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Abstract
In an era where scientific literacy is a clear necessity, Australia’s science
education system is mired by intergenerational disengagement and poor
outcomes. Negative perceptions of science and limited scientific literacy in
childhood often persist into adulthood. As many stakeholders, including
teachers and students, are influenced by their own inadequate science
education experiences, this cycle is challenging to break. The research
presented in this dissertation focuses on preservice primary teachers due to
their foundational position, accessibility and potential to enact long-term
changes in science education. This dissertation aims to first establish a
broader context of science research; prior to investigating the science teaching
efficacy beliefs and science perceptions of pre-service primary teachers
enrolled in two complex, innovative science courses. Furthermore, the
graduate transition is addressed as the participants’ inservice science teaching
efficacy beliefs and reported science practices are explored.
The research was conducted over nine years (2007-2015) and been presented
across six publications. The first publication presents a meta-analysis of
research which utilised the Science Teaching Efficacy Belief Instruments
(STEBI-A/B). The second publication describes two complex, innovative
science courses (SC108 and SC308). The third publication presents a four
year investigation of the science teaching efficacy beliefs and experiences of
a single cohort as they completed a science program (SC108 and SC308) and
proceeded to graduation. The fourth publication reports on STEBI-B data
collected from 877 preservice primary teachers who completed the two course
science program. The fifth publication investigates the science teaching
efficacy beliefs and reported science teaching practices of the participants
v

after they had graduated to become inservice teachers The final publication
investigates the transition of a science course (SC308) from a face-to-face
mode of delivery to an online mode of delivery.
The first publication showed that there is considerable methodological variety
in terms of how the STEBI instruments have been used since original
publication. Unsurprisingly, student-centred approaches to tertiary education
and professional development produce the strongest growth in preservice and
inservice teachers’ science teaching efficacy beliefs. Results from the
remaining publications suggest that participation in the science program
(SC108 and SC308) covaried with statistically significant increases to
preservice primary teachers’ science teaching efficacy beliefs. The STEB
increases remained durable in the absence of treatment at both the graduate
and undergraduate levels. As early career teachers, the interviewees displayed
a willingness to use engaging, student-centred approaches to science teaching
despite hindering influences within their school contexts. Evidence presented
in the final publication shows that the SC308 course design can be
transitioned successfully, in terms of participant STEB growth and
engagement levels, to an online mode of delivery. The dissertation ends with
a discussion and conclusion section which outlines the relevance of the
research, answers the research questions and discusses limitations, directions
for future research and implications for practice.
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Introduction
Australian primary science education is in need of improvement. Primary
students are becoming disengaged from science, showing inadequate levels
of scientific literacy and are sliding down international rankings. Such
problems may be cyclical as preservice and inservice teachers alike report
poor science attitudes and low science teaching confidence, informed by
detrimental experiences of science within their educational backgrounds. It is
therefore unsurprising that science is often marginalised, with multiple
studies indicating science is taught for 40-60 minutes per week in Australian
primary schools. The limited science that is taught is often content heavy and
teacher-centred.
Contrary to other areas of science education, preservice primary science
programs have consistently reported positive outcomes, in terms of science
teaching efficacy, attitudes towards science and content knowledge. An array
of investigative, student centred approaches have been linked to these
improved science outcomes for preservice primary teachers. Yet, evidence
presented by large national studies and smaller contextually bound
investigations almost uniformly indicates that the problems with science
education at large remain relevant despite calls for and effort to make
systemic change. This tension is crucial to the research presented in this
dissertation. Furthermore, preservice and early career primary teachers
represent an efficient group to target for change both due to the contextual
factors (time, resources, location, etc.) and their increased potential to act as
agents of change within primary science education for extended periods of
time. Three aims underpin the research presented within this dissertation:
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1) To determine how the science-teaching efficacy beliefs of both
preservice and inservice primary teachers are represented within
research literature and subsequently addressed through interventions.
2) To investigate the relationship between two complex, innovative and
complementary science courses and the science teaching efficacy
beliefs and science teaching perceptions of preservice primary
teachers.
3) To investigate the science teaching efficacy beliefs and reported
science teaching practices of former preservice primary teachers, who
experienced the two complex, innovative and complementary science
courses and who are now practicing inservice primary teachers.
To address these aims six separate, but related, research publications are
presented across this dissertation. To enhance the research narrative a review
of literature, a series of connective statements and a comprehensive
discussion have been provided. The following paragraphs will briefly outline
the content and purpose of each section comprising this doctoral dissertation.
The review of literature is a critical summary of the existing primary science
education research literature. Key stakeholders are addressed, including
students, inservice teachers, preservice teachers and universities. An
argument is built for this dissertation’s focus on preservice and early career
primary teachers. This chapter ends with the presentation of the research
questions and aims. The following paragraph will familiarize the reader with
each of the six research publications to be presented across this dissertation.
The first publication presents a comprehensive meta-analysis of 257 journal
articles and dissertations which utilised the Science Teaching Efficacy Belief
2

Instruments (STEBI-A/B) in terms of research methods and findings reported.
The second publication presents a robust description of two complex,
innovative science courses (SC108 and SC308) and an emergent Interactive
Educational Design Model (IEDM) supplemented by the findings of a longterm action research project. The third publication presents two
complementary, Type II mixed methods case studies with multiple delay
periods of testing that tracked the experiences and science teaching efficacy
beliefs of a single cohort as they completed a science program (2 years) and
proceeded to graduation (2 years). The fourth publication reports on STEBIB data (quantitative) collected from 877 preservice teachers who completed
the two course science program. A series of MANOVAs were conducted to
assess participants’ science teaching efficacy beliefs both within and between
the science courses. The fifth publication serves as a mixed-methods followup to earlier publications. The population of preservice teachers sampled in
the fourth publication were targeted again as inservice teachers to determine
if STEB gains remained durable and to openly explore their reported science
teaching practice. The sixth, and final, publication investigates the transition
of a science course (SC308) from a face-to-face mode of delivery to an online
mode of delivery via a flexible, mixed methods action research approach.
Connective statements are delivered between publications to recap the prior
publication, explicate the connections between the publications and cue the
reader to the content of the next publication.
The main goal of the final discussion chapter is to consolidate the main
themes and critical points presented throughout the six separate, but related,
research publications to both answer the research questions and ensure a clear
research narrative. First, the unique and meaningful contributions of the PhD,
3

and the separate publications, to the primary science research literature are
described explicitly. Second, the findings presented across the six
publications are used to answer the research questions formally. Third, the
research limitations are addressed. Fourth, key points arising from the results
are discussed. Fifth a subsection will articulate the implications of this
research. Sixth, the implications for science teaching practice are outlined.
Finally, there is a succinct and holistic concluding statement.

4

Review of Literature
The following review of literature aims to orient the reader to both the state
of Australian primary school science education and the necessity for
addressing the emerging problems in this area of education. First, the broad
goals of science education are outlined, to allow for reflection on the
information presented within the following sections. Second, the state of
Australian primary science education is discussed, before more in-depth
overviews of the perspectives and needs of the primary science groups are
presented. These stakeholders include students, teachers and tertiary
institutions. Third, the approaches used in tertiary science programs are
described and discussed. Fourth, a relational argument is presented to clarify
the research steps needed to address some of the issues and fill gaps in the
body of literature.

Introduction
The goal of science education in many western societies is to develop
scientifically literate citizens (Bybee, 1997; Collins, 1997; Goodrum,
Hackling & Rennie, 2001; Goodrum & Rennie, 2007; Lumpe, Czerniak,
Haney & Beltyukova, 2012). The concept of scientific literacy is
multifaceted. It can be partially defined as a broad set of investigative skills
and accompanying beliefs about the nature of science (NOS) (Brickhouse,
1990; Lederman, 1992; McDonald, 2010) that can be generalised to real-life
situations. The development of scientific literacy is a cumulative, lifelong
process that should be addressed in all stages of formal education. Goodrum,
Hackling & Rennie (2001, pp. 488-494) recognise the importance of scientific
literacy, and it is evident as an underlying construct within their nine themes
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describing an ideal state for school science education in Australia.
Specifically:
1) The science curriculum is relevant to the needs, concerns and personal
experiences of students;
2) Teaching and learning of science is centred on inquiry. Students
investigate, construct and test ideas and explanations about the natural
world;
3) Assessment serves the purpose of learning and is consistent with and
complementary to good teaching;
4) The teaching-learning environment is characterised by enjoyment in
learning, and mutual respect between the teacher and students;
5) Teachers are life-long learners who are supported, nurtured and
resourced to build the understandings and competencies required of
contemporary best practice;
6) Teachers of science have a recognised career path based on sound
professional standards endorsed by the profession;
7) Excellent facilities, equipment and resources support teaching and
learning;
8) Class sizes make it possible to employ a range of teaching strategies
and provide opportunities for the teacher to get to know each child as
a learner and give feedback to individuals; and,
9) Science and science education are valued by the community, have
high priority in the school curriculum, and science teaching is
6

perceived as exciting and valuable, contributing significantly to the
development of persons and to the economic and social well-being of
the nation.

The Current State of Australian Primary Science Education
Four national studies provide a comprehensive overview of the current state
of Australian primary science education. These four studies (Gonski, 2011;
Goodrum, Hackling & Rennie, 2001; Goodrum & Rennie, 2007 Tytler,
Osborne, Williams, Tytler, & Clark, 2008) present an opportunity to explore
the factors affecting Australia’s declining levels of science achievement.
First, the initial report into the Status and Quality of Teaching and Learning
of Science in Australian Schools (Goodrum, Hackling & Rennie, 2001)
provides a foundation by exploring the views and actions of teachers and
students. Second, Goodrum and Rennie (2007) reviewed Australian science
education in light of their prior suggestions for improvement. Third, Tytler
et al. (2008) conducted a comprehensive review of the Australian literature
related to the state of science education. Finally, the latest review into
school funding (Gonski, 2011) will provide a more contemporary
perspective of the issues.
Goodrum, Hackling and Rennie (2001) conducted a comprehensive research
project with teachers and students to determine what was happening, in part,
in Australian primary science. The investigation found that the actual
situation was far from the ideal presented by the authors (Goodrum et al.,
2001, pp. 488-494). The 500 primary teachers surveyed by telephone reported
an average of 59 minutes of science teaching per week. A later report by
Angus (2003) indicated that the average amount of time spent in primary
7

science was only 41 minutes per week. If the reports are correct, science
receives 4% of the available curriculum time despite being one of the six key
learning areas (KLAs) in the primary curriculum. Such minimal allocation
falls short of even the modest requirements (6%-10%) of the Australian
National Science Curriculum (Board of Studies NSW, 2012). Many teachers
cited time constraints, feelings of personal inadequacy and a lack of
administrative support as reasons for the limited inclusion of science in the
daily classroom curriculum.
It was widely reported by teachers that when science was taught, the lessons
used desirable hands-on and student-centred approaches (Angus, 2003;
Goodrum, Hackling & Rennie, 2001). Such “student-centred approaches”
conflict directly with students’ reporting of their own science learning
experiences. Nearly half of all students indicated that note taking is a large
part of science. An overwhelming 75% of all student responses suggested that
the majority of experiments are teacher-centred demonstrations. While these
strategies certainly have a place within science education, the focus on
‘hands-on’ learning may hint at a simplistic, underdeveloped knowledge of
science pedagogies within teachers. Indeed, this is quite similar to Appleton’s
(2002) findings that primary teachers view tactile manipulation as a key
science pedagogy whilst seemingly being unaware of the complexities of the
constructs of Pedagogical Content Knowledge (PCK) (Geddis, 1993;
Grossman, 1990; Lederman, 1999; Tamir, 1988), Pedagogical and
Professional Experience Repertoires (PaPeRs) (Loughran Loughran, Milroy,
Berry, Gunstone, & Mulhall, 2001) and Content Representations (CoRes)
(Nillson & Loughran, 2011). Unfortunately, the construct of PCK is illdefined and difficult to operationalise into teacher education practice. This is
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particularly problematic in the domain of science education as teachers
struggle to find concrete teaching examples to develop their understanding of
PCK. The constructs of PCK, PaPeRs and CoRes are described further in
appendix eleven (p. 402).
In 2007, Goodrum and Rennie conducted a review of Australian science
education to determine if their suggested strategies (Goodrum, Hackling &
Rennie, 2001, pp. 488-494) had been implemented. Aside from some
exemplary, isolated science programs, there appeared to have been very little
change in Australian primary science education. Teachers reported many of
the same obstacles, including outdated technology and external pressure from
high stakes testing. Evidence of deeply ingrained negative science attitudes
also emerged. For example, despite noteworthy complaints about the lack
professional development in 2001, many teachers displayed a lack of desire
to attend. Moreover, primary students had poor understandings of the true
nature of scientific investigation and did not believe that science was relevant
beyond the classroom.
In their comprehensive review of the literature, Tytler et al. (2008) found that
much of the external literature indicates that there are problems with primary
science education in Australia. Amongst the variety of themes, including a
lack of student engagement, limited scientific inquiry and poor perceptions of
real world relevance, it appears evident that primary school science teaching
is not capitalising on the natural interest and curiosity of students. A metaanalysis of survey-based literature in this area found that science was reported
to be taught for a mean of an hour per week (Adams, Doig, & Rosier, 1991;
Australian Science Technology and Engineering Council, 1997; Gough,
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Marshall, Matthews, Milne, Tytler, & White, 1998; Lokan, Ford, &
Greenwood, 1997). Tytler et al. (2008) remain sceptical of this figure; given
that, preservice teachers rarely report seeing science being taught on their
practical teaching placements. In fact, Tytler and Griffiths (2003) found that
teachers report only three hours per term of teaching where science is the
overt focus. Much of the science reported in other studies may, therefore, be
an over estimate clouded by claims of loose integration.
The Gonski Report (2011) into school funding found that cultural and
economic factors were contributing to the growing disparity between high
and low student performance in science. Clearly, a problem exists as only
16% of Australian schools are meeting national minimum science standards,
which is well below the target of 80% (Gonski, 2011). The following section
discusses the science achievement and attitudes of Australian primary
students.
The Science Achievement and Attitudes of Primary Students
The achievement level of Australian primary students in science has declined
as other nations have advanced (Gonski, 2011). The Trends in International
Mathematics and Science Study (TIMSS) assesses and compares the
scientific content knowledge and scientific literacy of Year 4 students from
as many as 52 nations (Thomson, Hillman, Wernet, Schmid, Buckley &
Munene, 2012). Table 1.1 summarises Australia’s primary science
performance in TIMSS from 1995 through 2015 (Gonski, 2011; Martin,
Mullis, Beaton, Gonzalez, Smith & Kelly, 1997; Mullis, Martin, Gonzalez &
Chrostowski, 2004; Martin, Mullis, Foy & Hooper, 2016; Thomson, Wernet,
Underwood & Nicholas, 2008; Thomson et al., 2012). Despite consistently
10

scoring above the OECD average, the performance of Australian Year 4
students has declined in comparison with other countries since 1995 and more
recent testing has shown stagnation. Australia’s sharpest decline has occurred
in the international rankings. Nations such as Italy, Slovakia, Hong Kong and
Hungary now score more highly than Australia, with nations such as Japan,
Finland and Russia producing more scientifically literate primary school
students. There is a large gap between high performing and low performing
students in Australia. The above average students represent 27% of the total
population, and they are reaching similar levels to Singaporean and Finnish
students. The tail group is larger (36%) and these students are reaching similar
standards to students from lower performing nations such as Armenia, Qatar
and Oman. Such disparity in student science ability is likely to be another
inhibiting factor in the teaching of primary science in Australia. Perhaps the
most concerning finding is Australia’s fall below the ‘High threshold’ for
Year 4 science performance. According to Thomson et al. (2012), a mean
score of 550 (the ‘High threshold’) or above would suggest that students are
able to apply science knowledge and skills to novel situations beyond the
classroom context. Australia has failed to reach this level for nearly two
decades. This is an indicator that primary school science educators in
Australia are broadly failing to develop the scientific literacy of their students.
Table 1.1 Australian Year 4 students' Science Achievement in the TIMSS
Year
1995
2003
2007
2011
2015

Australia’s Score
562
521
527
516
524

Mean Score
524
489
500
486
500
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Ranking
5th
11th
13th
19th
25th

The declining state of primary science education is reflected in the science
views and attitudes of primary-school students (Breakwell & Beardsell, 1992;
Brown, 1976, Doherty & Dawe, 1988; Hadden & Johnstone, 1983; Harvey &
Edwards, 1980; Johnson, 1987; Simpson & Oliver, 1985; Smail & Kelly,
1984; Yager & Penick, 1986). Goodrum, Hackling and Rennie (2001)
surveyed 1221 primary-aged students in their evaluation of Australian science
education. A quarter of the students completely dismissed science as being a
boring subject, whilst 27% were frustrated by the content heavy, note taking
focus of science. A concerning finding was that students could only
‘sometimes’ relate their science lessons to the outside world. The lack of
science literacy evident within the declining TIMSS results also re-emerged
within the report into the state of Australian science education (Goodrum,
Hackling & Rennie, 2001). The more recent NAP-SL student survey showed
that as many as 79% of students would like to learn more science at school
(ACARA, 2013). Yet on the same survey many respondents indicated that
they seldom engaged in planning scientific investigations and did not feel that
science was a part of their everyday life. The following section outlines the
science attitudes and perspectives of primary teachers.
The Science Perspectives and Attitudes of Primary Teachers
The following sections outline and discuss the science perspectives and
attitudes of primary teachers. First, the science attitudes and perspectives of
inservice primary teachers are examined. Second, the science attitudes and
views of preservice primary teachers are discussed in relation to their
inservice counterparts.
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Inservice Primary teachers
Primary school teachers generally appear to have negative attitudes towards
science and science teaching (de Laat & Watters, 1995; Schibeci, 1984;
Tilgner, 1990). Many teachers do not feel confident in their ability to teach
science because of their inadequate science content knowledge (Goodrum,
Hackling & Rennie, 2001; Harlen, 1997; Palmer, 2011; Tytler, Smith, Grover
& Brown, 1999). This seems to be related to a wider dismissive attitude
toward the science teaching profession. Research has indicated that both
preservice and inservice teachers feel worse about the capacity of science
education in general to develop science literacy than they feel about their own
ability to deliver science education (Hechter, 2010; Johnston, 2003;
Mulholland, Dorman & Odgers, 2004; Ramey-Gassert, Shroyer & Staver,
1996; Watters & Ginns, 2000; Yilmaz & Cavas, 2008). The following section
explores the science attitudes and influences of preservice primary school
teachers.
Preservice Primary Teachers
Much like their inservice counterparts, preservice teachers tend to have
negative attitudes towards science and science teaching (Cobern & Loving,
2002; Howitt, 2007; Shrigley, 1974; Tilgner, 1990). Grindrod, Klindworth,
Martin & Tytler (1990) surveyed 346 preservice teachers. Negative feelings
towards science were reported by 51% of the respondents and 34% reported
neutral feelings towards science. In a more recent study, Brígido, Borrachero,
Bermejo & Mellado (2013) found that preservice teachers’ negative science
views were neither simple nor universal. A sample of 188 preservice teachers
responded to a survey that measured science efficacy and emotions. The
preservice teachers displayed negative emotions towards ‘hard sciences’ (i.e.,
13

chemistry, physics) because they believe these disciplines are difficult to
relate to their lives and experiences beyond school. The participants had
positive views of biology and geology because of their perceptions about the
external relevance of the topic areas.
The inadequate science knowledge of some preservice teachers is related to
poor personal and educational science experiences (Jarrett, 1999; Palmer,
1995; Skamp & Mueller, 2001; Skamp 1995; Young & Kellogg, 1993).
Mulholland and Wallace (1996) noted that all the preservice teachers
interviewed within their study displayed negative attitudes towards their
experiences of science in their primary school years. Some studies have
shown that preservice teachers have very few memories of primary school
science (Skamp, 1997), which is likely to be a reflection of the limited science
being taught within primary schools (Goodrum, Hackling & Rennie, 2001).
Of the 22 participants interviewed, only 23% reported memories of science
being taught well in primary school. In fact, two of the participants had bad
memories of their science learning in primary school. Jarrett’s (1999)
research revealed that preservice teachers might have the potential to enjoy
science despite their earlier detrimental experiences. Approximately half of
the 112 preservice teachers surveyed and interviewed had strong positive
memories of their own, personal science pursuits, even though 70% of the
sample population showed either negative or neutral memories of their
primary school science experiences. This is markedly similar to the discord
between personal science and school science reported at the primary school
level. Despite such issues, there is clearly potential to alleviate the negative
attitudes that exist within preservice teachers. Thus, the next section outlines
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the state of tertiary teacher education programs in relation to primary science
education.
The State of Tertiary Science Education for Preservice Primary
Teachers
The approaches to preservice primary science education are diverse (Palmer,
2008); which may lead to inconsistent graduate science teaching standards
feeding existing cycles of science education decline. Team teaching, crossfaculty collaboration and weekly content focuses are the most common
features of science courses delivered to preservice primary teachers (Avery
& Meyer, 2012; Bybee, 2014; Jung, 2004; Palmer, 2008; Sindel, 2010;
Yilmaz & Cavas, 2014). Content-heavy curriculum, with weekly focus shifts,
has been condemned as disjointed, which is inconsistent with the true nature
of scientific investigation and of not facilitating the depth of learning needed
to remediate science content knowledge deficits (Bybee, 2014).
There are markers, such as inquiry learning, problem-based learning and
cooperative learning, within the literature that serve to highlight avenues for
potential improvement in primary science preparation programs. Inquiry
learning has value beyond its close alignment with syllabus imperatives
(NSW Board of Studies, 2012) and best practice primary science programs
such as PrimaryConnections (Hackling, 2006), because research shows links
to improved integrated learning (Saçkes, Felvares, Gonya, & Trundle, 2012),
science teaching efficacy and science content knowledge (Luera & Otto,
2005). Problem-based learning scenarios have been used to provide rich, real
world contextualisation for skills of scientific inquiry (Huinker & Madison,
1997; Logerwell, 1997; Watters & Ginns, 2000). In fact, a sample of 159
preservice primary teachers developed more nuanced, sophisticated
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understandings of science pedagogy (Ford, Fifield, Madsen & Qian, 2012) as
they experienced a PBL science course. They progressed from the more basic
conceptualisations such as ‘hands-on activities that work’ that are commonly
reported within the science education research (Appleton, 2003; Appleton &
Kindt, 2002; Ertmer, Schlosser, Clase, & Adedokun, 2014). Still, PBL is not
a pedagogy without risk (Watters, 2007) and considerable structure and
support are needed for effective implementation in tertiary science education
programs.
Cooperative learning is an educational construct where a group of students
work together to develop their knowledge and skills through the achievement
of a clearly defined goal. Cooperative learning is supported through the
principles of social constructivism that have underpinned educational theory
for decades (Ruys, Van Keer & Aelterman, 2010; Santrock, 2007; Vygotsky,
1977). According to Blosser (1993) participants need to make meaningful
contributions to a task that cannot be achieved by a single individual. Thus,
participants need to develop and use interpersonal and reflective skills.
Cooperative learning has been clearly linked to improved outcomes and
attitudes for tertiary learners (Kyndt, Raes, Lismonst, Timmers, Cascallar, &
Dochy, 2013; Tsay & Brady, 2010). Palmer (2006) used cooperative learning
as a key component of his science methods course targeting second year
preservice primary teachers. The results showed significant increases in both
the personal and general science teaching efficacy beliefs of the participants
that were durable for up to a year after the completion of the subject.
Firsthand science teaching experiences can play a central role in the delivery
of quality tertiary science education (Bhattacharyya, Volk & Lumpe, 2009;
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Ebrahim, 2012; Palmer, 2011; Wingfield & Ramsey, 1999). Claims have been
made that practical science teaching experiences are related to significant,
durable growth in both preservice teachers’ science teaching efficacy beliefs
and science attitudes (Palmer, 2011; Wingfield & Ramsey, 1999). In order to
reap the benefits of firsthand science teaching, these experiences need to be
contextualised within a structured science course, as practical science
teaching alone has little influence on the preservice teachers (Ebrahim, 2012).
This leads to an important question, “how can different innovative approaches
be combined to create effective science learning opportunities for preservice
primary teachers?”. This is a complicated question as different course
designs, varying measures of success and issues of replicability must be
considered.
Even though there are many established innovative approaches, many
preservice science educators are electing to limit the number of innovative
approaches utilised within their subject designs (Lawrance & Palmer, 2003;
Palmer, 2008). Indeed, the content-heavy, isolated topic approaches that are
often used may hinder the meaningful integration of multiple innovative
practices. Bybee (2014) has recently called for an end to such fragmented
approaches to university science education through the use of intensive,
integrated approaches that afford preservice teachers the opportunity to
engage in first-hand scientific investigations. In essence, an understanding of
‘what’ innovations are effective has been reached. It now needs to be
determined ‘how’ the innovations should be employed in broader subject and
program structures to affect the best outcomes for prospective primary
science teachers. The following section narrows the research focus in order
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to position this doctoral research by showing how a meaningful and
achievable contribution to the existing body of literature can be made.

Filling the Gaps and Narrowing the Focus of the Research
It has been established that the problems with science education are both
complex and difficult to solve. An unusual situation has emerged where the
potential solutions to these problems are as vast, and potentially unwieldy, as
the problems themselves. In order to determine the most worthwhile areas for
future research, it is worth evaluating the capacity of each group to address
the issues that exist within primary science education. Primary students have
the least impact on the system itself, despite potentially being the most
important group. Primary teachers have the most direct impact on the quality
of science teaching as they deliver the intended curriculum directly to
students. Research has shown that science interventions can improve the
science teaching attitudes and science PCK within both inservice and
preservice teachers (Fitzgerald, McKinnon, Danaia & Deehan, 2016; Holden,
Groulx, Bloom, & Weinburgh, 2011; Watters & Ginns, 2000). It could be
argued that tertiary teacher training programs should be pivotal to sustained,
legitimate improvement of the quality of science education because they have
the widest sphere of influence.
It may be more valuable to invest time and resources focusing on the
development of preservice teachers rather than inservice teachers. Even so,
inservice professional development science workshops can lead positive
outcomes for primary teachers. Duran, Ballone-Duran, Haney, and
Beltyukova (2009) found that the Active Science Teaching Encourages
Reform (ASTER III) improved the science-teaching efficacy and inquiry
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teaching practices of 26 inservice primary teachers. The participants reported
greater confidence in their capacity to use active, student-centred teaching
pedagogies and collaborate with their peers. However, it should be noted that
the program required considerable time and financial commitment, within an
implementation and support period of 18 months. Clearly, professional
development workshops can address some of the science issues frequently
seen within practicing teachers, but these are hindered by considerable time
restraints, financial requirements and a noted need for ongoing support to
ensure change. While preservice teachers represent a more attainable group,
inservice teachers should remain an integral aspect in future attempts to
improve science education. Ideally, research into the tertiary science
experiences of preservice teachers should begin to adopt longitudinal
approaches to determine how such experiences impact the science teaching
practices of early career teachers (McKinnon & Lamberts, 2014).
The increasing mean age of Australian teachers may further diminish the
broader impact of a potential focus on inservice teachers (Harris & Farrell,
2007). In 1986, the mean age of an Australian teacher was a mere 34 years,
but by 2001, this had risen to 45 years (ABS, 2003; MCEETYA, 2003). By
2011, approximately 55% of primary teachers in NSW were over 50 years
old. This represented a decline in the over 45 demographic, hinting that the
peak had already passed. Figure 1.1 shows a projected age distribution of
NSW primary teachers in 2020 based on data collected in 2010 and 2015
(NSW DE, 2015). As of 2016, approximately 19,000 teachers are aged
between 45 and 60 years old. As the baby boomer generation retires, it is
expected that there will be a more even age spread with younger teachers
representing a larger proportion of the entire teaching workforce (NSW DEC,
19

2011; NSW DE, 2015). Thus, a heightened focus on changing the science
attitudes and developing the science PCK of preservice teachers is likely to
have a considerable impact on both the science attitudes and performance of
Australian students.

Figure 1.1 Age distribution of NSW teachers

The state of primary science education should be of paramount importance,
as steps are taken to rectify the overall declines in the quality of Australian
science education as a whole. Primary school science classes are the first
formal science experiences for all Australian citizens. If inadequate time is
dedicated to these formative science experiences, or students are exposed to
disengaging pedagogical approaches, then they are likely to begin to form the
negative attitudes toward science that are evident throughout all levels of
formal science education. Poor quality primary science teaching could have
inter-generational impacts as many teachers express negative feelings about
their own personal primary science learning (Jarrett, 1999; Mulholland &
Wallace, 1996). This aligns with the body of literature that indicates declines
in attitudes toward science are most apparent from the age of 11 onwards
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(Breakwell & Beardsell, 1992; Brown, 1976, Doherty & Dawe, 1988; Hadden
& Johnstone, 1983; Harvey & Edwards, 1980; Johnson, 1987; Osborne,
Simon & Collins, 2003; Simpson & Oliver, 1985; Smail & Kelly, 1984;
Yager & Penick, 1986). Similar declines are evident in the science
achievement of primary school students. The evidence indicates that the
problems with primary science have the potential to impact learning at higher
levels and therefore need to be addressed.
There is a large body of research that highlights the positive impacts that
tertiary science programs can have on preservice primary teachers (Cooper,
Kenny & Fraser, 2012; Mullholland, Dorman & Odgers, 2004; RameyGassert, Shroyer & Staver, 1996; Wang, 2002). However, the current state of
the system has failed to improve the mean science achievement of students,
foster positive attitudes towards science or produce scientifically literate
citizens.
This PhD will fill a gap in the literature by exploring how tertiary science
programs influence the science teaching efficacy and science teaching
experiences of inservice primary teachers. Other variables are discussed in
appendix 11 (p.402). The following section presents the research questions
and aims that underpin the proposed research.

Research Questions and Aims
This section outlines the three research questions. Key aims are listed beneath
the research questions to create a direct link to the proposed papers. These
proposed research questions are:

21

1) How are the science-teaching efficacy beliefs of both preservice and
inservice primary teachers represented within research literature and
subsequently addressed through interventions?
The aims underpinning Question 1 are:


To compare the effects of different pedagogical approaches
undertaken in preservice teaching programs on science
teaching efficacy (Publication One).



To provide a clear perspective of how the STEBI-B is being
employed methodologically within the growing body of
literature (Publication One).



To assess the detail and accuracy of the intervention
descriptions for the purposes of future research replication
(Publication One).



To compare the effects of different pedagogical approaches
undertaken in professional development workshops as
outlined via the STEBI-A instrument (Publication One).



To explore the trends in the science teaching efficacy beliefs
of inservice primary teachers in a variety of contexts
(Publication One).



To provide a clear perspective of how the STEBI-A is being
employed methodologically within the growing body of
literature (Publication One).
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To assess the detail and accuracy of the intervention
descriptions for the purposes of future research replication
(Publication One).

2) Does preservice primary teacher participation in two complex,
innovative and complementary courses co-vary with improvement in
science teaching efficacy beliefs and positive science teaching
perceptions?
The aims underpinning Question 2 are:


To determine how two complex, innovative science subjects
can affect the science teaching efficacy beliefs of a cohort of
preservice primary teachers (Publications Two, Three, Four
and Six).



To explore how action research can be used to improve the
educational design of science courses (Publications Two and
Six).



To investigate longitudinally the science teaching efficacy
beliefs and science experiences of a cohort of preservice
teachers as they transition into early career graduate teachers
(Publication Three, Four and Five).



To assess the durability of science teaching efficacy belief
changes that occur within the two science subjects delivered
in a tertiary context (Publication Three).
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To explore a cohorts’ science experiences beyond the tertiary
context (i.e. practical experience placements and early career
teaching) and determine how these compare and relate to their
science program experiences (Publication Five).



To assess the impact of two science-education subjects on the
science teaching efficacy beliefs of multiple cohorts of
preservice primary teachers over an extended eight-year
period (2005-2013) (Publication Five).



To determine if one of the innovative science courses can be
transitioned successfully from a face-to-face mode of delivery
to an online mode of delivery (Publication Six)

3) How do the complex, innovative science courses appear to impact the
long-term science teaching efficacy beliefs and reported science
teaching practices of past preservice teachers who have transitioned
to inservice status?
The aims underpinning Question 3 are:


To compare the effects of different pedagogical approaches
undertaken in preservice teaching programs as outlined via the
STEBI-B instrument (Publication One).



To longitudinally investigate the science teaching efficacy
beliefs and science experiences of a cohort of preservice
teachers as they transition into early career graduate teachers
(Publication Three, Four and Five).
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To assess the impact of two science education subjects on the
science teaching efficacy beliefs of multiple cohorts of
preservice primary teachers over an extended 8 year period
(2005-2013) (Publication Four).



To determine if a covariant relationship exists between
preservice teachers’ participation in an integrated science
subject with multiple innovative practices and their increased
science teaching efficacy beliefs (as defined by STEBI-B
(Publications Three, Four and Six).



To assess the science teaching efficacy beliefs of primary
teaching graduates who experienced the innovative, student
centred science education program (Publication Five).



To assess the durability of the science teaching efficacy
changes experienced by teachers, during their preservice
science education (Publication Five).



To contribute to the existing STEBI-A research with a broad,
cross sectional administration of the STEBI-A instrument
graduate teachers (Publication Five).



To explore how CSU graduate primary teachers perceive their
science teaching efficacy beliefs and science teaching
practices in relation to their tertiary and professional
experiences (Publication Five).
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Connective Statement One
The first publication “The Science Teaching Efficacy Belief Instruments
(STEBI A and B): A comprehensive review of methods and findings from 25
years of science education research” served the key purpose of an extended
review of Science Teaching Efficacy literature for this thesis. Research
utilising the Science Teaching Efficacy Belief Instruments (A and B) has
increased rapidly, both in terms of national contexts and publication rate,
since the seminal publications in 1990. A review of the STEBI-A/B literature
was needed to ensure consistency and clarity for contemporary science
education researchers. A systematic review of literature yielded 107 STEBIA (see appendix 5, p.393) research items and 140 STEBI-B (see appendix 4,
p.387) research items. Varied research contexts and purposes are reflected in
the spectrum of research designs within which the STEBI instruments have
been used; qualitative, cross sectional, quasi-experimental, experimental and
longitudinal science education research projects have featured the STEBI in
the collection of data. Such expansive influence has consolidated the position
of the STEBI as key instrument within science education research over the
past quarter of a century. The STEBI instruments have afforded a unique
opportunity for the impact of science interventions, delivered to preservice
and inservice teachers, to be assessed in relation to participants’ science
teaching efficacy beliefs and subsequently compared across contexts.
Pedagogical approaches such as curriculum development, inquiry learning,
embedded practical experience and cooperative learning have all been linked
extensively to the improvement of the science teaching efficacy of pre-service
and inservice teachers. As a whole, the STEBI literature clearly suggests that
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science educators should forego traditional teacher-centred, transmissive
course designs in favour of more active, student-centred design choices.
The combined work of prior researchers in this field of science education has
provided a clear overview of the different innovative practices which have
been used to improve the science teaching efficacy beliefs of preservice and
inservice teachers. Such an overview will serve as a point of reference to
contextualise the research presented within this thesis.
Aside from providing global contextualisation for the research to be
presented, the analytic framework shown in the previous publication
highlighted the unknown relationship between innovative practices and
participants’ improved STEB scores. That is to say, the STEBI literature has
given a clear indication of what approaches to tertiary science education may
work but there remains a need for rich description of replicable science
education courses to show how such approaches can be consolidated into
effective science education experiences for preservice and inservice teachers.
The publications to follow within this doctoral dissertation will contribute to
the STEBI-A and STEBI-B bodies of literature that have been summarised
and critiqued in the first publication. The next publication entitled “The
design of preservice primary teacher education science subjects: The
emergence of an interactive educational design model” (McKinnon, Danaia
& Deehan, 2016) will lay the foundation for the rest of the evaluative research
by describing two complementary, innovative primary science education
courses which draw on many of the practices explored in the first publication.
To address the “question mark” cited within the analytic framework, the
following publication will present two extended vignettes articulating the
130

development and design of the aforementioned science education courses. An
emergent Interactive Education Design Model (IEDM) is presented to both
frame the reflective, research-based course design process and present a
model for course design for researchers and practitioners across varied
educational contexts. Qualitative (interview and subject evaluation
comments) and quantitative (Astronomy Diagnostic Tests and STEBI-B
surveys) data are presented for simultaneous description and evaluation of the
SC108 and SC308 courses. SC108 participants were initially shocked by their
alternative scientific conceptions revealed at the beginning of the semester.
As they engaged in a series of high stakes assessments and inquiry-based
microteaching experiences, preservice teachers addressed their alternative
conceptions and reported improving science teaching efficacy beliefs. The
preservice teachers continued to develop their pedagogical content
knowledge and STEBs through the professional project-based learning
scenario underpinning the SC308 course.
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Publication Two
The design of preservice primary teacher education science
subjects: The emergence of an interactive educational design
model
Publication two has been submitted to the Journal of Studies in Science
Education (see appendix 7, p.398). Language and formatting have been
altered to suit this platform.
The candidate has made partial or full contributions in the following areas:
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Manuscript Editing
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The design of preservice primary teacher education science
subjects: The emergence of an interactive educational design
model
Abstract
Over the past 20 years there have been numerous calls for extensive
educational reforms to preservice teacher education in the sciences.
Recommendations for science teacher education programs to integrate
curriculum, instruction and assessment are at the forefront of such reforms.
In this paper, we describe our scholarly action–research approach to the
teaching of science and science–method subjects to preservice primary
school teachers. We present an interactive educational design model that
incorporates Pedagogical Content Knowledge as an integrative mediating
framework and which drives students’ interactions with the elements of the
design model. We illustrate the approaches that we adopt through two
extended vignettes supplemented by qualitative data, and present, in brief,
10–years of quantitative data that show significant increases in preservice
teachers’ competence and confidence. Together, the qualitative and
quantitative data suggest a newly developed sense of enthusiasm for science
and an understanding of the role that it can play in the primary school
curriculum. The data provide strong evidence that the approaches being
called for in some of the reforms, such as Bybee (2014), actually work.
Keywords: primary preservice teacher science education; teacher education;
teacher learning; college science teaching; pedagogical content
knowledge; educational design model; science teaching efficacy
belief
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Introduction
Engaging primary school students in science requires competent and
confident teachers capable of implementing engaging pedagogies (Appleton,
2003; Bybee, 2014; Tytler, Osborne, Williams, Tytler & Cripps–Clark,
2008), but many perceive themselves to be neither (Appleton, 2003;
Bellocchi, Ritchie, Tobin, King, Sandhu & Henderson, 2014). Effective
preservice primary teacher education, therefore, is one important way to build
both of these attributes in our future primary teachers. Attempts to redress the
issue of competence in many preservice teacher education subjects in
Australia involve the science content being taught by Science Faculty in
isolation from the pedagogies or instructional methods that they will require
to teach it. That is to say, the science is taught by those who lack the
pedagogical insights of what to do in the primary school classroom. Education
Faculty, in the science methods subjects, typically focus on how to teach
specific and different science topics each week in an attempt to cover the
broad spectrum of the curriculum’s demands and to provide experiences for
the pre–service teacher to employ a range of pedagogical approaches that can
be used to teach the science content. Bybee (2014) criticizes this separated
approach not the least because the audience do not have any specialised
training in science nor indeed have they had much in their brief exposure to
the broad science content of the primary school curriculum. They thus lack
much of the science content knowledge that they will be expected to teach
(Appleton, 2007; Goodrum & Rennie, 2007; Tytler, 2007). The consequence
is that Australian primary-school teachers do not feel themselves to be
competent and thus they lack confidence when confronted by the demands of
the science curriculum that they have to teach. One result is that science
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education in the primary school is often avoided or ignored, even although it
is mandated (Angus, 2004). Indeed, the 2015 TIMMS data reports that the
average amount of time spent doing science in the primary school is 57
minutes (Thomson, Wernert, O’Grady & Rodrigues, 2016). Overall, the
performance of Australia’s Year 4 students is flat-lining while the
performance of students in other countries is improving (Thomson et al.,
2016). Teachers are key to improving this situation.
Bybee (2014) highlights the need for an integrated approach to
curriculum, instruction and assessment in preservice science education
subjects. He notes that such an approach would be “very different” to the
disjointed or fragmented approach of how science is currently and typically
covered by teacher education institutions. The more traditional approaches
employed by many teacher education institutions around the world tend to
employ a fragmented approach to the science content, one which is much
criticised by Bybee (2014). That is to say, a typical approach focuses on
pedagogical techniques on how to teach particular concepts with little
developmental continuity in the science content. For example, this week is
‘little beasties’, next week is ‘the weather’ followed by ‘push and pull’ and
perhaps the week after ‘the Earth and Moon’ (Bybee 2014) and so on.
In contrast, Bybee (2014) claims that the different and integrated
approach would involve deep, intense experiences that combine disciplinary
knowledge

with

scientific

practices

through

students

undertaking

investigations. In the Australian context, Lawrance and Palmer (2003) and
Palmer (2007) identified a number of innovations in primary-school teacher
education at both the program and the subject level in a sample of tertiary
institutions some of which foreshadowed Bybee’s (2014) call for the
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integrated approach. Innovations included: developing positive attitudes by
emphasizing the use of motivating “hands–on” activities and the use of real–
life examples; the integration of science with mathematics; the use of
interdisciplinary approaches that integrate science and mathematics with
other curriculum areas; the use of problem–based learning to give students
some control; the integration of content and pedagogy through the use of
themes; the use of constructivist approaches to investigate real–life problems
to build positive attitudes; and, linking theory with practice through
incorporating visits to schools to practise the science pedagogies about which
they have been learning. Lawrance and Palmer (2003) noted, however, that
the institutions included in their study typically displayed only one of these
innovations, which was often instigated and maintained by only one or two
motivated staff members. Consequently, educational–design development
and succession planning were problematic.
Many key researchers and writers in the field also highlight the
importance of Pedagogical Content Knowledge (PCK) in preservice teacher
education subjects (e.g., Appleton, 2003, 2007; Hofstein, Eilks & Bybee,
2010; Lawrance & Palmer, 2003; Tytler, 2007). This construct appears to be
missing from the innovations listed above. It could be argued that PCK is the
key construct that melds many of these innovations within a constructivist
approach to the learning and teaching of science for preservice primaryschool teachers. This melding may provide important synergies to render
science–methods subjects accessible, engaging and understandable to
produce primary-school teachers who are more motivated to teach science.
Research indicates that PCK can be developed through teacher education
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interventions (Franke, Carpenter & Levi, 2001; Saxe, Gearhardt & Nasir,
2001).
Moreover, we would argue that there is a pressing need for the
inclusion of detailed and replicable descriptions of science interventions in
the science education research literature to serve the dual purposes of
facilitating replication studies in alternate contexts and the goal of effecting
lasting, positive changes to tertiary science education practices globally.
Deehan (2016) articulated the need for more detailed descriptions of science
interventions when he highlighted the unknown relationship between the use
of innovative practices reported in the literature (Lawrance & Palmer, 2003)
and student outcomes in a review of the science teaching efficacy belief
literature. It appears that we know what works but not how successful,
innovative pedagogical approaches can be implemented in different
educational contexts. Indeed, concepts such as cooperative learning,
constructivism and inquiry learning are often presented in the theoretical
domain with limited discussion of practical pedagogies (e.g., Abrams,
Southerland & Evans, 2008; Settlage, 2007). It could be argued further that
results-driven-publication processes place unintentional limits on the
intervention descriptions offered by researchers (Cantrell, 2003; Utley,
Bryant & Moseley, 2005). However, in recent years researchers have
attempted to articulate replicable science interventions in academic
publications (Northcutt & Schwartz, 2013). If successful innovative
interventions are to become mainstream inclusions for the preparation of
preservice teachers in science education, deep descriptions of the
interventions and the accompanying educational design processes as well as
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their effects need to be encouraged and presented within the research
literature.
The purpose of this paper is thus fourfold. First, an interactive
educational design model (IEDM) is presented that emerged from our
scholarly interrogation of the message systems of education, curriculum,
pedagogy and evaluation (Bernstein, 1971). Second, the IEDM–in–action is
illustrated using two extended vignettes of the science subjects to illustrate
the interactions amongst the design elements and to demonstrate the
mediating role played by PCK. Qualitative data collected from students as
they undertook their journey in these science subjects is integrated within the
vignettes to illustrate the effect of the design. The model contains many of the
innovations outlined by Lawrance and Palmer (2003). Importantly, it
incorporates PCK as an integrative mediating framework that drives all
students’ interactions with the design elements. After 2008, the IEDM was
employed in two science subjects in a Bachelor of Education degree at an
Australian university for primary-school preservice teachers all of whom
were participants in the participatory action research conducted and for which
ethical clearance was granted (Protocol Number 2006/122).
Third, quantitative data collected over a ten–year period are presented
to illustrate the impact of the implementation of the IEDM in terms of the
Appleton (2003) criteria of competence and confidence. Two sources of
quantitative data are presented: a shorter version of the Astronomy Diagnostic
Test (CARE, 2002, 2004) comprising 15 items that are mapped to the content
requirements of one component of the primary-school Australian Science
Curriculum and which is administered on both pre– and post-subject
occasions separated by an interval of 14 weeks; and, a slightly modified form
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of the Science Teaching Efficacy Belief Instrument–B (Enoch & Riggs,
1990).
Fourth, the discussion examines the implications for the future design
of tertiary primary-school teacher education preparation programs in science
education in light of the changes called for by Bybee (2014) and Tytler (2007)
within the new Australian Science Curriculum. The presentation of an IEDM,
and two extended vignettes, will serve as a replicable model of studentcentered tertiary science education. It thus helps to bridge the divide between
preservice primary-school teacher education research and mainstream science
teaching practices in tertiary institutions.
Context
In 2004, we were charged with delivering two science subjects at very short
notice. With no time to make changes, we delivered what had been done over
a number of years. In this mode of delivery, it rapidly became clear to us that
our students were afraid of science, were not engaged by it, and chose to talk
about their social lives rather than engage with the science topics they
encountered in class. Moreover, less than 10% of them read the assigned
subject materials and their attempts at the assessment items left much to be
desired. A major evaluation at the end of the semester of what had been
achieved (i.e., little), led us to formulate a participatory action-research
project that we implemented in 2005. In moving from the old subject design
to the new one, we asked two key questions: “What characteristics should
our students possess on finishing each of these subjects?” and “How would
we know?” In defining these characteristics, we arrived at a new assessment
frame that we then backward mapped to define the learning experiences
students should encounter.
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We were also motivated to generate subjects that drew on a number
of approaches that research had demonstrated led to engagement and high
performance. These included cooperative learning (e.g., Johnson, 1994),
problem–based learning (e.g., Duch, Groh & Allen, 2001) and, mastery
learning (e.g., Bloom, 1971) all of which were designed to interact in ways
that developed in our students a sense of competence with science and who
were sufficiently confident to teach it. We also decided that “less was more”
in the sense that we restricted the science content to astronomy rather than
cover a new topic each week, which had been the previous modality. In the
second semester, 2005, we assumed control of the second science methods
subject that was designed to extend both students’ pedagogical repertoire and
their knowledge of scientific content.
Our university had adopted the Bologna Model for Higher Education
(Van Damme, 2001) to inform the workload that was required of students.
Delivery of our two subjects was face-to-face in a one hour mass–lecture
format followed by a two–hour practical class in a room that emulated what
a primary-school classroom is like. That is to say, it had moveable tables, a
wet area with three sinks and two small storage rooms. We refer to these two–
hour classes as a “practical class”, which had a maximum of 24 students
divided into six cooperative learning groups. We built a workload that would
take a successful student eight to nine hours each week to complete at home
or in the library. This requirement, in conjunction with the face-to-face
classes met the requirements of the Bologna Model of 144-166 hours of study
over the 14-week semester.
A small internal teaching grant provided six networked computers in
the practical classroom: one for each table group. Students were also
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encouraged to bring their laptop computers to the practical classes, which also
had access to the university network through a WiFi access station installed
in the room. Such infrastructure allowed students to access the Internet and
subject materials as required. All subject materials were supplied in a
hyperlinked digital format at the start of the semester through the Learning
Management System and through USB drives. Our intention was that the
computers would be used as “learning tools” by the students.
Interrogation of the impact of these two redesigned subjects with the
two different cohorts of students in 2005 led us to modify both for the 2006
offering. One major modification was to the mastery learning and assessment
frames. This modification involved students being awarded the mark that they
achieved on the first occasion of their submission of an assignment. If they
had not demonstrated mastery over all components, they could choose to resubmit, and could continue to do so, until mastery had been achieved in which
case they became eligible for a passing grade in the subject. This overcame
the tactic of some high achieving students continually re-submitting their
attempts to get higher and higher marks even although they had achieved
mastery.
In undertaking the learning experiences that had been mapped to the
assignments, it was clear that many experienced difficulty in understanding
the science concepts and of understanding why the subject format had been
changed so dramatically. Consequently, in 2006 we implemented an approach
that sought feedback after every class. This took the form of a one-minute
paper that asked five questions: What worked for you? What could be
improved? What did you learn? What do think you now need to learn? and,
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Can you give five words to describe your feelings about what happened this
week?
Initially, this formative feedback was collected on a hand-written
paper template. Analysis of these was tedious and so we progressed to using
an online survey form that enabled students to complete the questions before
leaving the practical class. This allowed us to analyse rapidly their formative
feedback and to discuss what some of it actually meant. At the start of the
lecture during the following week, we presented our analyses and conclusions
together with what we were going to do to address particular
problems/situations that week. In some cases, we set small cooperative
learning tasks to address issues that students could tease out amongst
themselves (e.g., why we were now doing science this way).
After the very powerful gains in students’ content knowledge
achieved in the first year of the project, we were somewhat surprised and
disappointed with the much lower gains in 2006. Consequently, in 2007 we
required that students directly deal with all of their alternative scientific
conceptions during their “micro–teaching” experiences planned for each
week throughout the first subject. These are more fully described in the first
vignette below. In addition, further interrogation of the 2006 outcomes led us
to introduce, in 2007, the Science Teaching Efficacy Belief Instrument–B and
to use the Personal Science Teaching Efficacy (PSTE) scale as a de facto
measure of students’ confidence to teach science. In a different sense, the
Science Teaching Outcome Efficacy (STOE) scale became a de facto measure
of how they perceived the subject design changes that we had introduced
impacted on themselves.
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In early 2008, we struggled to understand what seemed to be
motivating our students to become curious, to appreciate science, to see its
power as an integrative frame for other curriculum areas, and leaving them
wanting to design and implement engaging learning experiences for their own
students when they arrived in schools as teachers. In this scholarly approach,
described by Shavelson, Young, Ayala, Brandon, Furtak and Ruiz–Primo
(2008), we pursued an almost constant interrogation of our practice. As we
investigated the apparent interactions amongst the various components of the
designs of the two subjects, an explanatory model emerged.
The model that we describe below represents a clearly defined method
of developing preservice teachers’ science PCK in ways that are applicable to
science teaching practice in the primary school. Continued interrogation of
the model in subsequent years has revealed its stability and power. Our
analyses have allowed us to anticipate the conceptual difficulties that students
are likely to encounter as well as their evolving concerns as the semester
unfolds and to address these to help allay their fears.
The Interactive Educational Design Model
The Interactive Educational Design Model (IEDM) that emerged is presented
in Figure 1. It combines a number of well–researched educational-design
frameworks in pedagogy and assessment. Elucidation of the model below
illustrates the ways in which the authors now intentionally craft a profound
personal learning journey for the primary-school teacher education students
that requires them to extract, from their in-class educational experiences, the
knowledge and skills required to create inspiring science classrooms.
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Figure 1 The Interactive Educational Design Model (PCK= Pedagogical Content
Knowledge)

The model comprises three key design elements located at the vertices
of the model: Content; the Assessment/Evaluation/Feedback system; and,
Significant Others. These elements are described first before considering their
interactions. The IEDM embeds students within the construct of Pedagogical
Content Knowledge (PCK) and its development as the mediating domain that
deeply influences all interactions between students and the design elements.
The location of students at the centre of the IEDM signifies the student–
centered nature of the approach.
The Content
This design element of the IEDM facilitates students’ access to all of the
content and the resources developed for the subjects. The materials are
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provided at the commencement of the semester in a digital format both via
USB and through the Learning Management System used by our university.
The materials are organised into multiple folders with access facilitated by
extensive hyperlinking from within the collection of PowerPoint lectures and
Word based tutorial documents as well as to other applications such as
spreadsheets, movies and software.
Delivering the content in this way is designed to achieve two major
aims. First, students have access to all of the materials from the outset of the
semester of study. Second, it allows the teaching teams across multiple
campuses to achieve a high degree of implementation integrity. The latter
issue is of importance given that multiple instructors are employed across our
multi–campus university to deliver the subjects and to evaluate the
assignment products in a consistent way. Students’ reactions to this level of
organisation and distribution is extracted from data collected in the
Evaluation and Feedback System. Many examples are presented within the
two vignettes.
The Assessment/Evaluation/Feedback System
These three components constitute one design element in the model and are
presented separately in this section. Nonetheless, they are constructed to
interact in powerful and supportive ways. The vignettes that follow the
description of the IEDM illustrate the interactions amongst them.
Assessment
The assessment domain is constructed by asking ourselves the question
“What would be the characteristics of the student who has successfully
completed this subject?” This then begs a further question of “How would we
know that a student possesses these characteristics or has acquired them
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during the subject?” The assessment domain is thus defined by the process of
Backward Mapping (Shavelson et al., 2008) with the early assignments each
addressing a particular component of PCK. In defining these student
characteristics, the assignments are developed in ways that allow instructors
to be confident the students have acquired the knowledge, the skills and the
attitudes and values, which the instructors wish them to acquire.
To help the students achieve the outcomes, assessment rubrics contain
clearly defined performance criteria and are supplied to the students within
the digital materials. The standards within the rubrics are specified in such a
way that the student is in absolutely no doubt of why they were assessed at a
particular performance level. Words like Satisfactory, Good, Very Good and
Excellent in relation to any component of a report or essay are an anathema
to students who cannot decode these words in any meaningful way. Nor are
they useful to instructors who are left with only their own qualitative
experience and judgement for making any call on the differences between
Good and Very Good or Excellent.
Consequently, the authors employ a criterion–referenced assessment
framework with a set of clearly specified performance outcomes for each of
the components of each assignment. Specific criteria, or standards, for each
component also present clear structural guides for student performance from
Pass through High Distinction. These criteria have the added benefit of
increasing the reliability of assessment marking for the instructors. The joint
effect of these analytic rubrics is that students understand what is expected of
them and the standards at which they can choose to deliver their attempts at
the assignment in order to be deemed eligible to pass the subject. The
construct of PCK progressively and cumulatively mediates students’
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interactions with the sequence of assignment items, their engagement with
the curriculum content, focuses their attention on each of the sub–components
of PCK in a developmental way and, assists them to understand the role that
PCK will play in their design and delivery of science learning experiences for
their future students.
Feedback
Feedback occurs at a number of levels on multiple occasions during a
semester: from students to the instructors, from instructors to the student, and
from student to fellow student. Students provide formative feedback to the
instructors each week. They, in turn, provide both formative and summative
feedback to the students on a weekly basis and on the occasions when
assignments have been tendered for assessment. Students provide feedback
to each other as they develop their cooperative learning products and when
micro–teaching events happen (Cochran, King & DeRuiter, 1991; Niess,
2005). Summative feedback in relation to the delivery of the subject is
provided by the students to the instructors at the completion of the semester
of study both through the formal University online system and through an
extended paper–based questionnaire. At the completion of the semester, the
summative feedback provided by students coupled with the formative
feedback collected each week are interrogated by the instructors in a scholarly
way. Interventions can thus be implemented in at least two ways: “on-the-fly”
each week to deal with any barriers to the students’ learning, or in a structural
way to provide for more major changes to a subject during its next offering.
The use of “one–minute feedback papers” obtained at the end of each
class provides solid evidence of the way in which the instructors are
concerned that no student is left behind. This formative feedback mechanism
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was introduced to elicit information from students when it became clear that,
despite our early efforts, some students could not disentangle the “message”
from their “feelings” about what was happening. Consideration of this form
of feedback thus allows the instructors to undertake deeper reflections about
their teaching and to develop interventions that are implemented in the
following lecture where students are presented with an analysis of the
feedback received and the actions that will be undertaken that week. Analysis
also allows the instructors to identify learning barriers and conceptual
problems that can be dealt with expeditiously before they become a problem.
The support mechanisms for students’ development as cooperative
learners led to the creation and implementation of a Cooperative Learning
Evaluation Feedback instrument to identify emerging difficulties in any
interactions within their groups. Once problems are identified, the instructors
act as “counsellors” to address the issues within a group but take care not to
single out individuals. Members of a problematic group are directed to
relevant literature supplied to them in the digital materials on how to function
more effectively, for example, a short paper on Assertive Communication and
how to implement it (Hoffman, 1978). Discussion then follows that is led by
the instructor on how they might deal with their problem. The group’s
progress is monitored together with effective forms of communication being
modelled and positive feedback provided as skills are developed and
demonstrated. This support is important because, as teachers, they will be
required to collaborate with their peers as well as to provide assistance for
their future students to do the same. When our students come to conduct
experiments and teach the content to each other, a Structural Reflection and
Feedback instrument helps focus their attention on what worked and what did
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not. In addition, it provides a formal assessable mechanism for them to
provide feedback to the peer who had attempted to teach them.
Subject Evaluation
Instructors at our university are required to evaluate each subject at the end
of each teaching semester. This process is achieved through asking students
to respond to a number of core (11) and optional (29) items provided by a
central body within the university charged with evaluating the delivery of all
subjects. The core items are common across all subjects within the university.
Instructors can choose additional optional statements from an item bank
because of their relevance to aspects of a particular subject. All items require
a response on a seven–point Likert Scale from Very Strongly Disagree
through Very Strongly Agree. In addition, students may add written comments
if they feel so moved. The average response rate for these anonymous surveys
at our university is typically around 30%. However, in these two subjects it is
always greater than 90%. Typical extracts from some of these summative
subject evaluations are provided in the two extended vignettes below.
Significant Others
The students rapidly realise that their peers within their group, within their
practical class and, more broadly, across their cohort constitute one aspect of
the design element of Significant Others. The realisation is rapid: indeed it
happens within their first week of their first semester of study. They
understand that they are dependent on the cooperative learning products that
others within their group, their practical class and their cohort generate and
all of which contribute to the production of the assessment items in part, or as
a whole. For example, in writing an academic essay on alternative
conceptions, they understand that everyone in the year group contributes to
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the literature base to which they are exposed in a jigsaw fashion (Slavin,
1996) where the extensive reading list has been divided amongst the entire
cohort. Thus, they understand that they will cooperate with others to generate
their assignment responses for assessment.
The instructors also play a role as significant others. They model for
the students within their own particular practical class the behaviors that are
required of them when they become teachers. They model how to: interrogate
the scientific content; evaluate and comment on the appropriateness of
instructional strategies to teach particular content; assess the learning
outcomes to be achieved; mediate when difficulties arise in the social
dimension; and, set realistic goals.
Finally, Significant Others also include those whom the students will,
perhaps, never meet personally. These are the science education researchers
to whose work they have been exposed, and the scientists whose work they
will encounter and include in their classes when they become teachers.
The five key elements of cooperative learning drive students’
understanding of the extent to which they are dependent on the work of
significant others in their journeys to become teachers. The five elements are:
face–to–face promotive interaction (i.e., in-person interactions contributing
to a specific goal); positive interdependence (i.e., the knowledge that the
members need each other to achieve a specific goal); individual
accountability (i.e., each member is responsible for making a contribution to
a specific goal); interpersonal and collaborative skills (i.e., communication
skills such as conflict management, leadership and decision making); and,
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reflection/group processing of all interactions (i.e., reflecting on group actions
for the sake of improved performance) (Johnson, Johnson & Smith 1998).
The Interdependence amongst the Design Elements
The longer and lighter double–headed arrows in Figure 1 signify both the
interdependency amongst the design elements and the dynamic and mutually
supportive nature of their interaction. For example, when preparing an
assignment, students are required to assimilate certain Content delivered in
the digital materials and to interact with Significant Others in the form of their
peers and instructors. Interaction amongst the design elements thus creates
the environment for students to learn both the scientific and educational
content, to appropriate a variety of instructional strategies, and to produce
quality assessment responses throughout the subject.
The Mediating Role of PCK
We have operationalized the construct of PCK to comprise the layered and
embedded components of alternative conceptions, context and beliefs about
purpose, the Science and Technology Syllabus, cooperative learning and
instructional strategies, and the current body of scientific knowledge
(Cochran, DeRuiter & King 1991; Grossman 1990; Shulman 1986). These
mediate all interactions that the students are required to have with the design
elements. These components are instrumental in developing the more
complex construct of PCK as these preservice teachers begin to make
decisions within each of these components and to move amongst them in
response to the complex and unfolding learning context.
Each of these components of PCK is bounded by broken lines to
indicate that they are not fixed. That is to say, knowledge of these components
of PCK grows with time, with critical reflection, and with their expanding
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personal experiences in science education. They come to understand that they
do not stand in isolation from one another. These components of PCK provide
them not only with a framework within which to engage with the contents of
the two subjects but also with a context to access a wider range of ideas and
the significant others with whom to explore and discuss effective science
learning and teaching.
Thus, these components of PCK mediate all students’ interactions in
varying ways with each of the three design elements. The short black double–
headed arrows thus serve to indicate that the students interact with each of the
three design elements in ways that are mediated by their interactions with the
components of PCK. Most importantly, locating the students at the centre of
the IEDM serves to indicate that the locus of control rests with them, that is,
when they are studying the subject materials, communicating with their peers,
instructors or others, or preparing assignment responses.
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The Two Extended Vignettes
The vignettes presented here illustrate how the design elements of the model
come together to form an integrated approach to the education of preservice
primary-school teachers whose role will include the teaching of science. They
further illustrate how cooperative learning and backward mapping of the
assessment tasks are instantiated within the learning experiences. The context
for their journey in Subject 1 is a problem–based learning environment that
is constructed to address their limited scientific knowledge, and the many
alternative conceptions they hold. Subject 2 progresses the educational
outcomes developed in the first subject. These are enacted within an authentic
project–based learning environment to extend students’ mastery and
professional orientation in readiness for their transition to becoming reflective
practitioners and effective teachers of science in primary schools.
The First Subject (SC108)
Subject 1 is one of four that students experience in their first semester of a
four–year Bachelor of Education (Primary) degree leading to employment as
a primary-school teacher. This subject is largely a science content one but
taught in a markedly different way to those criticized by Bybee (2014). We
integrate the learning of the content with the pedagogies students will employ
as teachers of science using elements of Pedagogical Content Knowledge as
a developmental frame within a problem-based learning (PBL) environment.
The authors create the PBL environment at the outset of Subject 1 by
administering a modified version of the Astronomy Diagnostic Test (ADT)
(CAER 1999) to students at the first whole–group lecture of the subject. The
15 items are mapped to the outcomes of the primary-school science
curriculum and have been modified by the authors for use in the southern
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hemisphere. That is to say, students in years 3–6 are expected to know the
material contained within this version of the ADT. In addition, our students
are invited to present the reasoning for their answers. This allows us to
analyse the structure of their alternative conceptions. The ADT thus serves
several purposes. It creates the preconditions for the PBL environment where
their learning is the issue to be addressed. Their results shift their perception
that it “… is only primary science. I have been to high school and so I will
know more than them” (GN). More importantly, in illustrating what they do
not know, it defines what they will need to learn in the classes that follow
(Hickey, Taasoobshirazi & Cross 2012).
In considering the issue of confidence to teach science, the work of
Bandura (1977) has much to offer where the construct of “self–efficacy” is
defined as a general anticipation about future events (the outcome domain)
based on previous personal life experiences (the personal domain). Enochs
and Riggs (1990) developed an instrument that attempts to measure science
teaching efficacy in these two domains. One, Personal Science Teaching
Efficacy (PSTE) is “a teacher’s confidence in his or her own teaching
abilities” and the second is the Science Teaching Outcome Expectancy
(STOE) as “a teacher’s belief that student learning can be influenced by
effective teaching” (Ramey-Gassert & Enochs 1990). The instrument was
later modified slightly for pre–service teachers called the Science Teaching
Efficacy Belief Instrument–B (Riggs & Enochs, 1990). The students are
asked to complete the Science Teaching Efficacy Belief Instrument–B
(STEBI–B).
In self–marking their attempt at the ADT in the following practical
class, our students are able to identify their knowledge gaps in the astronomy
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component of the syllabus and gives them almost immediate feedback
concerning the many alternative conceptions they hold (Hickey,
Taasoobshirazi & Cross, 2012), for example, that it is the Earth’s shadow that
causes the phases of the Moon, or the Earth’s distance from the Sun that
causes the seasons. Their marks typically range from zero to a maximum of
five out of 15 possible marks with a mean of around 1.5 each year.
We then confront them with the Science Syllabus outcomes for years 3–6
against which the 15 items are mapped. The impact on the emotional climate
of the class is both immediate and profoundly negative (Bellocchi et al.,
2014). They are asked to record their personal reactions in a Word document
on their personal, or tablet, computers. They use words such as “horrified,
shocked and stupid” in reporting their feelings. We then ask them to form
groups of four and to share both these reactions and their score with their new
table–group peers. We also ask them to record the varying reactions expressed
by their peers. By this stage they have almost completed the homework for
the first low–stakes assignment that requires them to write a short reflective
essay about what they know, what they will need to know if they are to
become primary-school teachers, and to map their lack of knowledge against
the Science Syllabus requirements in this content area. In this process, they
begin to navigate the Science Syllabus document. They also discuss their
feelings about both their own result and those of their group before presenting
a “conclusion”.
In considering these results, they clearly understand that there is a
problem. They articulate it on both the first formative feedback occasion
using the one–minute–feedback instrument and in their first assignment
responses: “[T]o teach science, knowledge is needed… more knowledge than
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what I have” (Anon); “If I don’t know the content then how will I know how
to teach it?”(LD); and, “[T]he test helped me to understand just how much I
need to learn” (Anon).
We also analyse how they feel from the five stream–of–consciousness
words used by them in the one–minute–feedback papers. Words such as
“angry, anxious, confronting, daunting, embarrassed, shocking, and stupid”
are used with high frequency. The anger that they express relates to the fact
that they “don’t remember being taught this stuff at school” (many). Over
80% of these words can be classified as negative and reveal the extent to
which they are shocked and stressed yet, at the same time, also influenced and
motivated by the revelation that they know little. This is illustrated by further
words interspersing the negative ones above that constitute around 10% to
15% of the total and which may be classified as positive: “eager to learn more,
enjoyable, exciting, learning opportunity and motivating”. In a relatively brief
period of time, the climate changes from a sense of personal failure, to an
intermediate one of relief that each individual is not alone, to one involving
anger yet balanced by a sense of personal motivation especially when the
instructor emphasises that the problem is even more general than what they
have just experienced (Bellocchi et al. 2014). The endemic nature of these
alternative conceptions becomes apparent in their preparation for second
assignment that begins immediately afterwards.
In this first class, we further develop the potential for increasing their
motivation through exposing them to the extensive research literature on
alternative conceptions possessed by students, teachers and preservice
teachers. In this exercise, and consistent with collaborative learning
principles, the task of reading and analysing the body of literature is too great
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for any one individual to execute in the time available (18 days) to produce
the second assignment. Thus, we employ a variety of cooperative learning
strategies including jigsaw, roundtable, think–pair–share, and numbered–
heads–together (Slavin, 1996), to demonstrate that alternative conceptions are
widespread. In the process, they come to understand that their lack of
knowledge is not unusual.
For homework, each student is required to read one supplied journal
article dealing with the alternative conceptions of a particular population
(teachers, preservice teachers, primary-school students) and to locate and read
a second one on an associated topic. In order to scaffold their reading of the
research papers, they respond to a set of six questions that focuses their
attention to elicit relevant information pertinent to their second assignment.
For homework, they summarise these responses to the two papers before
meeting with a partner who has read and answered the same questions on two
different papers covering the same population. This think–pair–share exercise
requires the pair to come to the second class with a digital summary of their
findings covering the four papers. Each group then employs a roundtable
approach to understand each pair’s findings for each of the two populations
covered within their group. A numbered–heads–together strategy follows
allowing the members from the various groups to share their findings on the
alternative conceptions possessed by the three populations: school students,
preservice teachers and in–service teachers. On return to their own group, a
form of roundtable that we have called “cascading roundtable” is employed
to share what each individual has learned from the other groups. This form of
roundtable is designed to elicit for discussion, without repetition, all of the
information supplied by the various groups. In this process, we demonstrate
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the value of the cooperative learning strategies being employed, their
pedagogical value, and make this explicit for the students.
These processes provide the scaffolding necessary for them to
understand a large body of literature that deals with the background reading
necessary for the production of their second assignment: an academic essay
on the non–scientific conceptions held by the three populations. Extracts from
this second assignment demonstrate that this literature has a deep impact on
their motivation. Many state that they will have to identify and address their
own alternative conceptions first so that they will not teach these to their
students, for example, “I am shocked by the information that teachers teach
alternative conceptions” (LD). Moreover, they are highly motivated to do
something about “their problem” as exemplified by the following extract from
one essay.
I feel that this diagnostic test was both revealing and
confronting. It is scary to think that after 13 years of
schooling I still have no idea about something as simple
as the relationship between the Earth, Sun and Moon. It
is from this realisation that the motivation comes to
create an exciting and memorable science experience for
students in schools (EC).
These highly personal experiences provide a framework for the
groups to construct a learning program that is submitted as a cooperative
group assignment. The third assignment requires them to sequence the
investigations that will address their alternative conceptions, map each of
these against the syllabus outcomes, and identify who will be responsible for
teaching each one to their small group. The activities they have to choose are
to meet their collective content–knowledge deficits. The assignment gives
them a real purpose for the learning of the astronomy content that is to follow
where they will experiment with instructional strategies to teach each other.
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This assignment drives their interactions with the mandatory science
curriculum documents, and with the terminology therein, as they begin to
grapple with sequencing their investigations in some sort of logical way with
help from their instructors. The groups incorporate relevant projects into their
learning program from the digital compendium of projects provided by the
authors. From these projects, we have deliberately removed any hints on how
to teach them so that they can experiment with various instructional strategies
that engage both them and their peers and later, perhaps, after reflection, the
students in their classes (e.g., explicit teaching, conceptual change,
cooperative learning strategies, guided and open discovery, modelling, and
interactive teaching).
In engaging with these investigations led by a peer, a beginning
understanding emerges of the importance of this battery of instructional
approaches to the effective teaching of science. This emerging grasp of the
importance of the strategy was illustrated when one student said after
experiencing the project on the cause of the seasons taught by one of his peers
using explicit instruction “[B]ut I wouldn’t teach it this way” (MR). When
asked why, he responded in ways that indicated his developing understanding
of the issues by pointing out the need to break the task into “manageable
chunks” over a series of lessons in order to “scaffold the learning of his future
students” (MR).
In the six weeks during which the group members attempt to teach the
projects to their peers, they employ a Jigsaw II strategy (Slavin 1996) and role
cards. Each group member is required to lead the teaching of two of the
projects. For any single investigation, one student assumes the role of teacher
and thus has to become more expert on the topic in order to teach it to his/her
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peers in the small group, while the others act as learners. These roles are
swapped for other investigations. This entire process requires everyone to be
involved working in their different roles during the class with students as
teachers, students as learners, and the instructors as facilitators and mentors.
These sessions are almost chaotic as each group undertakes different
investigations according to their group’s needs and for the sequence they have
adopted. Nonetheless, the classes are characterised by continuously high
levels of task engagement.
Formative feedback illustrates the extent to which they are engaged:
“I loved the Jigsaw activities – everyone brought something different” (NG);
and, “We had a cooperative day where we got together and did it” (RO). As
they engage with the content, there are many, many “Ah Ha” occasions when
students come to understand such phenomena as the phases of the Moon or
the seasons using conceptual change, modelling and guided discovery
approaches. In the process, they construct highly personal mental models to
explain various phenomena. For example, one student explained the apparent
movement of the Sun in the sky during the course of the year based on the
peeling of an orange. The sharing and explanation of this idiosyncratic mental
model excited both the originator and her group as the abstract idea for the
cause of the seasons was made concrete, viz., varying day length and varying
angle of incidence of insolation due to the varying altitude of the Sun over the
course of a year all caused by the axial tilt of the Earth and its orbit around
our Sun.
Students’ reactions to the learning and teaching experiences that are
occurring are formalised in the Structural Reflection and Feedback instrument
we developed to focus their attention on the interactions of the components
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of PCK (knowledge of: content; students’ prior conceptions; the syllabus;
and, appropriate instructional strategies) they have been encountering so far
within the subject. Feedback obtained during these sessions reveals students’
changed feelings (e.g., “active, beneficial, inspired, collaborative, engaging,
enjoyable, informative, intense, interactive, interesting, powerful, productive,
supportive, thought–provoking”). The balance of negative and positive words
elicited in the one-minute feedback dramatically shifts to more than 90%
positive and less than 10% negative by the end of Week 5, which is the second
week of these teaching explorations. They now come to class with smiles on
their faces rather than frowns. Our conversations with them reveal that they
seem to “get it”.
Other, more informal, evidence bears this out. In the fourth year of the
project, one student who had successfully completed both subjects wandered
up to us in Week 4 and asked “How is this year’s mob progressing?” In
response to a non–committal answer, the student offered “They seem to be
getting it. I overheard some of them having coffee this morning talking about
what you are doing with them” (RK). Of interest was the use of the
preposition “with” and not “to” in this comment. Its use indicated to us the
students thought of themselves as participants on a journey that was under
their control and that the instructors were also participants in the learning and
teaching that was occurring. This exemplified, for us, the desired outcomes
of the participatory nature of the action research.
In short, although we had expected changes in students’ engagement,
we were continually and pleasantly surprised by the extent to which task–
orientated discussion happened within groups to the exclusion of other
conversations, for example, their social lives. On one occasion, an important
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University official visited one practical class and talked with the students as
they undertook their investigations. He was intrigued by the extremely high
level of engagement, the buzz of interaction and the disparate nature of
activity at each group’s table. Impressed by the professional manner in which
the investigations were being conducted, he asked us “Is it always like this?”
an answer to which was given by one nearby student who interrupted with
“Yes! Isn’t it exciting?” (NM).
A high–stakes written assignment tendered for assessment in the final
week of the semester draws upon both their early work in the subject and on
their teaching and learning experiences that involved their explorations of
various instructional strategies, which scaffolded their development of PCK.
A final high–stakes criterion–referenced test is based on the same set of the
ADT questions and the answers to which have to be supported by scientific
explanations represents the final assessment and demonstration of their
understanding of the content. The performance criterion in the test is set at
70% with scientific explanations having to be proffered to support their
answer.
Within the assessment domain, both formative and summative
feedback are provided by the instructors. In one major sense, the formal
assignment responses elicited, and the feedback provided, by the instructors
serve both a formative and summative role (Buck, Trauth–Nare & Kaftan
2010). Instructors provide feedback to the students on their performance in
assignments through the criterion–referenced rubrics within four days of the
attempt being submitted. The feedback is formative in the sense that if the
standards have not been reached, students are allowed one resubmission in
order to “make the grade” and summative in the sense that their first attempt
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is the mark that they “have to wear”. If a student who has not made the grade
chooses to resubmit an acceptable attempt then they become eligible for a
Passing Grade in the subject and marks are scaled in ways to reflect this
achievement. This system means they try their best on their first submission
but they know that if it is not good enough, they will have an opportunity to
address the feedback provided and re-submit.
The students also provide the authors with both forms of feedback
through their responses to the one–minute feedback papers and though the
formal summative subject evaluation process mandated by the university. All
forms of feedback are considered and used to modify the subject offering in
the following year. Evolutionary changes are explained to each new cohort of
students together with the reasons for these modifications so that they
understand the dynamic, interactive and evolving nature of learning and
teaching within the subject design.
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The Second Subject (SC308)
The first subject serves as the platform upon which Subject 2 is built and
which is undertaken in their fourth semester of study. Students have acquired
significant skills in problem–based learning and cooperative learning
strategies, and can apply these to address their lack of scientific content
knowledge. Moreover, they understand the construct of PCK against which
they can measure their development in terms of knowledge gains, facility with
instructional strategies, knowledge of the curriculum, and of how students
possess many explanations for their natural world, albeit not necessarily
aligned with the scientific ones. These skills are developed further as they
organise and jigsaw the many tasks described below, define the scope and
sequence of content, identify appropriate activities, conduct various
investigations to make sure that they work and, if not, to make adjustments,
provide background knowledge/resources for any teacher who might use their
unit, research the alternative conceptions that students might possess, define
assessment procedures and feedback instruments and, communicate with
each other effectively.
In Subject 2, we create a project–based learning context at the first
meeting of a class where students assume the role of being “teachers” in a
primary school and the instructors their newly appointed Executive. The
“Principal” invites the “Staff” to get into their “teaching teams or Stage
Levels” (Kindergarten, years 1 & 2, 3 & 4, 5 & 6) in the same way as the
mandated curriculum is organised. The instructors present a scenario
constructed from the national and international research literature together
with reports on the state of science education in Australia and internationally.
The new executive “have examined your previous science programs and
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found them wanting” in terms of the curriculum requirements of the Science
Syllabus and of the amount of time devoted to the subject. The scenario is
presented in such a way that they understand that the other science classes
also represent “schools” in the same district each of whom will develop Units
of Work for the other content strands of the primary–school Science Syllabus
and which gets drawn, at random, from a hat. Thus, collaboratively, the cohort
will develop materials to cover all content areas.
In this context, the teaching teams brainstorm ideas and then apply a
SWOT analysis (Strengths, Weaknesses, Opportunities, and Threats) before
reporting the outcomes to the other teams within their class. Each group
apportions tasks to its members for completion within a set time–frame as
they begin to develop their Units of Work on their particular content area
drawn from the Science Syllabus that articulates from Kindergarten through
Grade 6. That is to say, the four units of work developed within a particular
practical class maintain a “continuum of learning” from Kindergarten to
Grade 6 in a particular content strand: Life Sciences; Physical Sciences; Earth
and Space Sciences; and, Built Environments (the science content of the
Australian Science Curriculum). These Units of Work have to involve school
students in “Working Scientifically” and “Working Technologically” (the
skills) as they undertake their investigations and which will also be designed
to influence positively their attitudes and values. More importantly, for any
investigation that is to be included, the group has to conduct it and provide
feedback for the writer. In this way, they develop further their knowledge of
content, instructional strategies, alternative conceptions and the curriculum
documents. All investigations are built around Bybee’s (1997) 5Es
instructional model. Influenced and motivated by the process, many students
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bring their laptops and tablets to supplement the six internet–connected
computers in the classroom. Doing this also generates additional necessary
information that is provided within their unit of work for those other teachers
who may use it and who may not know it. They share their products using
USB drives, email, Dropbox (or similar), closed Facebook groups that they
set up and more informally through their many conversations and discussions
within their own group, with their peers within their class, and also across the
cohort.
At the staff meetings held at the start of a practical class each week,
the instructors, acting as the Principal or Deputy, facilitate discussion as each
group presents their latest outputs (the collaborative–learning products). At
the end of the practical class each week, each group completes a meeting
template, constructs an action plan and delegates tasks to be completed,
individually or collectively, by the following week. These meeting minutes
thus comprise a contract of work for the individuals within a group. The
numerous roles are interchanged on a regular basis to ensure that all members
acquire the skills of effective team management.
Halfway through the semester, their draft Units of Work are submitted for
formative assessment with feedback provided within four days of submission.
While acting on feedback, they also begin to make decisions about the
activities that they will implement in local primary schools, which we visit in
the second half of the semester to conduct a science day. The purpose of this
in-school experience is to develop further their existing PCK together with its
additional two components of knowledge and beliefs about purpose, and
knowledge of context.
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In testing parts of their unit with real students, they observe the impact
that it has both on the students and on the teachers who are required to be
present and from whom feedback is elicited. Groups employ various
mechanisms to obtain this feedback that is then used to fine tune the electronic
hyperlinked version of their unit of work presented as a set of digital
hyperlinked and interconnected documents, which is submitted for
summative assessment at the conclusion of the semester. The in–school
experience visit has a major impact on them as illustrated by a common
comment such as this one “I enjoyed the school visit as it added meaning to
the learning which allowed me to engage in the subject” (SP). Indeed, when
we investigated students’ written comments in 2011 with more frequent
administration of the STEBI–B (eight occasions in 14 weeks), the impact of
the in-school experience was reflected in a major increase in the PSTE score
and which appears to be the largest increase in any one–week interval over
the two subjects. In all other data sets that we collected from the Subject 2
cohorts, the STEBI–B was used only as a pre– and post-occasion instrument.
Treating our students as professionals in their field appears to be a
major motivational factor that inspires them to act as teachers. Discussions
center both on the impacts that their unit of work will have on students and
on the coordination of various approaches, including curriculum integration,
to improve the learning outcomes for school students. These high–level
impact interactions are evidence of the professional way that they are being
treated, their increasing confidence as teachers, and their developing expertise
in programming and evaluation as illustrated by the following two pieces of
feedback provided in the one–minute papers: “I feel the development of the
unit was a rewarding and worthwhile exercise that allowed me to develop my
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skills as a unit developer and teacher” (KD); “Overall, the subject layout was
great – [It was] focussed on our development as science teachers” (KW).
Summatively, many students comment positively on the scenario: “I liked the
school/staff set up for classes. Thank you!!” (SN); “Make sure you keep the
“school” format etc. – It worked very well” (ES). Moreover, they seem to
understand the complementary nature of the two subjects as the following
comment by a graduate illustrates:
In SC1 [the first subject] our lecturers [instructors] were
teaching us the teaching styles required to teach science.
… In SC2 [the second subject] we were given the
content and had to organise it into teaching experiences
(GC).
An important additional motivational device introduced by us in the third year
of the Project, 2008, involved us collating the many units of work and
supplying them both to our students and to local schools on a CD–ROM. As
the repository grew, the units of work were supplied on DVDs and more
recently on 32 Gigabyte USB drives. Many students comment on the value of
the collection:
The unit development assignment was fantastic and was
a very worthwhile exercise. Very valuable resource
provided on CD–ROM” (CF).
Thus, our students exit this second subject with a full–school science
teaching program covering all of the science content and skill components of
the Primary School Science Syllabus with parts that have been trialled and
evaluated. It also contributes to the professional learning of teachers in local
schools, feedback from whom is extremely positive with many of them using
the units of work with their classes.
It is also worth noting that there has been no duplication of the
contents of any Unit of Work over a 10–year period. Interpretations of what
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can be done given the mandated outcomes are highly diverse. Thus, as the
library of Units of Work grows, teachers can choose what is most appropriate
for their class and make suitable adjustments to the digital materials to fit with
their context. Evidence shows that the students are highly motivated, engaged
and reflectively critical about their future roles with one student claiming:
This subject has been the most valuable core subject I
have had so far – as we get useable units of work! There
is something beneficial for us at the end of the subject
and it makes the work worthwhile – not just to get a mark
(MB).
We attribute these outcomes to the authentic project–based learning
context into which they have been placed and the experiential learning in
schools that has demonstrated to them that they can make a difference to the
engagement and learning of students. Comments like the one above are not
uncommon in the summative evaluations of the second subject provided by
our students.
Instruments and Interactions
Of particular interest to us are the two constructs of competence and
confidence (Appleton, 2003, 2007). We operationally define the construct of
competence to teach science as the students’ performance on the postoccasion
Astronomy Diagnostic Test in the first subject. The Personal Science
Teaching Efficacy belief scale of the Science Teaching Efficacy Belief
Instrument B (STEBI–B) is used to define the construct of confidence to teach
science (Enochs & Riggs 1990). The other scale in the STEBI-B is the
Science Teaching Outcome Efficacy (STOE) belief. This is perhaps an
unknowable construct to the preservice teachers given that they have no
context on which to base the results of teachers’ efforts other than their
experience during their own schooling. Nonetheless, we were interested to
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track changes in their STOE scale scores to investigate if our students were
potentially generalising their instructors’ efforts within the educational design
to the work of other teachers.
The Science Teaching Outcome Expectancy (STOE) belief scale has
been reported in the literature to be somewhat problematic (Avery & Meyer
2012). Consequently, we modified the STEBI-B instrument in two ways. We
employed an additional seven items from the Self-Efficacy Teaching and
Knowledge Instrument for Science Teachers (SETAKIST) developed by
Roberts and Henson (2000). Specifically, items 2, 7, 8, 13, 14, 15 and 16 were
included in an attempt to bolster the construct of confidence to teach science.
We subsequently computed a Confirmatory Factor Analysis on the resulting
30-items and employed a parsimonious approach through reliability analyses
to reduce the number of items in both scales to eight. Reliability Analysis
reveals that both scales possess high levels of internal consistency (0.91 and
0.79, respectively) on the post-occasion of testing while on the pre-occasion
of testing, the STOE belief produced a much lower Cronbach’s alpha of 0.59.
This latter finding is not entirely surprising given that our students had not
experienced what efforts are required to generate the learning outcomes.
A Confirmatory Factor Analysis followed by Reliability Analyses
were computed and, following the principle of parsimony, we chose to
employ eight items in each of the two scales from the original 13 and 10
contained in the PSTE and STOE respectively reported by Enochs and Riggs
(1990). We did this by simultaneously maximising the Cronbach’s alpha
while retaining the power in Tukey’s Test of additivity as close as possible to
1.000 thus rendering the resulting scales additive. Each year, the items in the
STOE scale yield a Cronbach’s alpha of between 0.65 and 0.70 on the
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preoccasion, and between 0.79 and 0.82 on the postoccasion. The lower value
of the STOE scale on the preoccasion is understandable given that our
beginning students cannot truly know what a teacher has to do to improve
students’ performance. The Personal Science Teaching Efficacy (PSTE)
belief scale yields a consistently higher Cronbach’s alpha of 0.84 to 0.86 on
the preoccasion and 0.89 to 0.91 on the postoccasion. That is to say, students
respond in consistent ways about their “confidence” to teach science. In
addition, as students interact with the subjects, the internal consistency of the
STOE scale rises indicating that their responses become more consistent as
time passes. The STEBI-B data were collected over an eight–year period as
an illustration of students’ growth in “confidence” (Personal Science
Teaching Efficacy (PSTE) belief) as well as tracking their belief that
particular teacher behaviours can lead to better outcomes for students: the
Science Teaching Outcome Efficacy (STOE) belief.
When we first introduced this instrument, we hypothesised that
Subject 1 was likely to lead to a major reduction in the PSTE–belief scale
score especially since what students thought they knew had been challenged
and that their reasoning had been shown to be based on alternative scientific
conceptions. We had further hypothesised that the STOE–belief scale score
would show greater and positive changes because of the educational design
where they began to experience personal success in learning science through
our efforts and the design of Subject 1. That is to say, they were in a class
where their instructors were modelling for them many approaches that
appeared to covary with their perceived increases in competence.
They might have also come to perceive that good educational design
and deep approaches to learning could generate the outcomes for their future
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students. This may have given them a level of assurance to invest in their own
efforts to learn the science and how to teach it. We were surprised to find that
the first hypothesis was wrong. In fact, there were positive, albeit small,
changes in the PSTE scores during Subject 1. These changes became large in
Subject 2 and especially after their in-school experience. The STOE belief
showed consistent and significant growth when they were involved in both
subjects.
The interaction between these two constructs was inferred from our
observations that once the students understood that they could actually learn
the difficult area of science covered in depth in Subject 1 (viz., the astronomy
content), albeit at an primary-school level, it seemed to engender a sense of
confidence that they could learn other primary-school science content and that
they might thus become competent in learning and teaching the science
contained in any of the content areas of the Science Syllabus. These
inferences were confirmed in a deep investigation conducted within Subject
1 in 2010 where students completed the STEBI–B almost on a weekly basis
(10 times in 14 weeks) and through interviews conducted on a biweekly basis
with a sample (6) drawn from across the different classes (Cross 2011). In
2011, the same cohort completed the STEBI-B a further eight times. This was
the only cohort of students to complete the instrument multiple times. To
reiterate, all other cohorts since 2007 completed the STEBI-B only at the
commencement and end of each semester of their studies in science and
science methods (four times over two years).
Their emerging confidence is strengthened within Subject 2 where the
content areas are deliberately chosen so that they do not include any aspects
of the Space Science (astronomy) covered in Subject 1. Evidence for this
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interaction between the STOE and the PSTE beliefs is perhaps present in the
PSTE scores in Subject 2 when they are required to go into schools to teach
aspects of their Unit of Work. Indeed, in the second deep investigation
conducted during 2011 with the same 2010 cohort of students, a highly
significant increase in the PSTE–belief score happened in a very brief period
of time (one week) and which covaried with their in–school experience when
they realised the impact that the teaching of their materials had had on the
school students.
Results in Brief
The results presented here have been collected over the 10 years that this
Action Research project has been in operation. Table 1 presents the effect
sizes (Cohen’s d) of three scales constructed from the ADT administered at
the start of Subject 1 and again at its conclusion. It should be noted, however,
that the second administration of the ADT is slightly different to the first
insofar as the concepts tested are exactly the same but the questions explore
different aspects of the same phenomenon. The responses made by students
requires them to engage with the Elaboration phase of the scientific concept
in the 5Es instructional model (Bybee 1997). The 5Es model is the
constructivist model, imbedded within the PrimaryConnections, for planning
and implementing science perspectives and content into the primary science
curriculum (Bybee, 1997). The model is divided into 5 phases: Engage,
Explore, Explain, Elaborate and Evaluate. Central to this model is the
teacher’s role as learning facilitator. For example, in the first administration
of the ADT, a question might ask “If the Earth’s orbit were changed to be
exactly circular, what effect would this change have on the seasons?” while
in the second administration that question would be “If the Earth’s axis of
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rotation was changed to be at right angles to its orbit around the Sun, what
effect would this change have on the seasons?” Marks are awarded for the
answer plus a valid scientific reason for that answer. Other questions contain
overlays that require “visualisation”, for example, in the pretest one question
asks “Draw a picture to show how the Moon, Earth and Sun move” while in
the posttest the question is reframed as “Draw a picture to show how the
Moon, Earth and Sun move from the perspective that you are in a spaceship
high above the Earth’s south pole.”
Thus, the pre– and post–ADTs are not strictly parallel. In essence, the
post–version can be described as more difficult. Thus, the effect sizes
reported in Table 1 are likely to be underestimates of the “true effect” if
exactly the same content test had been used on both the pre- and postoccasions. We make no apology for this since the assessment frame demands
that the students demonstrate their competence within this subject and which
adheres to the Bologna Model for Higher Education. The large effect sizes
illustrate the extent to which changes covaried with the students’ presence in
the class. The negative effective sizes for Alternative Conceptions indicates
that the number of these reduced significantly from the pre- to the postoccasion of testing.
Table 1 Effect Sizes of the Content Knowledge, Alternative Conceptions, Complexity of
Scientific Explanation in the Astronomy Diagnostic Test –Indicators of Competence
Effect sizes
in:

2005

2006

2007

2008

2009

2010

2011

2012

2013

Content
Knowledge

2.13

1.08

5.95

5.75

2.69

2.41

4.50

4.24

4.12

Alternative
conceptions

−0.7
3

−0.9
6

−1.9
6

−2.5
0

−1.8
7

−2.3
8

−2.4
8

−1.9
4

−1.5
8

Complexity
of

1.29

0.78

5.08

5.15

3.53

1.97

2.17

2.43

2.37
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Explanation
s
N for paired
data

81

89

99

95

72

108

40

73

47

In educational research, to achieve a change of 0.7 sigma is notable
where an effect size of 0.7 – 0.8 in is normally described as “strong” (Burns,
2000). To achieve changes of 1, 2, 5 and 6 sigma, as evident in Table 1, is
testimony to the robustness of the educational design of the subject. It must
also be said, however, that when one starts from a lowly mean of
approximately 1.5 on the preoccasion of testing, the large to very large effect
sizes in content knowledge are not unexpected.
Encouraged by the 2–sigma effect in the first year of the Action
Research project, we were somewhat disappointed by the 1–sigma effect
obtained in the second year as far as Content Knowledge was concerned. In
analysing the projects that the groups had undertaken, we noted that they had
chosen to avoid those that contained difficult science concepts (e.g., phases
of the Moon and the seasons) and had instead chosen those that they perceived
to be easy or those with which they felt comfortable (e.g., writing a myth
about a constellation or a poem about some astronomical phenomenon). That
is to say, they avoided those projects that dealt directly with their alternative
conceptions. Many described these projects as “too hard” for them. Thus in
the third year, we provided a map from the questions in the ADT to the
projects that they must do if they got the answer “wrong” on the pretest. This
action had a dramatic effect on their performance on the posttest version of
the ADT together with a dramatic improvement in the quality of their
scientific explanations for the various phenomena. The variability in the
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effect sizes from year to year we find more difficult to explain. It may be due
to the varying interests of students, to varying ability, to differences amongst
cohorts, or to something that we have not yet identified. The 2010 cohort, for
example, we identified as the weakest for some time yet they still achieved at
a high level as indicated by the effect sizes greater than 2.00 for content
knowledge and a significant reduction in alternative conceptions, and an
effect size of almost 2.00 for the scientific reasons given for their answers.
Initially, for the two STEBI scales, we had intended to compute a
multivariate analysis of variance with repeated measures on the occasion of
testing using cohort membership as the independent variable. Unfortunately,
when we checked the mathematical assumptions, the Box’s-M statistic was
highly significant. We decided not to transform the data given the variation
across scales and cohorts. For each of the two scales, we proceeded to
compute separate ANOVAs with repeated measures on the occasion of testing
for each complete set of cohort data whilst also checking that the
mathematical assumptions were met. A modified Bonferroni adjustment was
employed given that six separate ANOVAS were computed for each of the
two scales (i.e., 12 computations) and given that the average inter-scale
correlation of 0.45 to yield a p-value of 0.01275 below which any differences
can be deemed to be significant. Tables 2 and 3 present the descriptive
statistics with effect sizes and levels of significance for the PSTE and STOE
scales, respectively. No data were collected from the 2006/7 cohort in Subject
1 and data for Subject 2 experienced by the 2011/12 cohort is missing.
Statistically significant increases to the PSTE subscales with moderate to
strong effect sizes were reported on all but two iterations of Subject 1 (2007
and 2009) where very small effect sizes were detected.
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Table 2 PSTE descriptive statistics with effect sizes and significance

Table 3 STOE descriptive statistics with effect sizes and significance

We note that between the end of Subject 1 in their first semester and
the start of their fourth semester during which Subject 2 runs, there was a
significant decrease in both the PSTE and STOE scale scores. We were
curious about this reduction and investigated it through informal interviews
with students. One indicator seemed to be repeated. Very few students had
seen or experienced any science teaching in the interim period when they had
undertaken their professional experience in schools. Perhaps this is one
reason for the fall in PSTE and STOE beliefs. Others may be at play, for
example, the changes in belief may not be stable when students do not have
access to the subjects described here. We are investigating this hypothesis
through following our graduates after they have completed these subjects and
also after they have become teachers. The indications are that the PSTE belief
continues to grow as they experiment and trial units of work with students in
schools during their practicum sessions. Indeed, the PSTE belief appears to
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increase beyond the STOE belief achieved within these subjects. In addition,
it appears that these increases in PSTE belief continue beyond their university
studies and into their teaching careers (Deehan, Danaia & McKinnon, 2016).
Discussion
Successive Australian government reports and international research
literature recognise the importance of science in the primary-school
curriculum. The generalist nature of teaching in the primary school is,
however, a problem for the teaching of science in Australian schools. Tytler
et al. (2008) identify both supports and barriers to science, technology,
engineering and mathematics engagement in the middle years of schooling
(upper primary and junior high). They also identify pedagogy as being one
key element in engaging students. Appleton (2003) focuses on the need for
competent and confident primary-school teachers. Many primary-school
teachers perceive themselves to possess neither of these two attributes. We
argue that preservice primary-teacher education faces a major challenge to
generate and to build the competence and confidence of our future teachers if
they are to remain generalists who will teach primary-school science as well
as the other curriculum areas.
Recent Australian discussions have indicated a preference for
producing specialist primary-school science teachers and to locate one within
each school. We regard this as problematic given the opportunities that
science and technology present for integration with other curriculum areas,
for example, with mathematics and English as well as the creative arts and
social sciences. Certainly, the specialist high school science teachers have not
experienced concomitant success in Australia as indicated by Year 8 and 9
performance in PISA and TIMMS data (Thomson et al., 2016). For primary180

school science, it could be argued that employing specialist teachers will
further separate ‘school science’ from the ‘real world’ where scientific
literacy is required as well as denying opportunities for curriculum
integration. Indeed, specialist science teachers in the primary school rely on
understandings developed in English and Mathematics as well as other
curriculum areas.
Bybee’s (2014) article thus comes at an appropriate time in our
country when we have been encountering the same problems of falling, or
static, achievements in both PISA and TIMMS performance in Years 4, 8 and
9 while trying to develop strategies not only to counter this but also encourage
more young people to undertake studies in science, technology, engineering
and mathematics. We agree with both Tytler (2007) and Bybee (2014) who
claim that teacher educators have to re–tune, replace, reform or even re–
imagine science education in light of the publication of the Next Generation
Science Standards in 2013 in the United States of America. We argue that
these standards will require integrated approaches to the message systems of
curriculum, pedagogy and evaluation (Bernstein, 1971) rather than the fine
tuning of the extant practice of Education Faculty who focus on how to teach
specific and different science topics each week while the science content is
taught by Science Faculty in isolation from the instructional methods needed
to teach it.
In this paper, we have presented an educational design model that
emerged from the interrogation of our practice and which involves the
students in deep, intense learning experiences, through integrating
disciplinary knowledge with scientific practices, investigations and activities.
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We have taken this approach one step further by integrating the instructional
strategies of how to implement the content within educational settings and
within the investigations and activities that are driven by that content. The
evidence that we have gathered during our 10–year participatory action
research project, and which we have presented in a summary fashion here,
serves to support what Bybee (2014) is asking of science educators albeit at
the primary-school preservice teacher–education level, i.e., “the reform of
science teacher education should begin with the innovations of NGSS”
(Bybee 2014, p. 219). It must be stated, however, that our design is not a
retrofit to Bybee (2014). Rather, it is an outcome of a deep scholarly approach
that has occurred within a participatory action research frame and driven by
the authors’ desires to see more and better science taught in primary schools.
In interrogating our practice, an explanatory model emerged
comprising three key design elements that employ PCK as the mediating
domain of students’ interactions with the elements in mutually supportive
ways. At the same time, the ‘model in operation’ involves a number of other
well established approaches such as cooperative learning strategies, problem–
based learning, formative feedback mechanisms and backward mapping of
the assessment items to the learning experiences.
Our approach in Subject 2 suggests that the model can work in any
science–content domain. Consequently, we would argue that any science area
could be used as the vehicle in Subject 1 to drive students’ interactions with
the relevant content. Thus, the model could be used more widely within other
science domains, for example, force and motion, chemistry, the living world
or in environmental science. Currently, we are involved in a project that
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involves ecology and sustainability to test this claim. Certainly, what has to
happen is to remove the teaching of the science from the domain controlled
by a Faculty of Science who lack the pedagogical insights of how science
should be implemented in primary schools and to locate it within the sphere
of influence of Faculties of Education. This move, of course, has important
implications for extant practice in universities if Bybee’s (2014, p. 217)
assertions about the educational shifts are to happen.
When we visit other universities, we find that Primary School Teacher
Professional Standards defined by various national bodies coupled with
accreditation processes drive an interpretation that Science Faculty should be
responsible for teaching the science content. This is entirely problematic
given Bybee’s (2014) analysis. Historically, in the education domain we have
had the “how to teach A” and “how to teach B” approach described by Bybee
(2014, p. 219) which clearly does not work in developing the greater senses
of competence and confidence described by Appleton (2003, 2007).
What we are suggesting is to narrow the science content domain
whilst also implementing the “how to teach it” component that Faculties of
Education have adopted so that the “new” subject is like a hybrid of going
deep in both the science and education domains simultaneously. The
argument here is twofold: “less is more” and, once the preservice teachers
understand that they can learn the science it produces an enduring sense of
competence. We are currently investigating this endurance factor by
following students in their third and fourth years of university and beyond
when they are employed as primary-school teachers. Evidence shows that the
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effects reported here maintain, and indeed grow, beyond the end of their
university studies and into their teaching careers.
One clear implication from the approach described here is that the
Education Faculty will have to be staffed with members who are very good
in at least one science discipline in order to implement the model presented
above and be experts in the teaching of that domain. Alternatively, if scientists
are to teach preservice primary-school teachers they will have to be well
versed in pedagogy and the use of effective instructional strategies at the
primary-school level as well as in the assessment and evaluation of what they
implement. A final possibility lies in the formation of collaborative teams of
scientists and science education experts to deliver the content using
appropriate learning experiences to generate the high levels of competence
and confidence required of our primary-school teachers when they enter the
profession and to arrest the declines in primary-school science performance.
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Connective Statement Two
The previous publication entitled “The design of preservice primary teacher
education science subjects: The emergence of an interactive educational
design model” (McKinnon, Danaia & Deehan, 2016) described the context
within which two science education courses (SC108 and SC308) were
developed and refined. Such narrative descriptions certainly fill a gap in a
literature base where the process of course design is seldom provided in
favour of broad outlines of finished courses. The extended vignettes serve as
replicable examples of how pedagogical content knowledge (PCK) can serve
as a mediating framework to ensure multiple innovative practices are
combined to form cohesive and meaningful science education learning
experiences for preservice teachers. The important role of PCK is exemplified
in the emergent Interactive Educational Design Model (IEDM) where it
interacts with science content, feedback systems and significant others
(educators, researchers and preservice teachers). Within the IEDM PCK is
operationalised

to

include:

knowledge

about

alternative

scientific

conceptions, knowledge of educational contexts, beliefs about the purpose of
science education, cooperative learning, instructional strategies and science
content knowledge. In short, at the beginning of the SC108 course preservice
teachers identified their astronomy alternative conceptions, which they went
on to address through inquiry and cooperative microteaching. Through the
application and continued development of the core scientific skills developed
in SC108 participants were able create and test science curricula focusing on
different content areas in SC308. While the rich educational design
description presented in the prior publication is a strong, stand-alone
inclusion in the wider body of science education literature, deeper insights
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and statistical evidence are required to validate the design of the science
courses (SC108 and SC308).
The next publication entitled “A longitudinal investigation of the science
teaching efficacy beliefs and science experiences of a cohort of preservice
primary teachers” (Deehan, Danaia & McKinnon, 2016) extends on the
descriptive vignettes by investigating the science teaching efficacy beliefs
and experiences of a single cohort of preservice primary teachers. Rather than
relying simply on a standard pre-post-test research design, the complexity of
the SC108 and SC308 courses are investigated through two complementary
mixed methods case studies with weekly administrations of the STEBI-B
instrument (see appendix 4, p.387) to allow for more rigorous tracking of
participants’ science teaching efficacy beliefs. It is recognised that the science
courses exist within broader educational contexts (i.e. teaching degree
programs) and thus the research to follow utilises an extended delay testing
period of 2-years after the completion of the science education program to
ascertain the durability of any changes to STEBs. The rigorous mixed
methods, investigation of a cohort of preservice teachers’ STEBs is a
meaningful and valuable contribution to the STEBI literature both in terms of
knowledge generated (assessment of a complex, innovative science education
program) and research methods used (weekly STEBI-B administrations and
longitudinal research). The next publication also advances the narrative of
this doctoral dissertation by providing evidence to clearly place the
aforementioned science courses (publication two) within the established field
of STEBI literature (publication one).
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Publication Three
A longitudinal investigation of the science teaching efficacy
beliefs and science experiences of a cohort of preservice
primary teachers
Publication three has been submitted to the International Journal of Science
Education (see appendix 8, p.399). Language and formatting have been
altered to suit this platform.
The candidate has made partial or full contributions in the following areas:


Research Conceptualisation



Data Collection



Data Analysis



Manuscript Drafting



Manuscript Editing
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A longitudinal investigation of the science teaching efficacy
beliefs and science experiences of a cohort of preservice
primary teachers
Abstract
This paper assesses the relationship between participation in two
tertiary science subjects and the science teaching efficacy beliefs
(STEBs) of one cohort of preservice primary teachers over a four year
period. Two Type II case studies were conducted within the subjects.
Data were collected through 26 administrations of the Science
Teaching Efficacy Belief Instrument-B, semi structured interviews,
Harvard one minute papers and subject evaluations. Results showed
that participation in the subjects covaried with increases in the
participants’ STEBs. These increases in STEBs remained durable for
two years. Implications for these findings are discussed within the
paper.
Key words: Science teaching efficacy; preservice primary teachers;
primary science; preservice teacher education; longitudinal.

Introduction
The negative science attitudes of many primary teachers have been illustrated
repeatedly in research literature for decades (de Laat & Watters, 1995;
Mulholland, Dorman & Odgers, 2004; Schibeci, 1984). Many teachers do not
feel confident in their ability to teach science because of their inadequate
science content knowledge (Palmer, 2011; Tytler, Smith, Grover & Brown,
1999). Other factors that contribute to poor science attitudes include; low
Pedagogical Content Knowledge, negative personal educational experiences
and the perceived cognitive difficulty of science content matter (Jarrett, 1999;
Juriševič, Glažar, Pučko & Devetak, 2008; Nillson & Loughran, 2011; Skamp
& Mueller, 2001).
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Given the largely negative views of science held by primary teachers,
it is unsurprising that science curricula are often marginalised and distorted
(e.g., Appleton, 2003; Appleton & Kindt, 2002). During the 1990s, it was
often reported that science was taught for an hour a week in Australian
primary classrooms (e.g., Gough, Marshall, Matthews, Milne, Tytler &
White, 1998). Later reports indicated that the average amount of time spent
in primary science had decreased to 40 minutes per week (Angus, Olney,
Ainley, Caldwell, Burke, Selleck, Spinks, 2004; Goodrum & Rennie, 2001).
If the reports are correct, science receives 4% of the available curriculum
time.
The limited science that is taught in primary schools is often teacher
centric and transmissive (Goodrum & Rennie, 2007; Jarrett, 1999; Smith;
2014; Weiss, 1994). According to Kelly (2000, p.756), “what typically
transpires in the science classroom is not the hands on minds on paradigm
that demonstrates an operations fusion of pedagogical strategy and content
knowledge. Rather, science teaching is often reduced to a collection of facts,
discussions about assigned readings, and an occasional activity.” Indeed note
taking, completing worksheets and teacher demonstrations are common place
in primary schools (Goodrum, Hackling & Rennie, 2001; Goodrum &
Rennie, 2007). In fact, many primary teachers are unaware of what constitutes
‘good’ science teaching (Appleton, 2003). This may stem from conceptually
poor understanding of science PCK that leads to inappropriate pedagogical
selection. Teachers often incorrectly believe that physical manipulation alone
gives students control over their learning.
Longitudinal professional development programs, with ongoing
support, can improve the science teaching attitudes and practices of inservice
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primary teachers (Duran, Ballone-Duran & Beltyukova, 2009; Lumpe,
Czerniak, Haney & Beltyukova, 2012). Tytler et al. (1999) suggested that a
longitudinal approach to professional development covaries with improved
science confidence and knowledge. Palmer (2011) implemented another
longitudinal professional development program the results of which indicated
that cognitive mastery and in situ feedback improved the science teaching
efficacy of the teachers. While professional development opportunities are
undoubtedly beneficial, there are considerable financial and time
requirements to the provision of the embedded, longitudinal support needed
to improve the science teaching efficacy and science practices of inservice
primary teachers. The increasing mean age of inservice teachers may render
interventions at the tertiary level in preservice teacher education programs
more desirable and efficient (Harris & Farrell, 2007, NSW DEC, 2011).
A growing body of literature has shown that science interventions
targeting preservice primary teachers can successfully alter negative
perceptions and address knowledge deficits (Cooper, Kenny & Fraser, 2012;
Deehan, 2013; Watters & Ginns, 2000). Explicit instruction on the nature of
science through the use of scaffolded argument has been shown to both
improve preservice teachers’ understanding of science and alleviate some of
the negative views developed within their personal school experiences
(McDonald, 2010). Cooperative learning, in an authentic setting, can improve
both science attitudes and science teaching efficacy (Cross, 2010; Deehan,
2013; Watters & Ginns, 2000). Bleicher and Lindgren (2005) found that the
use of constructivist approaches to address students’ alternate scientific
conceptions produced large effect size increases (Cohen’s d = 1.2) in
preservice teachers’ personal science teaching efficacy beliefs. Cooper,
196

Kenny and Fraser (2012) found that mentoring programs between preservice
and inservice teachers were beneficial for both parties. It should be noted that
the negative trends within primary science classrooms do not reflect the
positive reports from the tertiary level. Amidst the promising results of
tertiary science education programs, there is still a lack of consistency in how
science is taught to prospective primary teachers (Palmer, 2008).
Palmer (2006) found that the science teaching efficacy gains made by
a group of preservice primary teachers as they participated in a cooperative,
inquiry based science subject remained durable for nine months after the
subject had been completed. Richardson and Liang (2008) considered the
durability of science teaching efficacy by utilising the delay period between
science subject offerings. They found that the participants’ STEBS increased
in the absence of treatment. Ginns, Tulip, Watters and Lucas (1995) used a
longitudinal design to evaluate a four year preservice primary teacher
education program. They found that participants’ science teaching efficacy
beliefs did not improve during their undergraduate teaching preparation.
The project reported on in this paper models elements of these
research studies by having delay periods between subjects to assess the
durability of efficacy changes and to explore trends from over a longer time
period. In addition, collecting data for two years after the end of formal
classes in science education allow the longer term durability of any changes
to be rigorously assessed. The aims of this research are thus threefold. The
first aim is to assess the relationship between preservice primary teachers’
participation in a complex, integrated science program with two
complementary subjects (SC108 and SC308) and their science teaching
efficacy beliefs. The second aim is to determine if any changes to
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participants’ science teaching efficacy beliefs that occur within the science
program remain durable for up to two years in the absence of treatment. The
third aim is to inductively explore how the participants’ attitudes towards and
perceptions of science teaching develop as they progress through the science
subjects and beyond.
Theoretical Framework
Reports of poor science content knowledge (Appleton, 1992, 2002, 2003;
Howitt, 2007) and low PCK (e.g., Hechter, 2010) by primary teachers may
be evidence of low confidence and self efficacy. Teachers cannot consider
how their science teaching influences student outcomes until they themselves
believe that their teaching practice will have the intended effects on student
learning. At a basic level, self efficacy can be defined as an individual’s
judgement of his or her competence to execute a task (Bandura, 1977, 1986).
More specifically, self efficacy can be conceptualised as consisting of two
distinct components: Personal Efficacy (PE) and Outcome Expectancy (OE).
PE is an individual’s belief in his or her abilities as a teacher. OE constitutes
beliefs about how much student learning depends on teacher effectiveness.
Self efficacy is one of the strongest predictors of human motivation and
behaviour (Bandura, 1986).
Teacher Efficacy has been found to correlate positively with desirable
outcomes in both teachers and students (Goddard, Hoy & Hoy, 2000).
Teacher efficacy is the confidence an individual has in themselves or their
profession to help students to achieve predetermined educational outcomes
(Berman, McLaughlin, Bass, Pauly & Zellman, 1977). Modelled on
Bandura’s (1977, 1986) earlier work, the construct is differentiated between
Personal Teaching Efficacy (PTE) and General Teaching Efficacy (GTE).
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PTE describes an individual’s belief in their own ability to overcome
contextually specific factors to promote student learning (Coladarci, 1992;
Gordon & Debus, 2002). GTE is the belief that teaching in general can
overcome external factors, such as socio-economic status, various learning
needs and detrimental social experiences, to guide students towards achieving
predetermined goals (Tshannen-Moran & Hoy, 2001).
Riggs and Enochs (1990) designed two science teaching efficacy
instruments that were modelled on the Teacher Self Efficacy scales (TSES)
produced by Gibson and Dembo (1984). The Science Teaching Efficacy
Belief Instrument A (STEBI-A) was designed to measure the science teaching
efficacy of inservice primary teachers (Riggs & Enochs, 1990). The Science
Teaching Efficacy Belief Instrument B (STEBI-B) was designed to measure
the science teaching efficacy of preservice primary teachers (Enochs & Riggs,
1990). These instruments are equivalent as the STEBI-B was designed by
modifying the items from the original STEBI-A instrument to reflect the
perspectives of preservice teachers. The STEBI-B is used in this research to
track participants’ personal and general science teaching efficacy over the
course of four years.
Participants
The participants in this research were a cohort of preservice primary teachers
at a regional Australian university. Participants were 112 undergraduate
preservice teachers enrolled in a Bachelor of Education (Primary) four year
fulltime degree. This degree would provide them with the knowledge, skills
and qualifications necessary to teach in Australian primary schools. The
participants attended the university from 2010 through to 2013.
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Due to the longitudinal nature of the research, attrition contributed to
declines in response rates over time. On the first occasion of testing, 112
preservice teachers provided data. By the final occasion of testing, over four
years later, 56 preservice teachers provided data. The age of the participants
ranged from 18 to 55. The focus cohort commenced a four year primary
teaching degree in 2010. Those who remained ‘in phase’ graduated at the end
of 2013. A total of 12 members of the cohort participated in semi structured
interviews.
The preservice teachers complete 32 subjects with 14 of these
focussing on the six Australian primary Key Learning Areas (KLAs) and
primary teaching pedagogies. As a requirement for the award of the degree
the preservice primary teachers completed two science curriculum course.
Science Courses
The first science course ‘Science and Technology Studies I’ (SC108) was
positioned in the first semester of the first year of the degree. The second
science course ‘Science and Technology Curriculum Studies II’ (SC308) was
completed in the second semester of the second year of the degree. Table 1
identifies the pedagogical approaches used in both subjects.
Table 1 Pedagogical Approaches used in SC108 and SC308
Pedagogical Approach
Constructivism
Problem Based Learning

SC108
*
*

Project Based Learning

SC308
*
*

Integration with other KLAs
Mentoring
Real world relevance
Inquiry learning
In subject practical experience
Links to practical experience blocks

*
*
*
*
*

*

Cooperative Learning
ICT Instruction
Student Centred Investigation

*
*
*

*
*
*
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*
*
*

Rich Tasks
Nature of Science
Alternative conception targeting

*
*

*
*

SC108 – Science and Technology Studies I
The first science subject used Astronomy science content as a driver for the
development preservice teachers’ Pedagogical Content Knowledge (Nillson
& Loughran, 2011). The Astronomy content was mapped to the primary
science curriculum. A Problem Based Learning environment was created by
submitting the students to the ‘Astronomy Diagnostic Test’ (ADT) (CAER,
1999) in the first week of class. The students were required to identify and
target their own alternative scientific conceptions and to address these in
cooperative, micro teaching groups. The microteaching groups approach is
inquiry based as students were required to select their own pedagogical
approaches and reflect on their peer teaching. The success of the Astronomy
teaching and learning was assessed by post test administration of the ADT in
the final week of the semester. The professor acted as a facilitator throughout
the microteaching process.
SC308 – Science and Technology Curriculum Studies II
The knowledge and skills developed in SC108 were prerequisites for entry
into the SC308 subject. SC308 moves beyond the Astronomy focus of SC108,
as students were required to develop their Pedagogical Content Knowledge
(Magnusson, Krajcik & Borko, 2002; Van Driel & Berry, 2010) in order to
teach syllabus content effectively. A hybrid constructivist pedagogical
approach was used within an extended role play where the professor acted as
the principal of the school (the tutorial class) and the preservice teachers
assumed roles as teachers within the school. The preservice teachers work in
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cooperative learning groups throughout the semester (approximately four per
group) to create a science unit of work for a different science content strand
than the Earth and Space content covered in SC108. Each practical class has
a different content focus and each cooperative learning group has a different
stage focus (F, years 1 and 2, years 3 and 4, years 5 and 6). The cooperative
learning groups are required to navigate the syllabus, research science content
and make pedagogical decisions to design a teachable science unit of work.
The goal of this educational paradigm was to provide the preservice primary
teachers with the skills and knowledge necessary to research and adapt
science concepts for the classroom. A full description of the educational
design and pedagogical inclusions of the SC108 and SC308 subjects is the
subject of another paper (McKinnon, Danaia & Deehan, 2016).
Methodology and Methods
Two complementary concurrent nested mixed methods, Type II case studies
(Burns, 2000; Creswell, 2013; Shadish, Cook & Campbell, 2002; Yin, 2003)
were conducted to explore the science experiences and STEBs of a cohort of
preservice primary teachers at an Australian university. The investigation
used a repeated measures design with delayed testing periods (Shadish, Cook
& Campbell, 2002) to strengthen the case for covariance in the absence of an
experimental design with a control group. Table 2 provides an outline of the
treatment and data collection time frame. The STEBI-B instrument was
administered weekly during the two science subjects, in addition to the key
data collection periods presented in Table 2. This allowed for the PSTE and
STOE scores to be assessed throughout the subject and subsequently cross
referenced with different learning events.
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Table 2 Treatment and Data Collection
2010
2011
2012
2013
X1 O2 X0 O3 X1 O4 X0 O5 X0 O6 X0 O7 X0 O8/G
X1 The presence of a formal treatment intervention (SC108 or SC308).
X0 A delay period where the participants are not exposed to a formal treatment, but
undergo a formal practical teaching experience.
G
Students graduate and enter into the teaching profession.
O1
The initial data collection occurred at the beginning of the 1st semester in 2010.
O2
The data collection occurred after the first treatment at the end of the 1 st semester in
2010.
O3
At this point, data were collected before the second treatment at the beginning of the
2nd semester in 2011.
O4
The data collection occurred after the second treatment at the end of the second
semester 2011.
O5
This data collection occurred after a delay period at the end of the first semester in
2012.
O6
This data collection occurred after a delay period at the beginning of the second
semester in 2012.
O7
This data collection occurred after a delay period, just prior to the final ten week
teaching experience, in the second semester of 2013.
O8
This data collection occurred after the cohort completed the final internship in the
second semester of 2013.
O1

Earlier iterations of both subjects indicated that there were significant
events during the course of a semester which appeared to have an impact on
the students. These “events” were detectable in the qualitative data provided
in the form of one minute feedback papers. These feedback papers were
administered once a week during each 12-week offering of SC108 and
SC308. We were interested to investigate any impacts that these events may
have had on their efficacy beliefs. For example, in SC308, we had observed
the impact of the in-school science teaching experience on them and wished
to investigate any impact that this had. Consequently, for this one cohort of
students, we administered the STEBI-B on an almost weekly basis in the two
subjects to generate 12 occasions in SC108 and 10 occasions in SC308 on
which data were collected. Following these subjects in the students’ third and
fourth years of study, a further four administrations prior to and following
their in-school professional experiences were conducted to generate a total of
26 occasions.
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One could argue that such frequent administration of the instrument
would contaminate the data through test-retest familiarity. We were careful
to explain on each administration of the STEBI-B that students should read
and carefully respond to each item in light of their current feelings. Most
students appeared to treat each completion of the instrument in a
conscientious fashion while some made comment in their final evaluations
that they never wished to see it again. Given the extensive reliability analyses,
we believe that the changes in both scales are real and do not reflect any major
threat to validity caused by test familiarity. The following subsections will
unpack each of the data collection methods in greater depth.
The Science Teaching Efficacy Belief Instrument (B)
The Science Teaching Efficacy Belief Instrument B (STEBI-B) was used to
measure the science teaching efficacy of preservice primary teachers (Enochs
& Riggs, 1990). The instrument requires respondents to rate their level of
agreement with statements on a 5 point Likert scale (Burns, 2000), ranging
from ‘strongly disagree’ to ‘strongly agree’. The statements produce
measurements on two subscales. The Science Teaching Outcome Expectancy
(STOE) belief scale measures the participants’ broad views of science
teaching related to why students perform as they do. The Personal Science
Teaching Efficacy (PSTE) scale measures the participants’ beliefs about their
own ability to teach science effectively. The items produce ordinal data as
there are no observable or standardised intervals between the Likert responses
of ‘strongly agree’, ‘agree’, ‘uncertain’, ‘disagree’, and ‘strongly disagree’
(Kervin, Wilma, Herrington & Okely, 2006). The seminal authors reported
Cronbach’s Alpha reliability coefficients of 0.90 for the PSTE subscale and
0.76 for the STOE subscale (Enochs & Riggs, 1990).
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The comparatively low reliability and external locus of the STOE
subscale have emerged as contentious issues within the broader body of
STEBI-B literature. The STOE subscale has been reported as having lower
reliability than the PSTE subscale in a variety of contexts (e.g., Aydin & Boz,
2010; Bleicher, 2006; Riggs & Enochs, 1990; Velthuis, Fisser & Pieters,
2014). McDonnough and Matkins (2010) expressed doubt in the reliability of
the STOE subscale due to the external locus of control. Indeed, others (e.g.,
Bursal, 2008; Hechter, 2010) believe that the sheer volume of potential
influencing factors make the STOE subscale conceptually unclear.
Mulholland, Dorman and Odgers (2004) believe that the items comprising the
STOE subscale reflect an outdated, teacher centred mode of science teaching.
They believe that inconsistency in participants’ responses can be partially
attributed to an inability to relate to the items to their experiences in modern
teacher preparation programs. The STOE scale is often dismissed (e.g.,
Andersen, Dragsted, Evans & Sorensen, 2004; Cannon & Scharmann, 1996)
or merged with the PSTE subscale (e.g., Slater, Slater & Shaner, 2008).
Merging subscales is a particularly inappropriate practice as it both denies the
separate nature of constructs and artificially inflates alpha scores through a
greater number of items (Tavakol & Dennick, 2011). The authors believe that
broader contextual efficacy is necessary for an individual to persevere in their
completion of a task in cases of adversity. Thus, the reliability of the STEBIB instrument was measured repeatedly in the four year data collection period.
Although still acceptable, the reliability of the subscales appeared to
be an issue early in the current research as the PSTE (Cronbach’s  = 0.73)
and the STOE (Cronbach’s  = 0.69) reliabilities were well below those
reported by seminal authors. Later investigations showed that the reliability
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of the scales improved over the course of the four year data collection period.
On the final occasion of testing, just prior to the cohort’s graduation, the
PSTE and STOE subscales showed Cronbach’s alpha reliabilities of 0.88 and
0.87 respectively. Such equality in subscale reliability is seldom reported in
the STEBI-B literature. The implications of this information will be analysed
further in the discussion section of this paper.
Semi Structured Interviews
The semi structured interviews within the current research explored the
science experiences, perceptions, beliefs and opinions of selected preservice
primary teachers in relation to their participation in the science curriculum
subjects (SC108/ SC308) and their emerging capacities as science teachers.
Initially, a

stratified

sampling technique

was

employed wherein

representatives of four categories based on STEBI-B scores were sought. The
four categories were: Disillusioned (Low PSTE/ Low STOE); Stressed (Low
PSTE/ High STOE); Cynical (High PSTE/ Low STOE); and Confident (High
PSTE/ High STOE). Ultimately, a combination of convenience and snowball
sampling procedures were used to gain access to willing participants.
Repeated semi structured interviews were conducted with 12 participants,
during the delivery of SC108, SC308 and on the one delayed testing occasion.
Harvard One Minute Paper
The Harvard one minute paper is a concise survey which allows teachers to
evaluate their learning experiences ‘in the moment’ (Chizmar & Ostrosky,
1998). These were administered after each tutorial in SC108 and SC308 to
evaluate participants’ conceptual understanding of and emotional responses
to the treatments in the two semesters. The instrument consists of five items:
what worked for me in this tutorial; what could have been improved for me
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in this tutorial; list three things you learned in this tutorial; list three things
you need to learn more about; and, list 5 words to describe how you currently
feel.
Subject Evaluation Comments
At the end of each subject, the participants responded to open ended subject
evaluations. Participants were called upon to write a general comment about
their experiences in the subjects or make suggestions for the improvement of
the subjects. Table 3 summarises the data collection practices throughout the
research project.
Table 3 Data Collection Instrument Use by Period

Instrume
nt
STEBI-B
Semi
structure
d
Interview
s
Harvard
1 minute
papers
Subject
Evaluati
on
Commen
ts

2010
O X
1
1
*
*
*
*

O
2
*
*

*

2011
X O X
3
0
1
*
*
*

O
4
*
*

2012
X O X
5
0
0
*
*

O
6
*
*

2013
X O X
7
0
0
*

O
8
*

*

*

*

Data Analyses
For the STEBI-B data, Multivariate Analysis of Variance (MANOVA) with
repeated measures on the occasion of testing were computed to determine if
the PSTE and STOE scores of participants changed over the four year period
(Coleman & Pilford, 2008). Cohen’s d was computed to determine the effect
sizes of any STEB changes occurring over time. In addition, SPSS statistical
software was used to analyse and produce descriptive statistics, tests for the
homogeneity of variance and tests for the equality of the covariance matrices
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to ensure that the distributions of the DVs met the mathematical assumptions
of MANOVA.
All qualitative data were transcribed and manually analysed both
anecdotally and thematically by the lead author. This provided a holistic,
contextually bound understanding of the data. The next step was to recode the
data for consistency and clarity without altering the meaning of the text. To
avoid bias and researcher error, these analyses were supplemented with a
computer analysis using Leximancer software. The Leximancer software was
used to conduct broad, syntactical analyses of the text to identify themes and
to explore thematic relationships. This semantic analysis serves as a useful
complement to the researcher’s personal identification of themes and is a
good test for the validity of interpretation.
Results
Due to the longitudinal nature of the research, the results are presented by the
year of data collection. Background information and qualitative data will be
used to provide the context needed to establish a narrative within this section.
2010 – First year
The participants began their degrees in the first semester of 2010 during
which they completed the SC108 science subject. The students completed
eight subjects during 2010. At the midpoint of the second semester, the
preservice teachers completed their first practical teaching experience
placement of two weeks where they were required to observe an inservice
teacher and to teach small groups of students and to plan for and teach five
single lessons.
When the preservice teachers commenced their tertiary studies in
SC108, they possessed ‘unrealistic’ science teaching efficacy beliefs relative
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to their lack of formal experience as educators. At the first lecture, 72 students
reported high efficacies in both their own capacity to deliver quality science
education to students (PSTE) and in the capacity of science teaching to help
students to achieve learning outcomes in a broader sense (STOE). Curiously,
they held these beliefs despite having experienced no formal teacher training
and had limited backgrounds in science education.
In the first practical class, students had to complete a test which assessed the
Astronomy content knowledge that they would be expected to teach to years
3 and 4 students (8-9 year old children). The preservice teachers scored badly
in both the quality and complexity of their written responses. Interviews
revealed that the preservice teachers were deeply affected by their poor
performance. For example:
Lara: I did really badly in the ADT. At the moment I am really scared.
It’s very daunting. It makes me question whether this is actually what I
want to do. Even when (the professor) was writing the answers up, I
was questioning it. It was like no, no, no – this is what I’ve thought for
years.
Christy: It’s a big realisation of how much work it’s going to be, to get
to know the content.
Larry: I am prepared, but not confident. Some of the questions I was a
bit more sure of turned out to be wrong. (The professor) explained that’s
the way a lot of people think. It sort of made me feel better.
Malcolm: It means I’ve got to really address my knowledge and come
up to the plate if I want to be an effective teacher.

As the preservice teachers began to engage with the research literature, group
activities and micro teaching, their classroom attitudes seemed to improve.
Figure 1 shows the preservice teachers’ use of negative words (e.g. ‘scary’,
‘difficult’, ‘frightening’) in their one minute paper responses for the first six
weeks of the semester. As they engaged with the materials and became aware
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that their limited knowledge was common, the negative responses decreased.
There were still some negative responses as the students adjusted to their
prospective role as teachers and completed homework and introductory
assessment tasks during weeks two and three. However, by week four there
were very few negative responses as the preservice teachers became more
comfortable in the problem based learning environment. Common words such
as

‘fun’,

interesting’,

‘enjoyable’,

‘interactive’,

‘educational’

and

‘constructive’ show that the preservice teachers felt personal enjoyment and
valued their educational experiences.
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Figure 1 Harvard One minute paper – Negative Word Counts per Week

Positive trends were also evident in the science teaching efficacy of the cohort
throughout the semester. Figure 2 shows the mean PSTE and STOE scores of
the participants as they progressed through the SC108 subject. There was a
consistent, if uneven, increase in both subscales throughout the subject. Of
note is the finding that the STOE means were higher than the PSTE means on
all occasions of testing. This is an anomaly as the PSTE is almost always
higher than the STOE subscale in the STEBI-B literature (Deehan, 2016). The
PSTE showed a moderate effect size increase (Cohen’s d = 0.41). The STOE
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subscale showed a large effect size increase (Cohen’s d = 0.79).
33
32

Mean Score

31
30
29

PSTE

28

STOE

27
26
25
1

2

3

4

5

6

7

8

9

10

11

12

Occasion of Testing
Figure 2 SC108 – Mean STEB scores by week

Table 4 presents the results for the MANOVA conducted on the pre to post
occasion STEB data collected in SC108. There is a significant main effect
due to the occasion of testing (F(1,107)=52.94, p < .0001). This indicates that
the PSTE and STOE scores of the participants showed a statistically
significant increase as they undertook the SC108 subject. There is also a
significant main effect due to the variables, PSTE versus STOE
(F(1,107)=42.85, p < .0001). A possible interpretation may be that the
preservice teachers did not yet feel confident that they could personally fulfil
their own broader expectations of science teaching to improve student
outcomes. There was no significant interaction effect due to occasion with
variable (F(1,107)=0.75, p = .389).
Table 4 MANOVA of STEB data collected during the SC108 subject
Variable
Occasion
Error(Occasion)
Variable
Error(Variable)
Occasion * Variable
Error(Occasion*Variable)

SS
702.78
1420.47
770.67
1924.58
7.00
1002.25
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df
1
107
1
107
1
107

MS
702.78
13.28
770.67
17.99
7.00
9.37

F
p
52.94 <.0001
42.85 <.0001
.75

.389

The semi structured interview data reveal that by the end of SC108 the
preservice teachers seemed to be more confident in their ability to teach
science. They attributed their changed attitudes to components of the
educational design that underpinned the SC108 subject. For example:
Malcolm: The big moment where I realised that I’d actually be
confident teaching, like last night when I realised exactly how much I’d
sort of done in the subject. I read through my assignment and went, it’s
all for a reason. The curriculum building, the readings we did, the extra
homework, all the cooperative learning strategies that we did in class.
It all sort of came together in my head last night. I sort of had an
epiphany thing, where I realised how useful this subject is, to us going
teaching. It’s built my confidence up something fierce.
Aaron: I think it is the micro teaching part. We were able to put theory
into practice, if you get what I mean. We learned about teaching
strategies, we read and learned content knowledge and then we were
able to put this into practice by trying and teaching the stuff. It was like
I am going to try this, and I did, then it was like, hey that was brilliant
or hey, no that sucked, what could I do to improve that?
Lara: Science is better than I thought it was! I hated him, and I hated
it, at the start and I like it now. I am actually really glad that I got to do
that class, because it really isn’t that bad. It’s actually really brilliant
how he set it out. It’s very beneficial because you learn so much from
it. I don’t know, it was just so brilliant. Like, oh God, it’s hard to hate a
brilliant man.

2011 – Second Year
The preservice teacher cohort entered its second year of the degree in 2011.
The participants experienced their final science subject, SC308, in the second
semester of that year. Since completing SC108, the participants had
completed an additional eight subjects and a two week practical teaching
placement. After the second subject, the preservice teachers undertook a four
week practical teaching placement in pairs. They completed multiple lessons
across all curriculum areas as they worked towards undertaking a full
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teaching load in the final week. The preservice teacher pairs were still
supervised and guided by an inservice teacher.
In the 12 month period between the end of SC108 and the beginning
of SC308 the STEBs of the preservice teachers declined. The PSTE declined
by a small Cohen’s d effect size of 0.12. More troubling was the moderate
STOE decline (Cohen’s d = 0.56). A MANOVA with repeated measures
revealed that the decline in both the PSTE and STOE by occasion were
significant (F(1,61)=9.71, p = .003). The decline in the STOE may be related
the preservice teachers’ observations on their first practical teaching
experiences. The marginalisation of science in schools was a prominent
theme in the semi structured interviews. For example, responding to the
question “Did you see any science being taught at your school?” the following
were elicited:
Edward: I’m pretty sure that there was no science taught. I’m pretty
sure that it was embedded in there, but I didn’t see it there.
Bec: No! Not one bit of science at all.
Daisy: No, no (science). None whatsoever.
Connie: I taught a couple of lessons which were called ‘Science’, but I
wouldn’t call them Science. They’d just done happy healthy Harold.
They were lessons that were sort of half health, half science. They were
about food groups and what goes into certain food groups. They called
them ‘Science lessons’, but they didn’t have a lot to do with the science
curriculum.
Fiona: (Um) I honestly don’t think so. I think it happened when we had
release time, like relief from face to face [teaching], so I had to go with
my associate then. So I never actually saw science being taught.

The initial phases of the second semester of science methods were
tumultuous, as they adjusted to the complex, rigorous demands of SC308, but
ultimately positive as the students developed their Pedagogical Content
Knowledge (PCK) through the collaborative construction of a science unit of
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work (UoW). Figure 3 shows the changes in response to the Harvard one
minute paper between weeks one (represented by the dark grey columns) and
six (light grey columns). The preservice teachers started the semester with
negative views as they were overwhelmed and stressed by the requirements
of the subject. However, by week six the preservice teachers were pleased
with their science learning as words such as ‘happy’, ‘organised’, ‘excited’
and ‘relieved’ became more prominent in their responses. Figure 3 illustrates
the sizeable reduction in the frequency of negative responses.
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Figure 3 Emotional Responses as Measured by the Harvard One Minute paper - Week One
and Week Six

The trend of growth in the science teaching efficacy beliefs of the preservice
teachers continued as they worked through SC308. Figure 4 shows the mean
PSTE and STOE scores of the participants for each occasion of testing in the
SC308 subject. There was an unprecedented increase of the PSTE scale
during the eighth week of the semester. The increase coincided with the
preservice teachers’ participation in a science teaching day where they taught
some of the contents of their unit of work to groups of students drawn from a
number of local schools. Overall, the PSTE subscale showed a moderate
effect size increase (Cohen’s d = 0.61). The STOE subscale underwent a
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similar increase (Cohen’s d = 0.68) during the SC308 subject.
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Figure 4 SC308 – Mean STEB Scores by Week

There were highly significant changes over time in both the PSTE and STOE
scores. Table 5 shows the statistical output for the MANOVA conducted on
the SC308 STEB data. There is a significant main effect due to the occasion
of testing (F(1,66)=60.24, p < .0001). There is also a significant main effect
due to the variables, PSTE versus STOE (F(1,66)=25.01, p < .0001). That is
to say, the gap between their outcome expectancies and personal science
teaching efficacy beliefs remained present throughout the SC308 subject.
There was no significant interaction effect due to occasion with variable
(F(1,66)=0.29, p = .590).
Table 5 MANOVA of STEB data collected during the SC308 subject
Variable
Occasion
Error(Occasion)
STEB
Error(STEB)
Occasion * STEB
Error(Occasion*STEB)

SS

df
480.90
526.85
324.72
857.03
2.33
525.42

MS F
1480.90
66 7.98
1324.72
66 12.99
1 2.33
66 7.96

p
60.24 <.0001
25.01

<.0001

.29

.59

The learning experiences within the SC308 had a profound effect on the
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participants. They developed practical inquiry skills that would enable them
to plan and teach quality science lessons. One interviewee discussed her
development during the SC308 subject:
Daisy: The fact that I have completed a whole unit of work makes me
realise that I can actually teach science. The kids can get hands on, the
experiments, they can see the answer for themselves while doing
something hands on. It’s really great and I hope when I go on prac that
one of the lessons that I will teach will be science.

2012 – Third Year
For the targeted cohort of preservice teachers, 2012 was their third year of
tertiary study. The cohort participated in no formal science education during
this period. The purpose of data collection at this time was to determine the
durability of attitude and STEB changes that occurred during the first two
years of their degree. The preservice teachers completed a five week
individual practical teaching placement at the end of their fifth semester of
study. Prior to going on the practical teaching placement, the cohort again
completed the STEBI-B instrument and again at the start of the following
semester on return to university.
The preservice teachers’ science teaching efficacy beliefs remained
stable during that year with no formal science intervention. Table 6 shows the
descriptive statistics for the STEB scales collected at the end of SC308, prior
to and following the practical teaching placement (delay period 1 and delay
period 2). Clearly, there was very little change in their science teaching
efficacy beliefs despite no formal science education for a year. A MANOVA
with repeated measures showed that there was no significant difference in
participants’ STEBs on the occasion of testing (F(1,29)=1.98, p = .167)
during this period.
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Table 6 Descriptive Statistics for the End SC308, Delay Period 1 and Delay Period 2
PSTE
STOE
Occasion Occasion
M
SD
Occasion
M
SD
n
END
29.96
4.61
31.8
3.57
70
PERS24
GEN24
SC308
2nd Year Practical Teaching Experience and Summer Break (6 months)
Delay
30.03
3.79
31.7
2.72
39
PERS25
GEN25
Period 1
st
rd
2012 - 1 Semester and 3 Year Practical Teaching Experience (6 months)
Delay
30.90
4.00
31.1
3.04
42
PERS26
GEN26
Period 2

A Leximancer analysis of the interviews conducted in 2012 showed some
noteworthy themes. Figure 5 shows the relational themes that emerged within
the coded transcript data. School Science Teaching was the most significant
theme, encompassing their observations and experiences of school science on
practical teaching placements. Unsurprisingly, Students and Personal Science
Teaching themes were related to the school teaching context. The connective
concepts between the themes show profound professional development
amongst the interviewees. The School Science Teaching theme is
underpinned by negative concepts noting the negative aspects of the science
they observed. Time and Tried are the concepts at the intersection with the
Personal Science Teaching theme. This suggests that the interviewees viewed
their science teaching practice as both separate and more desirable than the
observed science teaching practice.
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Figure 5 Leximancer Output for the Delay Period Interviews

While the interviewees displayed positive attitudes towards their own science
teaching practices, in most cases they were either critical of, or unable to
identify, science teaching in their school contexts. A total of 45 members of
the cohort were surveyed after their practical teaching experiences.
Approximately three quarters of the preservice teachers reported that they had
taught science on their second year practical teaching experience. Curiously,
less than half (48%) reported seeing science being taught. Whether or not the
interviewees were aware, deeper analysis reveals that they may have been
socialised into a culture of science marginalisation. In one short response, Bec
cited a plethora of reasons for dismissing science despite addressing it in her
own curriculum:
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Definitely. Just all the setting up. Planning was a bit more difficult too
and having to get your resources for it. I had to get everything. That’s
also money from me, although I’m sure the school would have been
happy to [pay]. With English and Maths you’ve got to cover so much
and you want to get it ticked off before you start science. It is time
consuming. Especially when you could just do an art lesson, like
everyone does.

Conversely, another interviewee was highly critical of the science she
observed during the placement. She chose to avoid common marginalisation
processes as she made informed pedagogical and content decisions to deliver
appropriate science lessons. Fiona said:
The content I taught was not as scientific as I had hoped. My associate
teacher was very restrictive about what was to be taught. She just gave
us a black and white printed off booklet and told us to teach it as she
would which is basically colouring in the pictures in the book. My
paired prac partner and I changed the book around and only kept some
pages to group the content together and instead conducted experiments
and SmartBoard activities that were meaningful rather than simply
giving them sheets to colour in. The content we were originally given
did not fit the Kindergarten syllabus at all so our activities steered the
content so that it could actually satisfy the outcomes.

2013 – Final Year
The preservice primary teachers did not receive any formal science education
during their final year of study (2013). STEBI-B data were collected during
this period to assess the durability of the preservice teachers’ efficacy beliefs
two years after the completion of their tertiary science learning. In their final
semester, preservice teachers completed eight subjects and a final teaching
internship during 2013. The teaching internship consisted of a 10 week
practical placement where, for the first five weeks with reduced support, the
preservice teachers were required to assume the responsibilities of a graduate
teacher. For the final five weeks of the internship, the preservice teachers
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taught without the direct supervision of an associate teacher. During this year,
data were collected immediately prior to and immediately after the
completion of the internship period (three months).
Not only did the preservice teachers’ science teaching efficacy beliefs
remain durable, the mean STEB scores increased despite the absence of any
science intervention for the intervening two year period. Table 7 shows the
descriptive statistics for the STEB data collected at the end of 2012, pre
internship 2013 and post internship 2013. The preservice teachers’ personal
science teaching efficacy showed a small increase during their final year of
study (Cohen’s d = 0.26). The cohort’s science teaching outcome expectancy
beliefs showed a slightly greater increase (Cohen’s d = 0.41).
Table 7 Descriptive Statistics for Delay Period 2, Delay Period 3 and Delay Period 4
Occasion

PSTE
Occasion

M

SD

STOE
Occasion

M

SD

n

Second Semester
30.90 4.00
31.1 3.04 42
PERS26
GEN26
2012
2012 Summer Break and 1st Semester 2013 (6 months)
Pre Internship 2013
31.13 4.67
33.06 3.01 48
PERS27
GEN27
2013 Teaching Internship (3 months)
Post Internship 2013
32.02 4.60
32.57 4.03 55
PERS28
GEN28

A MANOVA with repeated measure was computed on the STEB data
collected during the preservice teachers’ final year of tertiary studies. Table
8 presents the results from the MANOVA for this period. There was a
significant effect on participants’ STEBs due to occasion of testing
(F(1.68,53.83)=8.165, p = .001). This indicates that the growth in both the
PSTE and STOE scores of the participants was statistically significant. An
intriguing finding was that there was no significant difference between the
PSTE and STOE subscales (F(1,32)=1.55, p = .222). This was the first time
during the four year data collection period where the preservice teachers’
PSTE beliefs were not significantly lower than their STOE beliefs. One
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interpretation of these results may be that their tertiary education had helped
them to feel that they can meet their high standards for science teaching in
general.
Table 8 MANOVA Output for the Final Year of Study.
Variable
Occasion
Error(Occasion)
STEB
Error(STEB)
Occasion * STEB
Error(Occasion*Variable)

SS
152.19
596.48
23.35
481.65
21.28
200.72

df
1.68
53.83
1.00
32.00
2
64

MS
90.47
11.08
23.35
15.05
10.64
3.14

F
8.17

p.
.001

1.55

.222

3.39

.040

Summary of Results
These data suggest that participation within the two science subjects (SC108
and SC308) covaried with statistically significant increases in both the PSTE
and STOE scores for the cohort of preservice primary teachers. These
improved science teaching efficacy beliefs remained durable after, and even
increased in the absence of, the science subjects.
Figure 6 shows the STEB progression over the four year period, based
on the mean scores for data provided at each occasion. The solid vertical lines
represent the beginning of an academic year and the dotted lines represent the
end of an academic year. Throughout the first two years of the degree, where
the science subjects are situated in the course structure, the outcome
expectancies of the preservice teachers are consistently higher than their
personal science teaching efficacy beliefs. This trend appears logical as
during these early stages, they possessed neither the experience, knowledge
and skills of qualified teachers nor a real context within which they could
observe teaching impacts. It should be noted that this difference between the
STOE and PSTE scores is relatively unique in the literature as many
researchers consistently report both higher scores and higher growth on the
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PSTE subscale (e.g., Ford, Fifield, Madsen & Qian, 2012; Logerwell, 2009;
Palmer, 2006). Another noteworthy trend was the continued increase in
science teaching efficacy belief scores after the completion of the science
subjects. The gap between the PSTE and STOE scores also decreased,
indicating that the preservice teachers now felt confident that they could
deliver quality science teaching on a par with the broader science teaching
profession.

Figure 6 Progression of STEB Scores over the Four Year Period

To gain a holistic overview of the combined influence of both the science
subjects (SC108 and SC308) and the other aspects of the teaching degree on
the cohort’s STEBs a MANOVA was computed on the STEB data collected
at the beginning of the degree (SC108 entry) and at the end of the degree (post
internship). Forty five preservice teachers provided valid STEBI-B data on
both occasions. Table 9 shows that there was a significant effect due to the
STEB scales (F(1,44)=6.88, p=.012). The difference between the PSTE and
STOE scales was more pronounced upon entry into the course and this
reflected in the significant effect due to STEB by Occasion (F=(1,44)=6.88,
p=0.12). There was a highly significant effect due to Occasion
(F(1,44)=82.58, p<.0001). The PSTE and STOE subscales both showed
large-to-very-large Cohen’s d effect sizes of 1.36 and 1.11 respectively.
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Table 9 MANOVA of STEB Data Collected on the First and Final Occasions of Testing
over the Four Year Period
Variable
Occasion
Error(Occasion)

SS
1120.01
596.74

df
1
44

MS
1120.01
12.56

F
82.58

p
<.0001

STEB
Error(STEB)

81.34
530.41

1
44

81.34
11.83

6.88

.012

Occasion * STEB
Error(Occasion*STEB)

61.25
391.5

1
44

61.25
8.90

6.88

.012

Discussion
The research presented in this paper shows that participation in two
complementary science subjects, comprising multiple innovative practices
within a student centred design, covaries with improved science teaching
efficacy beliefs and which are durable in the absence of treatment. Across
both science subjects, participants displayed large effect size increases on
both the PSTE (Cohen’s D = 0.75) and STOE (Cohen’s D = 1.08) subscales.
Assessing both science subjects as a part of a broader science program may
be the most suitable approach due to the statistically significant decline in
STEB scores that occurred in the delay period between the first (SC108) and
second (SC308) subject. After the cohort had completed the second science
subject, their science teaching efficacy beliefs remained durable for two years
without any formal science intervention. In fact, a pre- and post- course
MANOVA showed large effect size increases in the PSTE (Cohen’s D=1.36)
and STOE (Cohen’s D = 1.11). It appears the preservice teachers maintained
their beliefs about the efficacy of science teaching whilst developing their
personal science teaching efficacy beliefs through continued teaching
experience and study.
Such findings indicate that the science subjects may be instilling in
the participants the knowledge and skills necessary to overcome the culture
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of science marginalisation that often exists within primary schools (e.g.,
Goodrum & Rennie, 2007; Griffith & Scharmann, 2008). Cross triangulation
with other data sources appears to support this interpretation. After their
practical teaching experience in second year, only 47% of the cohort reported
seeing science taught within their school. Despite this finding, 74% of the
preservice teachers reported teaching science themselves. While the
participants’ resolve to teach science is promising, follow up research is
needed to determine if the improved science teaching efficacy is accompanied
by competent science teaching as the cohort enters the profession.
The weekly collection of data within the science subjects allowed for some
insights into how different pedagogical innovations affected the science
teaching efficacy beliefs of the preservice teachers. The embedded practical
science teaching experience in the second science subject (SC308) covaried
with the largest rise in PSTE scores within the data set. In a single week, the
participants displayed a small, but significant, increase (Cohen’s d = 0.25) in
their personal science teaching efficacy score. Many researchers report on the
benefits of including practical teaching experiences within tertiary science
subjects (e.g., Bautista, 2011; Lewthwaite, Murray & Hechter, 2012; Palmer,
2006; Velthuis, Fisser & Pieters, 2014). The findings in this research
represent a substantial advancement in this area of research as the STEBI-B
administrations allowed for the practical teaching event to be isolated from
other components of the SC308 subject. This research provides reasonable
evidence for the benefits of the inclusion of practical science teaching
experiences in tertiary science education subjects. Nonetheless, more
research is needed to strengthen such an argument. The benefits of practical
science teaching experience could also open avenues for partnerships
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between universities and schools where such opportunities could serve to
counteract any negative science socialisation that appears to occur for both
preservice and early career teachers in schools. Some research has been
conducted on linking tertiary science subjects to extended professional
experience placement (e.g., Bautista, 2011; Leonard, Barnes-Johnson,
Dantely & Kimber, 2011; McDonnough & Matkins, 2010), but further
research needs to be conducted in this potentially rich domain.
The interview data collected within this research serves to highlight
the negative science socialisation that occurs within some primary schools.
Such themes certainly fit with the negative trends that emerge within the
wider literature base. Primary science is often marginalised (e.g., Appleton &
Kindt, 2002; Appleton, 2003; Angus et al., 2004) and distorted (e.g.,
Goodrum & Rennie, 2007) by teachers who lack confidence in their capacity
to teach science effectively (e.g., Palmer, 2011; Tytler, Smith, Grover &
Brown, 1999). All of the interviewees noted the absence of science, but their
interpretations of the science avoidance differed in two distinct ways. Some
of the interviewees were highly critical of science marginalisation and chose
to eschew the power structure that existed between themselves and their
associate teachers by teaching science in a student centred way. Others
seemed compelled to accompany their answers with rationalisations on behalf
of their associate teachers. Issues such as time, resourcing and the crowded
curriculum became key themes for the preservice teachers despite their own
lack of experience within the teaching profession. Limited research exists that
directly reports on science cultures at the primary level, but dissonance exists
in larger science studies that hints at the negative science cultures. For
example, teachers who participated in a national study into the state of science
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education reported using student centred approaches, yet the primary students
reported transmissive, teacher centred pedagogies (e.g., Goodrum, Hacking
& Rennie, 2001). In the same report, many primary teachers cited the lack of
professional development opportunities in science teaching. Yet, in a follow
up study, many primary teachers displayed a lack of interest in engaging with
professional development opportunities (e.g., Goodrum & Rennie, 2007).
Given that any science gains made at the tertiary level will inevitably interact
with the school cultures into which participants enter, research needs to be
conducted to study science socialisation at the primary level.
Throughout the four year research period, the STOE scores of the participants
were consistently higher than their PSTE scores for most of the time. It is
logical that inexperienced preservice teachers would feel less efficacious in
their own science teaching capacity than the capacity of science teaching to
assist student learning in a general sense. Nonetheless, the overwhelming
majority of the STEBI-B literature reports higher scores and growth on the
PSTE subscale (e.g., Ford, Fifield, Madsen & Qian, 2012; Logerwell, 2009;
Palmer, 2006). It is impossible to attribute this trend to any single factor
within our science program or indeed within the four year data collection
period. It could be posited that the alternative conception targeting that
occurred early in SC108 made our students more acutely aware of the
limitations of their science content knowledge. Additionally, the student
centred, micro teaching environment showed them that teaching science
requires a wide array of professional skills which they, as first year preservice
teachers, did not yet possess. Such an interpretation is supported by the
reduction in the gap between the scales that occurred as the cohort progressed
through their degree. By the time that the group was ready to graduate, there
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was no longer a statistically significant gap between their PSTE and STOE
scores. This hints at a powerful narrative, wherein the cohort believed that
their tertiary experiences had prepared them to meet their own expectations
of primary science teaching. Nonetheless, follow up is research is needed to
determine the validity of this interpretation.
The validity and reliability of the STOE subscale remains a point of
contention within the STEBI-B literature (e.g., McDonnough & Matkins,
2010; Mullholland, Dorman & Odgers, 2004). As noted earlier, the STOE is
often marred by low reliability scores (e.g., Aydin & Boz, 2010; Velthuis,
Fisser & Pieters, 2014) or even dismissed or not reported. The current
research afforded an opportunity to explore the reliability of the STOE
subscale in a longitudinal manner. As the targeted cohort of preservice
primary teachers progressed through their degrees, the reliability of their
responses to the STOE items increased. At the beginning of the first year, the
STOE was reported to have a Cronbach’s alpha of 0.687, by the end of the
second year this had increased to 0.798. Most notably, despite no formal
science intervention during the interim period, the STOE Cronbach’s alpha
had increased to 0.87 and at the end of the fourth year, was very close the
0.88 reliability score of the PSTE subscale. These reliability scores represent
one of the only times in the literature where both the PSTE and STOE
subscales display equal reliability. This reaffirms the importance of practical
teaching experiences both within and beyond tertiary science programs. There
is some evidence here to suggest that the STOE reliability increases naturally
over the course of a tertiary teacher education program, as preservice
teachers’ develop deeper understandings of the teaching profession. While
the aforementioned STOE issues are valid, they are not infallible nor do they
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remove the imperative to improve preservice primary teachers’ beliefs about
the capacity of science teaching to guide students to desired learning
outcomes. Simply put, researchers must continue to improve preservice
teachers’ science teaching outcome expectancies.
There are several implications for further research that have been
revealed by the research outlined in this paper some of which have been
discussed. Follow up research is needed to explore the science teaching
efficacy beliefs and science teaching practices of the preservice primary
teaching cohorts as they begin their teaching careers. A disconnect exists
between tertiary and primary school contexts as research seldom bridges this
gap (e.g., McKinnon & Lamberts, 2014). It is necessary to extend research
beyond the tertiary context if the goal of improving students’ scientific
literacy is to be addressed. Research also needs to be conducted explicitly on
the negative science cultures that appear to exist in primary schools. Such
research would provide insights into the types of interventions required to
overcome the issues of science avoidance and marginalisation. From a
methodological standpoint, more research needs to adopt multiple cohort
designs, longitudinal approaches and good quasi experimental designs. This
would improve arguments for covariance amongst variables and potentially
establish causal links between science interventions and outcomes.
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Connective Statement Three
The previous paper entitled “A longitudinal investigation of the science
teaching efficacy beliefs and science experiences of a cohort of preservice
primary teachers” (Deehan, Danaia & McKinnon, 2016) studied the science
teaching efficacy beliefs and science teaching perspectives of a cohort of
preservice primary teachers over a four-year period where they completed
two complex, innovative science courses (SC108 and SC308). The research
employed two Type II, quasi-experimental case studies with additional
delayed data collection periods. Data were collected through mixed methods,
including the STEBI-B (see appendix 4, p.387), semi-structured interviews,
Harvard one minute papers and course evaluations. The paper investigated
the participants’ experiences and science teaching efficacy beliefs within,
across and beyond the two science courses. In total, 112 members of the
cohort provided quantitative STEBI-B data on at least one occasion of testing,
with 56 providing data on the final occasion. A group of 12 preservice
teachers contributed additional interview data. In their first year of study, the
cohort reported improved personal science teaching efficacy beliefs (Cohen’s
d = 0.41), science teaching outcome expectancies (Cohen’s d = 0.79) and
science teaching confidence as they completed the SC108 course. There was
an unexplained decline in their science teaching outcome expectancies
(Cohen’s d = -0.56) during the year between the completion of SC108 and the
start of SC308. However, upon completion of the project-based SC308 course
the STOE declines were reversed (Cohen’s d = 0.65). In addition, participants
continued to show improved PSTE scores (Cohen’s d = 0.69) with the largest
single week increase occurring immediately after an in-course practical
science teaching experience. Over the final two years of the cohort’s formal
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tertiary studies, their personal science teaching efficacy beliefs continued to
increase while their science teaching outcome expectancies remained durable.
There is strong evidence to suggest that participation in the science program,
as described in the second publication, covaries with large and durable
increases to science teaching efficacy beliefs. The next step is to supplement
this deeper mixed methods research with broader quantitative research to both
strengthen the aforementioned argument for covariance and to consolidate the
position of the science program within the STEBI-B literature.
The next publication reports on extensive STEBI-B (see appendix 4, p.387)
data extracted from multiple SC108 and SC308 course offerings over an
eight-year period. The vast sample size presented in the next quantitative
publication is the broad accompaniment to the deep, mixed methods research
presented in the previous publication. By reporting on the science teaching
efficacy beliefs of large sample of SC108 and SC308 participants over nearly
the course of a decade, the argument for covariance can be strengthened in a
way that is nearly unprecedented within the body of STEBI-B literature.
Aside from the enhanced generalisability afforded by the large sample size,
the next publication allows for additional aspects (e.g., instructor variations)
to be explored indirectly through investigation of STEB changes within and
between cohort groups.
The next publication entitled “A longitudinal investigation of the science
teaching efficacy beliefs of multiple cohorts of preservice primary teachers”
(Deehan, McKinnon & Danaia, 2016) reports on multiple quasi-experimental,
type II case studies with pre- and post-test administrations of the STEBI-B
during iterations of the SC108 and SC308 course offered from 2007 through
to 2014. There were 877 preservice teachers who responded to the STEBI-B
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in full on at least one occasion over the 8-year period of data collection. A
series of Multivariate Analysis of Variance (MANOVA) tests with repeated
measures on the occasion of testing have been computed to determine if the
PSTE and STOE scores of participants changed significantly both within and
across the SC108 and SC308 courses. All cohorts, bar two (2009 SC108 and
2014 SC308) showed highly significant STEB increases over the duration of
the courses. In terms of science teaching efficacy growth, the SC108 and
SC308 courses were complementary as SC108 covaried with greater STOE
growth whereas SC308 participants showed larger PSTE increases. The
statistical analyses to be presented in the next publication appear to reflect the
findings shown in the third publication. The consistently high STOE scores,
the STOE growth and the teacher variable are key discussion points in the
next publication.
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Publication Four
A longitudinal investigation of the science teaching efficacy
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Abstract
If the steady decline in science interest and performance permeating all levels
of science education in Australia is to be reversed, it is imperative that
competent and confident teachers deliver quality science experiences. This
paper reports on the long-term implementation of two complementary,
innovative tertiary science courses that were designed to develop both the
competence and confidence of preservice primary teachers at a rural
Australian university. The Science Teaching Efficacy Belief Instrument B
(STEBI-B) was employed to collect data from multiple cohorts of preservice
primary teachers (2007-2014) in two separate science courses that integrated
instruction in science content with science teaching methods. Multiple
iterations of a longitudinal quasi–experimental design replicated in each
course and in each year were employed to investigate any changes. Data were
analysed using MANOVA with repeated measures on the occasion of testing
across the two science courses. Participants were 877 preservice teachers over
eight years. Results indicate that both preservice teachers’ personal and
outcome efficacy beliefs grew significantly with moderate to large effect sizes
(Cohen’s d). The combined effect of the two courses is also reported. The
significantly higher outcome efficacy beliefs and comparable growth in the
personal efficacy domain of the STEBI-B are atypical within the wider
literature. Broader implications are discussed within the paper.
Keywords: Teacher education – prospective teachers, science teaching
efficacy beliefs, teacher beliefs, quantitative, longitudinal research
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A longitudinal investigation of the science teaching efficacy beliefs of
multiple cohorts of preservice primary teachers
Introduction
There is considerable variation among the course structures and
pedagogical practices of science-methods courses within primary preservice
teacher education courses in Australian universities. Lawrance and Palmer
(2003) reviewed a variety of pedagogical and science–curriculum innovations
that were being implemented in tertiary education institutions to develop
quality primary school teachers who would also teach science as part of their
general role. Representatives from 35 teacher education institutions
participated in open–ended telephone interviews where they described their
science teaching programs. The most prominent innovative themes
mentioned by 60% of the respondents involved collaboration with the science
faculty and the integration of information and communications technologies
(ICTs). Some institutions reported incorporating at most one or two of the
following: explicit Pedagogical Content Knowledge (PCK) instruction
(Nillson & Loughran, 2011); student choice; community links; and, hands–
on practical experiences. A small number of institutions indicated a use of
Problem–based Learning approaches. One would anticipate that such variety
amongst university teaching approaches would lead to a wide variance in
graduate teaching standards.
None of the above innovations identify inquiry-based learning
approaches overtly. It might be inferred that the use of problem-solving
approaches coupled with hands-on practical experiences may involve aspects
of inquiry learning. Many preservice science interventions involve inquirybased learning strategies (Luera & Otto, 2005). However, even though
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inquiry is prominent within the literature, it remains an ill–defined construct
for many educators (Abrams, Southerland & Evans, 2008; Settlage, 2007).
This can leave teachers with the task of deciphering the meaning of “inquiry”
within their own classroom contexts (Crawford, 2000; Keys & Bryan, 2000;
Saka, Southerland & Golden, 2009; Wu & Krajcik, 2006).
In essence, inquiry allows students to assume agency over the purpose
and direction of their own learning (Blumenfeld, Soloway, Marx, Krajcik,
Guzdial & Palincsar, 1991; Roth, 1995). Inquiry learning allows participants
to develop transferable skills and knowledge to seek the information needed
in order to achieve a goal that they have outlined (Duran, Ballone-Duran,
Hancy & Beltyukova, 2009; Edelson, Gordin & Pea 1999). In such a
classroom, teachers subsequently take on facilitative and supportive roles
ranging from the structured processes of guided inquiry to the open-ended
learning promoted by open inquiry.
Sackes et al. (2012) found that inquiry-based approaches could be
used to develop deep learning in both mathematics and science. Moreover,
the inclusion of inquiry–based pedagogies and reflective practices in multiple
science content courses can coincide with significant improvements in both
the science-teaching efficacy and the science content knowledge of preservice
teachers (Luera & Otto, 2005). Learning based on inquiry is thus an approach
that represents a true separation from teacher-centred approaches wherein
students can make informed choices about their own learning pathways.
However, Lawrance and Palmer (2003) noted barriers to the implementation
of such student–centred approaches in preservice science teacher education.
One such barrier is the increasing number of casual academics or adjunct
professors recruited from schools who are employed to teach the science
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methods courses to preservice teachers. Tenured professors in universities
believed that many of these former practicing teachers preferred transmissive
approaches. Lawrance and Palmer (2003) noted that this was a problematic
situation given that these transmissive approaches were one of the factors that
alienated students.
Problem-Based Learning (PBL) is a deep–learning strategy that helps
students to develop transferrable skills that can be used in novel situations
(Schmidt, Saigo & Stepans, 2006). PBL uses real–world problems as a
starting point for the acquisition and integration of new knowledge into
existing schemas (Azer, 2001; Kahn & O’Rourke, 2005). In the tertiary
sphere, PBL often incorporates curriculum development to model the
demands and changing nature of the teaching profession. In his review into
science teacher education, Lawrance and Palmer (2003) found that only a
small number of institutions used a PBL approach for either the science
methods or the content courses. However, those institutions who did employ
PBL reported very positive outcomes for participants. Ford et al. (2012)
collected interview data from 159 preservice teachers over a two–year period.
The results indicated that participants in a PBL program developed a more
sophisticated pedagogical understanding of science teaching as they moved
beyond the overly simplistic notions of the ‘hands–on activities that work’,
which are frequently reported in the literature (Appleton, 2003; Appleton &
Kindt, 2002; Ertmer, Schlosser, Clase & Adedokun, 2014). Upon completion
of the course, the preservice teachers discussed both ‘inquiry’ and
‘investigation’ in science teaching as these related to the processes of
scientific investigation, which suggests a more sophisticated, although still
developing, understanding of science pedagogies. In the development and
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implementation of a PBL tertiary science program, Watters (2007) found a
curious disconnect between preservice teachers’ attitudes towards PBL
learning and the outcomes achieved within the courses. Despite improved
pedagogical capacity and science teaching confidence, many respondents
bemoaned the complex requirements and group–based nature of the tasks.
While the benefits of PBL have been established within the literature
(Ford, Allen, Dagher & Donham, 2011; Huinker & Madison, 1997;
Logerwell, 2009; Watters & Ginns, 1999), it is a deep and complex
pedagogical approach that requires scaffolding and support structures to be
present for the preservice teachers. The nature of the ideal scaffolds and
support structures remains relatively unclear. In order to facilitate effective
PBL environments, cooperative learning strategies must be explicitly
modelled and supported.
Cooperative learning is an educational construct wherein a group of
students work together to develop their knowledge and skills through the
achievement of a clearly defined goal. Learning is supported through the
principles of social constructivism that have underpinned educational theory
for decades (Ruys, Van Keer & Aelterman, 2010; Santrock, 2007; Vygotsky,
1977). According to Blosser (1993) participants need to make meaningful
contributions to a task that cannot be achieved by a single individual. Thus,
participants need to develop and use interpersonal and reflective skills.
Palmer (2006) used cooperative learning as a key component of his science
methods course targeting second year preservice primary teachers. The results
showed significant increases in both the personal and outcome science
teaching efficacy beliefs of the participants that were durable for up to a year
after the completion of the course.
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Practical science teaching experiences in real classroom settings are
essential

for

improved

science

attitudes

and

teaching

practices

(Bhattacharyya, Volk & Lumpe, 2009; Ebrahim, 2012; Palmer, 2011;
Wingfield & Ramsey, 2001). Palmer (2007) noted that several institutions
had successfully embedded practical science teaching experiences within
their science courses and that one institution had conducted workshops in
actual school settings. Research has shown that participation in a site–based
methods course covaries with both improved science teaching efficacy beliefs
and more positive attitudes towards science for preservice teachers
(Wingfield & Ramsey, 2001). The data collected from 131 preservice
teachers showed significant increases in both personal and outcome science
teaching efficacy beliefs. The participants themselves attributed these
changes to the embedded opportunities for science teaching practice within
the course structure. Palmer (2011) further found that ‘enactive mastery’ is a
vital component in the consolidation of improved personal science teaching
efficacy for preservice primary teachers.
It is important to note, however, that practical science teaching
experience does not supplant the need for formal tertiary education involving
analysis of pedagogical approaches. Indeed, Ebrahim (2012) found that a
practical teaching science experience, without supplementary instruction,
produced no discernible changes in the participants, whereas those in a
science methods course did make significant knowledge and attitudinal gains.
This suggests that practical experiences need to be linked to a broader course
structure in order to maximise the educational value. Bhattacharyya, Volk and
Lumpe (2009) established the value of incorporating practical teaching
experiences within an inquiry-based science course. In this study, the
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preservice teachers needed to establish their fundamental capacity to
communicate with school students prior to adopting different instructional
strategies.
While there is clearly a plethora of worthwhile approaches for tertiary
science courses, it is difficult to assess such approaches in isolation. Haeusler
and Lozanovski (2010) designed a preservice primary science course for both
face–to–face and distance modes of education that included elements of
inquiry, cooperative learning and PBL. Preservice teachers who experienced
both modes of delivery showed significant growth in their personal scienceteaching efficacy. Additionally, the participants believed that the use of
cooperative learning enhanced their science learning in comparison to their
previous tertiary experiences. Huinker and Madison (1997) reported on a
similarly deep science methods course that included links to mathematics,
targeting alternative conceptions, and inquiry based learning. Participants
showed improved personal science teaching efficacy and developed deeper
understandings on the nature of scientific investigation.
Research Aims and Question
Given the trends within the science education literature, this paper reports on
two similarly complex course designs and investigates the impact they have
on preservice primary teachers’ science teaching efficacy beliefs. The
research presented in this paper builds on the existing literature by reporting
on data collected across multiple iterations of two interlinked science courses
involving content and methods. The science courses represent a step forward
in this domain as each is comprised of 11 interwoven innovative practices,
which exceeds the number that is often reported. Thus, the research presented
in this paper aims to provide some clarity in this area of science education by
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presenting rich quantitative evidence for the use of an innovative and student–
centered model of preservice primary science education. The two science
courses are comprised of a variety of interwoven innovative practices that
have already been established within the literature. Rather than simply
determining what approaches should be used in tertiary education, the
research also uses longitudinal quantitative data to argue that the two courses
represent a viable, replicable model for how innovative practices can be used
to enhance outcomes for preservice teachers. The designs of the two science
courses are outlined later in the paper. The research aims for this paper are
twofold, to report the changes in the science teaching efficacy beliefs of
multiple cohorts of preservice primary teachers (2007-2014) both within and
across the separate science courses. The following question frames the
research presented in this paper; does participation in two innovative,
complementary science courses, both separately and collectively, covary with
statistically significant increases to the science teaching efficacy beliefs of
multiple cohorts of preservice primary teachers?
Theoretical Framework: Teacher Efficacy in Science Education
Self-efficacy can be defined as one’s internal beliefs relating to his or
her competence in completing a specific task (Bandura, 1977, 1986). Selfefficacy is widely considered to comprise two conceptually separate
elements: Personal Efficacy (PE); and, Outcome Expectancy (OE). PE relates
to an individual’s belief about his or her capacity to successfully complete a
task. OE relates to an individual’s belief that the completion of the task will
have the desired outcome. Both constructs are vital when considering an
individual’s likelihood of persevering through adversity to complete a task.
Many domains are affected by self-efficacy with teaching being one such
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domain. Teacher Efficacy has been found to correlate positively with
desirable outcomes in both teachers and students (Goddard, Hoy & Hoy,
2000; Tschannen-Moran & McMaster, 2009). Teacher efficacy is the
confidence an individual has in themselves or their profession to help students
to achieve pre-determined educational outcomes (Berman, McLaughlin,
Bass, Pauly & Zellman, 1977). Teacher efficacy is comprised of two key
aspects; these are Personal Teaching Efficacy (PTE) and General Teaching
Efficacy (GTE). PTE describes an individual’s belief in their own ability to
overcome contextually specific factors to promote student learning
(Coladarci, 1992; Gordon & Debus, 2002). GTE is the belief that teaching in
general can overcome external factors, such as socio-economic status, various
learning needs and detrimental social experiences, to guide students towards
achieving pre-determined goals (Tschannen-Moran & Hoy, 2001).
Riggs and Enochs (1990) designed two science teaching efficacy
instruments that were modelled on the Teacher Self Efficacy scales (TSES)
produced by Gibson and Dembo (1984). The Science Teaching Efficacy
Belief Instrument A (STEBI-A) was designed to measure the science teaching
efficacy of inservice primary teachers (Enoch & Riggs, 1990) while the
Science Teaching Efficacy Belief Instrument B (STEBI-B) was designed to
measure the science teaching efficacy of preservice primary teachers (Riggs
& Enochs, 1990). These instruments are equivalent because the STEBI-B was
designed by modifying the wording of items from the original STEBI-A to
reflect the perspectives of preservice teachers. Both instruments measure two
aspects of science teaching efficacy: Personal Science Teaching Efficacy
(PSTE) and Science Teaching Outcome Expectancy (STOE). These are
equivalent to the two more general scales identified by Gibson and Dembo
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(1984). Moreover, preservice teachers with higher science teaching efficacy
beliefs are more likely to: hold higher levels of science content knowledge
(Mashnad, 2008; Sarikaya, Çakiroglu & Tekkaya, 2004); report fewer
alternative scientific conceptions (Schoon & Boone, 1998); and, also possess
high mathematics teaching efficacy beliefs (Bursal & Paznokas, 2006).
Context
The context for this study is a Bachelor’s teaching degree offered by
an Australian university where preservice teachers were required to undertake
four years of tertiary study in primary curriculum and pedagogies to qualify
them for employment in the educational jurisdiction. More specifically, this
study focuses on the two compulsory science courses within the degree
structure from 2007 through to 2014. The pedagogical approaches of the final
offerings of both science courses are outlined in Table 1. It should be noted,
however, that the courses evolved over time. The following subsections
outline the structure of the science courses. For clarity, the descriptions are
based on the final iterations of the courses.
Table 1 Approaches used within the Two Science Courses
Approach
Constructivism
Problem-based Learning

Course 1

Course 2

*
*

*

Project-Based Learning

*

Integration with other Key Learning Areas (KLAs)
Mentoring
Real world relevance
Inquiry learning
In-course practical experience
Links to practical experience blocks

*

Cooperative Learning
ICT Instruction
Student Centred Investigation
Rich Tasks
Nature of Science
Misconception targeting

*
*
*
*
*
*
*
*
*
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*
*
*
*
*
*
*
*

Course 1 - SC108: Science and Technology Studies I
The first science course used the Astronomy content relevant to the
primary science curriculum as a driver for the development of preservice
teachers’ science content knowledge and their Pedagogical Content
Knowledge (PCK) (Nillson & Loughran, 2011). A Problem Based Learning
environment was created by submitting the students to a modified
‘Astronomy Diagnostic Test’ (ADT) (CAER, 1999) in the first week of
classes. The students were then required to identify and target their own
alternative scientific conceptions and to address these in cooperative, micro–
teaching groups. The micro–teaching approach was inquiry based as each
preservice teacher was required to select the pedagogical approaches they
employed to teach astronomy content to their peers and to reflect on their own
teaching and that of their peers. Throughout the course, the professors acted
as facilitators to help the participants to progress through the science learning
experiences. In a scaffolded approach, the professors provided instruction,
modelling and guidance on cooperative learning, instructional approaches,
and research skills in a fashion that gradually allowed the students to assume
the locus of control as their skills and knowledge developed. In a backwardfaded scaffolding approach (Slater, Slater & Shaner, 2008), the preservice
teachers reapplied their new science skills and knowledge to a firsthand
scientific investigation of their choosing. This approach enhanced both their
investigative skills and understandings of the nature of scientific
investigation. Students’ knowledge outcomes in the learning of Astronomy
content was assessed by post-test administration of a slightly modified
version of the ADT in the final week of the semester. That is to say, success
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in this post–test served to demonstrate to participants and professors that they
were competent in having understood the science content knowledge.
Course 2 - SC308: Science and Technology Curriculum Studies II
The knowledge and skills developed in SC108 served as prerequisites
for entry into the second SC308 course. SC308 moved beyond the Astronomy
focus of SC108, as preservice teachers were required to develop further their
Pedagogical Content Knowledge (PCK) (Magnusson, Krajcik & Borko,
2002; Van Driel & Berry, 2010) in order to teach other syllabus content
effectively. A hybrid constructivist pedagogical approach was used within an
extended role-play, project-based learning scenario where the professor acted
as the principal of the school (that class) and the preservice teachers assumed
the role of teachers within the school. The preservice teachers worked in
cooperative learning groups throughout the semester (approximately 4 per
group) to create a science unit of work for a pre-determined science content
strand and a particular grade level. Each class had a different science content
focus within which each cooperative learning group focussed on a different
grade level. In their cooperative learning groups, the preservice teachers were
required to navigate the syllabus, research science content and make
pedagogical decisions to design and implement a teachable unit of work. A
key learning inclusion was an in-school science teaching experience where
the preservice teachers were required to teach their science lessons to small
groups of primary students at the relevant grade level. The goal of this
educational paradigm was to provide the preservice primary teachers with the
skills and knowledge necessary to research and adapt science concepts for the
classroom. Most importantly, the experience provided opportunities for them
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to develop their science PCK in a manner that assisted them to feel more
confident and competent to teach primary school science.
Methodology
This research employed a quasi-experimental design within a Type II case
study framework (Merriman, 1998; Shadish, Cook & Campbell, 2002; Yin,
2014). A Type II Case study incorporates multiple forms of data collected
from a single site. An experimental design with equivalent control groups
could not be conducted ethically within the tertiary context. Therefore, this
research explores covariant relationships amongst variables rather than
establishing causality. The research can be deemed quasi-experimental as
groups were not formed randomly. The treatments in this research project
were the aforementioned SC108 and SC308 science courses. The science
courses were complementary and sequential within the broader primary
teaching course structure. This means that most ‘in-phase’ participants
experienced both interventions with a delay period of one year between each.
Therefore, a repeated–measures design has been employed to strengthen the
argument for covariance between STEB changes and course participation
(Shadish, Cook & Campbell, 2002). From a broader perspective, the research
was longitudinal as STEBI data were collected from the same courses in each
cohort year, over an eight-year period. This enabled the researchers to explore
and evaluate the development of the science courses over time. Quantitative
data were collected with multiple administrations of the STEBI-B instrument.
Table 2 below outlines both the data collection occasions and the number of
participants who supplied complete data sets on each occasion from 2007 to
2014.
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Table 2 STEBI-B Data Collection Periods for SC108 and SC308 (2007-2014)
SC108 (Semester 1)
SC308 (Semester 4)
Cohort
Pre-Test
Post-Test
N
Pre-Test
Post-Test
N
2007
99
62




2008
95
76




2009
72
55




2010
108
42




2011
40
67




2012
73
*
N/A



2013
47
49




2014
**
N/A
16


* Data were not collected for the SC308 post-test in 2012
** SC108 did not run in 2014. It is no longer a part of the Degree with the content
knowledge now being taught by Science Faculty and which will allow differing treatments
to be investigated.

Participants
The participants in this research project were preservice primary
teachers undertaking a Bachelor of Education (Primary) degree at an
Australian rural university between 2007 and 2014. The age of the
participants ranged from 18 to 55. While 877 individuals provided data on at
least one occasion, only those who provided matched pre-post data in at least
one course (SC108 or SC308) were included in the analyses. A total of 234
preservice teachers provided data on all four occasions of testing across both
courses and were subsequently included in the science program analyses
(both SC108 and SC308). Ethical clearance for the research presented within
this paper was granted by the university’s Human Research Ethics Committee
(2006/122).
The STEBI-B Instrument
The Science Teaching Efficacy Belief Instrument B (STEBI-B) was designed
to measure the science teaching efficacy beliefs of preservice primary
teachers (Enochs & Riggs, 1990). The instrument requires respondents to rate
their level of agreement with statements on a 5-point Likert scale, ranging
from ‘strongly disagree’ to ‘strongly agree’. The statements produce
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measurements on two subscales. The Science Teaching Outcome Expectancy
(STOE) belief scale measures the participants’ broad views of science
teaching related to why school students perform as they do. An example of
an item on the STOE subscale is “When a student does better than usual in
science, it is often because the teacher exerted a little extra effort”. The
Personal Science Teaching Efficacy (PSTE) scale measures the participants’
beliefs about their own ability to teach science effectively. An example of an
item on the PSTE scale is “I know the steps necessary to teach science
concepts effectively”. The items produce ordinal data as there are no
observable or standardised intervals between the Likert responses of ‘strongly
agree’, ‘agree’, ‘uncertain’, ‘disagree’, and ‘strongly disagree’ (Kervin
Wilma, Herrington & Okely, 2006).
There are some issues with the use of the STEBI-B instrument in the
literature. The STOE subscale is not as reliable as the PSTE (Aydin & Boz,
2010; Bleicher, 2006; Riggs & Enochs, 1990). Researchers often choose to
omit the STOE subscale entirely due to its low reliability (Bursal, 2010).
Cannon and Scharmann (1998) believe that preservice teachers lack the broad
conceptual understanding of science teaching to respond consistently to the
items in the STOE subscale. Others believe that the inherent complexity of
the STOE diminishes its worth as a measure (Mulholland & Wallace, 2003).
Although there are merits to these arguments, preservice teachers need to
develop their STOE beliefs to cope with the negative contextual factors that
currently exist in primary science education (Goodrum, Hackling & Rennie,
2001; Goodrum & Rennie, 2007; Griffith & Scharmann, 2008). Therefore,
the research presented in this paper utilises the STOE subscale and we present
evidence that the STOE scale is reliable.
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Enochs and Riggs (1990) reported Cronbach’s Alpha reliability
coefficients of 0.90 for the PSTE subscale and 0.76 for the STOE subscale.
Table 3 shows the Cronbach’s alpha reliability coefficients for the PSTE and
STOE subscales on the four main occasions of testing across the science
course offerings from 2007 through to 2014. The PSTE scale showed
increased reliability through each occasion of testing. This may be related to
the respondents’ growing base of science teaching experiences and
knowledge as they progressed through their degrees. In this research, the
STOE subscale does not show the low reliability that is widely reported in the
literature (Baldwin, 2014; Velthuis, Fisser & Pieters, 2014). The STOE was
found to be sufficiently reliable on all occasions.
Table 3 Cronbach’s Alphas for the STEBI-B Subscales

Scale
SC108

Pre Occasion
α
n
0.760
733

SC308

0.820

489

PSTE
Post Occasion
α
n
0.858
563
0.887

527

STOE
Pre Occasion
Post Occasion
α
n
α
n
0.706
739
0.810
568
0.779

492

0.787

528

Another issue within the STEBI-B literature is the overuse of designs
featuring a single cohort with pre/post-test administrations of the instrument
(Brower, 2012; Bursal, 2008; Christol & Adams, 2006; Jabot, 2002).
Consequently, the use of multiple cohorts can strengthen interpretations made
about covariant relationships between interventions and STEB increases. The
eight-year period over which data were collected and reported in this paper is
currently unparalleled within the body of STEBI-B literature.
Data Analyses
For the STEBI-B data, Multivariate Analysis of Variance (MANOVA) with
repeated measures on the occasion of testing were computed to determine if
the PSTE and STOE scores of participants changed significantly both within
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and across the SC108 and SC308 courses (Coleman & Pilford, 2008).
Cohen’s d effect sizes were computed to determine the impact of any STEB
changes that were found to be statistically significant. The Statistical Package
for the Social Sciences (SPSS) v20 software was used to analyse and produce
descriptive statistics, tests for the homogeneity of variance and tests for the
equality of the covariance matrices to ensure that the mathematical
assumptions of the statistical procedures were met.
The homogeneity of variance statistics for the two STEB subscales
over the four occasions of testing using cohort groups as the independent
variable of were investigated using Box’s Test of Equality of Covariance
Matrices. The null hypothesis of equality of the covariance matrices had to be
rejected. An omnibus MANOVA was not computed because of the variety of
complex mathematical transformations that were required to render each
dependent variable on each occasion of testing individually and collectively
normally distributed. Thus, the use of the cohort year as an independent
variable had to be abandoned due to differences in the distributions of the
subscales over time. To address this issue, separate cohort analyses were
computed in order to meet the mathematical assumptions of the MANOVA
procedure.
The researchers recognise that computing multiple MANOVA
analyses for each cohort year artificially increases the likelihood of finding
significant relationships between variables. A full Bonferroni correction was
employed for the analyses to reduce the risk of a Type I error occurring, viz.,
claiming a difference when none might exist. The accepted p-value (< 0.05),
adopted leading to the rejection of the null hypothesis of no difference was
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divided by the number of MANOVA analyses computed to reduce the chance
of a Type I Error.
Results
The results of this research are presented in three sections. First, the
results from the SC108 course are presented. Second, the STEB analyses for
those who completed the SC308 course are shown. Finally, the combined
effects of both science courses (SC108 and SC308) are assessed through the
analysis of STEB data provided by individuals across all four occasions of
testing.
SC108 Results
In the tables that follow, the data are presented by the year of the SC108
course offering. A similar structure is employed for the SC308 results to
follow. For the combined analyses presented in the science program results
section a two-year cohort naming structure is used. Table 4 presents the
MANOVA with repeated measures on the occasion of testing for the STEB
data collected in SC108 from 2007 through to 2013. There is a significant
main effect due the variables, PSTE versus STOE, (F(1,533)=180.21, p <
0.0001). That is to say, there is a significant difference between the Personal
Science Teaching Efficacy and Science Teaching Outcome Expectancy
beliefs of the SC108 participants. There is a significant within-group main
effect due to the occasion of testing (F(1,533)=246.73, p < 0.0001). This
shows that there is a significant increase in both of the STEB variables due to
the occasion of testing of the preservice teachers who participated in the
SC108 course.
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Table 4 MANOVA of STEB Data Collected during the SC108 Course
SS

df

MS

F

p.

Variable

3734.38

1

3734.38

180.21

<0.0001

Error(Variable)
Occasion
Error(Occasion)
Occasion * Variable
Error(Occasion*
Variable )

11003.37

533

20.72

2795.45
6016.30
35.02
4470.73

1
533
1
533

2795.45
11.33
35.02
8.42

246.73

<0.0001

4.16

0.008

Variable

Separate MANOVAs were computed on the STEBI-B data collected
for each the SC108 course offerings from 2007 through to 2013 to address
the issues with the lack of equality of homogeneity in the covariance matrices
for the year groups and a significant Box’s M statistic. The 2007, 2008, 2010,
2011, 2012 and 2013 SC108 year groups all showed highly significant main
effects due to the occasions of testing. The 2009 SC108 year group did not
show a statistically significant change in their STEBs due to the occasion of
testing (F(1,71)=5.786, p=0.19). In total, 86% of the SC108 cohorts showed
statistically significant growth in their STEB scores. That is to say, the
majority of preservice teachers showed improved science teaching efficacy
beliefs upon completion of the SC108 course.
Participants in SC108 showed increased personal science teaching
efficacy beliefs. Table 5 shows the descriptive statistics for the PSTE and
STOE scores in SC108. There has been a steady, if inconsistent, raise in the
PSTE effect sizes produced since 2007. Moderate gains were consistent after
2010, with a large effect size produced in 2012. Data from 2007 and 2009
represent outlying cases where there were no significant changes in the
personal science teaching efficacy beliefs of the participants. The
improvements could be related to reflection and subsequent course alterations
made after each offering of the SC108 course. Regardless, the cumulative
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mean effect size of 0.45 is slightly more than half of the mean (0.83) reported
in the wider body of STEBI-B literature (Deehan, 2016).
Table 5 SC108 – PSTE and STOE Descriptive Statistics with Effect Sizes
PSTE
Pre Occasion

STOE

Post
Occasion

Sig.

Pre Occasion

Post
Occasion

Sig.

Year

Mean

Std.
Dev.

Mean

Std. Cohen’s
Dev.
d

Mean

Std.
Std. Cohen’s
Mean
N
Dev.
Dev.
d

2007
2008
2009

26.15
26.12
27.65

4.46
4.41
4.55

26.79 4.85 0.14**
29.15 4.42 0.69***
27.76 4.80 0.02 ns

27.63
27.48
29.13

3.77
3.38
3.27

30.26
30.45
30.94

3.84 0.69*** 99
3.43 0.87*** 95
3.56 0.53** 72

2010
2011
2012
2013

26.09
25.93
26.06
25.02

4.11
3.50
3.56
3.35

28.39
28.95
29.22
27.51

28.51
29.95
29.66
29.98

3.48
2.91
3.63
2.97

31.32
31.95
31.81
32.85

3.47 0.81*** 108
3.61 0.61** 40
3.77 0.58** 73
3.40 0.90*** 47

All

26.24

4.13

28.28 4.94 0.45**

28.64

3.54

31.17

3.66

5.77
6.23
3.76
4.43

0.46**
0.60***
0.86***
0.63***

0.70

534

* p = 0.01275, ** p < 0.00255, *** p < 0.001275, ns=not significant

Within the SC108 course, preservice teachers have consistently
displayed moderate to large effect size increases in their science teaching
outcome expectancies. Unlike the PSTE scores, there are no significant
outliers or emergent trends for the STOE subscale. This is particularly
noteworthy given the aforementioned issues with the STOE subscale and the
variance reported in the PSTE scores within the SC108 course offerings. The
mean 0.70 STOE effect size for the entire group is higher than the mean of
0.43 reported within the STEBI-B literature (Deehan, 2016). All cohorts
produced moderate to large STOE effect sizes above the literature mean. This
is the inverse of the PSTE trends, where only the 2012 SC108 cohort scored
above the literature mean.
SC308 Results
A MANOVA was computed using the SC308 STEBI-B data to
investigate changes to their science teaching efficacy beliefs. The summary
output of the MANOVA analysis is displayed in Table 6. For those who
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completed the second course, SC308, between 2007 and 2014, there was a
significant main effect due to the occasion of testing (F(1,367)=248.78,
p<0.0001). This indicates that the STEB growth reported by the preservice
teachers is statistically significant. The gap between the PSTE and STOE
scores shown in the SC108 data is replicated within the SC308 data. Indeed,
there was a significant main effect due to the STEB variable
(F(1,367)=207.86, p<0.0001).
Table 6 MANOVA of STEB Data Collected during the SC308 Course
Variable

SS

df

MS

F

p.

Variable

2995.92

1

2995.92

207.86

<0.0001

Error(Variable)

5289.58

366

14.41

Occasion

2370.53

1

2370.53

248.78

<0.0001

Error(Occasion)

3496.97

366

9.53

Occasion * Variable

562.57

1

562.57

69.78

<0.0001

Error(Occasion* Variable )

2958.93

366

8.06

There is also a significant interaction between Occasions and the
variables (PSTE and STOE). This significant interaction can be perhaps
explained by the fact that the PSTE scores increased more dramatically than
the STOE scores. That is to say, while the STOE scores increased in a
moderate fashion in this second course, the PSTE scores increased quite
dramatically. This issue is picked up in the discussion on the role of the inschool experience where the students were required to teach what they had
been developing in their units of work to school students.
To address the aforementioned issues related to the homogeneity of
the covariance matrices, MANOVAs were computed for the separate SC308
cohorts and a similar, but not identical, Bonferroni correction was applied.
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This is because analysis of seven cohorts was computed and below which a
significant result is indicated. Thus the p-value is (0.05/7) 0.00714 in this
case. The cohorts from 2007 through to 2013, with the exception of the 2012
cohort due to missing data, showed significant STEB increases from the pre–
to the post- occasion of testing.
Apart from the 2012 cohort, Table 7 below reports the means, standard
deviations, effect sizes and number of students for both the PSTE and STOE
scales of the STEB instrument for each of the cohorts 2007 –2014. The final
cohort, who completed SC308 in 2014, did not produce a significant main
effect due to the Occasion of testing. That is to say, in assessing the “effect of
Occasions”, MANOVA averages the PSTE and the STOE variables on both
the pre– and again on the post–occasion and computes the equivalent of a
correlated t-test to assess any change. This change was not significant at the
protected p-value of 0.00714 from the pre– to post–occasion of testing
(F(1,15)=9.392, p=0.008). Such findings may be, at least somewhat, related
to unexpected changes in the teaching staff for the course or to a smaller
sample size or to the fact that this cohort entered the second course with
already high scores on both the PSTE and STOE. Thus, perhaps a ceiling
effect is at play. Regardless, six of the seven groups displayed statistically
significant improvement in their STOE beliefs after undertaking the SC308
course, while all cohorts markedly improved their PSTE beliefs.
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Table 7 SC308 – PSTE and STOE Descriptive Statistics with Effect Sizes
PSTE

STOE

Pre Occasion

Post
Occasion

Std.
Mean
Dev.

Year

Mean

2007

22.24 4.51

28.94

2008

26.29 4.81

29.88

2009

27.51 4.42

29.95

2010

26.33 3.83

29.10

2011

27.07 4.66

29.94

2013

26.51 3.95

30.57

2014

27.25 3.82

30.38

All

25.99 4.73

29.76

2012

Sig.

Pre Occasion

Std. Cohen
Dev. ’s d

Post
Occasion

Sig.

Mean

Std.
Dev.

Mean

Std. Cohen
N
Dev.
’s d

29.50

3.39

30.45

3.06

0.29* 62

29.57

3.05

30.74

3.58

0.35* 76

30.78

3.29

31.26

3.28

0.14* 55

5.77 0.57** 30.29 2.87
*
6.23 0.52** 29.46 3.81
*
Incomplete Data Set

31.36

3.15

0.36* 42

31.96

3.53

0.68** 67

3.95 1.03**
*
2.71 0.95**
*

30.90

3.47

32.71

3.94

0.49* 49

31.81

2.83

32.13

2.53

0.12ns 16

3.99 0.86**
*

30.08

3.37

31.38

3.46

0.38* 36
7

4.85 1.43**
*
4.42 0.78**
*
4.80 0.53**

* p = 0.01275, ** p < 0.00255, *** p < 0.001275, ns=not significant

In the seven years that SC308 has been offered and for which data are
available, the data overall show large effect size increases (0.86) in their
PSTE beliefs that are comparable to those reported in the wider literature base
(0.83). The PSTE changes in this second course, SC308, are much larger than
those that occurred during participation in the SC108 course.
The 2007 cohort is a curious outlier in this data set. While their final
PSTE scores were comparable to other cohorts, they began the SC308 course
with PSTE scores four points lower than the next lowest group (2008). From
2008 through to 2011, the effect sizes were consistently moderate. However,
the groups from 2013 and 2014 showed large effect size increases in the PSTE
gains. It is worth noting that the 2014 effect size increase occurred with the
involvement of a less experienced teaching team. This may be a powerful
comment on the educational design of the course.
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For the SC308 course, the STOE subscale did not display the same
level of change evident in the SC108 data set. Table 7 also shows the
descriptive statistics for the STOE scores for the SC308 participants. The
entire group showed a small effect size (0.38) that is also generally reflected
in the small effect sizes of all but one (2011) of the separate year groups. The
2009 and 2014 cohorts displayed minimal changes with effect sizes of 0.14
and 0.12 respectively. For both of these SC308 offerings, the composition of
the teaching teams was different. While this is an intriguing finding, a deeper
analysis of the statistics shows that the situation may not be as negative as the
effect sizes might suggest.
The issue of a “ceiling effect” may be one explanation. That is to say,
the 2014 cohort entered the course with the highest mean STOE score, which
suggests that there was less room for the growth necessary to produce a large
effect size. Indeed, this cohort completed the SC308 course with the second
highest mean STOE score. The 2014 group statistics also show a smaller
standard deviation, which may imply more equitable student outcomes
amongst the preservice teachers. The small sample size of 16 preservice
teachers within the 2014 cohort may also be a factor in the between groups
differences discussed. Broadly speaking, there was a steady increase in the
mean STOE score by cohort year, which perhaps alludes to the influence of
the evolving course design and the increasing expertise of the professors.
Science Program Results
A MANOVA was computed using the STEB scores of the 234
preservice teachers who provided data on all four occasions of testing during
their respective degrees. In the tables that follow, the cohorts are named by
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their year of entry and year of exit from the science program. Thus 2008-2009
means that students undertook the first science course (SC108) in 2008 and
the second one (SC308) in 2009. Table 8 presents the summary output for the
MANOVA analysis. It indicates that there were statistically significant main
effects for the variable, the subscales, and for the occasions of testing. There
is also a significant interaction for Occasions by Variable. The main effect
due to the occasion of testing is highly significant (F(3,699)=95.35,
p<0.0001). That is to say, participants displayed significantly greater science
teaching efficacy beliefs after completing the science program. There was
also a main effect due to Variable. That is to say, there is a highly significant
difference in the PSTE and STOE scale scores (F(1,233)=111.20, p<0.0001).
Table 8 MANOVA of STEB Data Collected during the Science Program (SC108 &
SC308)
Variable
STEB
Error(STEB)
Occasion
Error(Occasion)
Occasion * STEB
Error(Occasion*STEB)

SS D
3159.52

df
1

MS
3159.52

6620.48

233

28.41

2773.91

3

924.64

6778.09

699

9.70

250.83

3

83.61

5157.18

699

7.38

F
111.20

p.
<0.0001

95.35

<0.0001

11.33

<0.0001

Given that only 234 preservice teachers across all cohorts provided a
complete set of data on all occasions, a cohort analysis was attempted as
before but, unfortunately with the same result when the homogeneity of the
covariance matrices was examined. That is to say, in using Cohort as the
independent variable, Box’s M was again significant. Thus, individual cohort
analyses were computed as before.
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MANOVAs were computed for each individual cohort in an effort to
examine the experiences amongst the different cohorts. As there were seven
analyses undertaken, one for each cohort and one for all students across all
cohorts who had supplied a complete set of data for the PSTE and STOE
scales, the accepted p–value was again taken to be p < 0.00714, the full
Bonferonni correction. In this analysis, only the data for the first and last
occasions of testing are used in the MANOVA.
Table 9 presents the PSTE descriptive statistics for the science
program by cohort group. At first glance, there appears to be considerable
variance amongst the PSTE effect sizes obtained by each cohort. The 20082009 cohort showed a strong effect size of 1.382 while only a year later the
2009-2010 cohort produced a small effect size gain 0.245 in the PSTE. A
deeper analysis of the means reveals that the variance in the effect sizes may
be related to different entry scores on Occasion 1 rather than different
outcomes. The difference between the highest and lowest means on the
SC108 pre-occasion of testing is 7.49. Exit PSTE scores are much more
uniform as the difference between the highest and lowest performing cohort
is 1.32. All year groups bar the 2009-2010 cohort displayed a statistically
significant main effect in the PSTE scale score due to the occasion of testing
across the two years of the science program. That is to say, all cohorts bar the
2009-2010 one showed a highly significant main effect due to the occasion
of testing in the PSTE scale. The 2009-2010 cohort “only” produced a
significant main effect due to the occasion of testing in the STOE scale and
not for the PSTE scale (F(1,33)=8.567, p<0.008) given the Bonferroni
correction to the p-value. Clearly, preservice teachers who were present on
all testing occasions and who appeared to have engaged fully with the science
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program reported much higher personal science teaching efficacy belief
scores with a mean effect size of 0.74 (Cohen’s d=0.74) in their PSTE belief
scale scores.
Table 9 Science Program – PSTE and STOE Descriptive Statistics
PSTE
Pre
Occasion
SC108
Year
20072008
20082009
20092010
20102011
20112012
20122013
20132014
All

STOE
Post
Occasion
SC308

Post
Pre Occasion
Occasion
SC108
SC308

Sig.

Std.
Std.
Cohe
Mean Dev Mean Dev
n’s d
.
.
4.1
6
2.5
25.50 4.44 30.50
5
27.31 3.66 30.06

28.18 4.48 29.18

3.6
4

26.67 4.28 30.09

4.8
0

0.70*
**
1.38*
**
0.245

Sig.

Mean

Std.
Std.
Cohen
Dev Mean Dev
N
’s d
.
.

27.28

3.67 31.18 3.65

ns

28.68

1.07*
51
**
1.51*
3.75 32.50 2.79
18
**
0.82*
3.37 31.44 3.35
34
*

0.75

28.47

2.93 32.02 3.62

27.50

1.08*
57
**

Incomplete Data Set
30.57 3.9
5
30.38 2.7
24.00 3.46
1

1.17*
**
2.05*
**

26.72 4.18 29.76 3.9
9

0.74*
**

26.26 3.37

29.56
31.27
28.49

3.51

0.85*
43
**
2.45
0.75*
32.91 1.87
11
*
32.77 4.06

3.45 31.85 3.58 0.96* 23
**
4

*=p < 0.00714, ** p < 0.00141, and *** p << 0.00141, ns=not significant
Table 9 also provides the descriptive statistics for the science program
STOE scores. The preservice teachers who experienced the entire science
program and who provided data for all four occasions of testing showed close
to a 1-sigma growth (0.96) in their Science Teaching Outcome Expectancy
beliefs. The 2008-2009 cohort showed the highest effect size change (1.51).
It may be noted that the 2012-2013 and 2013-2014 cohorts completed the
science program with the highest mean STOE scores. The paucity of the data
over the four occasions of testing was largely driven by the Ethics in Human
Research imperative of “optional participation”. Nonetheless, the cohorts

265

with lower completion rates (2008-2009 & 2013-2014) still produced STEB
means and effect sizes that were significant.
Discussion
The science teaching efficacy beliefs of preservice primary teachers
who participated in SC108 and SC308 grew significantly. Those who
participated in SC108 showed mean effect size changes of 0.45 and 0.70 on
the PSTE and STOE subscales respectively. In essence, the preservice
teachers left their first science course (SC108) believing that science teaching
could assist students in reaching educational goals but did not yet feel
confident in their own ability to contribute to such science learning. During
the second science course (SC308), participants showed growth in the reverse
way. That is to say, there was large development in their STOE beliefs and
low growth in their PSTE beliefs in SC108. In SC308, growth was high in
PSTE beliefs (Cohen’s d = 0.86) and lower in the STOE beliefs (Cohen’s d =
0.38). The practice-base design of the SC308 may be a reason for the
participants’ increased PSTE beliefs. Certainly earlier research has shown
that providing preservice teachers with the opportunity to teach their group
science curricula in school settings correlated with significant PSTE growth
in a single week (Deehan, Danaia & McKinnon, under review - 2016). In sum,
this research shows that participation in both science courses covaried with
positive change in science teaching efficacy beliefs. The use of data from
multiple cohorts over an eight–year period strengthens the argument for
covariance between participation in the science courses and significantly
increased STEBs.
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The preservice teachers who experienced the full science program
displayed highly significant increases in their science teaching efficacy
beliefs. Between 2007 and 2014, 234 preservice teachers provided a complete
data set for both science courses that comprised the science program. For this
group, The PSTE and STOE mean scores increased by 0.74 and 0.96,
respectively over the two-year duration of the science program. Such findings
are similar to the combined STEB outcomes of the separate SC108 and SC308
courses. Given that the individuals who completed the full science program
experienced different iterations of both SC108 and SC308 over different
years, a strong argument can be made that the educational design of both
courses covaries with the improved science teaching efficacy of participants.
A surprising trend within the data was the consistently higher STOE
scores, relative to the PSTE subscale, on all occasions of testing. This is
relatively unique within the wider body of literature, as PSTE scores are often
significantly higher than STOE scores regardless of the occasion of testing
(Deehan, 2016; Cakiroglu, Cakiroglu & Boone, 2005; Huinker & Madison,
1997; Palmer, 2006; Watters & Ginns, 1999). This trend could be related to
the unusual STEB changes that occurred within the SC108 course. On
average, the preservice teachers’ science teaching outcome expectancy
showed larger growth than their personal science teaching efficacy over the
duration of SC108. Such a finding is almost a complete outlier within the
STEBI-B literature, as the PSTE subscale often shows significantly higher
growth than the STOE subscale when it is reported (Deehan, 2016; Fleming,
2007; Ford, Allen, Dagher & Donham, 2011; Leonard, Barnes-Johnson,
Dantley, Kimber, 2011). In fact, preservice teachers who undertook a science
course based on curriculum development and practical experience showed 10
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times greater growth in their PSTE scores (Mulholland, Dorman & Odgers,
2004). Nevertheless, the SC108 treatment cannot explain the higher STOE
entry scores of the preservice teachers. Indeed, the findings within this paper
merely hint at a future research path that is worth exploring. Deeper,
qualitative research is needed both to explore the factors influencing the
science teaching efficacy beliefs of preservice teachers on entry to university
and to assess how these beliefs influence classroom practice. Perhaps the
participants in this research had all experienced good science teaching in their
high schools. Nonetheless, their STOE belief grew significantly in the first
course and continued to grow in the second course.
Although the impact of the instructors was not considered overtly in
the research methodology, the longitudinal data collection allows for this to
be explored. There were two key instances over the eight-year period where
the teaching team changed. The co-creator of the course, who has over 30
years of combined secondary and tertiary science teaching experience, was
unavailable to teach SC308 in 2009 and 2014. In 2009, the co-creator was
replaced by a team of academics who were less familiar with the course
design. In 2014, the co-creator was replaced by an inexperienced pair of
doctoral students. The STEB data from these iterations of SC308 can provide
some insights into the impact of the instructors. The PSTE growth that
occurred within the 2009 and 2014 offerings of SC308 were comparable to
the other year groups. The PSTE of the 55 students in the 2009 group showed
a moderate effect size increase of 0.59. The 2014 SC308 group showed a large
effect size increase of 0.94 on the PSTE scale. One possible interpretation of
this finding is that the continued development of the course design during that
five year period had lessened the impact of the instructor. While the PSTE
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effect sizes remained consistent, the STOE effect sizes did not reach the
SC308 effect size mean in 2009 and 2014. In fact, the 2009 and 2014 groups
were the only groups that did not show significant STOE growth as they
recorded effect sizes of 0.14 and 0.12 respectively. This suggests that the
instructor may play a considerable role in developing the science teaching
outcome expectancies of preservice teachers. However, an analysis of the
mean STOE scores in SC308 shows that the 2009 and 2014 cohorts exited the
SC308 course with comparable STEB scores to the other cohorts. In fact,
there was a consistent increase in the post-test STOE score means by cohort
year. Clearly, these STEB findings cannot be attributed solely to either the
instructors or the course designs. The research highlights worthwhile areas
for future research. Indeed, future research should explore the relationship
between instructor variables and preservice teachers’ science teaching
efficacy beliefs. The instructor variable is often overlooked in the STEBI-B
literature as researchers focus on either the course design or the STEBs of
participants.
The use of a ‘repeated measures’ research design, over multiple
cohorts, makes this research a rich and meaningful addition to the existing
body of science education literature. However, this research has limitations
that prevent it from extending the research into new directions. The quasiexperimental design allowed the researchers to ascertain covariance between
participation in the science courses (SC108 and SC308) and the science
teaching efficacy beliefs of participants, but it could not establish causal links
between these variables. In order to attribute causality to the science
interventions full experimental designs, with control groups, must be
employed more broadly. Admittedly, ethical issues of fairness and equity in
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the delivery of tertiary education make this prospect problematic. However,
experimental designs are not without precedent. Scharmann and Hampton
(1995) were able to implement an experimental design to show that
participation in a hands-on, cooperative learning science course causes
increases to personal science teaching efficacy. An experimental design with
a summer program showed that PBL experiences caused greater increases in
science attitudes than traditional, instructor–based approaches (Logerwell,
2009). The STEBI-B instrument could be used longitudinally to determine if
any STEB changes that occur within a science intervention remain durable in
the absence of treatment. Longitudinal research into the transition from pre–
to in–service teaching, via the combined use of both the STEBI-B and STEBIA instruments, could allow for a return to the fundamental goal of improving
primary science teaching (McKinnon & Lambert, 2014).
There are a number of implications that arise from this research. The
large effect sizes reported here on both STEB subscales for participants in the
two-year science program show a need for a shift in the focus of future
research. That is to say, rather than focussing on single science courses, the
impacts of multiple science interventions should be considered more broadly.
Certainly, consideration for the reinforcement of prior learning and transition
into future tertiary courses could lead to sustained STEB growth. The
modalities of the delivery of science interventions should also be considered
in research designs because of the emerging prevalence of online, distance–
based tertiary education. Haeusler & Lovanski (2010) were able to adapt a
cooperative based learning science course for distance education. The results
of the study showed that there was no significant difference in the STEB
scores in either the on-campus or distance participants. If such versatility in
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course delivery is made evident within the literature it could lead to more
consistent and equitable tertiary science education for preservice teachers.
Another implication that has emerged from this research is the need for
follow-up research extending into the inservice teaching domain. It is worth
determining if improved science teaching efficacy beliefs influence reported
science-teaching practice, attitudes and science teaching efficacy in a tangible
way. This is the subject of ongoing research by the authors.
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Connective Statement Four
The previous publication entitled “A longitudinal investigation of the science
teaching efficacy beliefs of multiple cohorts of preservice primary teachers”
(Deehan, McKinnon & Danaia, 2016) outlined and analysed quantitative
STEBI-B data collected throughout multiple offerings of the SC108 and
SC308 courses, which were first described in the second publication and
initially investigated in the third publication. With 877 total preservice
teacher respondents providing data on at least one occasion of testing,
including complete data sets from SC108 (532), SC308 (368) and the entire
science program (234), the arguments for covariance between course
participation with increased science teaching efficacy beliefs and the
generalisability of the findings have been strengthened. A series of
MANOVAs, with modified Bonferroni corrections based on the number of
tests, were conducted to determine the significance of participants’ STEB
changes that occurred within SC108, SC308 and the entire science program.
All but one SC108 cohort (2009) showed highly significant STEB growth,
which appears to be reflective of the moderate-to-large STOE growth
(Cohen’s d = 0.71) in relation to the PSTE growth (Cohen’s d = 0.49).
Comparative trends were observed in the SC308 as all cohorts, with the
exclusion of the 2014 cohort group, showed statistically significant changes
to their STEBs. However, while the overarching growth trends for both
courses were comparable, the subscale patterns were inverse as the SC308
participants showed large PSTE growth (Cohen’s d = 0.86) and small-tomoderate STOE growth (Cohen’s d = 0.38). The complementary nature of the
SC108 and SC308 courses was reinforced by a four occasion science program
MANOVA, wherein the output showed large growth on both the PSTE
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(Cohen’s d = 0.74) and STOE subscales (0.96). The consistently higher mean
scores and growth reported on the STOE subscales is unusual within the
STEBI-B literature, as illustrated in the first publication (first publication).
As the evidence presented in the previous publication has shown, the cohort
investigated in the third publication is not an outlier in the broader population.
Thus, the claim could be made that the PSTE growth reported that occurred
in the final two years of the longitudinal cohort investigation (third
publication) may be representative of the larger population (fourth
publication). The second, third and fourth publications have extensively
described the SC108 and SC308 courses to a replicable standard and
rigorously evaluated the courses through longitudinal mixed methods
research and broad quantitative research. Furthermore, the broader body of
literature has been critiqued and summarised (first publication) to
contextualise the findings. The tertiary science education research presented
across the first four publications represents a meaningful contribution to the
sum of knowledge in this area of science education research. However, if the
aim of improving primary science education is to be achieved, the scope of
the research must extend beyond the tertiary sphere. The separate nature of
preservice and inservice science education research has been shown in the
comprehensive review of STEBI-B and STEBI-A literature presented in the
first publication, where the instruments are seldom used to produce
quantitative STEB datasets to explore the transition from tertiary to
professional teaching contexts. This means that the next publication, which
tracks the science teaching efficacy beliefs of the preservice teachers as they
transition to inservice status, advances the extended research narrative of this
doctoral dissertation whilst filling a clear gap in the literature.
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The next publication entitled “From students to teachers: Investigating the
science teaching efficacy beliefs and experiences of a group of primary
teachers who have recently graduated from university” (Deehan, Danaia &
McKinnon, 2016) will investigate the science teaching efficacy beliefs and
experiences of the prior SC108 and SC308 participants after they have
graduated and established themselves as early career primary teachers. A
concurrent mixed methods research design has been used to cross triangulate
the STEBI-A (appendix 5, p.393) and interview (appendix 6, p.397) data. The
quantitative element of the research is longitudinal as the STEBI-A data has
been added to the existing STEBI-B datasets presented in the previous
publication to track the STEBs of the participants after they have graduated
from university and transitioned into their primary teaching careers. The
tracking of individual primary teachers across four preservice testing
occasions (SC108 and SC308) and one inservice occasion is unprecedented
within the STEBI literature (first publication) and allows for the durability
and trends of participants’ STEBs to be examined beyond the tertiary sphere.
The interviews give context to the reported STEB scores by exploring science
teaching experiences, tertiary science education and school science cultures.
A sample of 82 graduate teachers responded to the STEBI-A and 10 gave
interview data. Results showed that the graduates’ preservice STEB scores
had remained durable after they had transitioned into their teaching careers.
More specifically, there was a curious intersection where their PSTE scores
surpassed their STOE scores for the first time. The qualitative data appears to
confirm such an inference as both personal science teaching experiences and
tertiary science education experiences were described in overwhelmingly
positive tones whereas school science cultures were more mixed.
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Publication Five
From students to teachers: Investigating the science teaching
efficacy beliefs and experiences of a group of primary
teachers who have recently graduated from university.
Publication five has been submitted to the Journal of Research in Science
Education (see appendix 10, p.401). Language and formatting have been
altered to suit this platform.
The candidate has made partial or full contributions in the following areas:


Research Conceptualisation



Data Collection



Data Analysis



Manuscript Drafting



Manuscript Editing
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Abstract
The science achievement of primary students, both in Australia and abroad,
has been the subject of intensive research in recent decades. Consequently,
much research has been conducted to investigate primary science education.
Within this literature there is a striking juxtaposition between tertiary science
teaching preparation programs and the experiences and outcomes of both
teachers and students alike. While many tertiary science teaching programs
covary with positive outcomes for preservice teachers, reports of science at
the primary school level continue to be problematic. This paper begins to
explore this apparent contradiction by investigating the science teaching
efficacy beliefs and experiences of a cohort of early career primary teachers
who had recently transitioned from preservice to inservice status. An
opportunity sample of 82 primary teachers responded to the science teaching
efficacy belief instrument A (STEBI-A) and 10 graduate/early career teachers
provided semi-structured interview data. The results showed that participants’
prior science teaching efficacy belief growth, which occurred during their
tertiary science education, had remained durable after they had completed
their teaching degrees and began their careers. Qualitative data showed that
their undergraduate science education had had a positive influence on their
science teaching experiences. The participants’ school science culture,
however, had mixed influences on their science teaching. The findings
presented within this paper have implications for the direction of research in
primary science education, the design and assessment of preservice primary
science curriculum subjects and the role of school contexts in the
development of early career primary science teachers.
Key words: Primary science education, preservice primary teaching,
transition, science teaching efficacy beliefs, school science cultures, mixed
methods.
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Introduction
Science education has reached a point of crisis for which there appears to be
no simple resolution (Tytler 2009). This is not isolated to one country. The
science achievement of both primary and secondary students across many
nations has stagnated, and in some instances declined. The Trends in
International Mathematics and Science Study (TIMSS), shows the science
achievement scores of American, Australian, British and New Zealand 4th
Grade students have declined since 1995 (Martin, Mullis and Foy 2008;
Martin, Mullis, Beaton, Gonzalez, Smith & Kelly 1997; Martin, Mullis, Foy
& Hooper 2016; Martin, Mullis, Foy & Stanco 2012; Martin et al. 2004). In
addition, the science component of the Program for International Student
Assessment (PISA) shows that the academic performance of 8th Grade
students in the same nations has been largely stagnant over the same time
period (Lemke et al. 2001; OECD 2004; OECD 2007; OECD 2010; OECD
2013). The lack of science development is perhaps reflective of the fact that
science is often being taught in a transmissive fashion (Goodrum and Rennie
2007) or avoided altogether in the primary school (Griffith and Scharmann
2008). These findings highlight fundamental failures across systems of
science education, as many students do not understand how science concepts
relate to the world beyond the classroom. Aside from these lower
achievement levels, students are also displaying science disengagement
(DeWitt, Archer & Osborne 2014; Goodrum, Hackling & Rennie 2001),
which in some instances has led to lower rates in post-compulsory science
enrolments (Abraham 2013).
Given that students are passive stakeholders in science education, it would be
prudent for research to focus on preservice and inservice teachers in order to
effect change to science education. Primary teachers often report poor science
teaching efficacy beliefs (Denessen et al. 2015), preferences for teachercentred pedagogies (Jarvis and Pell 2005) and weak science content
knowledge (Palmer 2011). Negative science attitudes may be generational as
preservice and early career teachers display similar views to their more
experienced peers (de La Torre Cruz and Casanova Arias 2007; Woolfolk
Hoy and Spero 2005). In essence, issues exist across many levels of science
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education, thus making sustained improvement inherently difficult to
achieve.
Tertiary science teacher education is one of the few areas within science
education that is reporting positive trends in terms of growth and change.
Preparatory science education programs have been shown to enhance
preservice primary teachers’ science teaching efficacy beliefs (Bautista
2011),

science

content

knowledge

(Urban-Woldron

2014)

and

understandings of the nature of science (Bell, Matkins and Gansneder 2010).
However, the path to success at the tertiary level is not linear as there is
considerable variation in terms of pedagogical approaches (Palmer 2008).
Innovative approaches such as mentoring (Kenny 2012), problem-based
learning (Ford et al. 2011), inquiry learning (Velthuis, Fisser and Pieters
2013), practical teaching experiences (Utley, Bryant and Moseley 2005),
cooperative learning (Richardson and Liang 2008) and direct instruction on
the nature of science (Bell, Matkins and Gansneder 2010) have all shown to
be viable means of enhancing science outcomes for preservice primary
science teachers. Science programs with multiple, interrelated pedagogical
approaches may assist preservice primary teachers to develop the deep
conceptualisations of the nature of science needed to address the
aforementioned science knowledge deficits that are likely to be held by their
future students. A reflective, alternative conception targeted approach where
participants developed and taught science curricula covaried with two-sigma
growth in their personal science teaching efficacy beliefs (Jabot 2002).
Bautista (2011) described a similarly complex program, with the inclusion of
science resources and vicarious modelling from expert science teachers,
where the participants showed strong increases in both their personal science
teaching and outcome efficacy beliefs.
Preservice primary teachers have been both compared with (McKinnon and
Lamberts 2014), and mentored by (Kenny 2012), inservice teachers in the
field of science education research. Some researchers have begun to explore
the transition from preservice to inservice status within primary science
education. Wingfield, Freeman and Ramsey (2000) assessed the durability of
the science teaching efficacy belief growth that occurred in participants
during a site-based undergraduate science program as they began their
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teaching careers. The results showed that science teaching efficacy beliefs of
the 31 preservice teachers remained durable for the first year of their teaching
careers. Andersen and others (2004) closely analysed the science teaching
efficacy beliefs of a group of 66 Danish teaching graduates during their first
year of teaching. Their efficacy scores declined during this first-year due to
their school context beliefs. It should be noted that this research did not
include undergraduate data. Qualitative research approaches have also been
used to explore graduates’ journeys from preservice to inservice status. Saka
(2007) found that professional school contexts played a key role in shaping
the science teaching practices and science teaching efficacy of two early
career teachers. Both teachers were stressed by apparent contradictions
between university and school contexts. Ginns and Watters (1999) suggest
that tertiary science education may assist novice teachers to overcome schoolbased barriers to science teaching. Interviews and video data showed that the
four early career teachers drew heavily on their tertiary experiences to
construct student-centred science curricula. This paper builds upon the
current body of literature by investigating the science teaching efficacy
beliefs and experiences of a group of preservice teachers who have recently
transitioned to inservice status.
There are undoubtedly many promising trends emerging in the tertiary
science education body of literature, and yet, the aforementioned negative
cycles of continue to exist amongst the science education stakeholders beyond
the tertiary sphere. Clearly, more research into the transition from preservice
to inservice science teaching status is needed. So many questions remain
unanswered. Do the gains made by preservice teachers remain durable as they
begin their early career science teaching? What factors hinder and aid science
teaching attitudes and beliefs beyond the tertiary sphere for teachers? What
impact, if any, do the science changes that occur during university have on
the science teaching practice of early career primary teachers? The aims of
this research are thus twofold. The first is to determine if the science teaching
efficacy beliefs expressed by preservice teachers remains durable after they
transition into the early career stages of primary teaching. The second is to
explore how the early career teachers perceive their science teaching efficacy
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beliefs and reported science teaching practices in relation to their tertiary and
professional science experiences.
Efficacy
Efficacy beliefs are an individual’s judgements about both their competence
to execute a task effectively and the value of the task within a broader context
(Bandura 1986). Self-efficacy has shown to be one of the strongest predictors
of human behaviour (Bandura 1977; 1986). In the context of education,
teacher efficacy can be defined as a teacher’s confidence in both his/her own
capacity and the capacity of the profession at large to enhance students’
academic achievement (Berman, McLaughlin, Bass, Pauly and Zellman
1977). Teacher efficacy is comprised of Personal Teaching Efficacy (PTE)
and General Teaching Efficacy (GTE). PTE refers to a teachers’ belief that
his/her teaching practice can aid students to reach predetermined educational
outcomes (Coladarci, 1992; Gordon and Debus 2002). GTE is the belief that
teaching practice can have a greater impact on student learning than other
context factors (Tshannen-Moran and Hoy 2001). Teacher efficacy is closely
related to positive teaching practice and improved student outcomes
(Goddard, Hoy and Hoy 2000). Contemporary research continues to show the
benefits of high teacher efficacy. A survey of 192 early career teachers
showed that respondents with high teacher efficacy were less likely to exhibit
symptoms of burnout and/or to express intentions to quit the profession
(Høigaard, Giske and Sundsli 2012). Nie and others (2013) found that
teachers with higher teaching efficacy were more likely to experiment with
constructivist, student-centred pedagogical innovations. Teacher efficacy
also covaries positively with student achievement levels (Cantrell et al. 2013).
Gibson and Dembo (1984) produced the Teacher Self Efficacy scales (TSES)
as a valid and reliable way of measuring the intangible construct of teacher
self-efficacy. A reflection of the importance of teacher efficacy is the
emergence of more efficacy-based instruments in education research.
Instruments such as the Mathematics Self-Efficacy Scale (Betz and Hackett
1983), the Teacher Self-Efficacy Scale (Bandura 1997), the Context Beliefs
about Teaching Science Instrument (Lumpe, Haney and Czerniak 2000) and
the Self-Efficacy and Knowledge Instrument for Science Teachers have all
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contributed to the expansion of the teacher-efficacy literature base. The
research in this paper reports on data collected from the Science Teaching
Efficacy Belief Instrument A (STEBI-A) (Riggs and Enochs 1990) in relation
to prior data collected from the Science Teaching Efficacy Belief Instrument
B (STEBI-B) (Enochs and Riggs 1990). The STEBI-A and STEBI-B are
complementary instruments that measure the science teaching efficacy beliefs
of inservice and preservice teachers respectively. The science teaching
efficacy beliefs of preservice teachers have been shown to have relationships
with high content knowledge (Mashnad, 2008), reduced scientific alternative
conceptions (Schoon and Boone 1998) and internal locus of control beliefs
(Serin and Bayraktar 2014). At the inservice level, science teaching efficacy
has been linked with higher rates of constructivist teaching approaches (Lardy
2011), higher student achievement (Angle and Moseley 2009) and greater
satisfaction with school leadership (Clark 2009).
Context
The sampling pool for the current research is comprised of graduate primary
teachers who completed their undergraduate teacher training at a regional
Australian university between 2007-2014. These teachers had obtained a
four-year Bachelor of Education (Primary) degree in their predominantly oncampus tertiary study. They undertook a minimum of 32 subjects relating to
curriculum content knowledge and primary teaching pedagogies. Two
mandatory science curriculum subjects were delivered as a part of the course.
In their first year the preservice teachers completed ‘Science and Technology
Studies I’ (SC108). In their second year they completed ‘Science and
Technology Curriculum Studies II’ (SC308). Table 1 summarises the
pedagogical approaches used within these science subjects.
Table 1 Pedagogical Approaches used in SC108 and SC308
Pedagogical Approach
Constructivism
Problem-Based Learning

SC108
*
*

SC308
*

Project-Based Learning

*

Integration with other Key Learning Areas (KLAs)
Mentoring
Real world relevance
Inquiry learning
In-subject practical experience

*
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*
*
*
*

*
*
*

Links to practical experience blocks
Cooperative Learning
ICT Instruction
Student Centred Investigation
Rich Tasks
Nature of Science
Misconception targeting

*
*
*
*
*

*
*
*
*
*

The two complementary science subjects incorporate multiple innovative
practices identified by Lawrance and Palmer (2003) that place the students in
a position of control wherein they create unique learning journeys that
simultaneously develop their understandings of science teaching practice and
their conceptualisations of the nature of science. Two-way assessment,
structured communication (teacher-student and student-student) and ongoing
professional reflection ensured that the science subjects were continuously
adapted to suit the learning needs of the preservice teachers. Pedagogical
Content Knowledge (PCK) (Nillson and Loughran 2011) remained a
consistent focus across all iterations as science content and pedagogies were
always taught in parallel. PCK can be defined loosely as the synthesis of core
content knowledge in a specified area of study and the pedagogies needed to
deliver this information to an intended audience (Hill, Ball and Schilling
2008). In the first subject (SC108), a problem based learning scenario was
established as students were required to confront their own content
knowledge deficits and alternative conceptions in the relevant field of primary
Astronomy. In cooperative learning groups, the preservice teachers were
required to remediate these deficits through extended micro-teaching
experiences and engagement with first-hand scientific investigation.
In the first subject, the lecturer’s role changed gradually through backward
faded scaffolding (Campbell and Green 2006). Specifically, the lecturer’s role
began with the transmission of core information, through to the modelling of
practice and ended with the facilitation of student-centred activities and
investigations. This facilitative role continued into the second science subject.
The students employed the core investigative skills developed in the first
subject more independently in the second subject (SC308). In a simulated
school setting, preservice teachers were required to work collaboratively to
develop a science unit of work to address a different science content area in
the curriculum than the one studied in the first subject. This allowed the
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cohorts to collectively share resources and address science content deficits
beyond the Astronomy focus of the first subject. Throughout the second
subject, the preservice teachers developed lesson plans, used teaching
technologies, conducted teaching workshops, made links to other curriculum
areas and embedded assessment tasks within their work. At the conclusion of
the science subjects, the preservice teachers had developed an acceptable base
of science PCK through their participation in a series of rich, authentic tertiary
science learning experiences. More importantly, they had developed a diverse
repertoire of scientific skills that would allow them to address any future
science content deficits that may arise. The educational design of the SC108
and SC308 subjects is the subject of another descriptive paper (Mckinnon,
Danaia & Deehan 2016).
Methodology
This research was conducted by employing a mixed-methods design with a
Concurrent Triangulation strategy (Creswell, 2013). That is to say, the
qualitative and quantitative data remained separate during data collection and
analysis. The findings from the qualitative and quantitative data were crosstriangulated to strengthen the validity and improve the depth of the research.
The separation of the methods has been used to overcome the difficulties in
obtaining an adequate sample of graduate primary teachers. The sample size
was increased by reducing the minimum requirements for research
participation (i.e., a survey and/or an interview) (Oppenheim 2005). The
quantitative data also formed part of a longitudinal assessment of preservice
teachers’ science teaching efficacy beliefs as they transitioned to inservice
teaching roles. The targeted population was invited to respond to a survey
and/or participate in a semi-structured interview.
Sampling
Unlike the tertiary context, access to sufficient numbers of inservice teachers
can be troublesome due to time commitments, lack of perceived benefits and
geographical dispersal. The challenge in this research project was to achieve
a representative sample of the targeted population of primary teachers who
had graduated from a specific campus of a regional Australian university
between 2007 and 2014; and who had participated in a set of science subjects
289

that addressed the efficacy issues. Ethical approval to conduct the research
was obtained from the university’s Human Research Ethics Committee
(300/2014/36). A two phase sampling procedure was employed to recruit
relevant participants.
For the first phase, the university Alumni Office provided access to former
graduates. An email invitation, outlining the necessary information for
participation in the project, was sent to over 1,200 graduate teacher education
students. While the access to such a large number of potentially relevant
participants was beneficial, there were some issues with this approach. The
email algorithm could not account for factors such as year of graduation;
degree completed; campus attended; or, the status of the email address on file.
This meant that many of the email recipients were not part of the target
population. Furthermore, the risk of sending to unused email accounts was
high as the Alumni Office could only access graduates’ last registered contact
email addresses. Many graduates were likely to have changed email accounts
as they moved into their professional teaching roles and dispersed across the
country to different educational jurisdictions. This sampling phase was
unsuccessful as only six participants out of the possible 1,200 provided data.
This equated to a response rate of less than 0.5%.
The second sampling phase was implemented using a social media approach,
where relevant individuals were targeted based on the information that they
made publicly available on Facebook. Only individuals with unchanged
names and corresponding location information were targeted. To maintain
privacy, individuals were messaged in an open fashion with no individuals
being “friended”. A total of 252 potential participants were targeted using this
method. Of these, 78 graduate teachers responded in a timely fashion and
chose to participate in the research. They completed the STEBI-A instrument,
and 10 agreed to provide interview data. The minimum response rate for the
second sampling phase was much more acceptable 31%. We have no way of
knowing those who did not choose to participate, perhaps due to the
infrequency of their visits to Facebook. This sampling procedure has
implications for the recruitment of participants in future research.
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Participants
The total number of potential participants was thus 84 (6 in the first phase and
78 in the second). Two of these had to be removed from the dataset due to
incomplete submissions to yield 82 complete data submissions. Ten graduate
teachers agreed to be interviewed. All of the participants were inservice
primary school teachers who had graduated from the university between 2007
through 2014. The demographic data show that the employment
characteristics of the sample are a fair approximation of the teaching
population. Nearly three quarters (74.4%) of the survey respondents were
employed in the public education sector, with the remainder working in
private education (25.6%). In terms of employment status, almost a third
(32.9%) of respondents held permanent positions within their schools. Many
respondents were teaching on year-long temporary contracts (45.9%), with
the remainder (20%) working on a casual basis in schools near to their homes.
Instruments
Data were collected using quantitative surveys (STEBI-A + demographics)
and qualitative interviews. The use of both qualitative and quantitative
measures allowed for cross triangulation to produce more accurate and valid
findings (Creswell 2013). The data collection instruments and methods are
briefly explained below.
The Science Teaching Efficacy Belief Instruments (-A and -B)
In their undergraduate degree, graduates experienced two science subjects
where they had been invited to complete the STEBI-B (Enochs and Riggs
1990) at both the commencement and conclusion of each subject. They thus
responded to the instrument four times over a period of two years.
Respondents’ prior preservice teacher STEBI-B data were intended to be
matched with their responses on the STEBI-A instrument. This was done to
make comparisons between participants’ preservice and inservice science
teaching efficacy beliefs. Of the 82 respondents, a total of 44 of the survey
respondents had complete sets of undergraduate STEBI-B data that allowed
for longitudinal analyses to be computed over the five occasions.
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The STEBI-A (Riggs and Enochs 1990) measures the science teaching
efficacy beliefs of inservice teachers through their responses to statements on
a 5-point Likert scale ranging from ‘Strongly Agree’ to ‘Strongly Disagree’
(Burns 2000). The instrument produces the same two subscales as the STEBIB: Personal Science Teaching Efficacy (PSTE) and Science Teaching
Outcome Expectancy (STOE). The PSTE subscale measures respondents’
beliefs about their capacity to guide students towards science learning
outcomes effectively. An example of an item on the PSTE subscale is “I am
continually finding better ways to teach science”. The STOE subscale
measures respondents’ beliefs about the capacity of science teaching to
overcome perceived hindrances to improve students’ science outcomes. An
example of an item of the STOE scale is “When the science grades of students
improve, it is often due to their teacher having found a more effective teaching
approach”. The seminal authors reported Cronbach’s alpha reliability scores
of 0.92 on the PSTE scale and 0.74 on the STOE scale (Riggs and Enochs
1990).
The 82 completed STEBI-A surveys were used to assess the same subscales
formed from the items employed in the STEBI-B instrument; which produced
Cronbach’s alpha reliability coefficients of 0.89 and 0.79 on the PSTE and
STOE scales respectively on the final occasion of undergraduate testing at the
completion of the second science course (Deehan, McKinnon and Danaia
2016). Analyses showed that the same scales formed from the same items also
produced reliable subscales in the STEBI-A instrument: PSTE (Cronbach’s
alpha = 0.81), and STOE (Cronbach’s alpha = 0.81). The similar reliability
coefficients for both the subscales on both the STEBI-A and STEBI-B
instruments, we argue, makes the scales equivalent. Thus, both the STEBI-A
and STEBI-B instruments reliably measure the same subscales with only
minor phrasing changes made by Enochs and Riggs (1990) to suit the
different the educational contexts of the participant groups.
Semi-Structured Interviews
The semi-structured interview approach provided the researcher with a
consistent base of qualitative data that was relevant to the research questions
whilst still allowing for potentially unforeseen, inductive themes to be
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explored naturally during the exchanges (Burns 2000; Cohen, Manion and
Morrison 2001; O’Toole and Beckett 2013). The 10 interviewees responded
to demographic questions alongside questions probing three key areas of
inquiry: science teaching practice; tertiary science education experiences and
school science culture. Four of the interviews were conducted in a face-toface format. An additional five respondents elected to have their interviews
conducted via telephone, thus still allowing for immediate follow-up
questioning. This approach was adopted because of their remoteness from the
interviewer. One participant opted for an email exchange which prevented
immediate follow-up questioning. All verbal interviews were recorded and
transcribed by the first author.
Data Analyses
The inservice STEBI-A data of the respondents were compared with prior
preservice STEBI-B data in two ways. First, the mean scores on the PSTE
and STOE subscales across the four preservice occasions (viz., the pre- and
post-occasions of testing in each of the SC108 and SC308 science subjects)
and the single inservice occasion were plotted and analysed in order to
provide a holistic picture of change in the combined datasets. Second,
Multivariate Analysis of Variance Analyses (MANOVAs) with repeated
measures on the occasion of testing were used to evaluate the magnitude of
any changes in the science teaching efficacy beliefs of the inservice teachers
who had provided STEBI-A data (Coleman and Pilford 2008). This procedure
was chosen because there are two dependent variables from a group of
participants matched across multiple testing occasions (O’Brien and Kaiser
1985). In this research, the MANOVAs allowed an investigation of the
durability of the respondents’ PSTE and STOE scores as the transitioned from
preservice to inservice status. The first MANOVA assessed the significance
of any STEB change from the final preservice occasion of testing to the
inservice occasion of testing. The final MANOVA assessed the significance
of STEB changes of the 44 graduate teachers who provided full data on all
four preservice testing occasions and on the inservice testing occasion.
Cohen’s d effect sizes were calculated to determine the relative strength of
the STEB changes. Tests for homogeneity of variance and the equality of the
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covariance matrices were also computed to ensure that the mathematical
assumptions of MANOVAs were met.
Initially, the interview data were manually analysed in a thematic fashion.
This provided a holistic, contextually bound understanding of the data. The
next step involved coding the data for consistency and clarity without altering
the meaning of the text. To avoid bias, these analyses were supplemented with
a syntactical analysis using the Leximancer software. Leximancer software
accounts for researcher bias by analysing word semantics and text proximity
(Smith and Humphreys 2006). The Leximancer output was examined to
detect any trends that conflicted with the manual analyses. No such conflicts
were found. That is to say, the themes and concepts identified by the
Leximancer software were consistent with those identified through the
manual analysis.
The interview transcripts were then coded using QSR NVIVO 10 software.
Core themes were organised based on the structure of the survey questions.
The three core themes reported in this paper are Tertiary Science Experiences,
School Science Cultures and Science Teaching Practice. Core sub-themes
were identified inductively through re-reading of the transcripts. The strength
of each sub-theme was assessed through both the frequency of contributing
participants and the frequency of mentions within the text. The relationships
between the three core themes were further analysed manually. Unbroken
participant responses (i.e., statements unbroken by interviewer input) that
addressed at least two of the key themes were analysed in terms of both the
effect (positive/negative) and directionality of the intra-theme relationships.
STEBI Findings
A Multivariate Analysis of Variance was conducted on the both the final
tertiary STEB scores and inservice STEB scores of 75 graduate primary
teachers. The output of this MANOVA is summarised in Table 2. It appears
as though the difference between the PSTE and STOE subscale scores is
indeed marginal as there was no significant effect due to STEB
(F(1,74)=0.264, p=0.609). Such parity between the PSTE and STOE
subscales is relatively unique within both the STEBI-A and STEBI-B
literature (Deehan, 2016). The PSTE subscale showed moderate growth
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(Cohen’s d = 0.39) and the STOE subscale showed small decline (Cohen’s d
= -0.27). However, there was no significant effect due to the occasion variable
(F(1,74)=0.348, p=0.557). The null hypothesis that there is no difference
between the STEB scores on the preservice to inservice testing occasions
must be accepted. This serves as evidence that the STEB gains made during
two preservice science education subjects remain durable after the
respondents’ transition to professional teaching. The preservice science
education subjects are investigated further in two other publications (Deehan,
Danaia & McKinnon 2016; Deehan, McKinnon and Danaia 2016).
Table 2 MANOVA of the STEBI Data Collected on the Final Tertiary Occasion and the
INSERVICE OCCASION

Variable
STEB

Sum of Squares

df Mean Square

4.320

1

4.320

1209.680

74

16.347

3.413

1

3.413

Error(Occasion)

725.587

74

9.805

Occasion * STEB

125.453

1

125.453

Error(Occasion*STEB)

383.547

74

5.183

Error(STEB)
Occasion

F

Sig.

.264

0.609

.348

.557

24.204 <.0001

Figure 1 shows the mean PSTE and STOE scores produced across the two
tertiary science subjects for those undergraduate students who had provided
data on all four testing occasions (broken lines) and the respondents who had
also provided data on the inservice testing occasion (unbroken lines). The
inservice teachers appear to be representative of the respondents who had
provided data during their undergraduate studies. This argument is based on
the observation that the broken and unbroken lines for the first four occasions
of testing are broadly similar.
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Mean Subscale Score

33
32
31
30
29
28
27
26
25

PSTE - Program (190)
PSTE - Inservice
Follow-ups (44)
STOE - Program (190)
STOE - Inservice
Follow-ups (44)
Occasion of Testing

Figure 1 Mean scores across the four tertiary testing periods and the single inservice
testing period

To test the observations made of Figure 1 we computed a MANOVA with
repeated measures on the occasion of testing for all students who provided a
complete dataset during their undergraduate studies but with the group
membership employed as the IV to test the representativeness of the graduate
teachers who provided data post-university. There was no significant main
effect due the independent variable of group membership (F(1,232)=0.611,
p=0.435). None of the relevant first and second order interactions were
significant: Group by Occasions s (F(1,232)= 0.609, p=0.436) and STEB
variables by Occasions by Group (F(1,232)=0.826, p=0.364). That is to say,
the inservice teachers who provided additional data compared with the
undergraduate students appear to be a representative sample of all of the
people who had experienced the two science subjects while undertaking their
university studies. The only significant main effects are due to the occasion
of testing (F(1,232)=107.32, p < 0.0000001) and to the efficacy belief
variables PSTE and STOE (F(1,232)=69.72, p < 0.0000001). Thus, both
groups improved their efficacy beliefs in similar ways with their STOE belief
being significantly greater than the PSTE belief while they were at university.
Of the 82 teachers who provided data on the inservice occasion, 44 provided
complete sets of STEBI data on all five occasions of testing. The inservice
occasion of testing marks the only period where the inservice teachers’ PSTE
belief exceeds their own STOE belief in science teaching. A MANOVA was
computed on the STEB data across these five occasions of testing to explore
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the combined effects of preservice science teacher education and early career
teaching experiences. The summary output is presented in Table 3.
Table 3 MANOVA of the STEBI Data Collected on all Four Tertiary Occasions and the
Inservice Occasion

Variable

Sum of Squares

df Mean Square

STEB

483.00

1

483.00

Error(STEB)

1095.50

43

25.48

Occasion

826.42

4

206.60

Error(Occasion)

1915.59

172

11.14

Occasion * STEB

256.74

4

64.18

Error(Occasion*STEB)

1171.26

172

6.81

F

Sig.

18.96 <0.0001

18.55 <0.0001

9.43

<0.0001

Table 3 shows that there is a highly significant effect due to the occasion of
testing (F(4,172)=18.55, p < 0.0001). There is a significant effect due to the
STEB variable (F(1,43)=18.959, p < 0.0001). There is also a significant
interaction of the occasion of testing by the STEB variables (F(4,172)=9.43,
p < 0.0001). The latter two results can best be explained by the fact that the
STOE beliefs were consistently higher than the PSTE beliefs until the
inservice testing occasion, and the fact that the PSTE beliefs showed greater
growth that extends beyond the science subjects. Effect sizes were computed
for the two scales from the first occasion of testing to the final one. The PSTE
displayed a very large effect size increase (Cohen’s d=1.33), whilst the STOE
showed moderate positive change (Cohen’s d=0.60). While threats to
validity, such as the inability to attribute causality and the likelihood of
maturation have to be considered, the findings suggest that the graduate
primary teachers have developed strong, positive science teaching efficacy
beliefs over the course of their tertiary study that have remained durable and
resilient during their transition to early career teaching. Such findings have
implications for how the graduates perceive themselves in relation to other
primary science teachers they encounter in their schools.
Qualitative Findings
The qualitative findings derived from the interviews are presented under three
core themes. First, the Tertiary Science Experiences of the respondents are
analysed and discussed. Second, the School Science Culture theme is
unpacked with emergent sub-themes. Third, the reported Science Teaching
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Practices of the respondents are presented. Finally, a short conclusion
describes the relationships amongst each of the three key themes.
Tertiary Science Experiences
All 10 of the interviewees discussed their reactions to the tertiary science
education that they had received. The interviewees all expressed positive
reactions to their tertiary science education experiences with varying degrees
of emotional conviction. Jeremy noted how crucial the subjects were to his
development as a science teacher in an almost offhand way, ‘They were
probably two of the more influential subjects in the course’. Francis spoke in
almost reverential tones about her science experiences as an undergraduate
student, ‘I’m thinking how lucky I was. I really am, looking back it was just
champagne education’.
Table 4 summarises the emergent sub-themes and indicates the number of
participants (Sources) who mentioned the theme together with the total
frequency of discussion by all involved (Mentions). The complexity of both
subject designs is reflected in the considerable variation and specificity in the
emergent sub-themes. The interviewees all reflected on different pedagogical
elements and their educational experiences, which might be an indicator of
the reflexive and personalised nature of these tertiary science subjects.
Notable sub-themes included: Cooperative learning (11); Student Centred
Learning (10); Relationship with Teaching Staff (10); Alternative
Conceptions (9); Value Beyond Science Teaching (7); and Pedagogical
Content Knowledge (5).
Table 4 Summary of the Tertiary Science Experiences Sub-themes
Sub-Theme

Number of
teachers
(Sources)
6
5
4

Frequency of being
mentioned
(Mentions)
11
10
10

Innovative
practice

Cooperative Learning
*
Student Centred Learning
*
Relationship with
*
teaching staff
Alternative Conceptions
5
9
*
Value Beyond Science
6
7
Teaching
Pedagogical Content
5
5
*
Knowledge
*Denotes pedagogical approaches used within the science subjects cross referenced with
Table 1
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Contrary to prior research that showed preservice teachers’ negative
emotional responses to cooperative learning (Author 2013), all mentions of
cooperative learning showed favourable attitudes to its pedagogical value. In
her reflection as a graduate teacher, Georgina was able to distance herself
from the personal difficulties that she experienced in her undergraduate
science training:
I think the heavy focus on group work really made you. I guess now that I’m in a
school and reflect back on that and say yes it is tricky working with some people.
But it can really pay off when you’re with the right people and you get the right
combination.

Five graduate primary teachers discussed Student Centred Learning when
reflecting on their tertiary science education experiences. Danielle expressed
appreciation for the control she was afforded when she began the SC308
course:
I had so much fun learning the different things in it, like the way [Lecturer] showed
it I found really interesting. It was also a bit, I suppose, [Lecturer] let us run it a bit
more. In our second science subject where we did the lessons, I think that was it.

Inquiry learning, student control and practical science teaching experiences
were all discussed as favourable aspects of the interviewees’ science
education experiences. Ian described the process of inquiry he now adopts
when planning science lessons for his students:
I knew that these are the things that I was to get out of the kids, now how do I find
an appropriate lesson for it and how do I find the information to do it. So I think
that the process of how to get that information worked.

Four of the graduates mentioned the positive relationship they had with the
lecturer during their tertiary science experience and highlighted the impact
this relationship had on their science teaching practice. This is epitomised in
the following quote from Charlotte:
But I do try to do it [teaching science] justice, and because I know [lecturer] on a
personal level I want to do him proud. It’s hard…Like I said I enjoy science, but I
think it is due to my relationship and [lecturer] that I try and make it the best that I
can. I mean I enjoy it, and not saying that I hate...or want to do worksheets, I enjoy
what I am doing and I think the kids are enjoying it a lot more too. Everyone needs
that relationship with [lecturer] so they will do it better!!

Five graduate teachers mentioned Alternative Conceptions. They described
their reactions to the results they obtained in the Astronomy diagnostic test
presented in the SC108 course upon their entry into tertiary study. Terms such
as ‘wakeup call’ and ‘embarrassed’ indicate that the participants initially had
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negative reactions when confronted with their low levels of Astronomy
content knowledge. It appears as though the graduates’ vivid memories of
being confronted with their alternative scientific conceptions served as
motivation as they progressed through the science program. After being
‘devastated’ by her low score on the pre-test SC108 Astronomy diagnostic,
Hayley stated that she ‘ended up getting 19 out of 20’ at the end of the course.
Danielle discussed how her own alternative conceptions engaged her in
science learning:
The misconceptions I had shocked me, and so I loved that we started with that so
we could find out how much we didn’t know and then I was keen to learn about it.
I found that that was really good and now I actually want to go and teach that.

For many of the interviewees the value of their tertiary science education was
far reaching. In fact, six of the interviewees noted the influence that the two
science subjects have had on their broader roles and responsibilities as
generalist primary teachers. Hayley discussed the professional relevance of
her second science subject (SC308):
I really enjoyed that subject; I think that creating that Unit of Work was really
important. I think it should be done all the time because it’s just such a stepping
stone for when you come into the workplace where you can apply that knowledge
to everyday stuff.

Five of the graduates touched on the construct Pedagogical Content
Knowledge during their interviews. They enjoyed the balance between
pedagogy and content that was central to their tertiary science experiences.
Hayley expressed gratitude that aspects of PCK were modelled within the
course:
I remember [the lecturer] doing quite a few demonstrations and I’m a real visual
learner so I really benefited from that type of teaching. Yeah it was quite hands on.
I really enjoyed that.

School Science Cultures
School Science Culture was the second prominent theme to emerge from the
interview data, as the interviewees’ professional contexts were central to their
science teaching practices. The interviewees’ perspectives and science
teaching practices were open to influences from a varied array of external
sources. All of the science culture sub-themes mentioned were beyond the
immediate control of these early career primary teachers. Table 5 summarises
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the number of participants (Sources) who mentioned the sub-theme together
with the total frequency of discussion by all involved (Mentions).
Table 5 Summary of the School Science Culture Sub-themes
Sub-Theme

Influence of Other Teachers and School Executive
Priority of Science
Science Marginalisation in School and Outsourcing to
RFF Teacher
Resources Available for Science
Access In-School Support and/or Professional
Development

Number
of
teachers
(Sources)
9
10
9

Frequency of
being
mentioned
(Mentions)
50
42
31

10
10

27
17

For most of the interviewees, the influence of other teachers emerged as a
leading sub-theme within their discussion of school science cultures. Bruce
noted that the open communication between his colleagues and himself
facilitated his continued reflective practice, which he believed had enhanced
his science teaching. Eliza appreciated that a team of teachers within her
school provided professional development to assist others to understand
changes that had been made to the science curriculum. Georgina’s school
provided similar collegial support for the transition to a new science
curriculum. She described, with pride, an inquiry based built environments
unit of work that a colleague and herself had planned together.
Unsurprisingly, a valuable supporting mechanism for the early career teachers
was the opportunity for science teaching collaboration with their more
experienced colleagues. Eliza appreciated that she was able to both offer
support to, and receive it from, her more experienced colleagues, ‘I enjoyed
sharing my strengths in technology and she [teacher] could share her
knowledge of curriculum and resources’. When asked about the general
science teaching support, Georgina responded by saying, ‘It’s really just a
collaborative environment’.
Ideally, the school science culture can be a key positive factor in sustaining
their efficacy beliefs and helping them to have positive experiences in their
own early career science teaching practices. School Executives were valued
by the interviewees for their openness to new ideas, immediate programming
support and science leadership. Hayley’s school executives had implemented
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a school wide science and technology teaching tool. She spoke passionately
about the technical support she offered to her more experienced peers in
response to the science teaching guidance of which she had long been a
recipient. Hayley described the school-wide science programming process at
her school:
My stage leader is phenomenal. She’s always ready to sit down when we’re
developing these Science and Technology Tools (SATTs). We had a pretty full-on
staff meeting learning about the SATT tool. So that’s probably number one was
getting help through understanding the SATT tool and being able to apply it to the
PrimaryConnections information that we’d designed ourselves. I think we did it on
our first day back at the start of the year. We worked on that with the principal as
well. Yeah, pretty much everyone’s got a different input on all of it. All the teachers
who have taught the content before are always good for advice. The new ones
working here, we’re a bit more open minded to the technology that goes into it. So
I think it’s really good. The support at my school is amazing.

Danielle was pleased that her stage team had co-constructed a suite of science
resources. Still, she admitted that aside from the dispersal of physical
resources, the collegial support was limited. Others provided further insight
into the potential for other teachers to have a detrimental influence on school
science cultures. The egalitarian norms, which are common in the teaching
profession (York-Barr and Duke 2004), had a profoundly negative impact on
Charlotte. Whilst sharing pictures of the bottled rainforests that she had
created with her class, another colleague interrupted with ‘Don’t be an
overachiever Charlotte!’. Francis was faced with a similar challenge when
she was told to ‘Just let it go’ when she remarked that a colleague was
teaching alternative scientific conceptions to a group of students.
The crowded curriculum was mentioned by eight interviewees as a reason for
Low Science Priority within their schools. Ashleigh noted that her literacy
and numeracy teaching had to remain the highest priority as a beginning
teacher, ‘When you’re a beginning teacher, your areas of focus are possibly
more than literacy and numeracy’. Conversely, Ian felt restricted by his
school’s restrictive focus on literacy and numeracy:
My sense was that [science] wasn’t valued. You had a school where you had the
first block of the school was English and just English. [And] The next block, the
half of it was just maths. If you did anything else during those times you would get
hauled over the coals for it.

There are additional aspects of school science cultures that could also have
negative influences on the interviewees’ perceived capacity to teacher science
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effectively. Low Science Priority and Science Marginalisation were both
prominent sub-themes at this level of the qualitative analysis. Four of the
interviewees openly stated that science was not a priority within their schools.
Eight of the interviewees shared their observations of science marginalisation
in their school contexts. Even though Danielle taught casually in a single
school for a year, she was unable to recall any instances where science had
been mentioned or taught:
I actually don’t know how they taught science. I never actually saw a science
lesson. I taught a Year 5 class for a week and we didn’t do science once.

For Charlotte, science was often marginalised in her school as the subject was
combined with Human Society and its Environment (HSIE) in weekly blocks
for one hour. Six of the graduate teachers had their science teaching practice
compromised by school-wide imperatives to outsource science teaching to
RFF teachers. Two of the graduate teachers became science relief teachers
during their first years as primary teachers. Jeremy became a full-time science
RFF teacher after the completion of his final undergraduate teaching
internship. Such intensive science teaching experiences were likely to be
beneficial to the science teaching practice of these early career teachers.
However, Georgina provided some interesting insights as she described the
difficulties she experienced when she taught science in this relief role, ‘I think
if I was in this class five days a week I would be fine, because then we would
have that environment where we could take risks. But I’m in here two days
per week and I’m struggling to get through this content’. Perhaps relief
science teaching limits teachers’ capacity to implement long-term, studentcentred investigations.
When asked about access to resources, many of the interviewees spoke of
intangible elements such as collegial support. In fact, while only four teachers
mentioned practical teaching resources, they stated that the availability of
such resources in their schools was highly limited. Jeremy stated that he had
had to change his science teaching practice due to the lack of resources, ‘I
didn’t have the materials to do too many hands-on activities’. Despite the
somewhat negative impact of the lack of resources sub-theme,
PrimaryConnections materials (Hackling 2006) were discussed favourably by
all 10 interviewees. It appears that the PrimaryConnections resources serve
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as a useful foundation to make syllabus and content connections. Georgina
displayed her developing science PCK as she reflected on her use of this
resource, ‘I read the PrimaryConnections textbook and thought Hm.. I can
teach this better without the worksheets. So I brought the lamp in and did all
of the hands-on things.’
Although they recognised the challenges of the crowded curriculum, Bruce
and Hayley both valued the deep learning opportunities afforded by broader
cross-curriculum integration. Bruce noted, ‘We have an assembly so that
takes away time. You know, all those little things that pop up. A lot of things
happen together. Science, maths and English are so interrelated’. He also
reflected deeply on the planning processes needed to ensure that the links with
science created opportunities for higher order thinking (Krathwohl 2002).
Hayley saw cross-curriculum integration as a way of introducing science to
her program after the subject was outsourced to a specialist RFF teacher by
the school executive:
I tried to incorporate little experiments into my class anyway, based on other Key
Learning Areas (KLAs). So we did the ice melting, grease and fats experiment,
colour changing milk and we did some potions for maths. I was still able to do little
things that were quite scientific, based on the other KLAs.

Not to be deterred from their intended science teaching practice, Ian and
Charlotte both elected to collect resources from outside the school. Charlotte
attempted to strengthen her influence on the school science culture by
volunteering to restructure her school’s science scope and sequence to reflect
the new syllabus outcomes and the available resources. There is some
evidence to suggest that the interviewees were able to overcome obstacles to
their science teaching practice from within their school contexts. The
graduate teachers seem to be displaying a resilience that may have positive
effects on their school science cultures.
Access to internal support and external professional development were
inconsistent for the interviewees. Six of the interviewees reported low levels
of internal support for science teaching offered within their school contexts.
Jeremy noted his school ‘didn’t have a science room or a science budget’.
Charlotte summed up her reasonably common experience, ‘we’re sort of left
to our own devices really’. Collaborative programing, team teaching and open
dialogue were deemed valuable, if inconsistent, supports but were based on
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efforts from individuals rather than whole schools. Three of the interviewees
were given opportunities to attend external science professional development
seminars, with Hayley attending a multi-school professional learning day,
Jeremy receiving training in the new science curriculum and Charlotte
undertaking professional development in the PrimaryConnections science
program.
Science Teaching Practice
The reported science teaching practice of the graduate teachers was an
explicit area of focus in the qualitative data analysis. All but one of the
interviewees had obtained noteworthy science teaching experiences as early
career teachers. Table 6 outlines the key Science Teaching Practice subthemes that emerged from the interview data. Despite the mixed reports of
school science cultures, the majority of the sub-themes suggested positive
trends of the science teaching practices of the early career teachers. Deep,
student-centred pedagogical sub-themes such as Inquiry Investigation,
Hands-On Learning and Student-Centred/Facilitation suggest that the science
teaching practice of the graduate teachers may have been influenced by their
tertiary science experiences. The sub-theme “Above and Beyond/
Confidence” shows that a number of interviewees may have extended their
influence beyond their immediate classrooms to the broader school contexts.
Table 6 Summary of the Science Teaching Practice Sub-themes
Sub-Theme

Student-centred Approaches
Above and Beyond/
Confidence
Reflective Practice and PCK
Student Response

Number of
teachers
(Sources)
9
8

Frequency of being
mentioned
(Mentions)
53
23

8
9

19
19

Inquiry, hands on and student-centred pedagogies were reported by all
interviewees who were in a position to teach science. Ashleigh indicated that
sensory, hands-on experiences were central to the science lessons that she
delivered to special needs students. Charlotte’s students both made and
collected data from bottled rainforests. Some of the interviewees displayed
advanced pedagogical reasoning. Jeremy described the incorporation of
multiple science pedagogies into his science teaching practice:
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We did research, we made shoeboxes with light, so how light travels. We were
reflecting with mirrors. So the extension group did the activity and then they had
to come up with their own, they had a variation on that activity. So, what else?
What other things can we use? They went off with the materials, instead of just
making a periscope, you can use a mirror to change the direction of light. They had
to see other ways they could manipulate and make changes to it. It’s more hands
on and more freedom for them.

Reports of strong science teaching confidence are likely to be related to the
interviewees’ science leadership roles as they extend above and beyond the
science teaching requirements of general primary teachers. The interviewees
were generally confident of their ability to teach science, ranging from Ian’s
high science teaching confidence, ‘I absolutely love it’ to Georgina’s more
moderated confidence as she still remained ‘a bit unsure’ while she reflected
on her discomfort with relinquishing control. The interviewees’ claims about
their high science teaching confidence appear to be substantiated by the
science-based roles that they have taken within their school contexts. There
were seven graduate teachers who undertook science roles and
responsibilities that extended beyond general teaching requirements. Three
interviewees (Danielle, Georgina and Hayley) played lead roles in the
development and resourcing of school science curricula. Hayley presented
her school’s science tool at an inter-school professional development
workshop. Similarly, despite their relatively limited experience, Jeremy and
Charlotte were their schools’ sole representatives at science professional
develop workshops. After running a science interest club for the entire school,
Ian became a science advisor for his more experienced colleagues. In just her
second year as a regular classroom teacher, Charlotte had been assigned the
role of Science and Technology Coordinator within her school. This evidence
suggests that these early career teachers were becoming agents of positive
growth within their school science cultures.
Student response to science learning was important for all interviewees who
were in a position where science teaching was required practice. Interviewees
reported overwhelmingly positive student responses to their science teaching
practice, with words such as ‘engaging’, ‘hands on’ and ‘exciting’ emerging
as descriptors. Charlotte proudly described her class’s response to a life cycles
science unit:
They love it. With the seeds and the rainforests they would run, because I would
let them water their own plants in the morning, so they would all be on their best
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behaviour because they would want to be chosen to water the plants. They would
always be asking, can we take our seeds home today, when can we take our
rainforests home and that sort of thing. So they had obviously been talking about
that sort of thing at home. We took the seeds home about half way in, so they have
had them at home for about 5 weeks, and some have said that they have planted
them in their veggie garden, and they are ready to have lima beans, it’s good that
they have continued it at home, they didn’t let it wither and die. They still cared
for it, which means that it obviously meant something to them.

Jeremy discussed how his student-centred approach to science teaching was
received by his students:
They enjoyed it because they had the freedom to think for themselves instead of
just teacher directed extension. They responded really well to it because it was their
ideas, it was their discussions and their work. It wasn’t ‘this is what you’ve got to
do, hand it in when you’re done’.

The incorporation of multiple pedagogies stemming from professional
reflection may show that the graduate teachers are developing the reflexive
PCK that is often displayed by master science teachers. Mitchell, Pannizon,
Keast and Loughran (2015) describe non-linear, rapid pedagogical reasoning
as Pedagogical Pinballing. While the early career teachers in this study may
not yet have the highly developed, intrinsic capacity for pedagogical
pinballing of their more experienced counterparts, there is evidence to suggest
that they are reacting to ‘in the moment’ variables as they construct non-linear
science learning experiences. Ian was able to respond immediately to resource
barriers by moving seamlessly through his repertoire of science teaching
pedagogies:
I was quite disappointed that they didn’t have much in terms of science. The one
thing that they did have was a circuits kit. So I was the first to use that on my stage
and I basically ran that with a guided investigation. I gave them a bag with the
things that they needed and said ‘turn the lightbulb on’. It was quite interesting
watching them do that. Yeah they were quite good. Then I even went with the
approach where I picked two kids in my class that really, really got on board with
the science and I gave them the kits and they took themselves off to the year 3
classrooms and they actually taught science to the year threes. So there were three
year three classes, so I sent six of my kids down and they all taught their own
science, so that was pretty good too.

Their tertiary science experiences appear to play a leading role in their
conceptualisation of high quality science teaching. Despite believing that she
was teaching science to a higher standard than some of her peers, Charlotte
was still working towards the standards set during her undergraduate science
education:
...so I know that I am teaching science, even though I know that…after
[Lecturer]…I’m not doing the best job I could be, but I still feel that I am doing a
better job than some others.
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Connections between the Themes
A manual analysis of the interview transcripts was conducted to determine
how the graduate teachers linked the three key themes of Tertiary Science
Education, School Science Culture and Science Teaching Practice. The
influence of the Tertiary Science Education and School Science Culture
themes on the interviewees reported Science Teaching practices was of
particular interest. Figure 2 shows the relationships between the themes. Each
time two themes were mentioned in the same block of text, the samples were
coded for the direction of influence and the type of influence (positive or
negative). The dotted arrows denote negative influences and the solid arrows
denote positive influences. The School Science Culture had an almost even
split of both positive (42) and negative (46) influences on the Science
Teaching Practices of the graduate teachers. Conversely, the Tertiary School
Experiences of the participants had an overwhelmingly positive (45)
relationship with their Science Teaching Practices. More broadly, the
mentions of enabling factors (87) outweighed the mentions of hindrances to
science teaching (47). Such trends hint at a powerful narrative wherein the
early career teachers’ tertiary science experiences are bolstering their capacity
to cope with negative influences from within their school science cultures.
More research is needed to explore these relationships but the reports of high
science teaching confidence, student-centred teaching and science leadership
lend credence to such an interpretation.
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Tertiary Science
Education
5

School Science
Culture
42

45

46

Science Teaching
Practice
Figure 2 The Impacts of Tertiary Science Education and School Science Culture on
Science Teaching Practice

Discussion
The STEBI-A data showed that the science teaching efficacy beliefs of the
participating graduate teachers had remained durable as they transitioned
from preservice status to early career primary teachers. There was no
statistically significant difference on the participants’ science teaching
efficacy beliefs from the preservice to the inservice occasion of testing. An
analysis of the PSTE and STOE means on the inservice and preservice
occasions reveals an intriguing interaction. A small decline in the STOE
subscale (Cohen’s d = -0.2728) when considered in relation to a moderate
increase in the participants’ PSTE scores (Cohen’s d = 0.3899), represents the
first time that their personal science teaching efficacy beliefs are higher than
their outcome expectancies for science teaching in a more general sense. This
finding hints at a promising, desirable mindset for these early career primary
science teachers. The STOE findings suggest that the early career teachers
may have shed their idealistic conceptions of the capacity of science teaching
to improve student outcomes whilst avoiding more cynical outlooks. Cross
triangulation reveals that the interviewees were able to recognise external
hindrances to effective science teaching whilst still believing that teaching
was the most important factor in students’ science learning. Their increased
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PSTE beliefs are a testament to where the respondents place themselves
within their school hierarchies. The early career teachers appear to believe
that they are meeting, or even exceeding, their own internal expectations for
science teaching. The graduate teachers’ tertiary science experiences and
early career teaching experiences appeared to have had positive impacts on
their science teaching efficacy beliefs.
The interview data provided some intriguing insights into how the early
career teachers’ reported science teaching practices may have been influenced
by their tertiary science education experiences and their school science
cultures. All of the interviewees claimed that their tertiary science education
experiences (SC108 and SC308) had influenced their science teaching
practice in a positive manner. Their unique responses reflected the diverse
array of pedagogical innovations that underpinned the complementary SC108
and SC308 subjects. Alternative conception targeting, cooperative learning,
differentiation, assessment, inquiry learning and PCK development were all
described positively by multiple interviewees. Deep reflection was evident as
six of the interviewees believed that their tertiary science experiences held
considerable value beyond science. One interviewee described the science
subjects as “two of the more influential subjects” that he experienced during
his four years of tertiary study. The School Science Cultures of the
interviewees had mixed impacts on their reported science teaching practices.
None of the interviewees described completely negative school science
environments; in fact many were pleased with the peer support offered, the
science leadership of the school executives and the programming resources
that were available to them. There were several hindering themes that
emerged frequently within the qualitative data, including the crowded
curriculum, science marginalisation, other teachers, limited resources and the
low priority of science. While these hindrances have been noted in existing
research (Goodrum, Hackling and Rennie 2001), how the interviewees
responded to these factors is the point of difference. Rather than using
external hindrances as excuses for avoiding or marginalising science (Angus
et al. 2004), the early career teachers in this research displayed resilience as
they integrated science with other KLAs, found alternate resources for their
science lessons and varied their pedagogical approaches in order to react to
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perceived constraints. There is some evidence to suggest that the graduate
teachers’ positive experiences at the tertiary level assisted them to overcome
negative influences from their school science cultures.
The researchers’ initial focus on STEB durability reflected the negative state
of science education and the relatively low status of early career teachers
within school systems. It was hoped that these early career graduate teachers
would show durable science teaching efficacy beliefs as they were confronted
with firsthand experiences of the issues that currently exist in primary science
education. Some inductive trends emerged from the data that indicated this
might have been a pessimistic conceptualisation of the research, as teachers
appeared to be thriving as active agents of change rather than just surviving
in existing school science cultures. Resilience emerged as a central theme as
interviewees used integration to avoid the crowded curriculum, actively
sought out teaching resources and took risks with student-centred pedagogical
approaches. Other graduate teachers began to eschew egalitarian norms as
they ignored traditionalist critiques, offered direct support to more
experienced colleagues and reconciled their own knowledge in new contexts
rather than deferring to traditional hierarchical experience structures.
Contrary to existing research on early career primary science teaching
(Appleton 2003), the participants in this research displayed some signs of
adaptive pedagogical repertoires and deep professional reflection that
extended beyond student fun. One interviewee described a process of nonlinear pedagogical pinballing that is often displayed by more experienced,
expert science teachers (Mitchell et al. 2015). The most promising finding
was that many of these early career teachers were electing to take on science
leadership roles that would expand their influence beyond a single classroom.
Seven of the interviewees had operated above and beyond the requirements
of a typical generalist primary teacher. No conclusions can be drawn from the
aforementioned trends, but the cumulative presence would be worthy of
further investigation in the future.
There are at least four avenues for future research that arise from the findings
and the methodological limitations above. First, while the argument for the
durability of the participants’ self-efficacy beliefs is strong, a causal
relationship has yet to be established between the two science subjects and
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improved science teaching efficacy beliefs. Experimental research with a
control group is needed to extend the research beyond covariance to causality.
Second, research needs to explore the teaching practices of the graduate
teachers in a tangible, objective manner. The reported teaching practice is
limited by interview response bias and the self-selection surveying. The longterm research goal should be to determine what impacts the graduate teachers’
science teaching efficacy beliefs and practices have on their students. The
research presented in this paper represents an incremental, but important, step
into connecting the tertiary science education research with other stakeholder
groups in science education. Third, meta-research should be conducted in the
recruitment and sampling of inservice teachers. Preservice teachers, by virtue
of proximity, are an easier group to sample sufficiently. The respectful,
ethical use of social media sampling presented in this paper could serve as a
model for increasing participant rates for inservice teachers. At the very least,
researchers should begin to discuss their own sampling techniques and
procedures in greater detail in order to assist others to traverse the gap
between preservice and inservice teaching. In conclusion, school science
cultures should be the explicit focus of research moving forward. This is an
area that is often touched on indirectly but has not yet been fully explored.
The research presented in this paper only begins to explore this crucial and
rich area research domain. More research is needed to explore school science
cultures in greater depth and across different contexts.
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Connective Statement Five
The previous publication “From students to teachers: Investigating the
science teaching efficacy beliefs and experiences of a group of primary
teachers who have recently graduated from university” (Deehan, Danaia &
McKinnon, 2016) explored the transition of a group of preservice teachers to
inservice status. A group of 82 graduate primary teachers, who had
experienced the science program (SC108 and SC308) described and assessed
in the second, third and fourth papers, responded to the STEBI-A instrument.
A further 10 graduate teachers participated in semi-structured interviews. The
quantitative results showed the graduates’ science teaching efficacy growth,
experienced during their undergraduate science education, remained durable
after they had transitioned into inservice teaching status. Deeper analysis
showed that participants’ outcome expectancies declined while the personal
science teaching efficacy beliefs increased. Cross-triangulation with semistructured interview data suggests that these early career primary teachers
may have shed their idealistic views on science teaching, yet shown
confidence in their own abilities to teach science effectively. The participants’
school contexts had a combination of negative and positive influences on the
reported science teaching practices of the respondents. Conversely, the
respondents indicated that their tertiary science education was an
overwhelmingly positive influence on their science teaching. The combined
influence of graduates’ high science teaching efficacy beliefs, tertiary science
experiences and in-school support appeared to instil them with the resilience
needed to overcome hindrances (i.e., time, resources, low science priority).
In fact, many graduates were engaging in positive practices such as
undertaking science leadership roles, supporting colleagues, acting as
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specialist science teachers and seeking out professional development
opportunities.
To complete the doctoral dissertation with the previous publication would
certainly have provided a worthy conclusion to the narrative and indeed this
was the original intention. However, while the clearly contextualised research
exploring a group of early career primary teachers’ journey from inservice to
preservice status would have filled the specified gap within the literature, it
could create a false sense of completion. The reality is that universities,
schools and the societies within which science programs exist are constantly
shifting. In the case of this doctoral dissertation, as the research was being
conducted the tertiary institution underwent a shift towards online modes of
education. This raises the dual need of progressing research forward into new,
worthy directions whilst ensuring prior work and achievements remain valid
and relevant. Thus, the next publication describes and evaluates the transition
of the SC308 subject from a face-to-face to an online, distance mode of
delivery.
The next publication “A model for the creation of cooperative e-learning
spaces: Teaching early childhood and primary preservice teachers how to
teach science” (Danaia & Deehan, 2016) describes the adaptation of the oncampus SC308 subject, as researched in publications two, three and four, to
an online format. A model for the creation of a cooperative online learning
environment is presented and evaluated through a mixed methods action
research project. Survey, STEBI-B, online analytics and subject evaluation
data were collected from two science curriculum studies courses over the
course of a single semester in 2015. The first course was delivered entirely
online. The second course received the same online delivery supplemented
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with fortnightly face-to-face classes. A modified, reflective pre-post STEBIB administration was adopted to both avoid the inconsistent sampling
potentially arising from the geographical disparity of the population and the
address the shift towards examining student perceptions of STEB growth.
Despite beginning the semester with mixed attitudes towards science, the
participants showed high levels of engagement, displayed growth in their
science teaching efficacy beliefs and reported satisfaction with their
education experiences, after extensive engagement and interaction with the
different elements of the online learning environment. There is some evidence
to suggest the approaches to tertiary science education presented and
evaluated in this doctoral dissertation can be adapted to suit contextual
changes that may occur in the tertiary sector.
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Publication Six
A model for the creation of cooperative e-learning spaces:
Teaching early childhood and primary preservice teachers
how to teach science
Publication six has been publish in the online Fusion Journal. Language,
formatting and referencing have been altered to suit this platform.
The candidate has made partial or full contributions in the following areas:


Research Conceptualisation



Data Collection



Data Analysis



Manuscript Drafting



Manuscript Editing

An online version of the sixth publication can be accessed here http://www.fusion-journal.com/a-model-for-the-creation-of-cooperative-elearning-spaces-teaching-early-childhood-and-primary-preservcie-teachershow-to-teach-science/
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Discussion and Conclusion
A series of chapters, publications and connectives have been presented to
provide a cohesive research narrative that has addressed the aims presented
at the beginning of the thesis. This research project aimed to:
1. Determine how the science-teaching efficacy beliefs of both
preservice and inservice primary teachers are represented within
research literature and subsequently addressed through interventions.
2. Investigate the relationship between two complex, innovative and
complementary science courses and the science teaching efficacy
beliefs and science teaching perceptions of preservice primary
teachers.
3. Investigate the science teaching efficacy beliefs and reported science
teaching practices of former preservice primary teachers, who
experienced the two complex, innovative and complementary science
courses and who are now practicing inservice primary teachers.
The first aim has been met, as the first publication reviewed the STEBI
literature to an unprecedented level of depth. We now have a fuller
understanding of the varied research methodologies and approaches to
tertiary science education which have been published in the STEBI literature
base over the past 25 years. The second aim has also been fulfilled, as multiple
forms of evidence have suggested that participation in a complex, innovative
science program (SC108 and SC308) covaries with increases to preservice
primary teachers’ STEBs. Evidence presented within publications two, three,
four and indicated that the STEBs of preservice primary teachers showed
statistically significant growth, even with different offerings, changes to
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teaching staff and a move to an online learning format. Qualitative data
presented in publications two, three and six indicated that participants of the
science program had improved perceptions of science teaching, with reports
of greater confidence, positive reactions to the courses and more desire to
teach science in the future. The third, and final, aim has also been addressed.
According to evidence outlined in the fifth publication, the statistically
significant levels of STEB growth reported during the science program
(SC108 and SC308) remained durable after the participants had graduated
and transitioned to inservice teaching status. Interview data suggested the
graduates believed their experiences of the science program allowed them to
overcome professional hindrances to deliver student-centred science lessons.
The contributions of this doctoral research extend beyond the three core aims.
Each of the six publications stands alone as a meaningful and unique addition
to the existing body of primary science literature. The following paragraphs
will unpack the broader significance of each publication.
The first publication, “The Science Teaching Efficacy Belief Instruments
(STEBI A and B): A Comprehensive Review of Methods and Findings from
25 Years of Science Education Research” (Deehan, 2016), used a deep metaanalytic approach to summarise and critique existing STEBI-B and STEBI-A
literature in terms of both methodologies employed and results reported. A
series of rigorous literature searches returned 140 (STEBI-B) and 107
(STEBI-A) articles, dissertations and theses which used the instruments to
gather data. A review of this magnitude (257) and scope (25-years of research
from 21 contributing nations) is, as of publication, unprecedented within the
STEBI literature. Furthermore, the structural framework presented within this
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publication can serve as a model for the systemic review of literature in other
areas of research, in science education and beyond. As publication rates
increase as platforms become more accessible, meta analyses will be needed
to summarize and critique growing bodies of literature in order to ensure that
research continues to have meaningful impacts.
The second publication, “The design of preservice primary teacher education
science subjects: The emergence of an interactive educational design model”
(McKinnon, Danaia & Deehan, 2016), draws on evidence accrued through
action research to describe and tentatively evaluate two innovative,
complementary tertiary science courses. Both the SC108 and SC308 courses
utilise more than twice the mean number of innovative practices reported per
science intervention in the STEBI-B literature. The courses also represent a
considerable shift away from the more transmissive and content heavy
science courses that have been relied upon historically in the delivery of
science education to preservice primary teachers (Baldwin, 2014; Bybee,
2014). The varied and complex use of innovative practices within the courses
has been seldom reported within the literature. The use an action research
framework to provide an evaluative and descriptive narrative is also a unique
contribution to the literature. In contrast to most of the existing literature,
where interventions are typically described broadly, this publication provides
a detailed and replicable overview of two science courses; thus ensuring that
the approaches outlined and evaluated can be transferred to new contexts.
Additionally, the Interactive Educational Design Model (IEDM) frames the
often vague and intangible construct of Pedagogical Content Knowledge
(PCK) in a relevant and accessible way for researchers and educators.
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The third publication, “A longitudinal investigation of the science teaching
efficacy beliefs and science experiences of a cohort of preservice primary
teachers” (Deehan, Danaia & McKinnon, 2016), presents the findings of two
complementary, concurrent nested mixed methods case studies to investigate
the tertiary science education (SC108 and SC308) of a cohort of preservice
primary teachers over a four-year period. The longitudinal design of this
research is a worthwhile contribution to a body of STEBI-B literature where
simpler pre-post administrations of the instrument is the norm. The weekly
STEBI-B administrations allowed for accurate tracking of participants’
STEBs as they undertook the different learning activities presented in the
SC108 and SC308 course, thus allowing for some evaluation of the different
practices, which comprise the courses. As of publication, this level of depth
has not been replicated within the STEBI literature. While the durability of
STEBs has been considered through longitudinal research in the past, the full
2-year delay period used in this publication is not yet commonplace. The
reported durability of participants’ STEBs helps to build the argument that
the science courses may be a vehicle for long-term improvement in primary
science education. The larger means and growth rates reported on the STOE
subscale also differentiate this research from the rest of the literature, where
the STOE subscale almost always falls below the PSTE subscale in terms of
mean score and growth.
The fourth publication, “A longitudinal investigation of the science teaching
efficacy beliefs of multiple cohorts of preservice primary teachers” (Deehan,
McKinnon & Danaia, 2016), reports on STEBI-B data collected within
multiple case studies of preservice teachers who undertook the science
program (SC108 and SC308), either partially or fully, during an eight-year
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period (2007-2014). A total of 877 preservice teachers provided STEBI-B
data on at least one occasion of testing. Both the eight-year period (20072014) and the sample size (877) are almost unparalleled within the STEBI-B
literature. Such a comprehensive sample further strengthens the argument that
the science courses (SC108 and SC308) covaries with statistically significant
increases in preservice primary teachers’ STEBs, first presented in
publication three. The aforementioned unique strength of the participants’
STOEs relative to their PSTEs is still evident in the expanded STEB dataset,
which lends credence to the interpretation that the cohort, investigated in
publication three, is a representative sample of the broader population. It
should also be noted that the eight-year data collection period allowed for the
instructor variable to be considered in a way not yet presented within the
literature.
The fifth publication, “From students to teachers: Investigating the science
teaching efficacy beliefs and experiences of a group of primary teachers who
have recently graduated from university” (Deehan, Danaia & McKinnon,
2016), presents the findings of a mixed methods research project, with a
concurrent triangulation strategy, where data were collected from inservice
teachers who had experienced the aforementioned science program as
undergraduates. Data were collected via the STEBI-A instrument and semistructured interviews with the express intent of assessing the durability of
STEB changes recorded at university and openly exploring how the graduates
relate their science education experiences with their early career science
teaching experiences. Much of the existing STEBI literature has investigated
the transition from preservice to inservice teaching status qualitatively
(Soprano & Yang, 2013). The fifth publication is one of the few pieces of
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STEBI research (e.g. McKinnon & Lamberts, 2014) to utilise the
complementary nature of the STEBI-A and STEBI-B as a means to
quantitatively investigate the preservice to inservice transition. This addresses
a clear gap in the literature as issues reported with primary science students
and teachers seem to conflict directly with the often-positive reports of
tertiary science education programs. An interesting finding was the continued
growth in the graduate teachers’ PSTEs. This is particularly noteworthy, as
continued growth beyond science interventions has not been presented clearly
within the literature yet. Indeed, much of the longitudinal research, still
largely bound within the tertiary domain, focused on the durability of earlier
gains rather than continued growth in the absence of treatment.
The sixth publication, “A model for the creation of cooperative e-learning
spaces: Teaching early childhood and primary preservice teachers how to
teach science” (Danaia & Deehan, 2016), describes an action research project
used to evaluate the transition of the SC308 course from a face-to-face mode
of delivery to an online mode of delivery. While some researchers have
considered online learning within the STEBI-B literature (Haeusler &
Lozanovski, 2010; Slater, Slater & Shaner, 2008), it has not yet become a
major area of focus. The research presented in the sixth publication represents
the start of a new, and necessary, direction for primary preservice teacher
science education research as the online mode of delivery is the main focus.
The action research framework and cooperative e-learning model show how
traditional face-to-face science courses can be adapted to suit the needs of
distance learners via online technologies. Indeed, there is some evidence to
suggest that the successful outcomes of the SC308 science course (as
described in publications two, three and four) may be, at least partially,
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replicable in an online learning format. This adds to the ongoing argument
that the science program is an effective, viable and replicable way of
improving the science teaching efficacy beliefs of preservice primary
teachers. The next section will use the evidence presented across the six
publications to answer the research questions.

Answering the Research Questions
This section will present answers to the three research questions presented in
this doctoral dissertation.
Question 1


How are the science-teaching efficacy beliefs of both preservice and
inservice primary teachers represented within research literature and
subsequently addressed through interventions?

Answer (Publication one).
The science teaching efficacy beliefs of preservice teachers, as
measured by the STEBI-B instrument (Enochs & Riggs, 1990), have
been represented in a significant variety of compelling and
worthwhile research projects. The instrument has been used as: a basis
for deep qualitative interviews (Tosun, 2000); a means of assessing
relationships between science teaching efficacy beliefs and other
variables (Serin & Bayraktar, 2014); a way of assessing science
education courses (Swars & Dooley, 2010); and even as: a way of
assessing the cumulative effects of entire teacher education programs
(Ginns, Tulip, Watters & Lucas, 1995). The reliability and validity of
the STEBI-B instrument has lead its use as a basis for the development
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of alternate efficacy instruments (Wilson, 2012). The body of
literature appears to show a shift from identifying science teaching
efficacy issues to rectifying previously identified issues. This is
evident as there has been a trend towards rigorous research designs
with multiple administrations of the STEBI-B instrument. In fact,
multiple administrations of the STEBI-B instrument were used to
obtain relevant statistical samples in 60% of the analysed articles.
Similar variation can be seen in how the STEBI-A (Riggs & Enochs,
1990) has been adopted within inservice science teaching research. A
simple analysis of the literature in terms the number of STEBI-A
shows a relatively even spread of research approaches, with 40% of
research reporting one use, 23% reporting two uses and a further 37%
reporting more than two uses of the instrument. The instrument has
been used to: conduct deep case study research (Nafziger, 2008);
target research participants (Ramey-Gassert, Shroyer & Staver, 1996);
make comparisons with student variables (Saam, Boone & Chasse,
2000); explore relationships with science content knowledge (Lekhu,
2013); assess the influence of professional development programs
(Nelson, 2006); and determine the durability of efficacious change
(Sandholtz & Ringstaff, 2011). The STEBI-A has had, and continues
to have, a lasting impact as a means of consistently measuring efficacy
constructs in a field with inherently intangible variables. The STEBIA has also played a role in the globalisation of science teacher
research as nations such as China, Ecuador, The Netherlands and The
United Arab Emirates have all contributed to the body of literature
within the past five years. Researchers are making strides to capture
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strong samples of inservice teachers as there was an average of 80
participants per research project. The average number of participants
only dropped to 65 when the cross sectional and qualitative research
was removed. There are still some issues with sampling for research
designs with multiple STEBI-A administrations.
There is considerable pedagogical variation amongst the science
interventions presented in the STEBI-B literature. Curriculum
development (Logerwell, 2009), inquiry learning (Yang, Anderson &
Burke, 2012), and in-subject practical experiences (Brower, 2012) are
the most common pedagogical inclusions within the STEBI-B
literature. ICT instruction (Slater, Slater & Shaner, 2008), links to
professional experiences placements (Swars & Dooley, 2010) and
problem-based learning (Watters, 2007) were all conspicuously
absent from the body of research. Educational designs with multiple
innovative practices and deep collaboration beyond the immediate
subject tend to covary with higher effect sizes on the PSTE and STOE
subscales. Student centred approaches and practical science teaching
experiences were used within the science interventions that produced
the strongest growth in personal science teaching efficacy (Cooper,
2015; Palmer, 2006). Conversely, analyses revealed that there is no
simple pedagogical solution to producing high effect size gains on the
STOE subscale. This can likely can attributed to the varied, external
locus of control and influence of the broader science teaching outcome
expectancy subscale. The number of innovations used within science
interventions appears to be a stronger predictor of STOE growth rather
than the types innovations used. Yet, the simplification of content also
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covaries with improved STOE scores (Ozdelik & Bulunuz, 2009;
Palmer, 2006). Such dissonance between content and pedagogies in
the research trends resembles the broader issues that are frequently
mentioned in relation to the STOE subscale.
The practical needs of teachers appear to influence the pedagogical
inclusions within the analysed science programs presented in the
STEBI-A literature. Inquiry learning (Eshach, 2003), cooperative
learning (Velthuis, 2014) and curriculum development (Haeusler &
Lozanovski, 2010) were the most common pedagogical inclusions
amongst the 76 coded science interventions. Each of the other
innovations was represented within the literature at least once. The
same teacher-centred, practical approaches were evident in the
interventions that covaried with the strongest PSTE and STOE effect
size gains (Kean & Enochs, 2001; Roberts, Henson, Tharp & Moreno,
2001). The mean effect size gain for the PSTE subscale (Cohen’s d =
0.57) was notably, if expectedly, higher than the mean effect size gain
on the STOE subscale (Cohen’s d=0.40). Curiously, despite the
aforementioned separation of the subscales, there were no clear key
pedagogical differences between the top interventions in terms of
PSTE and STOE growth. The absence of significant STOE gains
throughout the STEBI-A literature more broadly, dilutes the
comparison between the subscales in terms of pedagogical influence.
There was a slight trend toward less complex program designs with
fewer innovative practices. Perhaps clearer program designs account
for the need of practicing teachers to balance their professional
practice with participation in science professional development.
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Concerted efforts are being made to overcome issues stemming from
difficulty in accessing and supporting inservice teachers. Since 2010
8 programs have incorporated online elements as a means of
supplementing traditional face-to-face deliveries (Sang et al., 2012).
Question 2


Does preservice primary teacher participation in two complex,
innovative and complementary science courses covary with
improvement in science teaching efficacy beliefs and positive science
teaching perceptions?

Answer (Publications three, four and six).
The evidence presented in publications three, four and six help to
answer this question.
The evidence presented within this dissertation indicates that the
SC108 course covaries with improved science teaching efficacy
beliefs. The cohort, subject to the deep investigation presented in the
third publication, showed highly significant increases to their science
teaching efficacy beliefs as they completed the SC108 course
(F(1,107)=42.85, p<0.001). Deeper analysis showed that the PSTE
scores increased moderately (Cohen’s d=0.41), while the STOE
scores showed larger increases (Cohen’s d=0.79). The more
expansive STEBI-B evidence taken from additional cohorts, over an
eight-year period, presented in the fourth publication appears to
confirm these findings. Indeed, a MANOVA conducted on all full
STEBI-B datasets collected from SC108 offerings (2007-2013)
showed that there was a highly significant increase in participants’
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science teaching efficacy beliefs (F(1, 531)=246.727, p<0.001). The
growth rates reported on the separate subscales are dissimilar. The 534
SC108 participants (2007-2013) showed a moderate Cohen’s d effect
size increase of 0.49, which is well below the STEBI-B literature
mean of 0.83, as outlined in the STEBI-B review (publication one).
For the same group, the STOE effect size of 0.71 would be the 9th
largest increase reported on the subscale in the existing body of
STEBI-B literature (publication one).
Based on the evidence provided in this dissertation, the claim could
be made that participation in the SC308 course (refer to publication
two for a full description) covaries with improved science teaching
efficacy beliefs for preservice primary teachers. According to STEBIB data presented in the third publication, the 67 remaining cohort
members showed highly significant increases to their science teaching
efficacy beliefs (F(1,66)=60.24, p < 0.0001). For the cohort, the
subscale growth was more even in the SC308 course, with the PSTE
and STOE subscales showing moderate Cohen’s d effect size
increases of 0.61 and 0.68 respectively. The trends remain evident in
the STEBI-B data collected from the larger sample of 367 preservice
teachers presented in the fourth publication, where a MANOVA again
showed statistically significant STEB increases within iterations of
the SC308 subject (F(1,366)=248.78, p<0.0001). The SC308 subscale
growth trends are the reverse of those reported on the SC108 course.
The mean STOE growth for the 367 SC308 participants was small-tomoderate (Cohen’s d=0.38) and similar to the mean delineated within
the STEBI-B literature (Cohen’s d=0.43). The large PSTE growth
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(Cohen’s d=0.86) was slightly higher than the STEBI-B literature
mean (Cohen’s d=0.83) and ranks 25th overall (publication one).
The full science program (SC108 and SC308), if experienced in the
intended degree sequence and course formats, appears to have a
positive covariant relationship with the science teaching efficacy
beliefs on preservice primary teachers. The cohort of preservice
teachers, which was the focus of the research presented in the third
publication, showed highly significant increases to their science
teaching efficacy beliefs over the duration of the science program
(F(1,60)=67.86, p<0.0001). Analyses of the subscales shows large
PSTE growth (Cohen’s d=0.80) and very large, and quite unique,
STOE growth (Cohen’s d=1.08). Evidence presented in the fourth
publication suggests these overall STEB growth trends are consistent
in a larger sample of 234 preservice teachers (F(3,699)=95.345,
p<0.0001). For this group, PSTE and STOE effect sizes remained
large but declined slightly from those presented in the deeper cohort
investigation (publication three). The PSTE growth was large
(Cohen’s d=0.74) but was still below the STEBI-B literature mean
(see publication one). The STOE growth remained very large for the
expanded sample (Cohen’s d=0.96), a growth rate which ranks fourth
across 25 years of STEBI-B research.
Evidence collected and analysed in the action research project
presented in the sixth publication allows for a tentative claim to be
made that the desirable outcomes of the SC308 course can still be
achieved with an online delivery mode, in place of the more traditional
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face-to-face delivery mode. A reflective pre- and post-test
administration of the STEBI-B was used to measure preservice
teachers’ science teaching efficacy beliefs in the reflexive action
research framework. A MANOVA indicated that respondents’
science teaching efficacy beliefs underwent highly significant change
as they experienced the modified, online version of the SC308 subject
(F(1,22)=42.44, p<0.0001). Their large PSTE (Cohen’s d=1.37) and
STOE (Cohen’s d=0.99) would be the 9th and 4th largest pre- to posttest increases reported in the STEBI-B literature respectively. While
such findings are undeniably promising, contextualisation within the
existing body of literature should be treated with caution. Even though
the findings are statistically valid and reliable, additional contextual
issues mitigate their strength. Factors such as the smaller sample size,
the reflective STEBI-B administration, potential response bias and the
absence of any possible dissenting perspectives prevent definitive
conclusions from being drawn. Nevertheless, such findings provide a
compelling basis for continued research into the transition of science
courses from face-to-face to online modes of delivery.
There is a plethora of qualitative data presented in the third and sixth
publications that attest to the improvement of preservice primary
teachers’ science teaching perceptions as they experienced the SC108
and SC308 courses. Harvard one-minute paper data, presented in the
third publication, show tremendous simultaneous increases in positive
responses and decreases in negative responses to the SC108 course
during the semester. Such findings appear to be confirmed via cross
triangulation with semi-structured interview data, wherein preservice
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teachers expressed greater confidence in their ability to teach science.
For example, Malcolm said “The big moment where I realised that I’d
actually be confident teaching (science), was last night when I
realised how much I’d done in this course (SC108)”. For the SC308
course, participants reported similar declines and increases in negative
and positive reactions to the course respectively over time.
Interviewees felt they had developed practical inquiry skills that
would enable them to plan and teach quality science lessons. Daisy
expressed such a perception, “The fact that I have completed a whole
unit of work makes me realise that I can actually teach science”. The
qualitative data presented in the sixth publication suggests similar
positive science perceptions can develop in participants during a
modified, online iteration of the SC308 course. Harvard data shows a
similar disparity between positive (115 instances) and negative (21
instances) word choices at the midway point of the semester.
Examples of anonymous student feedback at the end of the semester,
such as ‘I actually feel equipped to have a go teaching science’ and ‘I
have increased my confidence in teaching science’, highlight
participants’ improved perceptions of science teaching.
Question 3


How do the complex, innovative science courses appear to impact the
long-term science teaching efficacy beliefs and reported science
teaching practices of past preservice teachers who have transitioned
to inservice status?
Answer (Publications three and five).
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Prior to considering the transition of preservice teachers to inservice
status, it is worth first assessing the durability of the aforementioned
STEB increases for the final two years tertiary study which occurred
after the completion of the science programs. The longitudinal 4-year
cohort investigation (the subject of the third publication) affords such
an opportunity to assess the durability of STEB growth, occurring
during the science program, for the remainder of the participants’
degrees. For a year after the completion of the science program, the
cohort’s STEBs did not show any significant changes (F(1,29)=1.98,
p=0.167). Data collected in the cohort’s final year of study actually
showed a statistically significant increase to their science teaching
efficacy beliefs, despite not receiving any formal science education in
this delay period (F(1.68,53.83)=8.165, p=0.001). While far from
conclusive, such a finding may hint at the capacity of the science
program to affect long-term growth for primary science teachers.
STEBI-A data collected from prior preservice teachers who had
transitioned to inservice status was used to assess the long-term
durability of the science teaching efficacy belief growth reported at
the tertiary level. A total of 75 primary teaching graduates, who were
teaching at the time of response, provided both STEBI-B data as
preservice teachers at the completion of the science program and
STEBI-A data after they had begun teaching professionally. In this
instance, the unique complementary nature of the STEBI-A and
STEBI-B instruments allowed for a direct, quantitative comparison of
STEBs across the preservice to inservice teaching transition that is
seldom presented in the literature (as discussed in publication one).
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The graduate teachers’ STEBs had remained durable from their final
undergraduate occasion of testing (the completion of the SC308
course). A MANOVA showed that there was no statistically
significant STEB effect due to occasion of testing (F(1,74)=0.348,
p=0.557). Of note was both the PSTE subscale increase (Cohen’s d=
0.39) and STOE subscale decrease (Cohen’s d= -0.27). In fact,
analysis shows that this was the first time that there was no significant
difference between the subscales (F(1,74)=0.264, p=0.609). Such
emergent trends have implications to be unpacked in further
discussion on page 360.
The participants who experienced the science program (SC108 and
SC308) reported a high frequency of science teaching with active,
student centred pedagogies that directly contradict the common
themes of avoidance (Angus, 2003; Tytler, Osborne, Williams, Tytler
& Clark, 2008) and teacher-centred approaches (Hawkins, 1990;
Kelly, 200; Yates & Goodrum, 1990) which commonly emerge in the
science education research literature. Evidence presented in the third
publication suggests the participants were willing to teach science, as
around 75% taught science on an in-school practical experience
placement, despite less than half actually witnessing science being
taught within their placement schools. The findings presented in the
fifth publication indicate that the participants’ reported willingness to
teach science as preservice teachers seemed to extend to their early
career teaching practice. Indeed all but one of the interviewees
reported teaching science consistently in their school contexts, with
the one exception filling a role where science teaching was not a part
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of her designated curriculum. Themes such as “student centred
learning”, “inquiry learning”, “hands-on learning” and “cross
curricular integration” featured prominently in the interviewees’
descriptions of their science teaching practices. It appears that the
graduates perceived their experiences in the science program (SC108
and SC308) to be instrumental to their science teaching practice, as
90% of relevant commentary suggested that their tertiary science
experiences had a positive impact on their science teaching practices.
More promising still was the interviewees’ tendencies to assume roles
“above and beyond” the base requirements of classroom teachers in
science education. The graduates engaged in key science education
roles such as representing schools at science professional
development courses, developing resources for school science
curricula, running an extra-curricular science club and volunteering as
a school-wide science coordinator.

Research limitations
While the key questions guiding this extended research project have been
answered, there are limitations that mitigate the conclusions which can be
made from the research presented across the six publications. The following
paragraphs will outline the major limitations of the research presented in this
dissertation.
The absence of an experimental design has prevented causal relationships
between the science program (SC108 and SC308) and increases to
participants’ science teaching efficacy beliefs from being established. The
quasi-experimental designs used throughout this dissertation present inherent
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threats to the validity of findings, which the lead researcher has considered at
length. This issue was also evident within the STEBI-A/B meta-analysis
(publication one) as much of the existing science education research lacked
the experimental design necessary to attribute causality. Such an issue is
further escalated by the lack of immediate contextual knowledge available to
the outsider; essentially diminishing understanding of how the education
educational design, and other confounding variables, relate specifically to
changes to participants’ science teaching efficacy beliefs. The problems
caused by the absence of experimental design and the pitfalls of limited
contextual clarity have been addressed in this doctoral dissertation via:
expanded participant sampling from multiple cohorts to strengthen the
argument for covariance, the publication of a comprehensive description of
the science interventions (see publication two) and the use of mixed methods
approaches to data collection.
As is often the case in the social sciences, participant sampling was an issue
at times within the research presented in this doctoral dissertation. It should
certainly be noted that appropriate sample sizes were achieved within this
research; indeed, the sample achieved in the longitudinal STEBI-B research
into multiple iterations of the science program (SC108 and SC308) was
particularly robust. The surveying of participants on multiple occasions, both
within and across publications, was at times marred by attrition and
inconsistent response rates. Sampling from a population of graduate teachers
(publication five) was a considerable challenge. The initial sampling phase of
emailing graduates through the university alumni office yielded a response
rate of 0.5%. A targeted social media campaign was used to increase the
sample; this approach yielded a much stronger 31% response rate. This
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second approach was crucial in the acquisition of a sample large enough to
ensure statistical assumptions were met. Despite the acceptable sample size,
approximately only one fifth of the preservice teachers who provided full
undergraduate STEBI-B datasets were surveyed as inservice teachers. Even
though the surveyed graduates showed demonstrably similar undergraduate
STEB scores to their unsurveyed counterparts, the risk that this sample is not
completely representative of the population cannot be dismissed.
There are additional smaller limitations that emerged within this research
project. Issues such as survey fatigue and survey response bias cannot be
disregarded when interpreting the research findings. Survey fatigue refers to
the diminished thought and consideration participants may put into their
responses when required to complete a survey on multiple occasions over a
relatively short period of time (Bryman, 2016; Burns, 2000; Kervin, Wilma,
Herrington & Okely, 2006). It is acknowledged that survey fatigue may have
been an issue within the deep cohort investigation (publication three) as the
STEBI-B was administered 26 times over the four-year period. This problem
has been somewhat ameliorated by delayed testing periods (i.e. 6 months
between STEBI-B administrations on some occasions) and cross
triangulation with other sources of data, as evidenced by the variance and
continued growth in the cohort’s STEB scores. The risks associated with
survey fatigue were also reduced with the inclusion of a broader quantitative
STEBI-B research project (publication four), wherein respondents provided
data on only four occasions, to confirm findings presented in the cohort
investigation (publication three). Survey response bias, also informed by
social desirability bias, occurs when an individual alters his or her responses
to reflect what he or she believes the researcher or wider community would
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want, thus diminishing the validity of any conclusions which may be based
on the data (Burns, 2000). Due to the opaque nature of intention within human
interaction, it is highly likely that response bias was a confounding variable
in the research presented across this doctoral dissertation, much like it would
be across all forms of social science research. This fundamental limitation of
educational research has been addressed broadly through cautious, indefinite
presentation and discussion of findings. For the undergraduate research, the
power imbalance between academics and students was addressed by using
outside researchers, providing repeated statements of participant rights and
ensuring participant anonymity from academics. While the same power issues
were not evident in the graduate teacher research, individuals who would have
perceived their views as dissenting may have elected to not participate in the
research project. The following section will discuss directions for future
research and implications for teaching practice that have arisen from the
results presented within this doctoral dissertation.

Important Discussion Points
The contrast between the PSTE and STOE subscales was a major point of
interest within this doctoral dissertation. The STEBI review (publication one)
illustrated that in the overwhelming majority of applicable cases preservice
teachers’ science teaching outcome expectancies were lower (King &
Wiseman, 2001; Mashnad, 2008) and showed less growth (Fleming, 2007;
Hudson, 2004) than their personal science teaching efficacy beliefs. STEBI
researchers appear to have linked these issues with the construction of the
instruments, with critiques of the reliability and validity of the STOE subscale
(Cannon & Scharmann, 1996; Hechter, 2010; McDonnough & Matkins,
2010). In this doctoral dissertation both the STEBI-A and STEBI-B
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instruments have proven to produce reliable and valid PSTE and STOE
measurements (publications three, four, five and six). The researcher believes
this subscale disparity may be symptomatic of perplexing cynicism where
more novice preservice teachers feel they can have a more significant impact
of students’ science learning than science teaching more generally. The
emergence of such cynicism would appear to be supported by reports of the
poor personal science experiences of preservice teachers (Cobern & Loving,
2002; Jarrett, 1999; Mulholland & Wallace, 2001). Predictably, the same
cynical STEBI subscale trends were evident within the inservice teacher
STEBI-A research (Ewing-Taylor, 2012; Haney, Wang, Keil & Zoffel, 2007;
Lakshmanan, Heath, Perlmutter & Elder, 2010). The preservice teachers
sampled in this doctoral did not show the cynicism commonly seen in the
STEBI-B literature as their STOE scores were consistently higher and
frequently showed higher growth rates than their PSTEs. Simply put, the
preservice teachers who experienced the science program (SC108 and
SC308) seemed to hold an aspirational mindset as they did not yet believe
they could fulfil their own expectations of science teaching to improve
students’ science understandings. When surveyed again as inservice teachers,
the graduates’ PSTE and STOE scores no longer displayed statistically
significant differences, indicating they now perceived themselves as meeting
their own standards for science teaching. The researcher hypothesises that
consistently high science teaching outcome expectancies are pivotal for
educators to engage in actions that will lead to consistent and sustained
improvements to personal science teaching efficacy beliefs.
The teacher variable has seldom been an overt focus in research into the
tertiary science education of preservice primary teachers (see publication
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one). Given the importance of constructivism plays in learning processes
(Vygotsky, 1977) and an academic’s central role as the facilitator of any
tertiary science program, it is highly likely that the teacher variable can serve
as a confound to establishing covariant links between science intervention
and participant outcomes. In this doctoral dissertation, the STEBI-B data
collected from multiple SC108 and SC308 offerings over an eight-year period
(see publication four) afforded a unique opportunity to tentatively investigate
the impact of the teacher variable. There were two instances where the cocreator of the science program, a highly experienced academic with over
thirty years of combined secondary and tertiary science teaching experience,
was unavailable to teach the SC308 course. In 2009, the co-creator was
replaced by a pair of less experienced academics and in 2014 he was replaced
by a pair of inexperienced doctoral students. Participants in both SC308
offerings showed significant PSTE increases, suggesting the educational
design is robust enough to still influence student outcomes even with, at
times, drastic changes to the compositions of teaching teams. Conversely,
these two SC308 iterations were the only offerings where the participants’
STOE scores did not display statistically significant growth.
One interpretation could be that preservice teachers value experienced
science teachers as models for the development of aspirational mindsets, as
expressed by higher STOE scores. Unfortunately, the dire state of primary
science education in Australia (Tytler, 2007) combined with increasing rates
of casualization in the tertiary sector (Klopper & Power, 2014; Rothengatter
& Hil, 2013) can make it more challenging for preservice teachers to interact
directly with experienced ‘model’ science teachers in extended, meaningful
ways. Aside from employing diverse and experienced teaching teams,
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approaches such as in-subject practical science teaching experiences
(Velthuis, Fisser & Pieters, 2014), teacher mentoring (Kenny, 2012), links to
professional experience blocks (Flores, 2015) and formal partnerships
between schools and universities (Lumpe, Czerniak, Haney & Beltyukova,
2012) could be used connect preservice teachers with consummate science
teachers in order to affect sustained STOE growth.
The common use of pre- and post- test STEBI administrations combined with
the varied, and often simultaneous use of different pedagogical approaches
within the STEBI literature (publication one) make it challenging to
determine how specific approaches to tertiary science education influence
participants’ science teaching efficacy beliefs. Understanding the value of
different innovative practices is often achieved through qualitative research,
such as interviewing students and academics for their interpretations of the
learning experiences (Palmer, 2008; Mulholland & Wallace, 2001). It is,
however, acknowledged that qualitative approaches are appropriate as course
designs, including SC108 and SC308, often link different approaches in
inextricable ways. The weekly administration of the STEBI-B used for part
of this doctoral dissertation (publication three) allowed for deeper insights
into the impact of some different learning opportunities. During the cohort’s
iteration of the SC108 course the transition from teacher-centred transmission
to student-lead inquiry and group teaching served as the catalyst for steep,
continuing increases to their science teaching efficacy beliefs. It could be
inferred that the student centred approach was crucial to such an upswing, but
attributing the growth to specific approaches was not possible. According to
interview data (publications three and five) students’ responded favourably to
different elements despite receiving similar educational experiences
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(cooperative learning, student-inquiry, alternative conception targeting,
curriculum development, etc.). After completing the in-school practical
science teaching experience offered in SC308 the cohort showed the largest
single week increase to their personal science teaching efficacy beliefs
(Cohen’s d=0.25). This fits with the existing literature where the value of
practical science teaching experiences has long been established (Bautista,
2011; Lewthwaite, Murray & Hechter, 2012; Palmer, 2006; Velthuis, Fisser
& Pieters, 2014). Interestingly, the benefits of firsthand science teaching
experiences may be lost if such opportunities are not contextualised with a
tertiary science course (Ebrahim, 2012).
The vast majority of STEBI research reports on face-to-face science
interventions rather than online, distance based science interventions. It
should be noted that online modes of delivery are more prominent in the
STEBI-A literature (see publication one). Still, there are some examples of
online teaching within the STEBI-B literature. Slater, Slater and Shaner
(2008) used online learning modules to supplement a face-to-face science
course where participants showed improved content knowledge and science
teaching efficacy. Haeusler and Lozanovski (2010) compared on-campus and
distance iterations of a cooperative science course focusing on curriculum
development. The distance education cohort were provided with group wikis
and forums to replace the face-to-face group meetings, which would be used
in an on-campus course delivery. Both groups showed statistically significant
STEB increases, with no reported differences between them. There is now
some evidence indicating that the SC308 course, originally designed for faceto-face delivery, may be able to sustain its influence when delivered via a
distance mode of education. Participant data within the action research
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presented in the sixth publication shows that they perceived significant
increases to their PSTE (Cohen’s d=1.367) and STOE (Cohen’s d=0.991)
scores. While valid and promising, such results are far from definitive due the
modified reflective STEBI-B administration and the smaller number of
respondents relative to earlier investigations into face-to-face deliveries of
SC308 (publications two, three and four).
Qualitative data suggest the graduate teachers who completed the science
program (SC108 and SC308) showed professional resilience as they
overcame hindering factors to their science teaching practice from within
their school contexts. Through interview data, inservice teachers (publication
five) expressed beliefs that their school science cultures had mixed influences
on their reported science teaching practices. Negative science culture themes
such as “low science priority”, “science marginalisation”, “the crowded
curriculum”, “other teachers”, “resources” and “science outsourcing” echo
many of the issues established in broader national studies (Goodrum,
Hackling & Rennie, 2001; Goodrum & Rennie, 2007). However, rather than
adopting common coping mechanisms of avoidance (Angus, 2003; Martin,
Mullis, Foy & Hooper, 2016; Tytler et al., 2008) and teacher-centred
approaches (Goodrum & Rennie, 2007; Hawkins, 1990; Kelly, 200; Yates &
Goodrum, 1990), the interviewees often actively overcame perceived
hindrances. They described: using cross curricular integration to overcome
time restraints and the crowded curriculum, campaigning for funding and
adapting pedagogies to address resource limitations and assuming voluntary
science leadership positions to improve the status of science teaching within
their schools. Although the evidence is not conclusive due to the qualitative
method, limited sample and high change of response bias, it could be
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hypothesized that these early career primary science teachers are not simply
resilient to professional adversity; they could act as agents of change to affect
long term changes to school science cultures.

Directions for Future Research
There are a number of worthwhile directions for future research that have
emerged from the results presented within this doctoral dissertation. First,
experimental research with control groups should be used to determine if the
covariant relationship between the science program (SC108 and SC308) and
preservice teachers’ improved STEBs is also causal. Furthermore, the need
for increased proliferation of experimental research designs is clear within the
STEBI literature (publication one) which still appears to rely heavily on
quasi-experimental research. Second, direct research into the science teaching
practices of the, now graduate, primary teachers is needed to potentially
confirm and the tentative emergent trends of student-centred science teaching
practice shown in the fifth publication. Indeed, in the current body of science
education research there is a heavy reliance on self-reporting to gain insight
into time spent teaching science and how science is taught (Angus, 2003;
Goodrum, Hackling & Rennie, 2001; Goodrum & Rennie, 2007; Gough et
al., 1998; Jarvis & Pell, 2005). Firsthand research into primary science
teaching practices should also expand to include broader school science
cultures. Research into negative science attitudes (de Laat & Watters, 1995),
science marginalisation (Appleton & Kindt, 2002) and student disengagement
(Goodrum, Hackling & Rennie, 2001) allow inferences about school science
cultures to be made, but next step is for science teaching cultures at the
primary level to be the primary focus of future research. A fuller
understanding of school science cultures could lead to the informed
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development of science programs for both preservice and inservice teachers.
Third, the teacher variable needs to become an overt area of focus in this field
moving forward. Despite being central to all forms of education and a clear
confounding variable in the establishment of links between interventions and
STEBs, the teacher variable is seldom considered overtly in the STEBI
literature (publication one). The research presented in this doctoral
dissertation was able to investigate the teacher variable briefly, but this was
not a central focus imbedded within the research design. There would be
substantial value in educational designs that can lessen the impact of the
teacher variable in terms of continuity and broader impacts. Fourth,
globalisation and rapid technological advancement need to be addressed in
the STEBI literature through investigation into how traditional face-to-face
science interventions can be transitioned to online modes of delivery. This
doctoral dissertation has presented some evidence that the face-to-face SC308
course can be transitioned to a distance mode of delivery, although this base
evidence needs to be expanded upon to ensure equivalence. Fifth, the reported
issues with sampling graduate teachers give rise to the need for meta-research
in this area, as role of social media needs to be further elucidated in science
education research.

Implications for Science Teaching Practice
Implications for science teaching practices can be taken from the findings
presented across the six publications comprising this doctoral dissertation.
The extensive meta-analysis of science interventions, pitched at preservice
and inservice teachers, presented in the first publication is a clear and
powerful testament to the capability of student-centred, inquiry-based
pedagogies to affect STEB growth in educators at different career stages. The
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collective power of a the 25-year body of STEBI literature helps to build a
compelling argument for science educators to move away from more
traditional transmissive, content heavy educational designs. The firsthand
research presented in this doctoral dissertation makes a meaningful
contribution to the existing literature. The SC108 course, a cooperative,
inquiry based course framed by participants’ alternative Astronomy
conceptions, and the SC308 course, a deep project-based extension of the core
inquiry skills acquired in SC108 via intense curriculum development and
practical teaching experience, have both shown to covary with significant
STEB growth in preservice primary teachers which remain durable as they
transition into their teaching careers. Even though it is neither infallible nor a
panacea for all of the issues permeating science education, the science
program is now a proven and replicable way of educating preservice primary
teachers to become confident and competent practitioners. The Interactive
Educational Design Model (IEDM) could assist tertiary science educators to
modify the science program to suit their different contexts. Evidence
presented in the sixth publication suggests that the SC308 course can be
modified to provide distance education students with opportunities to develop
curriculum collaboratively. Distance students’ high levels of engagement and
reported STEB growth lend credence to the use of online learning for
equitable tertiary science education experiences. Regardless of the
pedagogies of future science courses, action research needs to become a core
aspect of future educational designs to ensure continued improvement of the
quality of science education even as educational contexts continue to change.
The following section provide a brief conclusion to this extended research
project.
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Conclusion
The cornerstone of a successful system of science education is a base of
confident and competent teachers. According to the existing science
education research literature, many Australian primary teachers feel neither
confident nor competent in their ability to teaching science; which seems to
lead to infrequent, teacher-centred science teaching practice. The findings
presented within this doctoral dissertation show that the complex, innovative
science program (SC108 and SC308) covaries with large science teaching
efficacy belief increases in preservice primary teachers to an international
standard; even with variations to contexts, teaching team composition and
modes of delivery. Furthermore, the science program seemed to engender
participants with a sense of professional science teaching resilience as they
showed: durable STEBs as they transitioned to inservice teaching status, a
willingness of overcome hindering factors within their school science
cultures, a desire to commit to science education by undertaking roles ‘above
and beyond’ the requirements of an early career classroom teacher, and most
importantly, a capacity to teach science using varied, deep and studentcentred pedagogical approaches. While there are still limitations and
unanswered questions, the evidence presented builds a compelling argument
that the science program may equip preservice primary teachers with the
skills, knowledge and attitudes needed to act as agents of change in a science
education system mired in cycles of negative attitudes and underwhelming
achievement levels.
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If you have any concerns please contact:

Ethics in Human Research
Committee
Charles Sturt University
Private Bag 99
BATHURST NSW 2795
Telephone
02 - 6338 4628
April, 2011

Dear Student,
Associate Professor David McKinnon at Charles Sturt University is conducting an Action
Research Project (ethics number - 2006/122) into the teaching of the Science and Technology
curriculum subjects EMS108 and EMS308 during 2011.
The Action Research involves implementing a package of learning materials dealing with
Problem Based Learning, Cooperative Learning and Astronomy in the context of science
education in the semester during which these subjects are normally taught: Autumn Semester
for EMS108 and Spring Semester for EMS308.
The study seeks to investigate, by questionnaire, observation and interview, the knowledge
developed and the attitudes towards the teaching of science in Primary Schools involving the
materials and approaches employed. Further, the study will also involve post-intervention
questionnaires conducted during the last scheduled lecture hour for the subject.
It is hoped that the information gained from this study will improve the teaching of science
and technology in primary schools and improve pre-service teachers’ knowledge and skills
in the use of Information and Communications Technologies (ICTs) as a learning tool in the
science classroom.
As students in EMS108, you have already completed the Astronomy Diagnostic Test (ADT),
for your own benefit, to map your knowledge deficits in the Astronomy content of the Science
and Technology K-6 Syllabus. At the end of the semester, you will be asked to complete this
instrument again to demonstrate for yourself how much you have learned. In addition, we
will ask you to complete a Subject Evaluation instrument, by paper and pencil response, and
on that we will ask you to record your Student Number. The methodological reason for doing
this is so that we can match your ADT results to your reactions to the subject as indicated by
your responses on the Subject Evaluation.
To safeguard the responses that you make on the Subject Evaluation, one student nominated
by you, and who is present at the final lecture, will be asked to collect the Subject Evaluations
and to hold these in a place of safe keeping until after the final grades are submitted to the
School of Teacher Education Assessment Committee. At that time, the Subject Evaluations
will be released for analysis by the teaching team. You will NOT be required to do the Online
Version but you can if you wish.
You should understand that we are interested in improving the offering of these subjects so
that students may become better teachers of science and technology content when they
undertake a Practicum and when they graduate. No student will be disadvantaged by offering
honest feedback to the teaching team. To ensure that you do not feel any coercion to
participate, the signed Consent Forms will be collected by a nominated student, placed in a
sealed envelope, and only released to the teaching team by the student after the grades have
been submitted to the Assessment Committee.
Should you decide that you do not wish your data to be included in this research study, you
can indicate this fact on the Consent Form attached to this Information Form. A third party
will extract your ADT responses both on the pre-and post-intervention occasions and also
remove your completed Subject Evaluation before supplying the Action Researchers with the
paper based data. These data will then be coded and entered into a Statistical Package where
ALL identifying information will then be removed before any analysis is undertaken. Thus,
your Subject Evaluation responses, though matched with your ADT responses, will not reveal
who you are. We guarantee absolute anonymity of response in this regard.
If you have any queries about the process or consent forms, please do not hesitate to contact
Associate Professor David McKinnon, on 02 63 384235 or e-mail dmckinnon@csu.edu.au .
Thank you for your ongoing support and engagement in the subject.
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Yours sincerely,

A/Prof. David McKinnon

For:

Chief Investigator
School of Teacher Education
Charles Sturt University
Bathurst. 2795
Ph: 02 6338 4235
email: dmckinnon@csu.edu.au

Executive Officer
Ethics in Human Research
Committee
Charles Sturt University
Private Bag 99
BATHURST NSW 2795
Telephone 02 - 6338 4628
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Appendix Two: Participant Information Sheet
PARTICIPANT INFORMATION SHEET
An exploration of the factors affecting primary teachers’ science
teaching efficacy beliefs and science teaching practices as they
transition from preservice to inservice stages
Chief Investigator
James Deehan
Bachelor of Education (Honours) (1st Class)
Completing a Doctorate of Education at Charles Sturt University, Bathurst
Campus
Supervisor
Dr Lena Danaia
Primary Science Lecturer and Transition Coordinator
Faculty of Education
Charles Sturt University, Bathurst Campus
Co-Supervisor
Professor David McKinnon
Director (Academic)
School of Education
Edith Cowan University, Joondalup Campus
Invitation
You are invited to participate in a research study on the science-teaching
efficacy and science teaching practices of graduate Australian primary
teachers.
The study is being conducted by James Deehan, as part of his PhD research,
within the Faculty of Education Charles Sturt University.
Before you decide whether or not you wish to participate in this study, it is
important for you to understand why the research is being conducted and
what it will involve. Please take the time to read the following information
carefully and discuss it with others if you wish.
1. What is the purpose of this study?
Previous research has shown that the performance of Australian primary
students in science has declined. Primary teachers often lack confidence and
competence in the teaching of science. This leads to the marginalisation and
avoidance of science. This research aims to assess the science-teaching
efficacy and science teaching attitudes of graduate primary teachers.
2. Why have I been invited to participate in this study?
We are seeking participants who undertook their tertiary science education
at Charles Sturt University between from 2007 to 2014 (inclusive). Your
name was selected from past graduates of CSU. We are also seeking
graduate primary teachers from other tertiary institutions.
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3. What does this study involve?
If you agree to participate, you will be asked to complete two surveys and
potentially participate in an interview. Details about the data collection
methods are provided below:
 The Science Teaching Efficacy Belief Survey (Estimated
Completion time of 5 minutes)
 The Science Attitudes and Science Teaching Survey (Estimated
Completion time of 14 minutes)
 Interviews about your university experiences and science teaching –
These interviews can be conducted via phone, email or in-person.
The interviews will take approximately 15-20 minutes.

Your participation at all phases is optional. If you choose to complete the
surveys, you are not obligated to participate in an interview.
4. Are there risks and benefits to me in taking part in this study?
There are no foreseeable risks associated with participating in this research
project.
This research will provide you with the opportunity to reflect on your
science teaching. Your contribution will assist in the development of tertiary
science programs that meet the needs of teaching professionals.
Each time you provide data (maximum of three times – two surveys and/or
an interview) you will go into a random draw to win a $200 Sanity giftcard,
redeemable at any Sanity outlet Australia wide.

5. How is this study being paid for?
The research is being funded as a part of an Australian Postgraduate Award
Scholarship.
6. Will taking part in this study (or travelling to) cost me anything, and will
I be paid?
There are no financial costs associated with you participating in this study.
7. What if I don't want to take part in this study?
Participation in this research is entirely your choice. Only those people who
give their informed consent will be included in the project. You will be in
no way disadvantaged if you elect not to participate in the research project.
8. What if I participate and want to withdraw later?
You have the right to have your data removed at any time after you have
participated in the research. To remove your data, send your request to the
chief investigator (James Deehan) and it will all be removed from the
research and permanently destroyed.
10. How will my confidentiality be protected?
Your name and institution will be replaced with code numbers and
pseudonyms. Only the chief investigator (James Deehan) will be able to reidentify your information. The de-identified code numbers and pseudonyms
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will be used to label data sets and for formal reporting. Data will be retained
for at least 5 years at Charles Sturt University, Bathurst Campus.
Any information collected by the researcher which might identify you will
be stored securely and only
accessed by the researcher unless you consent otherwise, except as required
by law. There are limits on assurances of confidentiality as law may
subpoena research data/records.
11. What will happen to the information that I give you?
The data will be presented in peer reviewed journal articles that will
contribute to James Deehan’s Doctoral Dissertation.
Your confidentiality will be fully maintained in all reporting of the data.
Individual participants will not be identified in any reports arising from the
project.
If you provide consent to have your interview recorded as an audio file, you
have the right to review the file. Only the researcher will hear the audio
recording. De-identified transcriptions of the interviews will be used for
data reporting.
You have the right to view your raw data and/or have it explained to you by
the chief investigator. You can also elect to receive any reports or
publications within which the data are used.
12. What should I do if I want to discuss this study further before I decide?
If you would like further information please contact James Deehan. His
contact details are listed below:
James Deehan Bachelor of Education (Primary) (Hons1)
PhD Candidate/ Research Assistant/ Sessional Staff Member
School of Teacher Education
Charles Sturt University
Panorama Avenue
Bathurst NSW 2795
Australia
Ph: +61 (02) 6338 4229
Mob: 0406 895 505
Email: jdeehan@csu.edu.au
13. 'Who should I contact if I have concerns about the conduct of this
study?'
NOTE: The Faculty of Education Human Research Ethics Committee has
approved this project. If you have any complaints or reservations about the
ethical conduct of this project, you may contact the Committee through the
Executive Officer.
Lisa McLean
Executive Officer
Faculty of Education Human Ethics Committee
Charles Sturt University
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FHEC_Education@csu.edu.au
02 6338 4966
Any issues you raise will be treated in confidence and investigated fully and
you will be informed of the outcome.

Thank you for considering this invitation.
This information sheet is for you to keep.

384

Appendix Three: Consent Form
CONSENT FORM
An exploration of the factors affecting primary teachers’ science
teaching efficacy beliefs and science teaching practices as they
transition from preservice to inservice stages
Chief Investigator
James Deehan
Bachelor of Education (Honours) (1st Class)
Completing a Doctorate of Education at Charles Sturt University, Bathurst
Campus
Supervisor
Dr Lena Danaia
Primary Science Lecturer and Transition Coordinator
Faculty of Education
Charles Sturt University, Bathurst Campus
Co-Supervisor
Professor David McKinnon
Director (Academic)
School of Education
Edith Cowan University, Joondalup Campus

I agree to participate in the above research project and give my consent
freely.
I understand that the project will be conducted as described in the
Information Statement, a copy of which I have retained.
I understand I can withdraw from the project at any time and do not have to
give any reason for withdrawing.
I consent to:
 completing a survey about my tertiary science education and science
teaching efficacy
 completing a survey about my science teaching practice and science
attitudes
 participating in an interview and having it recorded
 allowing the data that I provide to be used for formal research
reporting and publications
I understand that my personal information will remain confidential to the
researchers.
I have had the opportunity to have questions answered to my satisfaction.
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Print Name:___________________________________
Signature: ____________________________________
Date: _________________________
NOTE: The Faculty of Education Human Research Ethics Committee has
approved this project. If you have any complaints or reservations about the
ethical conduct of this project, you may contact the Committee through the
Executive Officer.
Lisa McLean
Executive Officer
Faculty of Education Human Ethics Committee
Charles Sturt University
FHEC_Education@csu.edu.au
02 6338 4966
Any issues you raise will be treated in confidence and investigated fully and
you will be informed of the outcome.
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Appendix Four: The Science Teaching Efficacy Belief
Instrument B (STEBI-B)
First Name:
___________________________

Surname:
____________________________

Date: _____/_____/______

1

Strongly
Disagree

Disagree

Uncertain

Read each statement carefully before
responding.

Agree

Strongly Agree

Please indicate the degree to which you agree or disagree with each of the
following 30 statements below by circling the appropriate number to the right
of each statement.

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

5

4

3

2

1

2

I will continually find better ways to teach
primary school science.

5

4

3

2

1

3

Even if I try very hard, I will not teach primary
school science as well as I will most other
KLAs.

5

4

3

2

1

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

5

4

3

2

1

5

I know the steps necessary to teach primary
school science concepts effectively.

5

4

3

2

1

6

I will not be very effective in monitoring
science experiments in the primary school.

5

4

3

2

1

7

If primary school pupils are underachieving in
science, it is most likely due to ineffective
science teaching.

5

4

3

2

1

8

I will generally teach primary school science
ineffectively.

5

4

3

2

1

9

The inadequacy of a primary school pupil’s
science background can be overcome by good
teaching.

5

4

3

2

1

The low science achievement of some
primary school pupils cannot generally be
blamed on their teachers.

5

4

3

2

1

When a low achieving primary school pupil
progresses in science, it is usually due to extra
attention given by the teacher.

5

4

3

2

1

4

10

11
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12

13

I understand science concepts well enough to
be effective in teaching primary school
science.

5

4

3

2

1

Increased effort in science teaching produces
little change in some primary school pupils’
science achievement.

5

4

3

2

1
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Strongly Agree

Agree

Uncertain

Disagree

Strongly
Disagree

Read each statement carefully before
responding.

The teacher is generally responsible for the
achievement of primary school pupils in
science.

5

4

3

2

1

Primary school pupils’ achievement in science
is directly related to their teacher’s
effectiveness in science teaching.

5

4

3

2

1

If parents comment that their child is showing
more interest in science at primary school, it
is probably due to the performance of their
child’s teacher.

5

4

3

2

1

17

I will find it difficult to explain to primary
school pupils why science experiments work.

5

4

3

2

1

18

I will typically be able to answer primary
school pupils’ science questions.

5

4

3

2

1

19

I wonder if I will have the necessary skills to
teach science in primary school.

5

4

3

2

1

20

Given a choice, I will not invite the principal
to evaluate my science teaching.

5

4

3

2

1

21

When a primary school pupil has difficulty
understanding a science concept, I will usually
be at a loss as to how to help the pupil
understand it better.

5

4

3

2

1

22

When teaching primary school science, I will
usually welcome pupils’ questions.

5

4

3

2

1

23

I do not know what to do to turn primary
school pupils on to science.

5

4

3

2

1

24

I do not feel I have the necessary skills to
teach science in primary school.

5

4

3

2

1

25

After I have taught a science concept once, I
will feel more confident teaching it again.

5

4

3

2

1

26

I find science a difficult topic to teach.

5

4

3

2

1

27

I understand science concepts well enough to
teach primary school science effectively.

5

4

3

2

1

28

I know how to make primary school pupils
interested in science.

5

4

3

2

1

29

I feel anxious when teaching science content
in primary school that I have not taught
before.

5

4

3

2

1

14

15

16
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30

I wish I had a better understanding of the
science concepts I will teach.
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5

4

3

2

1

The Personal Science Teaching Efficacy (PSTE) subscale Items


Even if I try hard, I will not teach primary school science as well as
most other Key Learning Areas.



I will find it difficult to explain to primary school pupils why science
experiments work.



I wonder if I will have the necessary skills to teach science in
primary school.



Given a choice, I will not invite the principal to evaluate my science
teaching.



When a primary school pupil has difficulty understanding a science
concept, I will usually be at a loss as to how to help the pupil
understand it better.



I do not know what to do to turn primary school pupils on to science.



I do not feel I have the necessary skills to teach science in primary
school.



I find science a difficult topic to teach.

The Science Teaching Outcome Expectancy (STOE) Subscale Items


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



When the science achievement of students improves, it is most often
due to their teacher having found a more effective teaching
approach.



If students are underachieving in science, it is most likely due to
ineffective science teaching.
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The inadequacy of a student’s science background can be overcome
by good teaching.



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



The teacher is generally responsible for the achievement of students
in science.



Student’ achievement is directly related to their teacher’s
effectiveness in science teaching.



If parents comment that their child is showing more interest in
science at school, it is probably due to the performance of the child’s
teacher.
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Appendix Five: The Science Teaching Efficacy Belief
Instrument A (STEBI-A)
First Name:
___________________________

Surname:
____________________________

Date: _____/_____/______

1

Strongly
Disagree

Disagree

Uncertain

Read each statement carefully before
responding.

Agree

Strongly Agree

Please indicate the degree to which you agree or disagree with each of the
following 30 statements below by circling the appropriate number to the right
of each statement.

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

5

4

3

2

1

2

I am continually finding better ways to teach
science to my students

5

4

3

2

1

3

Even when I try hard, I don’t teach science as
well as I do the other Key Learning Areas in
the primary curriculum

5

4

3

2

1

When the science achievement of students
improves, it is most often due to their teacher
having found a more effective teaching
approach.

5

4

3

2

1

5

I know the steps necessary to teach science
concepts effectively.

5

4

3

2

1

6

I am not effective in monitoring science
experiments.

5

4

3

2

1

7

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

5

4

3

2

1

8

I generally teach science effectively

5

4

3

2

1

9

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

5

4

3

2

1

The low science achievement of some
students cannot generally be blamed on their
teachers.

5

4

3

2

1

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

5

4

3

2

1

4

10

11
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12

1

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

5

4

3

2

1

Strongly
Disagree

2

Disagree

3

Uncertain

4

Agree

5

Strongly Agree

13

I understand science concepts well enough to
be effective in teaching the primary science
curriculum.

14

The teacher is generally responsible for the
achievement of students in science

5

4

3

2

1

15

Students’ achievement in science is directly
related to their teacher’s effectiveness in
science teaching.

5

4

3

2

1

16

I find it difficult to explain to students why
science experiments work.

5

4

3

2

1

17

I am typically able to answer students’
science questions.

5

4

3

2

1

18

I wonder if I have the necessary skills to teach
primary school science.

5

4

3

2

1

19

If parents comments that their child is
showing more interest in science at school, it
is probably due to the performance of the
child’s teacher.

5

4

3

2

1

Effectiveness in science teaching has little
influence on the achievement of students
with low motivation.

5

4

3

2

1

21

Given a choice, I would not invite the
principal to evaluate my science teaching.

5

4

3

2

1

22

When a student has difficulty understanding
a science concept, I am usually at a loss as
how to help the students understand it
better.

5

4

3

2

1

23

When teaching primary school science, I
usually welcome student questions.

5

4

3

2

1

24

I don’t know what to do to turn students on
to science.

5

4

3

2

1

25

Even teachers with good science teaching
abilities cannot help some kids learn science.

5

4

3

2

1

Read each statement carefully before
responding.

20
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The Personal Science Teaching Efficacy (PSTE) subscale Items


Even when I try hard, I don’t teach science as well as other Key
Learning Areas in the primary curriculum.



I know the steps necessary to teach science concepts effectively.*



I generally teacher science effectively.*



I find it difficult to explain to students why science experiments
work.



I wonder if I have the necessary skills to teach primary science.



Given a choice, I would not invite the principal to evaluate my
science teaching.



When a student has difficulty understanding a science concept, I am
usually at a loss as to how to help the student understand it better.



I don’t know what to do to turn students on to science.

*Denotes replacement items used to overcome incomplete data sets. The
PSTE subscale remained reliable with the replacement items (Cronbach’s 
= 0.812).
The Science Teaching Outcome Expectancy (STOE) Subscale Items


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



When the science achievement of students improves, it is most often
due to their teacher having found a more effective teaching
approach.



If students are underachieving in science, it is most likely due to
ineffective science teaching.
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The inadequacy of a student’s science background can be overcome
by good teaching.



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



The teacher is generally responsible for the achievement of students
in science.



Student’ achievement is directly related to their teacher’s
effectiveness in science teaching.



If parents comment that their child is showing more interest in
science at school, it is probably due to the performance of the child’s
teacher.
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Appendix Six: Interview Questions
Opening Statement:
“Hello. Thank you for agreeing to participate in this research project. Before
we begin, I’d like to ask if you have had a chance to review the information
sheet and sign the consent form. Are you fully aware of your rights as a
participant in this research project? Are there any questions you would like
to ask before we begin? Remember that you have the right to end your
participation in the research project and have your data removed at any
time.”
Question 1
“What is your name? Remember that your anonymity is ensured in all data
reporting. Only the interviewer will know your identity.”
Question 2
“At what institution did you obtain your teaching qualification? What years
did you attend?”
Question 3
“What have your teaching experiences been since you have graduated? All
institutions mentioned will be replaced by pseudonyms in the final
transcript. Confidentiality is assured.”
Question 4
“How would you describe your science teaching practice? Do you feel
confident to teach science? What science do you teach in your classroom?
How do you teach it?”
Question 5
“Can you describe the formal science teaching you have received as part of
your undergraduate teacher training? What years(s) did you receive this
science education? In what ways do you believe that your tertiary science
training has influenced your science teaching practice as a graduate primary
teacher?”
Question 6
“What support have you sought or been offered to assist in your science
teaching? Where does this support come from? How do your colleagues
address science? Is science a priority in your school?”
Question 7
“Thank you for participating in this interview. Is there any final statement
that you’d like to make in relation to this interview and/or your participation
in this research project? You have the right to review the recording of this
interview. You can have your data removed from the project at any time.”
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Appendix Seven: Publication Two Submission Proof
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Appendix Eight: Publication Three Submission Proof

399

Appendix Nine: Publication Four Submission Proof
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Appendix Ten: Publication Five Submission Proof
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Appendix Eleven: Important Constructs in Science
Education Research
Important Constructs in Science Education Research
There are several constructs that need to be defined prior to conducting
research into science education. The purpose of this section is to describe both
the unmeasured and measured constructs. Regardless of whether constructs
are explicitly measured within the proposed research, the reader requires a
sound knowledge of all of these relevant constructs in order to gain a deep
understanding of both the direction of the literature and this research project.
The unmeasured constructs will be explained and discussed in relation to the
research. While these constructs are not measured as dependent variables, the
researcher recognises their importance as extraneous variables when
outlining the research. This leads into an argument for the inclusion of the
measured efficacy construct rather than the unmeasured constructs is
presented.
Unmeasured Constructs
The purpose of this subsection is to explain and discuss the important,
extraneous constructs that are not explicitly measured within the proposed
research. The following section will describe the interrelated constructs of
Pedagogical Content Knowledge (PCK), Content Representations (CoRes)
and Professional and Pedagogical Experience Repertoires (PaPERs).
Pedagogical Content Knowledge and related constructs.
Pedagogical Content Knowledge (PCK) can be defined loosely as the
synthesis of core content knowledge in a specified area of study and the
pedagogies needed to deliver this information to an intended audience (GessNewsome, 1999; Hill, Ball & Schilling, 2008; Loughran, Mulhall & Berry,
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2004). Hill and others (2008) recognise that the prior knowledge and learning
capacities of students directly affect both the content and pedagogical choices
made by a teacher. In essence, by reacting to the learning needs of students
with their own PCK, teachers are engaging in a complex, multi-tiered thought
process to determine appropriate learning pathways. While many would posit
that, a high level of PCK would be developed through experience or exist as
a teacher’s innate ability, a growing body of research indicates that it can be
developed through teacher education interventions (Franke, Carpenter &
Levi, 2001; Saxe, Gearhardt & Nasir, 2001). Unfortunately, the construct of
PCK is ill-defined and difficult to operationalise into teacher education
practice. This is particularly problematic in the domain of science education
as teachers struggle to find concrete teaching examples to develop their
understanding of PCK (Van Driel, Verloop & De Vos, 1998). Loughran and
others (2001) recognised this need for PCK explication and responded with
the further development of Content Representations (CoRes) (Nillson &
Loughran, 2011) and Pedagogical and Professional Experience Repertoires
(PaPeRs) (Loughran, Milroy, Berry, Gunstone & Mulhall, 2001). Content
Representations are the manifestations of the choices teachers make based on
their PCK (Loughran, Mulhall & Berry, 2001). These are often concrete
representations of abstract concepts that allow students to actively construct
new knowledge. Pedagogical and Professional Experience Repertoires are
developed as CoRes that are constructed through PCK are tested within a
classroom and actively reflected upon (Abell, 2008). Loughran and others
(2004) actioned PaPeRs as a series of reflective questions based on the
concepts underpinning PCK. Such questions allow for the intrinsic elements
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of PCK to be made explicit, thus allowing the teacher to identify their own
strengths and weaknesses.
Efficacy: The Measured Construct
Efficacy is the construct that will be measured, given the complexity
associated with the measurement of the aforementioned constructs of PCK,
CoRes and PaPERs. A variety of research will be used to describe and explain
the construct of efficacy. First, the essential research into educational efficacy
will be provided. Second, with the nature of educational efficacy established,
an argument for the measurement of efficacy in within the proposed research
will be presented. This argument will be supplemented by outlining the
positive effects that high teaching efficacy has teaching practice. Finally, the
research into the science teaching efficacy will be presented.
Efficacy in education.
Aronson and others (1978) indicated that there is a direct link between
students’ feelings and attitudes and their success in learning attempts. This
links closely to the fundamental goals of education and provides potential for
overcoming the previously discussed problems with construct definition.
Self-Efficacy has a strong history within educational research literature. On
an individual level it can be defined as a person’s internal evaluation of their
ability to execute a particular task (Bandura, 1986; Tschannen-Moran &
Woolfolk Hoy, 2001). It must be recognised that an individual cannot be
extrapolated from context (Johns, 2006). Eccles and Wigfield (1995) consider
this with the concept of task value, which is described as an individual’s belief
that a task can achieve the intended purpose. Without a reasonable level of
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personal efficacy and task value, it is unlikely that an individual will
successfully complete a task to an acceptable standard.
Teacher efficacy is the confidence an individual has in themselves or their
profession to help students to achieve pre-determined educational outcomes
(Berman, McLaughlin, Bass, Pauly & Zellman, 1977). The construct is
differentiated between Personal Teaching Efficacy (PTE) and General
Teaching Efficacy (GTE). PTE describes an individual’s belief in their own
ability to overcome contextually specific factors to promote student learning
(Coladarci, 1992; Gordon & Debus, 2002). GTE is the belief that teaching in
general can overcome external factors, such as socio-economic status, various
learning needs and detrimental social experiences, to guide students towards
achieving pre-determined goals (Tshannen-Moran & Hoy, 2001). The
following subsection will present an argument for the focus on efficacy within
the proposed research.
The argument for a focus on efficacy.
The previous sections have established the dire state of primary science
education in Australia. Primary students, teachers and tertiary institutions all
have different roles in addressing these problems in science education. This
means that determining the success of any interventions is a complex
endeavour. On a basic level, measuring the science achievement of primary
students provides the most direct link to the goal of developing scientifically
literate citizens (Bybee, 1997; Collins, 1997; Goodrum, Hackling & Rennie,
2001; Goodrum & Rennie, 2007; Lumpe, Czerniak, Haney & Beltyukova,
2012). However, as science is seldom taught in Australian primary schools
(Angus, 2003; Goodrum, Hackling & Rennie, 2001; Rennie & Hackling,
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2007; Tytler, Osborne, Williams, Tytler & Clark, 2008) much needs to
change prior to measuring the science achievement levels of primary students.
The relationship between efficacy and teaching practice.
Teacher Efficacy has been found to correlate positively with desirable
outcomes in both teachers and students (Goddard, Hoy & Hoy, 2000;
Tschannen-Moran, Woolfolk-Hoy & Hoy, 1998). Early research into teacher
self-efficacy found that teachers with high self-efficacy are more likely to
continue utilising new programs and resources after the external support has
been removed (Berman, McLaughlin, Bass, Pauly & Zellman, 1977). A
covariant relationship has been established between high reported teaching
efficacy and improved reading scores within minority students (Armor et al.,
1976). Student achievement is also influenced more broadly by the collective
teaching efficacy within a school environment. The students of teachers who
reported high collective efficacy in their schools showed increased
mathematical achievement levels (Goddard, Hoy & Hoy, 2000). In a more
contemporary review of literature, Tschannen-Moran and others (1998) found
that teachers with high efficacy scores were more likely to; spend time on
academic activities, provide more help for students, encourage studentcentred learning, try new teaching innovations and remain committed to the
teaching profession. The work of Bandura (1977) validates the use of the selfefficacy construct within the proposed research. Bandura (1997) states that
teacher self-efficacy can be improved with successful performance, vicarious
experience, verbal persuasion and emotional arousal. All of these methods for
improving self-efficacy can be delivered by tertiary science programs, thus
potentially allowing for the positive effects of increased teacher self-efficacy
to be experienced by preservice teachers as they enter their chosen field. The
406

following section will explore how efficacy is represented in science
education research.
Efficacy in Science Education Research
A significant portion of the existing preservice science education literature is
purely qualitative and cannot be generalised to alternate contexts (Appleton
& Kindt, 2002; Skamp & Mueller, 2001; Ramey-Gassert, Shroyer & Staver,
1996; Tosun, 2000). This can be partially attributed to the difficulty in
developing accurate, comparable measures for the intangible measures
associated with science education. Learning and motivation are difficult
constructs to define due to the intangible nature of the constructs. Even widely
recognised and highly lauded IQ tests are not infallible as they can only
measure intelligent actions rather than intelligence itself (Burton, Weston &
Kowalski, 2009). Such unavoidable difficulty in construct measurement is
likely to be a contributing factor to the possible emergence of a trend of
overreliance on qualitative methodologies within both science education
research and educational research as a whole. However, Riggs and Enochs
(1990; 1991) developed two reliable and valid instruments for measuring the
science teaching efficacy of teachers. The following section will describe
both the STEBI-A and STEBI-B instruments because both are employed
within the proposed research design.
The Science Teaching Efficacy Belief Instruments
Riggs and Enochs (1990) designed two science teaching efficacy instruments
that were modelled on the Teacher Self Efficacy Scales (TSES) produced by
Gibson and Dembo (1984). The Science Teaching Efficacy Belief Instrument
A (STEBI-A) was designed to measure the science teaching efficacy of
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inservice primary teachers (Enochs & Riggs, 1990). The Science Teaching
Efficacy Belief Instrument B (STEBI-B) was designed to measure the science
teaching efficacy of preservice primary teachers (Riggs & Enochs, 1990).
These instruments are equivalent as the STEBI-B was designed by modifying
the items from the original STEBI-A to reflect the perspectives of preservice
teachers.
The instruments require respondents to rate their level of agreement with
statements on a 5 point Likert scale (Burns, 2000), ranging from ‘strongly
disagree’ to ‘strongly agree’. The statements produce measurements of two
subscales. The Science Teaching Outcome Expectancy (STOE) belief scale
measures the participants’ broad views of science teaching related to why
pupils perform as they do. The Personal Science Teaching Efficacy (PSTE)
scale measures the participants’ beliefs about their own ability to teach
science effectively. The items produce ordinal data as there are no observable
or standardised intervals between the Likert responses (Kervin, Wilma,
Herrington & Okely, 2006).
When the STEBI instruments were developed by Riggs and Enochs in 1990
but the PSTE and STOE subscales were shown to be reliable. For the STEBIB the PSTE and STOE subscales were found to have Cronbach Alpha
reliability coefficients of 0.90 and 0.76 respectively (Enochs & Riggs, 1990).
Similar PSTE (Cronbach’s α=0.92) and STOE (Cronbach’s α=0.92)
reliabilities were reported on the STEBI-A (Riggs & Enochs, 1990). Since
the original publication of the STEBI instruments, the subscales have shown
to be reliable across different contexts (Bleicher, 2004; Cartwright & Atwood,
2014; Czerniak & Lumpe, 1996; Finson, Beaver & Hall, 1992). Over the
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years, the STOE subscale has shown to be inconsistent in its reliability
(Lockman, 2006; Yang, Noh, Scharmann & Kang, 2014) which has often lead
to its removal from research projects (Batiza et al., 2013; Velthuis, 2014).
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