motivated to achieve when they work in groups. Van Ryzin and Roseth (2019)
stated that “...group-based learning activities can increase social opportunities for youth and provide a
mechanism by which socially marginalised youth can develop positive relationships with more pro-
social peers” (P. 2). The conceptions of cooperative/collaborative group work are critical to my study
as it points to the interdependence of students on each other and the teacher to be motivated to learn by
encouraging good emotional connections and building a sense of social responsibility in the classroom.

The other strategy for fostering belongingness, peer tutoring, is conceptualised by education
researchers as a learning method involving the creation of peers to establish an asymmetric relationship,
having a common objective that is achieved based on a relationship framework that is planned by the
classroom teacher (Duran & Monereo, 2005; Moliner & Alegre, 2020). Based on the definition of peer
tutoring, it can be noted that, like cooperative group work, peer tutoring fosters the development of a
relationship where students would be most likely to cultivate s feeling of belonging with each other and
the teacher.

I had already mentioned in this Section that the use of cooperative/collaborative group work as
a strategy to motivate students for learning science needs to be planned carefully, taking into
consideration all aspects of the classroom, including time available for instruction, the seating

arrangements if the students, their prior knowledge, their grade level and backgrounds and most

41



Chapter 2: Theoretical Framework

importantly the number of resources available so that every student is engaged while performing group
work.
2.2.2.2. Caring for Students

Giving students a feeling of belongingness in the classroom can also be fostered when teachers
show students that they care about them (Turner et al., 2011). Bouchard and Berg (2017) assert that
when “Teachers care for and value and support” their students as well as when teachers respect,
encourage and listen to students, students can feel a sense of inclusion in the classroom and thus be
motivated to learn. In the context of this study, I will uncover how by using caring acts and being
respectful as sub aspects of belongingness, the pre-service teacher can help students become motivated
to learn science.

A critical way by which teachers can show that they care for students is by creating a warm
socio-emotional tone in the classroom. Kowalski (2018) argues that there is a warm socio-emotional
tone when a culture of belongingness is developed in the classroom. This warm socio-emotional tone
promotes student positive self-efficacy and helps enhance their motivation for science learning via
opportunities for vicarious experiences, encouragement, and support from teachers or peers (Bandura,

1993; Vygotsky, 1978).

2.2.2.3. Engaging Students in Storytelling

Another strategy that teachers can use for fostering belongingness in the classroom is by
engaging in storytelling. Researchers such as Fawcett and Fawcett (2011) and Ochs et al. (1992) have
identified storytelling as one of the most potent forms of teaching, which has been used to teach persons
about customs and traditions of a people long before written histories were kept. This assertion by
Fawcett and Fawcett (2011) suggests that by telling stories, persons can learn vicariously through social

interactions with the storyteller. Therefore, this social interaction and vicarious learning experience are
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perceived as forming part of the environmental factors of the triadic reciprocality model of the social
cognitive theory. Moreover, Fawcett and Fawcett (2011) suggest that when stories are told in the
classroom by the teacher, this brings life to the lesson and helps students become further motivated to
grasp the intended learning outcomes.

Furthermore, Alterio and McDrury (2003) have indicated that when persons tell stories, they
share experiences and context that helps accommodate diverse realities and perspectives on a given
topic. This sharing of experiences may have the added benefit of helping students feel as though they
belong in the classroom, especially if they can connect the stories to their own cultural experiences to
create a sense of self-awareness (Alterio & McDrury, 2003).

Bouchard and Berg (2017) conclude and reasserts the importance of fostering belongingness in
the classroom to motivate students by adding, “If education is primarily about human beings who are in
relation with one another, then schools have a unique opportunity to fulfil this fundamental human
motivation” (p. 132). Once again, this quote by Bouchard and Berg (2017) highlights the importance of
fostering belongingness in the classroom setting by encouraging students to form relations with each
other.

2.2.3. Giving Students Autonomy in the Classroom

Turner et al. (2011) stated that teachers giving students autonomy in the classroom refers to any
activity that students partake in that is self-initiating, and students’ actions are freely chosen, endorsed
as valuable to the learning task, and the task/action is consistent with their values or needs. It can be
argued that developing students’ autonomy is the most critical component of developing student
motivation for learning (Deci & Ryan, 2000). Deci and Ryan (2000) conceptualised autonomy as the
ability of a student to self-regulate his/her actions in the learning environment to facilitate the learning
of intended learning outcomes. In 1994, Deci et al. suggested that three main conditions were needed to

be met for a student to feel autonomy in the classroom:
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1. Providing a meaningful rationale for the use of autonomy; Verbal explanations to help others

understand the utility value of self-regulation

2. Acknowledging negative feelings; Acknowledging tension when it occurs.

3. Using non-controlling language; This is using communications that minimise pressure.

In 2004 Stefanou, et al. pointed out that autonomy support in the classroom can be shown by.
1. Organisational autonomy: allowing students to make decisions in the management of the

classroom.

2. Procedural autonomy: offering students choices on how to present ideas in the classroom

3. Cognitive autonomy: allowing students the opportunity to evaluate their work.

Although giving students autonomy is critical to ensure that they are motivated to learn, Turner et al.
(2011) recognise that it can be difficult for teachers to understand how to give and accept allowing
students autonomy in the classroom. The main reason for this apprehension is because teachers fear
sharing control and also fear that giving students autonomy will lead to off-task behaviours (Barrett &
Boggiano, 1988; Turner et al., 2011). Furthermore, science education researchers (e.g., Jean-Baptiste et
al., 2019 and Palmer, 2004) have asserted that pre-service teachers who have a low self-efficacy for
motivating students are more apprehensive to giving students autonomy in the learning environment,

and as such, those teachers’ science lessons are more teacher-centred.

Deci and Ryan (2002) argue that when students are allowed to demonstrate autonomy in their
learning, they are less anxious and can exhibit more positive coping strategies than a student who does
not get the opportunity to be autonomous in the learning environment. Van et al. (2009) support this by

saying students who are placed in highly independent learning situations stand a greater chance of being
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motivated to remain in school, engaged in the subject(s) being taught, and show high academic
achievement. This research will uncover how pre-service teachers enact their beliefs about strategies for
motivating students to learn science, considering that giving students’ autonomy has been shown to

motivate students.

Giving students autonomy in the learning environment also focuses on the use of un-controlling
language by the teacher, sharing the rationale for teacher actions and allowing students to express
negative emotions. Pertaining to the use of un-controlling language to support autonomy, when students
are not directly told what to do in the classroom, they tend to feel more autonomous in completing their
intended learning targets (Vansteenkiste et al., 2004). Researchers such as Black and Deci (2000) as
well as Ryan and Connell (1989) suggest that this lack of controlling language in the learning
environment, in turn, may allow students to be more motivated to learn. Moreover, Jang et al. (2010)
assert that when autonomy supportive teachers “Provide explanatory rationales for requested tasks and
communicate through messages that are informative, flexible, and rich in competence-related
information, rather than neglecting rationales and by communicating through messages that are
evaluative, controlling, pressuring, or even rigidly coercive” (p.589), students may be more inclined to
be motivated to learn. Furthermore, concerning allowing students to express negative emotions, Jang et
al. (2010) assert that when students do not get an opportunity while learning to express such emotions,
they tend to be demotivated to learn, disengaged and give up easily on academic tasks in the face of

difficulty.

2.2.4. Making Learning Meaningful
Meaningfulness is referred to as significance, purposefulness, or value that students place on
their learning experience (Turner et al., 2011). Turner et al. (2011) stated that teachers could make

learning meaningful to students by making learning relevant to students’ lives after getting to know
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students and how they learn and having discussions and conversations with the students during
instruction.
2.24.1. Making Learning Relevant to Students’ Lives

First, learning can be made meaningful when students are able to relate to the concepts being
taught in their lives. Science education researchers such as Jean-Baptiste et al. (2018) reveal that when
students can relate concepts being taught to their lives, learning becomes meaningful to them, and thus
they are more likely to develop a long-term interest and motivation to learn science. Ausubel (1968)
propositioned those new concepts must have meaning to students, and students need to possess the
relevant prerequisite knowledge to build on for learning to occur in a meaningful way.

Prinski et al. (2018) conceptualised relevance as being on a continuum which begins with 1)
personal association; that involves the perception that an object is connected to another object or a
memory and moves to ii) personal usefulness; which takes into consideration that a stimulus can be used
to fulfil an important personal goal and ends with iii) identification which is the incorporation of the
stimulus to the individual’s identity. Along the continuum, Prinski et al. (2018) suggested that personal
meaningfulness increases more when an individual is able to relate to a concept.

In the Australian secondary school context, science teachers are expected to make science
learning meaningful to students by relating concepts to students’ lives. Therefore, teachers are
encouraged to make science meaningful by relating the science information and content to students and
facilitating science to allow students to have rich and relatable experiences concerning real-life events
(Goodrum, 2019). Moreover, Bybee (1997) developed a 5E teaching model to help science teachers
effectively organise their science lessons and facilitate science learning in a meaningful way. Goodrum
(2019) indicates that this model was comprised of 5 interconnected phases that include engaging

students by stimulating their interest in an activity, helping students explore concepts, offering
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explanations of concepts, students elaborating on explanations by applying what they have learnt, and
finally, students evaluate what they have learnt.
2.2.4.2. Knowing Students and How They Learn

Another way pre-service teachers can make learning meaningful to the students is by getting to know
the students and how they learn. Mestre (2006) asserted that it is essential for teachers to know their
students and build on their strengths: Use the strengths that students bring to the classroom. Education
researchers such as Schunk et al. (2012) claim that teachers must consider students’ interests,
background (cultural or otherwise), knowledge and abilities when preparing learning experiences for
them to foster inclusion in the classroom and motivate them to learn the intended learning outcomes.

Getting to know students and how they learn is essential, mainly because it is the first standard

in the Australian Professional Standards for Teachers (AITSL, 2011). In this first standard of the
Australian Professional Standards for Teachers document, there are six focus areas which include.

a. Physical, social, and intellectual development and characteristics of students

b. Understand how students learn

c. Students with diverse linguistic, cultural, religious, and socioeconomic backgrounds

d. Strategies for teaching Aboriginal and Torres Strait Islander students

e. Differentiate teaching to meet the specific learning needs of students across the full range of

abilities

f. Strategies to support full participation of students with disabilities
Within this standard, it can therefore be seen that teachers should have a holistic understanding of
students’ backgrounds (cultural or otherwise) and students’ development. Moreover, the focus areas
under this standard suggest that teachers should be prepared to meet the specific learning needs of

students by engaging in differentiated teaching. Meeting the specific needs of learners in the context of
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education and learning is commonly referred to by education researchers as understanding students’
learning diverse learning needs (Mestre, 2006; Pashler et al., 2008).

The research literature gives ample evidence to highlight that knowing students and their
learning needs are essential to pre-service teachers when formulating their beliefs about strategies for
motivating students to learn. Knowing students’ diverse learning needs leads to a more student-centred
approach to teaching and encourages differentiated instruction by the science teacher. Researchers, for
example, Danzi et al. (2008), have stressed the importance of using differentiated instruction to decrease
student boredom, student frustration and improve student motivation in the classroom. Dinescu et al.
(2011) conceptualised differentiated instruction as a broad term encompassing various classroom
practices that cater to differences in students’ interests, social needs, and prior knowledge. It is therefore
easy to see that concerning science teaching, the findings of this study bear similarity to the conclusion
of other studies, for example, Dinescu et al. (2011), in highlighting the importance of differentiated

instruction to making science learning meaningful to students and motivate them for learning science.

This understanding that teachers should get to know their students is further tied into the
understanding by education researchers (Mestre, 2006; Pashler et al., 2008) that every student is unique
in the way that he/she learns and therefore requires a unique/ differentiated approach to instruction
ensuring that students learn; hence the concept differentiated instruction. Additionally, Fisette (2010)
also state that the main goal in teachers getting to know their students is “to inform and differentiate
their instruction to meet their need and enhance learning opportunities” (p. 43).
2.2.4.3. Having Discussions and Conversations with the Students During Instruction

A final way by which teachers can make learning meaningful to students is by having discussions
and conversations based on the concepts being taught (Turner et al., 2011). Brophy (2013) is of the view

that discussion in the classroom allows students the opportunities to engage in verbal interaction about
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a topic. Palmer (2007) suggested that discussions are essential in the science classroom as it allows
students to integrate new information about concepts being taught into their schemas. This assimilation
of new information can serve to cause disequilibrium in the students’ cognition and thus motivate them
to want to learn to restore equilibration of concepts.

In this study, how pre-service teachers use strategies that they consider meaningful to students

to motivate them for learning science in a meaningful way will be uncovered.

2.3. Chapter Summary

In this thesis, my main aim was to investigate the factors influencing pre-service teachers’ theory
of action about strategies to motivate students for learning science at the lower secondary school level.
The social cognitive theory (Bandura 1977) coupled with the four principles of motivation (Turner et
al. 2011) have been presented as suitable theoretical lenses for analysing and interpreting the data
gathered for this study despite the absence of scholars using this framework to investigate the
phenomenon of pre-service teachers’ theory of action.

The social cognitive theory is adopted as the overarching theoretical lens for this study’s
analytical framework. In this research, I viewed the triadic reciprocality model of the social cognitive
theory as essential to inform the interpretations of the data gathered in this research. Within the personal
factors of this model, the concept of observational learning focused on how students learn by them
paying attention to the behaviour exhibited by a person who models the desired behaviour. The social
cognitive theory allows for examination of the factors that influence pre-service teachers’ theory of
action about motivating students to learn science because some of those factors may be based on the
pre-service teachers’ observations of other teachers teaching during their professional experience

placement. According to observational learning, when pre-service teachers pay attention to other
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teachers who teach and observe them, they adopt procedures for retaining and producing a successful
observed behaviour.

Additionally, the concept of scaffolding was considered as part of the personal/ cognitive factor,
as part of the triadic reciprocality model and therefore considered by me as fitting for interpreting and
analysing the data gathered in this thesis. When pre-service teachers are given moment to moment verbal
scaffolding by their supervising teachers and other teachers and prepare the instructional frameworks
by planning their lesson and instructional strategies for teaching, students can be motivated to learn
science. During the initial teacher education program, pre-service teachers receive scaffolding through
many sources, such as their supervising teachers and peers. This support is gradually removed to allow
them to be more independent as they can enact their beliefs about strategies for motivating students to
learn science. This element of scaffolding is vital to this study as it provides a lens through which the
data can be analysed and interpreted

The second aspect of Bandura’s triadic reciprocality model was the environmental influence on
the pre-service teachers. Within this aspect, there is a focus on social norms and the physical
environment which interacts with individuals to influence their beliefs and actions. In this study, I
considered those factors when interpreting the findings of this study. As well as social interactions with
others, many other factors influence the development of pre-service teachers’ espoused theories and
how those espoused theories are enacted to motivate students for learning science.

The second central theory informing this study’s analytical framework was the four principles
of motivation described by Turner et al. (2011) as a cross-section of the four major perspectives of
motivation. Examining the study’s data through the lens of these four principles, competency,
belongingness, autonomy and meaningfulness, allows for an interpretation and understanding of the
data gathered on how pre-service teachers’ espoused beliefs are ultimately enacted to motivate science

students in the context of their professional experience placement.
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In the next chapter, I reviewed the existing literature on teacher beliefs, including their origin,
in the context of pre-service teachers. Moreover, I critically examined relevant literature on student
motivation for learning science and strategies pre-service teachers have found to motivate students for

learning science at the lower secondary school level.
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Chapter 3
Literature Review
Introduction

In the previous chapter, I presented the analytical framework for this study. This framework
combined aspects of social cognitive theory and principles of motivation relevant for analysing
and interpreting the data gathered in this thesis.

In this chapter, a critical analysis of the literature concerning the study’s central concepts
is examined to understand better the phenomenon being researched and address gaps present in
the existing literature. This study’s central focus is on how pre-service teachers develop their
beliefs about and strategies for motivating students at the lower secondary school level to learn
science. This study builds on the views of researchers such as Argyris and Schon (1974), Pajares
(1992), Richardson (1996), Ibrahim (2003) and Irez (2007). They hold the view that teachers’
beliefs about the instructional processes and pedagogical practices influence the classroom
teacher’s instructional decisions and actions.

Due to the nature of the phenomenon being investigated in this thesis, it was necessary to
explore the literature for information concerning the origin and conceptualisation of teachers’
beliefs: the development of teachers’ beliefs, teachers’ changing beliefs about teaching and
learning, and teachers’ beliefs about the nature of science teaching and learning. The literature on
student motivation for learning science, effective pedagogies for motivating science students, and

the role of initial teacher education programs in science are also critically examined in this chapter.
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3.1. Teacher’s Beliefs about Learning and Teaching

One of the impetuses for this research is the notion expressed over the years by both in-
service and pre-service teachers that teachers hold varying degrees of beliefs about their learning
science and their pedagogical prowess (Palmer 2008). This variation in teacher beliefs has also
been noticed by researchers who have tried to understand how teachers use strategies to motivate
science students (Brothy, 2013; Palmer, 2007; Windschitl et al., 2020). In Australia, a report on
students’ performance in science by the Office of the Chief Scientist (2014) claims that students’
motivation to learn science is declining, especially at the lower school level. Although there are
many reasons why this decline in student motivation exists at the lower secondary school level,
the Office of the Chief Scientist (2014) suggest that one of the ways in which this issue of students’
declining motivation for science can be addressed is via an increased focus on teachers’ thought

processes /beliefs.

3.1.1. Origin and Conceptualisation of Teachers’ Beliefs

Teachers’ beliefs concerning instruction have been among the most researched educational
research subjects from the 1980s (Samuel & Ogunkola, 2015; Voet et al., 2019). Many education
researchers have attributed the rise in the focus on teachers’ beliefs and cognition to the expansion
of research paradigms that occurred in the late 20" Century (Alexander & Dochy, 1995; Fang,
1996). By the 1980s, Ravich (1990) claimed that the U.S. education system had a series of adverse
reports that pushed educators and researchers to investigate the possible influences of teachers’
beliefs on learning and pedagogical strategies used in the classroom. Education researchers
continued to attribute that the focus on teachers’ beliefs and shift in social psychology in the late

20™ century was due to a change from an affective to a cognitive orientation (Richardson, 1996).
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This shift to the cognitive orientation brought to light the importance of teachers’ cognition in the
teaching process.

Researchers such as Schon (1983) and Clark and Peterson (1986) suggested that not only
should teachers’ cognition be investigated, but teachers’ beliefs about the nature of learning and
teaching should be converted into action to become theories-in-use. Clark and Peterson (1986)
continued to classify the teaching process into two major domains: (1) teachers’ thought processes
and (2) teachers’ actions and their observable effects. This classification of the teaching process
by Clark and Peterson (1986) clarifies that teachers’ beliefs should be an integral part of the
teaching-learning process to inform pedagogical practices and learning in the classroom.

An individual’s belief system is defined as a set of psychologically-based understandings,
premises and propositions that an individual has about the world that he/she feels to be true
(Richardson, 1996). Humans are born with their senses to assimilate and accommodate data from
the environment about phenomena. People can adapt information received from the natural and
social world into their cognitive schema to develop their belief systems. This definition illustrates
that one’s belief about phenomena is of paramount importance to his/her social-cognitive
development. However, the aforementioned definition of belief suggests that the term connotes
those beliefs involve more than just developing one’s understanding or perceptions about
phenomena. The definition of belief means that it is a human trait and consists of a person’s beliefs
and trying to differentiate himself from the world by finding and developing systems of meanings

about events occurring in the environment, natural or human-made (Samuel & Ogunkola, 2013).

The question now arises as to how beliefs compare with other cognitive processes of
individuals. Over the years, many researchers have investigated the nature of beliefs and

knowledge (Alexandra & Sinatra, 2007; Boldrin & Mason, 2009; Nespor, 1987; Nisbett & Ross,
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1980; Pajeres, 1992). Some of those researchers, for example, Boldrin and Mason (2009),
conceptualised knowledge as being composed of an evaluative component, whereas other
researchers purport that beliefs are formed due to an affective process (Nespor, 1987; Pajeres,
1992). Some other researchers believed that knowledge was a cognitive outcome of thought, and
a persons’ belief was the affective outcome of his/her thought processes (Halpern, 2013). Samuel
and Ogunkola (2013) support this idea by Halpern (2013) by claiming that beliefs are uncertain

and unproven personal truths that objective evidence may not support.

Samuel and Ogunkola (2013) also claim that there is a line of thought in which beliefs and
knowledge are regarded as being indistinguishable because both concepts a justified “According
to objective, rational criteria [and] may also have subjective, affective and evaluative components”
(p. 45). Moreover, Boldrin and Mason (2009) proposed that knowledge may involve the affective
domain and that beliefs may also involve some level of cognition. This preliminary literature about
the conceptualisations of beliefs is important because of how and what teachers think about

teaching shapes their theories-in-use about strategies for motivating students to learn science.

From this discourse on the conceptions of beliefs, it may be understood that the concept of
belief is difficult to conceptualise. It can be noted that although the concepts, beliefs and
knowledge may be difficult to operationalise, researchers have agreed that both concepts are not
independent of each other, nor are they independent of the wider natural and social world (Tondeur
et al., 2017). As such, Richardson’s (1996) definition of beliefs as a set of psychologically-based
understandings, premises and propositions that an individual has about the world will be adopted
as the primary definition throughout this study. Moreover, as it pertains to this study’s topic, the
definition of beliefs provided by Fang (1996) being, a person’s construction of reality they think

as being accurate enough to guide their thoughts and behaviours, will be considered to provide an
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additional bearing for this research. Kagan (1992) argues the study of beliefs is critical to education
by asserting that “...the more one reads studies of teachers’ beliefs, the more strongly one suspects

that this piebald of personal knowledge lies at the very heart of teaching” (p. 329).

3.1.2. Development of Teachers’ Beliefs

There have been various researchers who have investigated how teachers’ beliefs about the
teaching-learning process develop (Basckin et al., 2021; Leavy et al., 2007; Richardson, 1996).
Those researchers have examined the evolution of teachers’ beliefs in various ways, considering
factors such as teachers’ personal experiences from their schooling and instruction and teachers’
cultural influences (Richardson, 1996). A critical reason cited in the literature for the attention
given to teachers’ beliefs is that teachers’ beliefs about the teaching-learning process may
determine their theories-in-use in the classroom (Omare et al., 2020). However, researchers have
provided different interpretations of how those factors have influenced the development of
teachers’ beliefs about the teaching-learning process (Basckin et al., 2021; Leavy et al., 2007;
Waters-Adams, 2006). Langcay et al. (2019), for example, conducted a study about the
epistemological beliefs of 181 pre-service teachers in the Northern Philippines. They carried out
this study through the lens of the five dimensions of knowledge; the stability of knowledge,
structure of experience, source of knowledge, ability to learn, and speed of learning. Langcay et
al. (2019) found that pre-service teachers’ beliefs vary along with their ethnicity, sex, and program
specialisation. The results of the research by Langcay et al. (2019), therefore, lead to the more
general question; that also pertains to the study of beliefs in this research, what are the pre-service
teachers’ epistemological beliefs? The term epistemological beliefs, coined by Perry (1968), refer

to how a person conceptualises the nature of knowledge and from where it comes. In this study, I
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indicated that epistemological beliefs could be a factor influencing the pre-service teachers’

espoused theory about strategies for motivating students to learn science.

Yilmaz (2011) postulates that teachers’ beliefs had been affected by their teachers, making
them teach accordingly. Yilmaz suggests that in the early years of teaching, a teacher’s
epistemological beliefs about teaching are critical and determine how he/she conceptualises the
teaching-learning process. Cain’s (2009) views are similar to Yilmaz (2011) in that pre-service
teachers’ overall beliefs about the teaching and learning process can be traced back to their
episodic memories of how they were taught/schooled themselves. Samuel and Ogunkola (2015)
continue to assert that: “Teachers’ beliefs may be strongly influenced by images of behaviours of

favourite teachers” (p. 30).

Plourde (2002) researched some of the factors that may influence the development of pre-
service teachers’ beliefs about student learning and science teaching. Plourde found that the main
factors influencing how pre-service teachers develop their beliefs were: an overall focus on
summative assessments and a lack of performance assessments, the overall emphasis on textbooks
and lectures for science teaching, insufficient involvement in practical or activities during science
lessons at the elementary through to tertiary education, and a poor attitude toward the teaching of
science by their in-service mentor teachers. From Plourde’s research, it was concluded that some
of the factors that influenced the development of pre-service teachers’ beliefs fell in line with the
traditional epistemological belief of instruction as well as the more modern constructivist and
inquiry-based epistemological belief of teaching science. Similarly, to the study by Plourde (2002),
in this research, I aim to conduct in-depth analyses of the types of factors that may influence the

development of pre-service teachers’ beliefs.
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Yilmaz (2011) is of the view that pre-service teachers who hold traditional epistemological
beliefs engage in didactic teaching methods and act as the information dispenser to students. On
the contrary, Yilmaz (2011) suggests that pre-service teachers who have constructivist
epistemological beliefs believe that students should be interacting with each other and be active
participants in formulating their systems of meaning during the learning process. Pre-service
teachers’ epistemological beliefs are important as those beliefs determine what they understand as
being appropriate pedagogical practices that should be used in the class during the teaching of a

particular topic (Kirmiz1 & Sarigoban, 2021).

One suggested idea that has been widely researched amongst education researchers is that
teachers’ beliefs about strategies for motivating students to learn may have begun developing from
their previous experiences as secondary school students. For instance, in research on what shapes
the way teachers teach, conducted by Oleson and Hora (2014), they found out that teachers’ belief
systems are heavily influenced by how they were taught as students. Moreover, Lortie (1975)
theorises that teachers belief systems begin during their time as a student. However, Nespor (1987)
asserts that students do not consciously intend to mimic their teachers but rely on implicit episodic
memories to provide them with an accessible bank of strategies for teaching when they become
teachers themselves. This subconscious implicit aspect is experienced, which contributes to
teachers’ beliefs about their pedagogical practices, is important it may be the starting point for pre-

service teachers’ beliefs.

There is abundant research showing that pre-service teachers’ pedagogical beliefs strongly
influence their classroom practice (e.g., Tondeur et al., 2017). Pajares (1992) concluded that it is
vital that initial teacher education providers consider pre-service teachers’ beliefs throughout their

programs.
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3.1.3. Teachers’ Beliefs About Science Pedagogy for Motivating Students

There has been a large amount of literature on teachers’ beliefs about various pedagogies for
teaching science. This is important since Pajares (1992) suggest that teachers’ beliefs are critical
as those beliefs may consequently determine the types of pedagogies that teachers may use to
motivate students to learn. Tondeur et al. (2017) described teachers’ pedagogical beliefs as a
system comprised of complex, multifaceted structures of other related beliefs about teaching and
learning. Those belief systems “are formed over many years of experience, beginning with life as
a pupil in the classroom and extending to a variety of professional contexts teachers encounter”
(Prestridge, 2017, p. 368). Tondeur et al. (2017) further posit that teachers’ pedagogical beliefs
refer specifically to their understandings about teaching, premises and propositions about the
teaching and learning process that they believe to be true. According to Peterson et al. (2018),
pedagogical beliefs serve as a framework for all the decisions teachers make about how they teach.
Wieduwilt et al. (2021) suggested that pedagogical beliefs represent beliefs regarding pedagogical
experiences that can be either general or domain-specific and, therefore, can be studied within the
contextual framework of the pedagogical approach themselves. Wieduwilt et al. (2021) also
suggested that pedagogical beliefs also encompass different types of knowledge on designing and

sharing effective learning processes and implicitly guiding teachers’ actions in the classroom.

A study that was found to have essential information about pre-service teacher beliefs about
science pedagogy and therefore considered valuable to this study is the study by Nida et al. (2021).
In this study, sixty-two secondary science pre-service teachers teaching at the lower secondary
school level were invited to participate in a qualitatively analysed survey. Nida et al. (2021) found
that pre-service teachers believed that teaching strategies that can be used for science instruction

are dependent on many factors, with some being the relevance of the strategy to the student’s
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personal and social domain, teacher expertise in using the pedagogy, curriculum constraints and
the lack of necessary student skills. The study by Nida et al. (2021), although conducted in the
context of socio-scientific issue-based science learning, bears similarities to how I will conduct
this current research. My study uses a qualitative approach using a survey, similarly to Nida et al.
(2021), to gather data about pre-service teachers’ beliefs about strategies used in the science class
to motivate students to learn science from a social cognitive perspective comprising of

observational learning.

Similar to epistemological beliefs, pedagogical beliefs are of particular relevance to
education. On one hand, teachers’ understandings about the nature and origins of knowledge and
their belief systems may most likely strongly influence their pedagogical practices. On the other
hand, teachers’ understanding of pedagogy would most likely affect how they conceptualise the
teaching-learning process. It is, therefore, most likely that the types of pedagogical practices
employed in the classroom may be as a direct result of teachers’ beliefs about the practices that

they should use, which developed as a result of their governing epistemological beliefs.

In science education, teachers’ beliefs about science pedagogy have been commonly
classified as either teacher-centred or student-centred beliefs (e.g., Deng et al., 2014). Prestridge
(2017) suggests that a teacher who holds teacher-centred pedagogical beliefs believes that he/she
is integral to the students’ learning and that learning depends on pedagogies presented to students.
On the contrary, a teacher who holds student-centred pedagogical beliefs about the teaching-
learning process focuses on student engagement during science instruction (Al-Balushi et al.,

2020).
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3.1.4. Teachers’ Beliefs About the Nature of Science Teaching and Learning.

Based on the examination of teachers’ pedagogical beliefs in the previous Sections, it can be
reasonably assumed that pre-service teachers’ beliefs about teaching and learning science at the
lower secondary school can be an essential determiner of the teachers’ actions in the classroom
(Tsai, 2002). Concerning pre-service teachers’ beliefs about teaching, researchers such as Teo et
al. (2008) have classified those beliefs about the nature of science teaching into two main
categories:

1. Teaching as a process of knowledge construction

2. Teaching as a process of knowledge transmission

Teo et al. (2009) went on to say that these two beliefs about teaching may not necessarily be
independent of each other but ““...may form a continuum of positions that teachers adapt depending
on the contexts and how teachers view the contexts” (p. 353). Therefore, this indicates that there
may be no one pedagogical approach that a specific science teacher may use solely during his/her
career as a science teacher in the teaching of science.

Researchers have explored pre-service science teachers’ beliefs about teaching and
learning. Richardson (1996) points out that beliefs about science learning and teaching represent
what an individual perceives as accurate. Only after considering the factors mentioned earlier can
pre-service teachers be effectively prepared and equipped with the appropriate beliefs, e.g.,
epistemological or pedagogical, attitudes, and self-efficacy beliefs necessary to teach science
effectively. Moreover, Kazempoura and Sadler (2015) indicated that the pre-service science
teachers’ beliefs, attitudes, and self-efficacy about teaching science are interrelated. Kazempoura
and Sadler (2015) also suggested that to understand pre-service teachers’ beliefs about the nature

of teaching and learning; pre-service teachers should always be focusing on the following three
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domains; pre-service teachers’ prior science learning experiences, their affective and cognitive
experiences during their ITE program, and any factors that may influence their beliefs about the
nature of teaching and learning. This revelation by Kazempoura and Sadler (2015) bears weight
on this study as it provides me with a way to understand factors influencing pre-service teachers’
theory of action about strategies for motivating students to learn science during their professional
experience placement.

Of further relevance to teachers’ beliefs about the nature of teaching and science learning
are teachers’ beliefs about the subject, science itself. Many researchers have studied the influence
ofteachers’ beliefs about science and the teaching and learning of science and found that consensus
amongst the science education community is that the development of positive beliefs and attitudes
toward science contributes to scientific literacy (National Research Council, 2012). The National
Research Council (2012) expressed the notion that science teachers’ beliefs and attitudes about
science should be viewed as integral components of science instruction.

Science teachers’ beliefs and attitudes have influenced students’ attitudes toward learning
and achievement in science (Britner & Pajares, 2006; Turkmen, 2008). For example, a science
teacher who has demonstrated significant interest in and appreciation for science is more likely to
be motivated to teach science to facilitate the nurturing of students’ natural curiosity for learning
science motivates students to learn. In contrast, researchers have shown that there has been a
positive correlation between science teachers who espouse negative beliefs and demonstrate
negative attitudes toward teaching science and the science students’ low academic achievement in
the subject (Tosun, 2000; Wenner, 1993).

Although pre-service teachers’ beliefs about teaching science have been studied

extensively, work that focuses specifically on secondary science pre-service teachers and how their
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beliefs may change in the context of their teacher education programs, especially during their
professional experience placements, is rare. Equally elusive is research that focuses on the
discrepancies that may exist between secondary science pre-service teachers’ espoused theories
on how to motivate science students at the lower secondary school level and their theory-in-use
(Mansour, 2013). Research has shown that generally, if there is any disparity between pre-service
teachers existing beliefs and the instructional methods which they receive during their initial
teacher education (ITE) programs, then this experience may lead to the pre-service teachers
developing traditional and ineffective teaching practices (King et al., 2001; Pajares, 1992;). Palmer
(2007) also expressed the view that pre-service teachers’ beliefs usually are unaddressed during
their ITE programs, although the ITE programs are essential to allow pre-service teachers to
change their beliefs about science and science teaching and develop their strategies to motivate
science students.
3.1.5. Teachers’ Changing Beliefs About Teaching and Learning

A critical reason cited in the literature for the attention given to teachers’ beliefs is that they
can be subject to change even though some researchers claim that those beliefs are resilient to
change (Richardson, 2003, Samuel & Ogunkola, 2015). This brings up important questions; to
what extent are teachers’ beliefs resilient? And what would cause teachers’ beliefs to change over
time? Rokeach (1976) advanced the notion of strength and stability of beliefs based on its position
in the teachers’ belief system. Rokeach (1976) posited that the more central a belief is to an
individual’s central/peripheral dimension, the more resistant that belief would be to changing.
Richardson (1996) suggested that those beliefs about science learning and teaching could change

as a result of “conversion or gestalt shift” (p. 321). Richardson (2003) explained that pre-service
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teacher beliefs are generally loosely formed, highly idealistic, deeply seated and traditional at the
point of entering a teacher training program.

Several studies have demonstrated how pre-service teachers’ beliefs can change. Wilkins
and Brand (2004) found that there was a positive relationship between the pre-service teachers
participating in their [Math] methods courses and a change in their beliefs and attitudes towards
the learning and teaching of Mathematics. In a similar study, Richardson and Kile (1999) found
that as pre-service teachers progress through their ITE programs, their beliefs changed from being
traditional to the development of a more constructivist approach to learning.

Moreover, another study that examined the change of teacher beliefs was conducted by
Soysal and Radmard (2018), where they used a case study design to investigate the beliefs of three
pre-service teachers from Bandura’s social cognitive theory perspective that included the triadic
reciprocality model of learning; which was discussed in chapter 2 of this study. Soysal and
Radmard (2018) discovered that although the pre-service teachers entered the program with
conventional and idealistic teaching beliefs, they improved their conceptualisation of the teaching-
learning process after experiencing co-constructivist teaching. Therefore, it is likely that pre-
service teachers’ epistemological and pedagogical beliefs can change, which can be reflected in
their classroom behaviour.

Another study of pre-service teacher change of beliefs was conducted by Kazempoura and
Sadler (2015), who conducted a multi-case research project that explored changes in pre-service
teachers’ science beliefs, attitudes and self-efficacy. One of Kazempoura and Sadler’s (2015)
research implications pointed that the factors that can affect pre-service teachers’ beliefs included

the pre-service teachers’ prior science learning experiences.

64



Chapter 3: Literature Review

There is also considerable research indicating that it is challenging to change pre-service
teachers’ beliefs about teaching and learning. For example, Samuel and Ogunkola (2013) express
the view that pre-service teachers who developed their beliefs about teaching during their
schooling held persistent beliefs that are central to them. Thus, those beliefs may be resistant to
change even during the period of their ITE program. In my study, closely examining the extent to
which pre-service teachers claim that their beliefs about strategies for motivating students to learn
science was vital. This is crucial because it helped uncover a deeper understanding of those pre-
service teachers’ beliefs about strategies for motivating students to learn science in the context of
their professional experience placement. I provide evidence in chapters five and six to highlight
how pre-service teachers’ beliefs are changing or remaining rooted in their initial beliefs during
and after their placement period.

Fives and Buehl (2010) posit that the best methods that researchers have used to investigate
the changing pre-service teachers’ beliefs have been through interviews and open-ended questions
in questionnaires. The aforementioned methods of understanding how pre-service teacher beliefs
were adopted in the context of my current research. Fives and Buehl (2010) further argue that the
aforementioned methods have led researchers to develop an understanding of pre-service teacher
beliefs about how their knowledge can change as a result of instruction, how this change in belief
may influence their teaching practices, how this change in belief can vary depending on the context
and how this change in belief can influence how and what they learn in their teacher education
classes. In using similar methods of interviews and surveys, my study also undertakes in-depth

approaches to understanding pre-service teachers’ espoused theories and theories-in-use.
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3.2. Student Motivation for Learning Science

Years of research on science education show that there is generally a decline in the numbers
of students pursuing science and science-related subjects in high school and at the post-secondary
school years (Musengimana et al., 2021; Zeyer, 2018; Awan & Sarwar, 2011; Office of the Chief
scientist, 2014). Zeyer (2018) asserts that the main reasons for this decline are that students are not
motivated and do not feel engaged enough in science classrooms. Furthermore, research has shown
that even among students who pursue science subjects at school, there are considerable gaps in
achievement at the secondary school level (Jackson & Ash, 2012; Johnson, 2009). The
overwhelmingly significant gaps in science performance and motivation to learn and pursue
science and science-related courses at school have resulted in increased attention to science
education. Although the positive relationship between motivation and academic achievement is
well documented in studies (Amrai et al., 2011; Baumann & Harvey, 2021; Gupta & Mili, 2017),
evidence from many international studies has shown that secondary school science students
continue to show a lack the interest and motivation to study science and science-based subjects
(Fortus & Touitou, 2021; Liou et al., 2020; Muwonge et al., 2019). Moreover, other science
education studies have revealed that student interest in and motivation for learning science declines
significantly by age 15 (Bernacki et al., 2016).

However, the discipline of science education remains uninformed regarding how pre-
service teachers can motivate science students at the lower secondary school level, especially
during their professional experience placement period. Therefore, my study seeks to address this
gap and add to the literature in a meaningful way by uncovering pre-service teachers’ espoused
theories and theories-in-use about strategies for motivating students at the lower secondary school

level during their placement.
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Students’ motivation to learn science has attracted much attention amongst science
education researchers over the past decade. For instance, researchers such as Vedder-Weiss and
Fortus (2011), using the motivation construct achievement goal theory, examined whether
adolescents’ declining motivation to learn science in democratic and traditional schools in Israel
was inevitable. They found that motivation for learning science was not unavoidable in either of
the schools studied. The researchers suggested that adolescents’ non-motivation to learn science
in schools was primarily due to the school culture. This research has a direct bearing on my study
because it allows me to examine potential school-based factors and others that may influence the
pre-service teachers’ choice of strategies for motivating students to learn science.

There have been many studies into the decline of student motivation at the secondary
school level. One such study was conducted using a survey approach by Shin et al. (2018), who
investigated secondary student science learning motivation in Korea and Indonesia. Shin et al.
(2018) surveyed a total of 867 Korean science student and 954 Indonesian students during 2015-
2016 and found out that the science learning motivational levels for Indonesian students was higher
than the Korean students. It was concluded, however, that despite the results of their study, Shin
et al. (2018) state that there still needs to be significant research into student motivation to learn
science since the concept is “More complex than previously thought.... [and] means that the
definition of the student science learning motivation is not a straightforward matter” (p. 3138).
The latter statement further highlights that there have been varying views on whether motivation

affects student performance in science.
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3.3. The Link Between Student Interest and Motivation to Learn Science

Researchers such as Jean-Baptiste et al. (2019), Pressick-Kilborn (2015) and Walker et al.
(2004) have established that there is a link between student interest and student motivation.
Pressick-Kilborn (2015) and Walker et al. (2004) argued that interest develops when students
engage in social interactions in learning communities. Furthermore, Pressick-Kilborn (2015)
suggests that interest is part of a unique motivational variable and is considered as being a
motivational construct. This would suggest for students to be motivated to learn, they would have
to have a certain level of interest in what they are about to learn. In the context of this study, I
agree Pressick-Kilborn’s (2015) research and assert that students’ interest in science is a necessary

precursor that subsequently can lead them to become motivated to learn science.

3.4. Teachers’ Beliefs About Motivation

Teachers’ beliefs about motivation have attracted a lot of attention from education
researchers over the past decade. This is so because it is fairly understood within the education
community that the main aim of teaching is to motivate students for learning concepts specific to
the subject being taught at the time so that students can become knowledgeable. It is not surprising,
therefore, that education researchers such as Turner et al. (2009) claim that teachers hold a myriad
of beliefs concerning the motivation that is mainly centred around “...curriculum, pedagogy, and
student understanding and engagement” (p.368). Furthermore, Turner et al. (2009) argued that
teacher beliefs about motivation are socially constructed as those beliefs are forged “...not only in
the social contexts of classrooms but also in the school and community” (p. 368). This social
consideration concerning motivation (discussed in Chapter 2 of this study) may mean that a

teacher’s belief about motivation may not be static but be subject to change based on the particular
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environment; that is, the students present; that is the possibly diverse backgrounds, their ability,
what resources are present in the classroom and also the curriculum.

Conflicting this fluid aspect to motivation is the notion that teachers believe that students
are directly responsible for their own motivation. Researchers such as Floden (1996) and Prawat
(1992) hinted that teachers hold strong beliefs that if the subject content and students are fixed, the
onus is on the student to ensure that they are motivated enough to learn what they are instructed to
(Nuthall, 2004). This belief about the stability of motivation by some teachers may mean that
teachers would believe that no matter what instructional strategies are used to teach a particular
content, then they would not be able to motivate students. This focus on the student as the main
driver of motivation was highlighted in research by Williams and Williams (2011), who pointed
out that students are the first out of five ingredients for improving student motivation. Moreover,
Williams and Williams (2011) stated that students bring varying degrees of both intrinsic and
extrinsic motivation regarding their learning of concepts. Furthermore, Williams and Williams
(2011) claim that,

Intrinsic motivational factors found to be at work with most students include

involvement (the desire to be involved), curiosity (find out more about their

interests), challenge (figuring out the complexity of a topic), and social interaction

(creating social bonds). Extrinsic motivational factors include compliance (to meet

another’s expectation, to do what one is told), recognition (to be publicly

acknowledged); competition; and work avoidance (avoid more work than

necessary). (p. 3)

This, therefore, raises the question as to whether teachers believe that there are pedagogies that are

effective for motivating students to learn science at the lower secondary school level.
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3.5. Effective Pedagogies for Motivating Secondary School Science Students

Teachers’ choice of pedagogy to be used during instruction is informed by their beliefs
about teaching and learning. Pedagogies used by teachers in the science classroom can have
various purposes, with one of those being to motivate students for learning. Science education
researchers have identified various pedagogies that have been used to motivate science students
for learning science. Those pedagogies have come from multiple schools of thought outlining the
nature of science, science teaching and motivation. Those researchers have made a case for the use
of numerous approaches and pedagogies that stimulate science students’ sense of motivation and
inquiry.

Researchers have viewed Inquiry-based learning as an effective approach for motivating
students to learn science (Bybee et al., 2008). In the 19" century, the scientific revolution led to a
thrust for universities and schools to offer science as an area of study. This, therefore, led to an
evolution of philosophical thought in science which further influenced technological
advancements (Samuel & Ogunkola, 2015). One such approach that stemmed from the acceptance
of science as an area of study by universities was the inquiry-based approach to science instruction

proposed by Charles Elliot in the late 19" Century.

Bybee et al. (2008) traced the origin of a contemporary inquiry-based approach to science
instruction to John Dewey in the early 20" Century. Dewey was not in support of the teacher-
centred approach to science instruction and thus argued that science teaching should be inquiry-
based, and there should be an emphasis on developing students’ understanding of science
processes, thinking, and reasoning skills. After Dewey’s era, the new focus of science inquiry-

based instruction gained new impetus by some researchers despite taking time to become widely

70



Chapter 3: Literature Review

adopted by others. Science researchers and educators were, and up to this day are generally unable
to agree on a single conceptualisation of inquiry-based pedagogical practice (Anderson, 2002).

This lack of conceptualisation led to the inquiry-based approach to science teaching and
learning as being viewed as an umbrella term, hosting a wide array of strategies that can be used
to motivate and support science students’ learning at the secondary school level. As a result of this
lack of agreement, I thought it would be helpful to uncover what pre-service teachers’ beliefs about
strategies for motivating students for learning science are and what strategies are used to motivate
students in the context of their professional experience placement.

Moreover, as part of the effective pedagogies for science teaching, researchers have added that
the scientific approach has been the most common pedagogy used in modern times (Siayah &
Setiawan, 2020). This pedagogical approach utilised by science teachers has been conceptualised
as one where the focus is on student learning by iterative questioning, gathering evidence, and
innovation (Handelsman et al., 2004). Additionally, Handelsman et al. (2004) stated that the
scientific approach as a pedagogical strategy involved three main ideas: i) Active learning, ii)
Assessment and iii) Diversity. Concerning my research, the most relevant concept was seen as
being active learning which Siayah and Setiawan (2020) conceptualised as being “a process in
which students are actively engaged in learning. This type of learning may include inquiry-based
learning, cooperative learning, or student-centred learning” (p. 3). Furthermore, Siayah and
Setiawan (2020) suggest that for a teacher to engage students in active learning, it was expected
that a wide range of strategies could be used including, inquiry-based learning, group work
(cooperative learning), peer instruction, problem-based learning. In my research, the pre-service
teachers’ theories-in-use concerning strategies for motivating students to learn science is

investigated and presented.
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Although researchers and science teacher educators may recommend the pedagogies needed
to facilitate learning and motivate science students differently, in Australia, the Australian Science
Curriculum (2016) also serves as a guide whereby a teacher can be directed in their practice. The
Australian National Science Curriculum (2016) clarifies that science teachers aim to help students
develop an interest, and by extension, motivation in science. In Australia, various science
pedagogies and learning models have been introduced into the Australian National Science
Curriculum (2016) to stimulate students’ interest in and motivate students for learning science.
One such example of this is using the 5E science teaching model by the Australian Academy of
Science (2016) to develop the Science by Doing and Primary Connections programs for science

students in year 7 to year 10.

3.6. The Role of Initial Teacher Education in Secondary Science

The primary goal of the science education curriculum is to provide learners with an
opportunity to understand science in the public debate and decide about socio-scientific issues
affecting their lives. Initial Teacher Education (ITE) programs offer a safe haven where
prospective teachers’ beliefs can grow and develop (Beeth & Adanan, 2006). Current research by
Spencer (2018) shows that science teachers worldwide are in short supply due to varying reasons
such as the migration of early career teachers to other academic disciplines or just a lack of interest
in becoming science teachers in the first place. Spencer (2018) suggests that the high attrition rate
of science teachers would mean that there needs to be frequent recruitment of new teachers and
teacher educators to fill in the demand for teachers that may be brought about due to the migration

of science teachers to other academic disciplines. This frequent recruitment is necessary to make
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science teaching look attractive and to get good quality prospective science teachers in the
classrooms who can motivate students to learn science (Spencer, 2018).

3.6.1. How Initial Teacher Education Coursework can Influence Pre-Service Teachers’
Teaching.

Initial teacher education courses have proved to be vital in influencing pre-service teachers'
strategies during their professional experience placements (Palmer, 2007; Spencer, 2018). Beeth
and Adanan (20006), in their study on the influences of university-based coursework on-field
experience for pre-service teachers, report that the study’s pre-service teacher participants
reflected on many challenges/concerns that they experienced during their program. One of the
most notable challenges/problems is the theory-practice divide that exists in teacher education.
Beeth and Adanan (2006) continue to say that the findings from their research confirmed the notion
of a gap in theory and practice, and teacher preparation programs need to do more to address and
“...lessen the tension or bridge the gap that exists between theory and practice” (p.118). As a result
of their study, Beeth and Adanan (2006) suggest that teacher educators should listen more keenly
to pre-service teachers' concerns and find ways to address them as they occur. Moreover, another
critical result from their study was that pre-service teachers should be informed that their beliefs
about successful teaching are likely to change during their university program with a more specific

focus on the professional experience placement.

When pre-service teachers get support from their ITE programs, they tend to be more
efficacious in motivating and engaging students they teach during their placement period (Palmer
2008). Likewise, Spencer (2018) states that it is essential that ITE programs produce teachers who
possess the skills needed to motivate students in science. Additionally, Fletcher and Luft (2011)

complement the studies as mentioned earlier by suggesting that pre-service science teachers have
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an opportunity to consider how science is being taught during their time at the ITE program.
Moreover, Fletcher and Luft (2011) suggest that as pre-service teachers progress through their
teacher training, they can develop their abilities to create instruction that allows their students to

follow lines of inquiry and be motivated to learn science.

3.7. Chapter Summary

The origin of teacher beliefs and the subsequent student motivation to learn science was
highlighted by this review of the literature to reflect the theoretical lenses of the social cognitive
theory (Bandura, 1977) and the four principles of motivation (Turner et al., 2011) through which
data will be gathered and analysed throughout this study. In light of the literature reviewed, it is
evident that although there has been research carried out on student motivation and teachers’
beliefs, there has been very little literature published on how pre-service teachers’ beliefs about
student motivation in science are developing and are being enacted during their ITE programs.

In the next chapter of this study, the methodological design of this study will be discussed,
including the methods and procedures undertaken for data gathering in the two phases of the

research.
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Chapter 4
Research Methodology
Introduction
In the previous chapter, a review of the literature was conducted on teachers’ beliefs about strategies
for motivating students, focusing on how those beliefs originate and are enacted in the science classroom
context. This research examines secondary science pre-service teachers’ espoused theory and theory-in-
use about strategies to motivate students to learn science at the lower secondary school level. The four
research questions posed to address this aim were:
1) What are pre-service teachers’ espoused beliefs about strategies for motivating students
to learn science during their professional experience placement?
2) How do pre-service teachers enact their espoused beliefs for motivating students to learn
science during their professional experience placement?
3) What factors influence pre-service teachers’ theory of action about strategies to motivate
students to learn science?
4) How do pre-service teachers’ theory of action change as they progress through their

professional experience placement?

The major theoretical framework described in chapter 3 of this study, serving as the basis for
this investigation is the social cognitive theory and the four principles of motivation. Section 4.1 of this
chapter presents a discussion of the rationale for choosing the methodology employed in this study. The
research design is discussed in the following Section 4.2. In the next Section, 4.3, I describe the data
gathering methods and procedures used. Section 4.3 begins with a description of the context and site of
the research and continues with a description of the participants involved in the study and a description

of the recruitment procedures used.
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Furthermore, in Section 4.4 of this chapter, I discuss the procedures undertaken to ensure the
validity of the instruments. I discuss the procedures undertaken to ensure the reliability of the research
in Section 4.5. In Section 4.6, I present a discussion of the ethical considerations and methodological

challenges of this study. The chapter ends with a summary of the chapter in Section 4.7.

4.1. Rationale for Choosing the Methodology

The methodological approach used in this study was qualitative in nature. Creswell (2012), in
defining qualitative research, explained that the researcher attempts to investigate a phenomenon
qualitatively. Creswell (2012) states that qualitative methods rely on the use of text and image data, and
the researcher reflects on the role that he plays throughout the research. In this research, I enter the pre-
service teachers’ science classroom their social space during their professional experience placement in
the sole capacity of being a researcher. Due to the qualitative nature of this study, I do not plan for the
generalisation of the results.

Using the qualitative research methodology in this research has its advantages. One of the
advantages is that it allows me to address the “what and “how” questions concerning my research. For
instance, [ can use a qualitative approach to describe how factors influenced pre-service teachers’ theory
of action about strategies for motivating students to learn science. This advantage of the qualitative
methodology was suggested by Black (1994), who also stated that it “...can address causation and it
involves observation and interpretation of events...it seeks to answer the “what” question” (p. 425).

Moreover, in this research, I aim to understand how pre-service teachers enact their espoused
theories to motivate students to learn science during their placement. Black (1994) asserts that another
advantage of this methodology was that it takes a ‘“holistic perspective” of phenomena which
“...preserves the complexities of human behaviour” (p. 425). Another advantage of using the qualitative

methodology is that it can be used to study a small number of individuals in detail (Black, 1994), as in
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the case of this research. Furthermore, Black (1994) asserted that “The benefits of qualitative methods
are greatest when the subject of study cannot be controlled and is poorly defined” (p. 425). This assertion
by Black (1994) is important considering the nature of my study, seeing that the factors influencing pre-
service teachers’ beliefs and enactments of those beliefs are beyond anyone’s control and that the

concept, belief, is complex, which has made it difficult for researchers to define in their research.

The qualitative nature of the methodology used in this study suggested it was important to
understand the context of phenomena being studied completely. In the Australian context, science
teachers are responsible for helping students become motivated for learning science. One of the main
drivers for this research is to see secondary science pre-service teachers help students become motivated
to learn science. This desire was influenced by my knowledge of the following five Australian

Professional Standards for Teachers:

1. Know your students and how they learn

2. Know the content and how to teach it

3. Plan for and implement effective teaching and learning

4. Create and maintain supportive and safe learning environments

5. Assess, provide feedback and report on student learning

The professional standards highlight crucial elements of social cognitive theory, such as creating and
maintaining supportive and safe learning environments and the production of feedback and reporting
on student learning. This, therefore, further justifies the social cognitive approach taken in this study
since Shalin (1986) assert that in a socially constructed space, “.... the individual learns to do caring

against the background of meaningful objects shared with others” (p. 12)
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4.2. Research Design

A case study research design was employed in this study because it allowed for examining the
identified phenomenon within a real-life context (Yin, 2009). This research examined how pre-service
teachers’ beliefs about strategies for motivating students to learn science are developing during their
professional experience placement. Moreover, the case study design helped me present a detailed

account of the phenomena being studied.

This case was defined by the multiple contexts of uncovering pre-service teacher beliefs about
pedagogical strategies for motivating students to learn science and how those beliefs about strategies
were enacted during their professional experience placement. Additionally, using a case study allowed
me to understand factors that influenced pre-service teachers’ beliefs about and enactments of strategies
for motivating students to learn science at the lower secondary school level. The case study was
contextually bound in that all participants were involved in secondary science education. Those

participants included secondary science pre-service teachers, in-service science teachers, and students.

The descriptive nature of this research was vital to provide in-depth and rich data and reveal the
espoused theories and theories-in-use of the secondary science pre-service teachers. The research
questions of this study are descriptive in nature and seek to investigate the phenomenon of pre-service
teachers’ espoused theory about and theory-in-use about student motivation. Based on this, it is,
therefore, fitting to use a case study design to explore the phenomena. Additionally, Punch and Oancea
(2014) posit that the case study is “...the best way we have of getting the insider’s perspective...the
meanings people attach to things and events. This means they can be used to study the lived experience

of people, including people’s meanings and purpose” (p. 344).

A multisite case study was employed in this study. A multisite case study was used because this

study was conducted in two main phases, with participants across different geographical sites: both
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physical and virtual sites, within Australia. Within the context of this research, the multisite case study
was seen as the most appropriate type of case study for use in this current research. Punch and Oancea
(2014) state that the multisite case study is useful when research is conducted on many sites or with
many participants.

4.3. Methods and Procedures

In this Section, there is a description of the main sites within which the data were gathered.
Additionally, there is an explanation of the two phases of this study and the processes involved in
gathering data during each phase; this includes the participants involved, how the participants were

recruited, access to the research sites and treatment of the gathered data.

4.3.1. Research Sites and Context

For this study, there were two main platforms within which the data were gathered. A virtual
platform was employed for phase one of this study to gather data. This virtual platform comprised of
the recruitment of secondary science pre-service teachers via social media to participate in a nationwide
web-based survey (This is discussed in greater detail in Section 4.3.3.1). For this first phase of the study,
a virtual platform was used to gather data from secondary science pre-service teachers throughout
Australia. Gathering data throughout Australia was important to gain a snapshot of pre-service teachers’
beliefs about strategies for motivating students to learn science, as well as the factors that influenced
their choice of strategies during their placement period. Gaining an insight into the strategies used by
pre-service teachers to motivate science students and the factors that influenced the use of those

strategies helped me determine the methods used to gather data in phase two of this research.

For phase two of this study, the pre-service teachers were recruited from one university in regional
New South Wales (NSW). This university is the largest education provider in that region of NSW. The

university offers ten teaching degrees which includes a Bachelor of Teaching (Secondary), a Bachelor
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of Teaching (Secondary Science) Honours and a Master of Teaching (Secondary). The university’s
teacher education programs follow the Quality Teaching Framework, which, according to the
Department of Education and Training (2003), comprises of the following three main pedagogy

dimensions:

1. Intellectual Quality

2. Quality Learning Environment

3. Significance

The pre-service teachers recruited from the selected university conducted their professional
experience placement at three separate secondary schools in regional NSW. As a result of the pre-service
teachers’ choice of placement, data for phase two of this study were gathered from 3 individual research
sites. The three secondary science pre-service teachers, Paula, Elsa and Terry' , who participated, and
their respective supervising teachers, Cassandra, Lorna and Rebecca, provided data that contributed to
addressing all the research questions. The main reason why I proceeded with 3 case studies was because
of the depth and breadth of data that he knew could be gathered from the three separate case studies on
the phenomenon being investigated in this study.

Data for phase two of the study were gathered during November and December. This later data
gathering period meant that some students were either preparing for or completed their yearly exams. In
presenting the data gathered during this phase of the research, references are made to any similarities

and differences among the 3 cases.

! Pseudonyms will be used for all participants and schools referenced throughout this research
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4.3.1.1. Case Context for Paula

The first case focuses on Paula, a 37-year-old female who had previously spent five years
enrolled in a doctoral program that she said comprised of a heavy science research and laboratory
component. Paula stated that her love for teaching and passion for seeing students learn motivated her
to pursue teaching as a career. Paula was in the first year of her Master of Teaching (Secondary Science)
ITE program. She conducted her first professional experience placement while volunteering to
participate in this research. Paula indicated that her love for research was what drove her to participate

in this study.

For her professional experience placement, Paula chose to be placed at La Perle High School.
La Perle High School is a suburban co-education public secondary school in regional NSW because it
was relatively close to her home. The secondary school had an Index of Community Socio-Educational
Advantage (ICSEA) rating of 1021, above the average value, 1000. There was a total enrolment of 861
pupils at the school at the time of the study. Out of the total enrolment figure, there were 5% Indigenous
students and 6% of the students speaking a language other than English at home. The laboratories were
in a separate school block, and students usually met Paula in the science laboratory for classes. There
were chalkboards in the laboratories, as well as a digital projector. In the laboratories, the seating layout
was configured so that students sat in groups of three or four facing the chalkboard. Cassandra was
allocated as Paula’s supervising teacher, and she had been a science teacher for over ten years at the
placement school. Table 4.1 gives an overview of the three science lessons that I observed for Paula

during her professional experience placement.
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Table 4.1.

Overview of the Three Science Lessons Observed for Paula

Topic Time of Day Duration of the Lesson  Year Level of Students
(mins)
Human Impacts on Late morning into early 50 Year 8
Ecosystems afternoon
Indigenous Practices Late morning 50 Year 8
Introduced Species Morning 50 Year 9

4.3.1.2. Case Context for Elsa

The second case focuses on Elsa, a 33-year-old female who held a doctoral degree in
science. She worked in a Laboratory as a demonstrator and scientist before deciding to pursue a
Master of Teaching (Secondary Science) degree. At the time of conducting her professional
experience placement, Elsa worked as a Laboratory Demonstrator for a Biology course at the
university that she attended. This was Elsa’s first professional experience placement. During her
first interview, Elsa stated that her willingness to change to another profession motivated her to
pursue teaching as a career. At the time of participating in this research, Elsa was enrolled in her
first year of the Master of Teaching (Secondary Science) ITE program. In her first interview, Elsa
stated that her love for science research drove her to participate in the study.

For her professional experience placement, Elsa chose to be placed at Riverdale High
School, a rural co-education public secondary school in regional NSW. Riverdale High School had

an ICSEA rating of 903 which was below the average value, 1000. There was a total enrolment of
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1128 pupils at the school at the time of the study, with 19% Indigenous students and 6% speaking
a language other than English at home. The school’s science laboratory was located near the
science department, which was in its administrative building. There was a chalkboard at the front
of the classroom, and there was various apparatus, including microscopes and Petri dishes on the
side benches. For her practical lessons, Elsa solicited the laboratory technician’s assistance to
prepare her equipment on the class’s side benches or trays. Lorna was allocated as Elsa’s
supervising teacher. Lorna was employed as a science teacher at Riverdale High School for five
years, her first teaching job. Table 4.2 gives an overview of the three science lessons that I observed

for Elsa during her professional experience placement.
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Table 4.2.

Overview of the Three Science Lessons Observed for Elsa

Topic Time of Day Duration of the Year level

lesson (mins)

Building a kettle Late morning/Early 60 Year 8
Afternoon

Making a stained ~ Early morning 60 Year 7

wet mount

Backyard blitz Late Morning/Early 60 Year 8
Afternoon

4.3.1.3.Case Context for Terry

The third case focuses on Terry, a 29-year-old male who worked as a full-time swimming
coach while pursuing a Bachelor of Teaching degree. Terry was in his fifth year as a Bachelor of
Teaching (Science) student. During his first interview, Terry stated that this was his second
professional experience placement because he had previously completed a professional experience
placement at a secondary school in regional NSW. In Terry’s first interview, he explained that the
primary motivation for pursuing a teaching degree was his love for watching students learn in a
fun way.

Terry conducted his professional experience placement at Bell High School, a co-educational

comprehensive secondary school in regional NSW. Bell High School is located in a suburban city in
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regional NSW. At the time of the study, Bell High School had a student population of 869 pupils and
an ICSEA value of 968. Nine per cent of the student population was Indigenous students, and five
per cent of the students spoke a language other than English at home. At Bell High School, the
science laboratories were equipped with digital projectors, laptops, charts and various models. The
laboratories were situated in a separate bock of the school, and the students were required to walk
from their classrooms to the science lab for science lessons. Rebecca was allocated as Terry’s
supervising teacher. Rebecca indicated that she had been teaching science for five years at Bell High
School. Table 4.3 gives an overview of the three science lessons that I observed for Terry during his
professional experience placement.

Table 4.3.

Overview of the Three Science Lessons Observed for Terry

Topic Time of Day Duration of the Year level

lesson (mins)

Global Environment Early Morning 50 Year 10
Waves and Mid Afternoon 50 Year 9
Communication/Light

Theory

Trivia Lesson Late Morning 50 Year 8
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4.3.2. Access to the Research Sites

For phase one of this study, because participants were recruited via the virtual platform, there
was no need to enter a physical research site. The procedures involved in phase one data gathering

are explained in Section 4.3.3.1 of this research.

For phase two of this study, I needed to gain access to the selected university in regional
NSW. An email (see Appendix A) was sent to the science education subject Course Coordinator
to request access to the secondary science methods class. After access was granted, the secondary
science pre-service teachers were invited to volunteer to participate in phase two of the study. The
secondary science pre-service teachers who volunteered to participate in this research were given
an information sheet (see Appendix B), which contained information about the study, such as why
it is being undertaken and its relevance/significance. The volunteers were reassured that their
identities would be held in the strictest of confidence, and they were free to withdraw at any point
of the research. The information statements also contained a consent form for the pre-service
teachers to sign at their convenience

To gain entrance to the three sites where the pre-service teachers were placed to conduct
their placement, I sent an email to the secondary school principal (see Appendix C). In the email,
I introduced myself and my research. I included an information statement in the email and ethics
approval documents from the University of Technology Sydney (UTS), ethics approval from the
targeted university and the application approval document from the State Education Research
Application Process (SERAP). The email also contained the proposed period, i.e., during the
secondary science teacher’s professional experience placement, when I was expected to visit the

secondary school to conduct the research.
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After permission was granted to conduct research at the selected secondary school, I met
with the supervising teacher of the respective secondary science pre-service teacher who
volunteered. I requested that the supervising teachers volunteer to participate in a 15 to 45-minute
individual interview at the end of the secondary science pre-service teachers’ professional
experience placement. The supervising teachers agreed to participate in the research and were
given a participant information statement and a consent form to sign (see Appendix D for
supervising teacher participation information statement).

4.3.3. Data Gathering Procedures

This research was conducted in two phases. Phase one of the study involved gathering data
from all pre-service teachers completing their Initial Teacher Education (ITE), Secondary Science
programs at universities throughout Australia. Phase two of this study commenced after phase one
was completed and involved gathering data from three (3) secondary science pre-service teachers
conducting their professional experience placement at secondary schools in regional NSW and
their supervising teachers. The following is a description of the procedures employed to gather
data during the various phases of the data gathering process.

I.  Survey (Phase 1)
According to Cohen et al. (2007), a survey is a descriptive method that gathers data at a
particular point in time with the intention of describing the nature of existing conditions or
identifying standards against which existing conditions can be compared or determining the
relationships that exist between specific events. In deciding upon the use of a survey, three

preliminary considerations, as proposed by Cohen et al. (2007), had to be taken:

i.  The purpose of the inquiry. In the cause of this phase of the research, the purpose was

to find out about preservice teachers’ espoused theories about and theories-in-use for
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motivating students to learn science in the context of their professional experience
placement. Moreover, I am trying to provide an overview of the factors influencing
secondary science pre-service teachers’ choice of strategies for motivating science
students at the lower secondary school level.

it.  The population upon which the survey is focused. The survey was used to gather data
from secondary pre-service teachers throughout Australia who were enrolled in an ITE
program and either has completed or currently completing their professional experience
placement.

iii.  The resources available. Due to a limited budget, I resorted to using a survey. The
type of survey used, Web-Based survey (described in Section 4.3.3.1), meant that I

was able to plan and distribute the survey to the respondents with relative ease.

Overall, the focus of any survey is on what respondents are able and willing to verbalise or record
in the context of the phenomenon being researched. The survey method: explained in greater detail
in Section 4.3, involved gaining an overall view of the pre-service teachers’ beliefs about strategies
that they used to motivate students during their professional experience placement. Therefore, a

survey is appropriate for this investigation.

II.  Interview (Phase 2)

Education researchers have sought to describe what makes an interview. For instance, Dyer
(1995) states that an interview should not be seen as an ordinary conversation because it should
have a specific purpose. Cohen et al. (2007) state that interviews may have a different purpose. In
this research, the purpose of the interview was to gather data about the phenomenon being studied.

Moreover, Tuckman (1974) states that interviews provide access to what is inside a person’s head
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and make it possible to measure what a person believes. Cohen et al. (2007) describe an interview
as a flexible tool used to gather data from multisensory channels; that is, non-verbal, verbal spoken
and heard. This meant that interviews are intersubjective in nature (Laing, 1967) and allows both
the interviewee and interviewer to discuss their views of the world and express their beliefs about
situations from their point of view Cohen et al. (2007). Therefore, it was fitting to use interviews
to investigate pre-service teacher beliefs about strategies for motivating science students and to get
their explanation of how their identified factors influenced their choice of strategies.

Although interviewing is advantageous for this study, I am aware that interviewing has its
limitations. One methodological limitation of the interview method is that it relies on self-
reporting. I negated this by using other data gathering methods such as observation and
documentation to check for consistency in the data gathered.

III.  Observations (Phase 2)

Observation involved gathering live data from naturally occurring social situations (Cohen et
al., 2007). Cohen et al. (2007) further state that gathering data in situ is the greatest strength of the
observation technique since it provides more authentic data than gathering data from second-hand
sources. Moreover, Robson (2002) states that gathering data from observation is an important tool
for triangulation since there is usually incongruence between what people say they do and what
they actually do. As such, in light of the phenomenon being researched, that is, pre-service
teachers’ espoused theories and their theories-in-use concerning student motivation, it was vital to
observe how pre-service teachers motivated students to learn science. Moreover, since
observations are sensitive to contexts and have strong ecological validity, science lesson
observations allowed me to discover things in the context of the pre-service teachers’ professional

experience placement that they may not mention during their interviews.
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IV.  Documentation (Phase 2)

Documentation is important for giving visibility to any phenomenon being studied (Prior
2003). Cohen et al. (2007) state that documentation should be used in conjunction with other
factors occurring simultaneously. As a result of this insight into documentation by Cohen et al.
(2007), documentation was used in conjunction with the science lesson observation that I
conducted with the pre-service teachers during their professional experience placement. Cohen et
al. (2007) assert that documentation can take many forms such as field notes, memos or emails
and technical documents. In this study, field notes were taken during the lesson observations, and
the pre-service teachers’ lesson plans for the science lessons observed were documented. Cohen
et al. (2007) continued to posit documents that are written “live and in sifu, may catch the dynamic
situation at the time of writing” (p. 201).

Table 4.4 shows the research method (s) used in this research and the specific research

question(s) each technique was used to address.
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Table 4.4

Table Showing the Methods, the Research Questions they Addressed and the Participants.

Method Research Questions Target Participants

RQ)
Survey (Qualitative and  RQ1, RQ2, RQ3, RQ4 Pre-service teachers completing an
Quantitative Items) undergraduate or postgraduate initial

teacher education in secondary science at
universities within Australia.

Interviews RQ1, RQ2, RR3, RQ4, A total of 3 secondary science pre-service

RQ5 teachers from the postgraduate initial
teacher education Secondary Science
program from one University in regional
NSW (each pre-service teacher was
interviewed three times, and their
supervising teachers were interviewed
once)

Classroom Observations RQ1, RQ2, RR3, RQ4, A total of 3 secondary science pre-service
RQ5 teachers from the postgraduate initial

teacher education secondary science
program from one University in NSW
who conducted their professional
experience placement at their selected
secondary schools in regional NSW.
(There was a total of 3 science lessons
observed for each pre-service teacher)

Documentation RQ1, RQ2, RQ3 The same three secondary science pre-
service teachers who were interviewed
and whose science lessons were observed.

4.3.3.1. Phase One of The Data Collection: Web-Based Survey

Phase one of this study involved gathering data from secondary science pre-service teachers

enrolled in multiple universities throughout Australia. This was done via the use of an anonymous
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web-based survey created on Survey Monkey. The Australian wide anonymous web-based survey
was necessary because it allowed me to have an idea of Australian secondary science pre-service
teachers’ beliefs about motivating students for learning science. Moreover, the web-based survey
enabled me to gain insight into what strategies secondary pre-service science teachers used and
how those strategies were used to motivate students for learning science. Finally, the web-based
survey allowed me to get a snapshot of the factors that the pre-service teachers believed influenced
their choice of strategies used during their science lessons. Creswell (2012) asserts that web-based
surveys efficiently gather extensive data over a wide geographical area. By taking advantage of
the use of the web and social media platforms, such as Twitter and Facebook, that individuals use
today, this method was used to reach eligible participants all over Australia.

The web-based survey (see Appendix E) comprises four Sections with a mix of 5-point
quantitative Likert scales and qualitative questions. The 5-point quantitative Likert scales within
the web-based survey were quantitatively analysed using standard descriptive statistics and
qualitatively analysed using a thematic approach. The 5-point Likert scales focused on gathering
data from the secondary science pre-service teachers on their:

a. Beliefs about the extent to which they can motivate students for learning science.

b. The frequency with which they have used various teaching strategies to motivate

science students during their professional experience placement.

c. Factors that may have influenced their choice of strategies to motivate science students

to learn science.

The qualitative questions from the web-based survey sought to understand secondary
science pre-service teachers’ reasons for using specific chosen pedagogical strategies.

Additionally, via the closed-ended questions in the web-based survey, participants were asked to
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give examples of pedagogical approaches they used to motivate students for learning science. They
were asked to state any examples of pedagogies that were successful or non-successful at
motivating students for learning science during their professional experience placement. The
participants were also be asked to share advice with other pre-service teachers on strategies that
can help motivate students to learn science at the lower secondary school level.
The survey construction the survey initially consisted of four (4) Sections as follows:

Section 1. Three items to obtain demographic information on the sample.

Section 2. Belief inventory: Five items arranged in a 4-point Likert scale and constructed to
measure secondary science teachers’ beliefs of how they can motivate science students. This
Section was designed and adapted based on the format used by Riggs and Enochs (1990) in their
Elementary Science Teaching Efficacy Belief Instrument. Riggs and Enochs (1990) created their
instrument based on an indication that they realized that elementary teachers’ efficacy beliefs were
dependent on the specific teaching context. This realization led Riggs and Enochs (1990) to
develop an instrument to specifically measure science teaching efficacy beliefs that they suggested
should predict the classroom behaviours of science teachers. Moreover, Riggs and Enochs (1990)

identified two dimensions of teacher self-efficacy that involved,

I.  Teaching efficacy (outcome expectancy): Teachers believe that effective teaching can
influence student learning.
II.  Personal teaching efficacy (Self-efficacy): belief in their teaching abilities.
About the development of the Elementary Science Teaching Efficacy Belief Instrument scale,
Riggs and Enoch’s (1990) indicated that the items of the scale were assessed for both contents and

construct validity by a panel of judges knowledgeable on the concept of self-efficacy. Additionally,
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Riggs and Enoch’s (1990) indicated that factor analysis was done to attain a more reliable measure
of the scale's construct validity.

The original self-efficacy scale developed by Riggs and Enochs (1990) comprised of the
aforementioned factors (outcome expectancy) and self-efficacy with 25 items nestled under each
factor of a 5-point Likert scale that ranged from strongly agree to strongly disagree with uncertain
at the centre of the scale. Examples of the types of items that were found in the original self-
efficacy scale developed by Riggs and Enochs (1990) were, (i) I am continually finding better
ways to teach science (ii) Increased effort in science teaching produces little change in some
students’ science achievement.

Adaptations of Riggs and Enoch’s (1990) self-efficacy scale made by me included items

that were constructed based on the discussion of the literature review of the theoretical framework.
Moreover, the items added were intended to better reflect the secondary science pre-service teacher
context and theoretical lenses through which the study was undertaken, i.e., motivation.
Section 3: One closed-ended type item and three open-ended questions to measure secondary
science teachers’ strategies for motivating students at the lower secondary school level during their
professional experience placement. This brings a total of four questions for Section 3 of the survey
Section 4. Factors that influence beliefs inventory. One closed-ended item and two open-ended
questions were constructed to understand the factors influencing secondary science teachers’
beliefs about student motivation during their professional experience placement. This brings a total
of 3 questions for Section 4 of the survey.

Since I was the one who predominantly constructed the web-based survey, it was necessary
to conduct a pilot test of the instrument. Therefore, in July 2019, the web-based survey was pilot

tested with two pre-service teachers who were eligible to participate in this study. The pre-service
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teachers were emailed the link to the web-based survey were observed as they piloted the survey
on their phones, tablets and computers. They were asked to report any difficulties they may have
encountered while testing the web-based survey. All feedback received from the pilot testers were
used to modify the survey question items and thus further enhance the validity and reliability of

the types of responses received during the data-gathering phase of the study.

4.3.3.1.1. Recruitment of the Participants for Phase One. For this phase of the research,
purposive sampling was used to select participants. Concerning using purposive sampling, Mills
and Gay (2016) assert that “The benefit of this approach to sampling for a case study is the
purposeful selection of cases that are information-rich...which the researcher can learn a great deal

about the research problem.” (p.422).

I purposively targeted all secondary science pre-service teachers who completed the initial
teacher undergraduate or postgraduate secondary science program at universities in Australia.
Targeting all secondary science pre-service teachers was done because he wanted to get a snapshot
of their beliefs about pedagogical strategies used during their professional experience placement.

Participants were recruited via social media platforms such as Twitter, Instagram, Pinterest
and Facebook. The link for the web-based survey and the quick response (QR) code was posted
on those social media platforms where it was assumed that pre-service teachers would most
frequently visit. Science teacher professional organisations, such as the Australian Science
Teachers Association (ASTA) and the Australian Science Education Research Association
(ASERA), were, with permission, tagged in the Twitter posts. Moreover, with the authorisation
from the group administrators, pre-service teacher groups such as Preservice Teacher Chat (PST
chat) were also tagged in the Twitter posts. Additionally, the survey link and QR code were posted

on the walls of Facebook groups such as NSW/ACT Preservice Teachers and Australian Pre-

95



Chapter 4: Research Methodology

service Teachers so that only Australian secondary science pre-service science teachers can access
them.

Furthermore, I created a Facebook page and Instagram page for the study. On those social
media pages, the survey link and the Quick Response (QR) code for the survey were posted along
with a description of the research being undertaken. There were also stories and pictures about
science and science motivation at the secondary school level on social media pages to attract as
many participants as possible to partake in the survey. Throughout Australia, professional science
organisations were also tagged in the survey link posts and followed. There was a total of 9
postings of the survey link and QR code on each of the aforementioned social media sites over ten
weeks until data saturation was reached.

The demographic data from the web-based survey showed that there was a total of 75
respondents. The response rate for the web-based survey was calculated as being 93.33%. This
calculated was because out of the 75 respondents, 70 completed the survey either partially or in
full. The demographic data are crucial because it provides a lens through which data about pre-
service teachers’ beliefs about and strategies for motivating science students can be contextualised

and discussed throughout this chapter. The demographic data are presented in Table 4.5.
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Table 4.5.

Web-based Survey Demographic Data

Items Number of

participants who

responded
ITE Program level Postgraduate ITE program 33
Undergraduate ITE Program 37
Progress in Professional Finished some of their professional 56
Experience placement experience placement and has more
to do
Finished all their professional 13

experience placement

4.3.3.2. Phase Two Data Collection

Phase two of this study involved gathering data from 3 secondary science pre-service
teachers from one university in regional NSW who were enrolled in an ITE program. Data were
gathered from 3 pre-service teachers because I felt confident that the number provided him with
sufficient data to address the phenomenon being studied. Moreover, data were also gathered from
the supervising teachers of the three secondary science pre-service teachers who conducted their
professional experience placement at secondary schools in regional NSW. Phase two of this
research was performed using a case study design. In this phase of the research, data were gathered

using semi-structured interviews and unobtrusive lesson observation and documentation of the
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secondary science pre-service teachers’ lesson plans and units of work. The data gathered from
those case studies provided more meaningful insight into the factors influencing secondary science
pre-service teachers’ theory of action about strategies to motivate lower secondary school students

for learning science.

4.3.3.2.1. Interview. The semi-structured interview method was employed with the three
individual secondary science pre-service teachers and their corresponding three supervising
teachers. The main themes that semi-structured interviews explored included:
1. Espoused theories and sources of espoused theories which pre-service teachers may
hold about strategies to motivate science students.
2. Strategies used by the secondary science pre-service teacher to motivate science
students.
3. Factors influencing espoused theories and theories-in-use of science student
motivation.
4. Change of the pre-service teachers’ theory of action throughout their placement.
The aim of using the semi-structured interviews method was to gain a deep understanding of the
factors influencing pre-service teachers espoused theory and theory-in-use during their
professional experience placement. Using the semi-structured interview method, I allowed the pre-
service teachers to describe some of their strategies for motivating students to learn science.
Moreover, the semi-structured interviews allowed me to understand if, how and why the secondary
science pre-service teachers believed their theory of action changed during their professional
experience placement.
Semi-structured interviews were preferred to be used in this study instead of other types of

interviews because I wanted the interview process to remain conversational and as situational as
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possible. Punch and Oancea (2014) state that an interview is a form of data collection in which
participants are asked questions orally and are required to produce a response that can be recorded
either verbatim or summarised. As a result of this conversational type interview, the secondary
science pre-service teachers felt free to detail how they believed they motivated students to learn
science. Punch and Oancea (2014) posit that “Interviews are one of the most powerful ways of
understanding others” (p. 182). Moreover, using semi-structured interviews allowed me to
recognise any gaps in the data being generated. This meant that [ could close any gaps in the data,
as suggested by Cohen et al. (2007), by asking pertinent questions so that those gaps could be
clarified by the participants.

Three individual semi-structured interviews were conducted with three secondary science
pre-service teachers who volunteered to partake in this study (see appendix F for Semi-structured
interviews). The secondary science pre-service teacher semi-structured interview times ranged
between 15-45 minutes. The interviews were conducted at a convenient time and place and via
face-to-face, in a quiet room in the schools’ library and via telephone.

The first semi-structured interview was conducted before the secondary science pre-service
teachers did their professional experience placement. The purpose of that interview was to
understand the secondary science pre-service teachers’ espoused theories and beliefs concerning
strategies they would use to motivate science students for learning science when they go out on
their professional experience placement. The second semi-structured interview was conducted
during the pre-service teachers’ professional experience placement. The second interview’s focus
was to find out what strategies the pre-service teachers were using to motivate science students
and how the pre-service teachers used those strategies to motivate students for learning science.

The third semi-structured interview was conducted after the pre-service teachers completed their
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professional experience placement. The purpose of this interview was to find out whether the pre-
service teachers’ espoused theories and beliefs about student motivation in science given in the
first changed upon completing their professional experience placement. Throughout those
interviews, there was a line of inquiry about factors or experiences that may have influenced the
pre-service teachers’ beliefs about the choice of pedagogical strategies that motivated students to
learn science.

In addition to interviewing the secondary science pre-service teachers at the three specified
time points, their respective supervising teachers were also interviewed at the end of the
professional experience placement (see Appendix G for supervising teacher interview). The
supervising teacher semi-structured interviews were conducted at the supervising teachers’
convenience via face to face and, in one case, via telephone for 15-45 minutes. The supervising
teacher’s semi-structured interviews were also held at a time that was convenient for them.

The purpose of supervising teachers’ semi-structured interviews was to understand how
they believed the individual pre-service teacher’s espoused theory and theories-in-use was
influenced by various factors during their professional experience placement. Moreover, the
supervising teachers’ interviews shed light on how the pre-service teachers’ strategies were used
to motivate students for learning science during the pre-service teachers’ science lessons.
Additionally, the supervising teachers gave reasons why they believed the strategies to motivate
science students in those lessons were successful or unsuccessful at the time. The questions that
were asked during the supervising teachers’ semi-structured interviews can be seen in Appendix
G. It must be noted that all interviews conducted in phase two of the research were recorded using

an audio recorder and a backup audio recorder for safe keep.
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4.3.3.2.1.1. Recruitment of Participants for The Interviews. Convenience sampling was employed
to recruit participants in phase two of this study. My choice of university and use of a convenience sampling
procedure was because of the relative ease he could access the participants during the research period
(Punch & Oancea. 2014). After the targeted university in regional NSW granted ethics clearance and
permission to recruit the secondary science pre-service teachers’, three secondary science pre-service
teachers completing their postgraduate ITE program were recruited during their science methods class. The
secondary science pre-service teachers who volunteered to participate in this research were given an
information sheet (see Appendix D), which contained information about the study, such as why it was being
undertaken and its relevance/significance. The volunteers were reassured that their identities would be held
in the strictest confidence, and they were free to withdraw at any point of the research.

The secondary science pre-service teachers’ supervising teachers were also purposively
recruited. The supervising teachers were purposively selected to ascertain their opinions and
observations of the pre-service teachers’ theory-in-use during their placement period. Data were
gathered from 3 secondary science pre-service teachers and their corresponding supervising
teachers in this phase of the study. Concerning the small number of participants in this phase of
the case study, Mason (2010) states that as research goes on, gathering more data may not lead to
more information on a subject/topic being studied. Additionally, Punch and Oancea. (2014) justify
small numbers in a study by asserting that having more participants can pose a challenge since it
would mean that more time would be needed and effort when analysing data. Moreover, by
choosing three pre-service teachers and their respective supervising teachers for this research, I

believed that he would have sufficient data to address the phenomenon being researched.
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4.3.3.2.2. Lesson Observation. In this research, unobtrusive lesson observations were
used to gather data about what strategies were used and how the pre-service teachers used them to
motivate students for learning science. Cohen et al. (2011) posit that observation involves looking
at and noting events, people, and behaviours systematically. They continue to purport that
observation is a suitable means of gathering data by looking “Directly at what is taking place in
situ...” (p. 456) instead of relying on second-hand information about the occurrence of an event.
A non-participant/ unobtrusive observer approach was employed during the lesson observation
process. The reason for this was so that I would not become part of the observation process or
disturb the pre-service teachers’ science lesson in any way (Punch & Oancea, 2014). Ciesielska et
al. (2018) suggest that the non-participant observer is an outsider who positions him/herself in the
background to watch and take notes on the phenomenon under study. During my observations, I
positioned myself in an inconspicuous spot to the back of the classroom while observing and taking

field notes throughout the science lesson observations.

The observed science lessons were chosen by and convenient for the secondary science
pre-service teacher and supervising teacher. A total number of six science lessons were observed:
with each science lesson being 60 minutes in duration. This number of lesson observations
provided data that helped give more insight into the phenomenon being studied throughout this
research (Yin, 2009).

During the science lesson observations, field notes were taken to record how the pre-
service teachers used pedagogical strategies for motivating students to learn science concepts.
Flick (2000) states that ficldnotes are used in research to allow researchers to record their
observations. Those fieldnotes were structured to contain the following:

1. The year level that was taught

102



Chapter 4: Research Methodology

2. The subject

3. The time of day when the subject was taught

4. The number of students in the classroom

5. The atmosphere (physical and/ emotional)

6. Pedagogical strategies used by the pre-service teacher

7. How the strategies were used to motivate students during the science lesson
The science lesson observations were conducted to investigate some of the themes that emerged
from the data from the web-based survey conducted in phase one of this study.

4.3.3.2.2.1. Recruitment of the Participants for Lesson Observations. Lesson
observations were conducted with the same three secondary science pre-service teachers who
volunteered to be interviewed because they also gave consent for their science lessons to be
observed during their professional experience placement. The reason for observing the selected
pre-service teachers’ science lessons was done to gain triangulation of the data gathered from the
interviews. Before the lesson observation formally began, I requested permission to visit the
secondary school from the principal, where the secondary science pre-service teachers were
placed. This visit aimed to establish a rapport with the supervising teachers and to develop
familiarisation of the secondary science classroom. This familiarisation included meeting the
secondary science pre-service teachers in the classroom environment to feel comfortable and
relaxed later during the science lesson observations.
Moreover, students who were going to be in the science classes where the researcher

conducted the observations were given an information sheet for their parents/guardians (see
Appendix H). The information sheet given to the students detailed the purpose of the science

lesson observations and to reassure student’s parents/guardians that:

103



Chapter 4: Research Methodology

1.  Students would not be observed or recorded,
il. The class schedule would not be disrupted in any way during the duration of the lesson
observation,
iii.  Only the strategies to motivate science students that are was used by the pre-service teacher
would be recorded in a notebook in my fieldnotes.
4.3.3.2.3. Documentation. Documentation was used in phase two of the research.
Documentation of the pre-service teachers’ science lesson plans was conducted to obtain data
from the participants required to understand the following.
a) The strategies that individual pre-service teachers planned to use to motivate
science students throughout their science lessons,
b) How individual pre-service teachers planned to use those strategies to motivate
science students.
Punch and Oancea. (2014) assert that when used in conjunction with observation and interview,
document analysis can aid with the triangulation of data gathered and provide meaningfully and a
significant amount of data. The primary documents captured during the data gathering process
were the pre-service teachers’ science lesson plans and artefacts that emerged during the science
lessons. Goldsmith and Seago (2011) indicate that artefacts can be samples of learners’ work
done in the classroom setting. As such, with the permission of the pre-service teacher, evidence
of hands-on activities conducted during the science lessons was recorded in a manner that would
not be easily identifiable to any student/ school or the pre-service teacher. Moreover, any artefacts
recorded during the pre-service teachers’ science lessons were coded using pseudonyms and
archived for ease of reference. Moreover, the pre-service teachers’ science lesson plans for the

lessons that I observed were also used as part of the documentation process.
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4.3.4. Analysis Procedures

The data gathered from the web-based survey in Phase One were mainly analysed using
thematic analysis (Miles & Huberman, 2014) with a combination of qualitative descriptions and a
small amount of descriptive quantitative statistics. The data analysis was guided by all the major
themes and elements of the theoretical framework discussed in Chapter 2, which included the four
principles of motivation in the social cognitive context. I ensured that I selected the data from the
web-based survey and simplified that data for every participant; see Appendix L to analyse it
easier.

The data gathered from phase two were also analysed using thematic analysis (Miles &
Huberman, 2014) and were coded based on the four principles of motivation (see appendix M),
using qualitative descriptions for the three participants. The data sources provided descriptions and
comments that aided in analysing the data about what happened during the science lessons that
were observed for each pre-service teacher. Findings specific to each observed science lesson were
presented and analysed according to how they addressed the research questions using the key
concepts of the theoretical framework as preliminary codes. As part of the data analysis, I resorted
to comparing data across the three separate pre-service teacher cases to draw conclusions about
the trends noticed throughout the data.

During the period within which the science lesson observations occurred, field notes were taken
by me as well as the collection of pre-service teachers’ lesson plans. Those lesson plans and field
notes were assessed and answered the research questions. The field notes recorded for each pre-
service teachers’ lesson observation were analysed based on the emerging themes. The audiotape

recordings from the semi-structured interviews were transcribed; see Appendix N and used during
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data analysis to provide in-depth accounts of how the pre-service teachers developed their theory

of action.

4.4. Establishment of Validity of the Instruments

Regarding establishing the validity of the web-based survey and semi-structured interviews,
I considered the internal and external validity as well as the face, content and construct validity of
the instrument. Punch and Oancea. (2014) indicate that the internal validity of a research
instrument could be threatened by many factors such as subject attrition, selection and maturation.
To ensure the internal validity of the web-based survey, I posted the survey link on many social
media platforms to reach potential participants who were eligible to participate in this research.
Additionally, with the assistance of science subject coordinators, the web-based survey link was
posted to the blackboard sites of universities. By posting the link to the web-based survey online,
I gave every potential participant who visited those social media platforms and students who access
their university’s blackboard platform an equal and probable chance of participating in phase one
of the study. For the semi-structured interviews, I addressed the internal validity by ensuring that
he requested as many volunteers as possible to partake in this phase of the research during the
recruitment period.

Three professional science educators assessed the face and content validity of the web-based
survey. Three lecturers from the University of Technology Sydney (UTS) provided feedback based
on pre-established guidelines for the study. The guidelines included definitions of key terms used
in the study, such as theory of action, defined by Argryis and Schon (1974), motivation, defined
by Santrock (2018). Moreover, the assessors were given the specific research questions to be

answered by the web-based survey and the documents and /or theoretical base used in the
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construction of the various Sections and question items of the web-based survey. The
recommended alterations provided by the assessors about the web-based survey were made before
I pilot tested the instrument.

The web-based survey and semi-structured interviews' construct validity was assessed
during the pilot-testing phase. The web-based survey and semi-structured interviews were piloted
using a sample of pre-service teachers; selected by purposive sampling who were not eligible to
participate in this study. The pre-service teachers were instructed to indicate whether they had any

issue with any item on the survey and to be free to make suggestions to me.

Establishing construct and content validity for the lesson observations was done by
ensuring that the constructs to be observed were based on the main themes that emerged from the
web-based survey and the secondary science pre-service teachers’ semi-structured interviews. In
general, I ensured that I took into account and addressed all the complexities of the study, for
example, the research questions. Since this research is qualitative, it is contextually bound, and as
such, I included as much detail about the context as possible so that other researchers can

understand the research context.

4.5. Establishing Reliability of the Study

In qualitative research, the term reliability is often replaced with terms such as credibility,
neutrality, confirmability, dependability, consistency, applicability, trustworthiness and
transferability, particularly the notion of dependability” (Cohen et al., 2011, p. 148). Bearing in
mind that the reliability of a qualitative study provides a measure to which the study can be
replicated in a similar context, using the same methods to achieve similar results (Cohen et al.,

2011), I addressed the reliability of the study as follows.
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4.5.1. Dependability

Establishing dependability for this research involved ensuring the stability of the gathered
findings over time. (Bitsch, 2005). The results, particularly in phase two of this research, were
evaluated by the participants who examined the data to ensure an agreement with the data that I
gathered. Moreover, to establish the research’s dependability, I created an audit trail to do
crosschecking by other future researchers (Guba & Lincoln, 1982). This audit trail consisted of the
raw data gathered, including all interview transcripts, science lesson observation field notes and
artefacts gathered. Furthermore, I coded and recoded the data gathered within a month to compare

the two sets of codes for any agreement (Chilisa & Preece, 2005).

4.5.2. Credibility

My research’s credibility was established via Prolonged engagement, Persistent observation,
and Triangulation, as suggested by Guba and Lincoln (1989). Credibility involves the correctness
of the interpretations made from the raw data (Guba & Lincoln, 1989). In the context of this
research, there was continued engagement with an adequate number of pre-service teachers, who
were observed teaching periodically during their professional experience placement. Concerning
triangulation, data were gathered using various methods, namely, web-based survey, observation,
interviews, documents analysis/artefacts science. Data were gathered from different sources so
that triangulation could occur and obtain corroborating evidence on factors influencing pre-service
teachers’ theory of action about strategies for motivating students to learn science at the lower

secondary school level.

4.5.3. Transferability
In this research, I ensured that clear, unambiguous descriptions of all processes undertaken

were provided. Participants of this study were purposively chosen, using a set criterion previously
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described in the participants’ Section’s recruitment. Transferability can be defined as the extent to
which results from this study can be generalised to other contexts with other respondents (Bitsch,
2005). Bitsch (2005) asserts that transferability can be done by providing detailed descriptions

and purposive sampling.

4.6.  Ethical Considerations and Methodological Challenges

Ethics approval was needed before conducting this research to ensure that my research was
ethically sound. Ethics approval was granted by the University of Technology, Sydney (see
Appendix I), as well as by the state authority for schools, NSW State Education Research
Application Process (see Appendix J), and the participating university’s (see Appendix K) ethics
committee. For phase two of this research, consent forms were provided to the three pre-service
teachers and their corresponding supervising teachers. Those consent forms sought approval for
the participants’ participation in semi-structured interviews and science lesson observations (for
the pre-service teachers).

The study was clearly explained to all participants via an information statement for
participants in both phases of the research. Additionally, for participants from Phase Two of the
research, the study was explained to them verbatim. Clearly explaining the investigation to the
participants helped them understand the risks associated with their participation and how I planned
on mitigating all risks identified. Moreover, the participants were told that they were free to
withdraw from the study at any time. The steps mentioned earlier to ensure ethics mitigating
procedures were undertaken because Gay et al. (2009) indicated that the most critical ethical issues

in research as no harm should com