
Learning to Teach and Teaching to Learn STEM 
through a Makerspace Approach 

Rekha Koul - Curtin University 
Rachel Sheffield - Curtin University 
Jose J Kurisunkal - National Institute of Education 
Susan Blackley - Curtin University 

This presentation reports on the implementation and 
evaluation of a STEMinist Makerspace Project with 
pre-service teachers and primary students in Bhopal 
India. 52 female pre-service teachers undergoing the 
dual B.Sc., B.Ed. program studying in their 3rd and 5th 
semester volunteered to participate in the workshops. 
Using a Makerspace Approach, pre-service teachers 
participated in three selected activities: Wigglebot, 
Catapult and Pipeline - firstly, as students in a 
Makerspace creating their own artefact supported 
through a scaffolded approach by their educators; 
reflecting on their experiences; then taking their 
artefact and materials to scaffold and support 160 
year-5 and year-6 primary school students to create 
the similar artefact. 

Data were generated through three sets of surveys 
with pre-services teachers, three sets of surveys with 
primary school students and focus group interviews 
with all participating pre-service teachers. 
The STEMinist project and selected activities had 
previously been enacted in Australia, Indonesia and 
Malaysia, and targeted female pre-service students 
focusing on building their science, technology and 
mathematical knowledge and engineering processes 
empowering them to become more confident and 
competent STEM educators. It was evident that t he 
pre-service teachers focused on the development of 
21st century competences, where they listed 
collaboration, critical and creative thinking, problem 
solving and applying knowledge as valuable to their 
own learning, and many of them considered the 
learning skills that their students would need in the 
future. Generally, students enjoyed the activities and 
aspired for these types of activities to be held 
frequently in the school. 

Characterising Pre-Service Science Teachers' 
Noticing of Different Forms of Evidence of Student 
Ideas 

Dirac Lam - University of Cambridge 
Kennedy Chan - The University of Hong Kong 

Reforms in science education call for classroom 
practices that leverage student ideas as a resource for 
instruction. Evidence of student ideas can be in 
diverse forms (e.g., verbal, non-verbal) and of varying 
degrees of visibility when embedded in classroom 
interactions. Placing close attention to different forms 
of evidence of student ideas and interpreting them in 
the midst of instruction can be challenging to 
teachers, especially for pre-service teachers (PSTs). 
While studies exploring PSTs' noticing of student 
ideas (i.e., their ability to attend to and interpret 

student ideas) exist (e.g., Kang & Anderson, 2015; 
Levin & Richards, 2011), few studies have investigated 
PSTs' ability to notice different forms of evidence of 
student ideas. 

This qual itative study attempted to fill this gap by 
exploring how six PSTs attended to and interpreted 
different forms of evidence of student ideas. The PSTs 
each attended an interview in which they commented 
on video clips that captured various forms of evidence 
of student ideas embedded in classroom interactions. 
Findings showed that the PSTs predominantly 
focused on the evidence in non-verbal form (67%) 
(e.g., classroom artefacts (55%), voting (45%)). For 
verbal form, the participants' attention was mainly 
drawn to students' explanation (69%). The way in 
which PSTs interpreted evidence was found to be 
independent of its form. The PSTs mostly described 
students' learning difficulties (45%) rather than 
interpreting the evidence (e.g., meaning intended by 
the student(s) (2%), the scientific content related to 
the evidence (2%)). 

The findings collectively point to two conclusions: (a) 
different forms of evidence might owe varying 
degrees of visibility to PSTs and (b) interpreting 
student ideas might rema in an obstacle to PSTs. The 
results highlight a need to incorporate targeted 
exercises to scaffold PSTs to notice speci f ic forms of 
evidence and move PSTs beyond merely describing to 
interpreting evidence of student ideas. 

Exploration of Multlmodal External 
Representations in Chemistry Lectures: Pathways 
to Creating Inclusive Learning Environments 

Gwendolyn Lawrie - The University of Queensland 
Joao Elias Vidueira Ferreira - Federal Institute for 
Education, Science and Technology of Para (IFPA) 

Blended learning environments in which students are 
required to work on self-regulated activities are 
presenting new challenges for instructional design. In 
chemistry, students' development of internal mental 
models of concepts is recognised as a critical process 
hence multiple external representations (MERs) are 
widely adopted by instructors to support visualisation 
skills. Interactive simulations and an imations in 
particu lar rely on students' visuospatia l skills and 
ability to interpret MERs. To inform inclusive 
instructional design and provision of multimodal 
resources, the existing lecture content for a first 
semester, first-year tert iary chemistry course has been 
analysed to identify the role of individual MERs in 
scaffold ing student learning of chemistry concepts. 
The representations within each lecture slide have 
been categorised according to three separate 
frameworks: Johnstone's domains of thinking in 
chemistry (macroscopic, submicroscopic and 
symbolic)l; Gilbert's modes of external 
representations2 in science and Ainsworth's designs, 
functions and tasks (DeFT) framework3. Hierarchical 
cluster analysis was then applied to identify the 



critical combinations of MERs that construct 
understanding for each topic. 

Based on this analysis, alternative modalities have 
been investigated to explore how students engage 
with different combinations of representation(s). The 
overarching aim was to widen access to learning for 
blind or visually impaired students in blended learning 
activities in chemistry. In this presentation, the 
outcomes of the statistical analysis of MERs and 
exploration of new tactile modalities that have been 
designed to widen participation in learning will be 
shared. 

Gilbert, J. K. (2005). In J. K. Gilbert (Ed.), Visualization in science 
education (pp. 9-27). Dordrecht, Netherlands: Springer. 

Johnstone A. H. (2000). Chem. Educ. Res. Pract. Eur., 7, 9-75. 
Ainsworth, S. (2006) Learning & Instruction, 76, 783-98. 

Exploring Changes In College Students' 
Perceptions of Scientists through a Video Focused 
on their Daily Lives 

Hyunok Lee, Jiyeong Mun - Ewha Woman's University 

Many studies on students' perceptions of science and 
scientists have reported that there is a strong 
stereotypical image and perception of scientists. In 
spite of recent studies that indicate a growing number 
of students are coming to view scientists with more 
varied images, the stereotypical image of scientists 
remains persistent in many students' minds. In this 
study, the authors explore how college students 
change their perceptions of science and scientists 
through a documentary that focuses on scientists' 
daily lives, including laboratory life and the 
up-and-down emotional variations of scientists. 
Namely, college students (109 in total, 33 in 
humanities, 35 in science and engineering and 41 in 
social sciences) were provided with real istic, 
multi-faceted images of scientists directly and the 
authors analysed their writings on perception 
changes on science and scientists after watching the 
documentary. As a result, 64.2% of the college 
students declared that there was a change in their 
perception of scientists through the documentary. 
The students' perceptions of science and t he 
scientists are as follows: 1) scientists repeat numerous 
failures while conducting research; 2) undergo 
emotional ups-and-downs just like normal persons; 3) 
recognize that science does not have a fixed answer 
and that scientists undertake research with creativity; 
4) recognize the socio-economic status of scientists 
as a profession; 5) carry out research in highly 
competitive environments; and 6) conduct research in 
collaboration with colleagues and advisors. In 
addition, they depicted their previous stereotypical 
images and perceptions of scientists. On the other 
hand, students who mentioned that they did not 
change their perceptions reported an image of 
scientists similar to ones such as 1) - 6). This study 
showed with concrete description how students' 
stereotypical ideas on scientist were transformed into 

more realistic and varied ones. 

What Virtues do Science Teachers Embody through 
their Class? Interpreting Science Teachers' 
Teaching in the Perspective of Wisdom 

lnsook Lim, Jinwoong Song - Seoul National 
University 

A number of decision need to be made by teachers in 
their complex teaching situations. Teachers have to 
judge and choose every moment educational 
materia ls and their actions for better lessons. A lot of 
research has been done to explain how teachers make 
decisions and it was mostly focused on teacher 
knowledge such as PCK. However, teachers' actions 
and decisions are not sufficiently explained by a 
knowledge-based view only. This study, therefore, 
aims to find out how science teachers embody various 
virtues in teaching situations in the perspective of 
wisdom that handle the complexity of both science 
and education. Research questions are as follows: 
What kind of virtues do science teachers embody 
during their class? How do science teachers mediate 
these v irtues? What factors affect to those science 
teachers' wisdom? For data collections, we recorded 2 
units of HPS (History and philosophy of science) 
lessons and 3 units of physics lessons at 2 kinds of 
secondary school in Korea. For every lessons, we 
conducted semi-structured interviews of science 
teachers who are partic ipants of this study. Teacher 
interview questionnaires were made based on the 
analysis of the transcription of each lesson. The results 
of this study are as fo llows. Firstly, we identified the 
specific v irtues that science teachers embody in their 
class. They are classified into three categories: 
Science-related intellectual virtues, HPS-related 
intellectual virtues, and pedagogical vi rtues. Secondly, 
science teachers mediate these virtues in three ways: 
By making a choice, by striking a balance, and by 
integrating. Finally, environmental factors and 
teacher's personal factors that affect the way of 
mediating virtues were concretely found. Based on 
our result, implications and benefits of interpreting the 
actions and decisions of science teachers in terms of 
wisdom, not of knowledge, will be discussed. 

Young People Inspiring Awareness of, and Action 
Towards, their Local Natural Ecosystem 

Marianne Logan, Steve Andrews, Simone Blom -
Southern Cross University 

The largest lowland subtropical rainforest in Australia 
in the 19th Century, the 'Big Scrub Rainforest', was 
perceived by white Australian settlers as a resource 
for human use resulting in 99% of this forest being 
cleared for forestry and agriculture. The Big Scrub 
Rainforest now consists of scattered remnants that 
contain threatened animal and plant species, some 
being close to extinction resulting in this rainforest 
being listed as a critically endangered ecological 
community. The aim of this place and 



community-based child participatory action research 
A/r/tographic project was for young researchers to 
explore students' knowledge of, and attitudes 
towards, this local critically endangered ecological 
community of the Big Scrub Rainforest in t he 
Northern Rivers region. Twelve young co-researchers 
and 120 fellow students from primary and early 
secondary school in Northern NSW, worked 
collaboratively with university researchers, and local 
Environmental Educators as part of a science 
education program relating to the Big Scrub 
Rainforest. These young people built on their 
ecological knowledge relating to the Big Scrub 
Rainforest ecological community and developed 
positive attitudes towards, and an interconnection 
with, this local ecosystem and the young 
co-researchers disseminated their knowledge and 
experiences widely. The project resulted in the 
establishment of a framework for place and 
community-based child participatory action/ 
A/r/tographic research. 

Comparative Effectiveness of Different Media on 
Students' Growth of Argumentation Skills: 
Game-Based, Film-Based and Traditional 
Instructions 

Yu-Ling Lu - National Taipei University of Education 
Yen-Chieh Chen - Ming Hu Elementary School 

Scientific argumentation skills have been regarded as 
a crucial component of scientific literacy and many 
studies have shown that traditional instruction is not 
effectively in improving students learning on this 
domain. Recently, computer game-based instruction 
(CGBI) has been successfully used to enhance this 
learning. However, the requirement of hardware and 
internet band width have restricted the 
implementation of CGBI in some elementary schools. 
Thus, the study transferred the CGBI media into a 
more accessible film format and explored t he 
comparative effectiveness between learning with 
CGBI, film-based instruction (Fl) and the traditional 
instruction (Tl) in teaching 4th graders' scientific 
argumentation skills. 

The instructional unit used in this instruction was "The 
Light", which is a common theme of 4th graders' 
textbooks. A quasi-experimental design was used. 
Subjects were 172 4th graders from 6 different classes 
in an elementary school. Students were divided into 
three groups. CGBI, Fl and Tl had 57, 56, and 59 
students, respectively. The instructional experiment 
for each group lasted equally for 5 weeks. There were 
3 class-sessions each week. Each class-session was 40 
minutes. 

Quantitative data collected w ith the scientific 
argumentation ski ll test (SAST) and qualitative data 
were collected w ith semi-structural interviews. The 
SAST data were analysed with t-test, one-way ANOVA 
and Johnson - Neyman method to detect students 
learning differences among groups. In addition, 

semi-structural interviews were used to collect 
students' learning attitude toward learning with CGBI 
and Fl. 

Findings include: 
(1) Students learning with CGBI performed 
significantly better than those in Fl and in Tl. 

(2) Students learning with Fl performed significantly 
better t han those in Tl. 

(3) Students gave positive feedbacks on both in CGBI 
and in Fl. 

Extending the Practical Work Effectiveness 
Framework to Encourage Pre-Service Teacher 
Thinking, Implementation and Critique of Practical 
Tasks 

Jennifer Mansfield - Monash University 

Practical work is a dist inctive aspect of science 
learning and teaching, offering the potential to 
develop student understandings about scientific 
concepts and skills, and discussions about t he nature 
and relevance of science. Yet, research suggests such 
outcomes are seldom the case, as simply 
manipulat ing objects does not readily translate into 
desired learning. Cri t ical thinking about the 
complexities and natu re of a pract ical task is 
necessary in order to realise t heir potential. 
Furthermore, linking t he physical domain of objects 
(what students do wit h t heir hands) to the abstract 
domain of ideas (concepts the teacher wants students 
to learn) could be t he key to increasing the 
effectiveness of practical work. The role of the teacher 
is therefore critical, as students are typical ly unable to 
make the link between t hese domains themselves. 

Abrahams and Millar (2008) developed an 
'effectiveness of practical work' framework for 
practica l tasks. This study reports research that 
involved the adaptation and use of this framework to 
encourage biology pre-service teachers to think 
critically about practical work selection 
implementation and cri t ique. Extension of th~ 
framework, to enhance its application and learning 
potential, was based on analysis of student 
application and feedback. Study outcomes indicated 
the need to include explicit consideration about how a 
teacher might attempt to link the two domains in 
practice. Outcomes also indicated potential of the 
framework for discussion about the nature and 
relevance of science as well as encourag ing explicit 
thinking about the practical task as part of a greater 
learning sequence. 

Abrahams, I., & Millar, R. (2008). Does Practical Work Really Work? 
A study of the effectiveness of practical work as a teaching and 
learnmg method in school science. International Journal of Science 
Education, 30(74), 7945-7969. 



Victorian Teachers of Psychology Views: 
Connecting with the Victorian and Australian 
Science Curricula via Teaching of Psychology 
Concepts with Science Practices 

Karen Marangio, Deborah Corrigan, Debra Panizzon -
Monash University 

This paper explores the views of 11 Victorian teachers 
of Psychology on a 'psychological science' framework 
designed to support their teach ing of psychology 
concepts with the science practices that inform these 
concepts. The selected science practices are included 
within the Australian Science curriculum. The teachers 
were introduced to the framework during a workshop 
in which they undertook a curriculum mapping 
exercise and critiqued the framework. Three months 
later, teachers were interviewed to follow up their 
views and use of the framework since the workshop. 
The data were thematically analysed. Teachers' views 
and experiences were built around four themes, one of 
them using the framework to promote connections 
with the intended curriculum (VCE Psychology Study 
Designs and Australian and Victorian F-10 Science 
curricula). Value and constraints of the framework are 
discussed, including teachers' views around familiarity 
with the science practices within the current 
psychology curricula, connecting discrete sections of 
the curriculum together, and making stronger 
connections with Australian and Victorian science 
curricula. Implications for psychology's place in the 
curriculum are discussed. 

Engaging Primary Students and Teachers in 
Science for Care: A Local Radical Approach 

Jenny Martin, Carolina Castano Rodriguez, Lyn Carter 
- Australian Catholic University 

This presentation reports on a local, radical approach 
to addressing the problem of underrepresentation in 
science of children from low socioeconomic areas and 
provides new theory on the process of transformation 
of science teaching practice in a primary school. The 
project involved collaboration between academics, a 
primary school principal and a team of 9 primary 
teachers from a Catholic school in Melbourne's outer 
northern suburbs in a formative intervention using 
social, moral and ethical theories of learning, and, in 
particular, the Theory of Care as proposed by Nel 
Noddings. This theory of care in grounded in feminist 
theories that focus on rethinking the nature of 
education to include aspects of caring for others. The 
ethics of care offers a philosophical basis from which 
to expand ways of knowing in science towards 
connectedness and equality rather than towards 
mastering and controlling nature. The school's interest 
in Ethics of Care stemmed from the challenges they 
were already experiencing with their students, many 
of whom came from violent social contexts in other 
countries, and themselves were faced with 
constructing their identities in a social context that 
was new to them. Designed to promote the agency of 

the participating teachers, the intervention was based 
on Vygotsky's theory of double stimulation. 
Intervention workshops, focus group meetings and 
post-intervention interviews with the teachers were 
video and audio recorded. The results p resented are 
derived from an analysis using methodological tools 
from d iscourse analysis in social psychology and 
concepts from cultural historical activity theory. 
Problems in practice were collaboratively interrogated 
and new resources derived from the et hics of care 
emerged from the teachers' attempts to reforge the 
aims of the school's science program. How these 
resources were taken up by participati ng teachers is 
the focus of the presentation. The analysis supports 
the need for local radical approaches to scientific 
reform in primary schools. 

Exploring Australian Pre-Service Primary Teachers' 
Attitudes toward Teaching Science 

Christine McDonald, Helen Klieve, Harry Kanasa -
Griffith University 

Primary teachers' atti t udes have been shown to 
strongly influence both their intention to teach 
science, and ultimately student engagement and 
learning outcomes, with previous research 
consistently showing preservice teachers hold 
negative attitudes towards science and/ or science 
teaching. A recently developed instrument informed 
by a theoretical framework for attitudes towards 
science teaching (van Aa lderen-Smeets, Walma van 
der Molen, & Asma, 2012) has shown promise in 
effectively identifying and evaluating primary 
teachers' attitudes. This study investigated 96 
Australian preservice primary teachers' attitudes 
toward teaching science prior to, and after, 
engagement in a sing le-semester science education 
course. Data sources included participants' pre- and 
post-test responses to t he Dimensions of Attitude 
towards Science (DAS) Instrument, and interview 
responses from a smal ler subset of participants (n=S). 
Survey data were analysed using paired t-tests, and 
thematic analysis was used to analyse interview 
transcripts. Results indicated an improvement in 
participants' self-efficacy beliefs regarding science 
teaching, their perceptions of the relevance of science 
teaching, and their enjoyment of science teaching at 
the conclusion of the course. Participants were less 
anxious about teaching science and expressed 
improved intentions to include science teaching 
activities in their classrooms. This study makes an 
important contribution to field by providing baseline 
data on Australian preservice primary teachers' 
attitudes towards science using the DAS attitudinal 
framework in an Australian context. 



The Application of Both-Ways and Two-Eyed 
Seeing Pedagogy: Reflections on Engaging and 
Teaching Science to Post-Secondary Indigenous 
Students 

Michael Michie - Batchelor Institute 
Michelle Hogue - University of Lethbridge 
Joel Rioux - Batchelor Institute 

The issue of Indigenous engagement, participation 
and success in the sciences is a concern both in 
Australia and in Canada. The authors of this paper 
have taught Indigenous students in tertiary enabling 
programs, undergraduate science and science 
education. Their experiences bridging Indigenous and 
Western cultures in science and science education 
through Both-Ways (BW) or Two-Eyed Seeing (TES) 
pedagogical and methodological approaches form 
the data for this paper. They examine how epistemic 
insight, 'knowledge about knowledge', can be 
developed through interaction between Western 
science and Indigenous science using BW/TES 
approaches. Their teaching experience in our 
programs with tertiary level Indigenous students 
using Both-Ways or Two-Eyed Seeing pedagogies, 
serves as case studies for the epistemic insight they 
have gained. Each of the case studies considers the 
role of the Nature of Science and potential conflicts 
through engagement with the two knowledge 
paradigms. The data are primarily reflections on the 
authentic practices and experiences of the authors. 

Science Education In Canada: A Meso Level 
Perspective 

Todd Milford - University of Victoria 
Christine Tippett - University of Ottawa 

This presentation provides a meso-level overview of 
Canadian science education. At the macro level - a 
systems perspective in comparison with other 
systems (Dopfer, Foster, & Potts, 2004) - Canada has 
a record of strong science achievement on 
assessments like the Programme for International 
Student Assessment (O'Grady, Deussing, Scerbina, 
Fung, & Muhe, 2016). However, a meso-level view of 
the Canadian science education system as a whole is 
limited. Meso level analyses provide a reference for 
macro-level analyses and for t he synthesis of 
micro-level analyses, where single cases describe 
system components (Dopfer, Foster, & Potts, 2004). 

The responsibility for education in Canada, including 
policy, funding, and organization, resides with 13 
jurisdictional governments. Here, we drew on 
information provided by jurisdictional leaders within 
science education: teachers, academics, and 
government staff. To develop a meso-level 
perspective, we conducted a thematic analysis by 
iteratively coding chapters to reveal aspects of 
curriculum, pedagogy, teacher education, and 
professional development. As codes were determined, 
chapters were re-examined so that the final analysis 

was of all chapters for all codes. Codes were compiled 
into themes and themes were further categorized as 
consistent across the count ry (e.g., curricu lum topics); 
common to a majori ty of jurisdictions with local 
variations (e.g., language issues); and unique to one or 
two jurisdictions (e.g., environmental aspects & 
particu lar instructional lenses). Th is meso-level 
analysis, which enhances our understanding of 
science education in Canada as a whole, will be 
shared. 

Dopfer, K., Foster, J., & Potts, J. (2004). Micro-mesa-macro. Journal 
of Evolutionary Economics, 74, 263-279. doi: 10.7007 / s00/91-
004-0793-0 

O 'Grady, K., Deussing, /'1.-A., Scerbina, T, Fung, K., & Muhe, N. (2076). 
Measuring up: Canadian results of the OECD PISA Study - The 
performance of Canada's youth in science, reading and 
mathematics. Toronto, ON: Council of Ministers o f Education, 
Canada. 

Opportunities to Engage with Education for 
Sustainable Development: An Analysis of the New 
Senior Earth and Environmental Science Syllabus in 
Queensland 

Reece Mills - Queensland University of Technology 
Louisa Tomas - James Cook University 

Earth and Environmental Science educat ion can play 
an important role in developing student s' capacity to 
contribute to society's sustainable development and 
identify solutions to complex socio-ecological 
challenges such as climate change and resource 
consumpt ion. A new senior Earth and Env ironmental 
Science (EES) syllabus has been approved by the 
Queensland Curriculum and Assessment Authority for 
implementation with Year 11 students in 2019. The 
curricu lum aims, in part, to develop students' 
appreciat ion of how EES can be used to understand 
contemporary issues, and an understanding of the 
interconnectedness of Earth's systems. Using 
document analysis and drawing on Eisner's (1985) 
notion of social reconstruction, we were interested in 
identify ing opportunities the curriculum p resents to 
engage senior students w ith education for sustainable 
development, and, in particular, their capacity to 
contribute to solving problems in which EES can play 
a role. The following research question guided our 
analysis: What opportunities does the EES curriculum 
present to help students recognise, engage critically 
with and act upon challenges to sustainable 
development? It was found that opportunities to learn 
about sustainability concepts (e.g., renewable energy) 
are provided by way of stipulated subject matter, 
while examples of the use and influence of EES 
knowledge in society offer opportunities for teachers 
to contextualise learn ing (e.g., coa l seam gas 
extraction). At the same time, however, the curriculum 
does not overtly prioritise the development of 
students' critical consciousness, nor does it position 
them as agents o f change who can cont ribute to the 
development of solutions for important 
socio-eco logical problems. It appears that the 
realisat ion of this goal w ill be highly dependent on 



individual teacher's leveraging of learning 
opportunities, and, importantly, for the next stages of 
our research, may be influenced by their attitudes 
towards education for sustainable development. 

Investigation on Problem-Finding Types during 
Guided Open Inquiry Activities In High School 
Science 

Jiyeong Mun, Hyunok Lee - Ewha Womans University 

This study aimed to investigate effects and limits of 
guided open inquiry activities focused on helping 
students find inquiry topics and to suggest effective 
strategies of guidance for problem-finding. Many 
studies have shown that students have difficulties on 
conducting open inquiry, and in particular, finding 
inquiry topics. Therefore, a guidance program is 
recommended to help students find their research 
topics. In this study we provided a guidance program 
that consists of lectures for informing scientific 
knowledge, related experiments and teachers' 
mentoring for find ing inquiry topics. A total of 43 high 
school students (12 research teams) participated in 
this study. The authors analysed their final reports and 
self-reflective essays focused on problem finding 
parts. Results showed that there are three types of 
students' problem-finding; 1) students understand the 
guide and suggest inquiry problem to confirm it, 2) 
students develop inquiry problem related to daily 
experience and knowledge, 3) students reconstruct 
the guide and expand inquiry problem. In some cases, 
students suggested inquiry problem independent ly 
without being affected by the guide. As a result of 
comparing the type of problem finding to the level of 
inquiry problem, the 3rd type showed the highest 
score in originality, clarity and usefulness, while the 
first type showed generally low score. It turned out 
that students who suggested the first type of inquiry 
problem initially presented various inquiry problems 
but failed to elaborate problems because they were 
overly reliant on a given guide or expert opinions. The 
implications for helping students find inquiry problem 
in open inquiry activities based on this study were 
discussed. 

What do the Pre-Service Primary School Teachers 
Wonder about when Planning Science Classes 
Utilising Smart Technologies? 

Jiyeon Na - Chuncheon National University of 
Education 

With the development of information and 
communication technologies, the 4th Industrial 
Revolution began. To reflect these social changes in 
education, it is necessary to train pre-service teachers 
with relevant expertise. A concrete object that reveals 
the professional characteristics of teachers is the 
lesson plan, the lesson plan is the materials that reveal 
the practice of the teacher. Therefore, to train the 

pre-service teachers suitable for social change in the 
21st century, it is necessary to examine the 
characteristics of the science lesson p lan utilizing 
smart technologies written by the pre-service 
teachers and the questions that arise when they plan 
the lesson. The purpose of this study is to investigate 
the characteristics of lesson planning of pre-service 
elementary teachers and their questions that arise 
when they plan the science lessons utilizing smart 
technologies. For this purpose, lesson p lans and lists 
of questions written by the 102 pre-service 
elementary teachers were collected and analysed. The 
results of the research were as follows. The questions 
of the pre-service elementary teachers that occurred 
during t he planning of the science lessons utilizing 
smart technologies were classified into 26 types. As 
they planned the science lessons using smart 
technology, they raised various questions related to 
their technology knowledge, pedagogy knowledge, 
science knowledge, and technology, pedagogy, and 
content knowledge (TPACK): Student's abilities, 
format of lesson plan, relationship between hands-on 
activity and virtual experiment, difficulties in applying 
technologies, etc. They also considered the necessity 
and effectiveness of int roducing smart technologies, 
their ba lance with the d irection of tradi t ional science 
education, and the negative aspects of SW. This 
presentation will present the types of questions of 
pre-service elementary teachers and suggest 
implications for the pre-service teacher education 
based on them. 

Science by Doing: Impact on Teachers 

Wan Ng, Peter Aubusson, Jennifer Fergusson, 
Kimberley Pressik-Kilborn, Tracey-Ann Palmer -
University of Technology Sydney 

Science by Doing is a program consisting of a 
comprehensive set of on line science resources for 
Years 7 to 10 students. It is supported by award 
winning professional learning modules and a research 
based professional learning approach (1). The 
program, funded by the Australian government 
through the Department of Education & Training, and 
delivered by the Australian Academy of Science, aims 
to improve science learning by supporting teachers 
with relevant resources t hat engage thei r students in 
guided inquiry learning. Employing a mixed methods 
approach that utilises data from surveys, interviews 
and classroom observations, this research involves the 
evaluation of Stage 4 of the Science by Doing 
program. By critically examining a program's activities 
and outcomes, it improves the program's design and 
implementation as well as enhancing its impact. This 
presentation discusses the effectiveness of the 
implementation and impact of Science by Doing units 
within Australian schools. The findings show that the 
resources were adaptable in many school contexts 
and teachers were positive about the guided inquiry 
processes that are a requirement in the Australian 
Curriculum: Science. 
(7) https://wwwsciencebydoing.edu.au/about-the-program 



What can Google tell us about the Public's 
Awareness of Genetic Testing In Australla? 

Caitlin Curtis, Kim Nichols - The University of 
Queensland 

The rapid advance in the availability and application of 
genomics technology in clinical practice for genetic 
testing raises significant pedagogical and societal 
implications. It is a critical time to understand the level 
of awareness of the general public in Australia of 
genetic testing, the opportunities it offers for public 
health, and the risks it poses in order to make 
informed decisions about its use in society. In this 
paper we use Google Trends data analyses to explore 
the public perception of genetic testing and to 
ascertain the nature of the publ ic search queries. 
Google Trends includes information on specific search 
terms relative to the total volume of searches at that 
time and can be parsed at different regional levels. We 
will discuss our use of these data to examine 
world-wide and Australian internet search trends 
relating to genetic testing in the years for which this 
data is available (i.e. since 2004). Australian's genetic 
testing search queries were reviewed and compared 
to worldwide trends during the same period. These 
comparisons reveal that globally, Australia ranks in the 
top three for the relative number of queries relating to 
genetic testing. Using thematic analysis, we 
developed coding categories for the queries in order 
to determine any variations and anomalies within 
Australia on a state-by-state basis and explored the 
nature of the queries here and overseas. Analyses 
reveal heterogeneity in awareness of genetic testing 
across Australia and also show that popular media 
events can affect search behaviours. The findings of 
this study will be discussed in terms of the 
implications for science education and in the context 
of the National Health and Medical Research Centre 
priority that education is integral to the appropriate 
use of health-related genetic testing. 

Student and Teacher Perceptions of the 
Effectiveness of Vocabulary Strategies Taught in a 
Secondary Science Classroom 

Chris Nielsen - St Patrick's College 

Research has indicated that science education and 
the development of scientific literacy is linked to 
students' literacy skills and practice. One aspect of 
literacy practice is the acquisition and use of 
academic vocabulary. There is a lack of research that 
has been conducted to investigate the effects of 
integrating vocabulary instruction in the secondary 
science classroom. This seminar draws on case study 
research conducted with two Australian secondary 
science classes by a teacher-researcher. A vocabulary 
instruction method was integrated into the teaching 
of a Year 7 astronomy topic. Pre- and post-testing was 
conducted to determine the level of students' 
knowledge and their appropriate usage of twelve 
topic related academic terms. Students were 

interviewed on completion of the topic to determine 
their perceptions of the vocabulary instruction 
method. Data was also d rawn from school conducted 
literacy testing and a reflective journal maintained by 
the teacher-researcher. 

The results of this case study highlight multiple 
factors which influenced the outcomes of the 
vocabu lary instruction method. While the instruction 
method was generally perceived to be useful by both 
the students interviewed and the teacher-researcher, 
student results varied across the cohort. These results 
ranged from students demonstrating an almost 
complete understanding of all twelve vocabulary 
terms to some students who made very little progress 
in their understanding. Student perceptions of the 
teaching strategies were both wide ranging and 
varied amongst the students interviewed. 

Of particular interest is the role in which both student 
literacy background and student perceptions of the 
teaching strategies may have played in influencing the 
outcomes of the instruction method. The nature of 
both the student and teacher- researcher's 
perceptions of the strategies employed, along with 
some common themes which arose from t he student 
interviews, the teacher-researcher's journal, and the 
quantitative data collected, will be discussed. 

Developing Reasoning about Biology Concepts 
through Creating Digital Animations 

Wendy Nielsen - University of Wollongong 
Peta White, Russell Tytler - Deakin University 

Student-generated digital animations support biology 
students to develop content understanding. In this 
research, we tasked small groups of b io logy students 
to create an animation about a biological process. 
'Animat ion', 'digiexplanation', 'blended media' and 
'slowmat ion' are forms of digital representation where 
images, video, stop-motion animation and narration 
are combined to make meaning for the viewer. In the 
process of assembling these digital media forms, 
creators also develop understanding. Digital objects 
can be downloaded as open-source content or 
creators can construct t heir own objects out of clay, 
pipe cleaners, paper, etc. Composing the animation 
involves a series of choices about what to represent, 
which representational forms to use and how to 
combine t hem to make a coherent explanation. 

In groups of two or three, preservice teachers (n=4) 
and high school students (n=17) created an animation 
of a b iological process for a non-expert audience 
(other biology students - their colleagues). Data 
sources include the resulting animat ions, video 
records of the construction process from start to 
finish and audio records, t ranscribed verbatim, of the 
conversat ions during the two-hour creation process. 
Analysis involved mult ip le reviews of the digital 
explanations and the transcripts where w e watched 
and listened for: (i) dialogue where the group was 



reasoning about the concept; ( ii) representational 
choices and justifications; and, (3) other indicators of 
developing understanding. Through the analysis, we 
identified a wide range of analogies used in reasoning 
about the biological concept. The analogies were used 
to think through the concept and in this paper, we 
focus on how the creators constructed understanding 
by reasoning through the use of analogies. 

Teacher Inquiry, STEM and Water Literacies 

Kathryn Paige, David Lloyd - University of South 
Australia 

The three case studies with primary teachers and their 
classes involved a yearlong curriculum professional 
learning project that used action research as a 
method to challenge teachers to develop a curriculum 
for the Anthropocene through a transdisciplinary 
topic on a wetland near their schools. Teacher inquiry 
questions included How can we change the 
curriculum and children's learning from passive 
participation to active participation in the 
management of the lake systems? And What works to 
develop students as activists for the local 
environment wetlands? The teachers and researchers 
co-generated an interdisciplinary framework for 
constructing curriculum in METALS (Mathematics, 
Environment, Technology, Arts, Language and 
Science) as a relevant variation to STEM in primary 
schools. Rich data was gathered from student work 
samples, teacher planning documents, interview 
transcripts and video clips of student and teacher 
presentations. Findings suggest that undertaking 
much of the learning outside the classroom, 
connecting learning and students to place and local 
community, embedding the w hole curriculum -
interdisciplinary science/ art/ history/ mathematics 
/ photography in an extended unit of work resulted in 
rich STEM learning. 

Edgar Fahs Smith (1854-1928), Chemical 
Researcher, Administrator, Educator, and Student 
of Chemistry's History 

William Palmer - Curtin University 

Edgar Fahs Smith was born on 23rd May 1854, in York, 
Pennsylvania. He attended York County Academy for 
his secondary education which he completed in 1872. 
He then joined the Junior Class of Pennsylvania 
College at Gettysburg, where he graduated with a 
Bachelor of Science degree in 1874. He continued his 
studies in Germany obtaining admission at the 
University of Gottingen, spending the next two years, 
studying chemistry under Wohler. He graduated in 
1876 with the degrees of AM. and Ph. D. He returned 
to the University of Pennsylvania in a junior position 
for five happy years and in 1881, he was appointed as 
the Asa Packer Professor of Chemistry at Muhlenberg 
College. After two years he moved to Wittenberg 

College, Springfield, Ohio before returning to the 
University of Pennsylvania in 1888 with his research 
efforts mainly devoted to electro-chemistry. 

Apart from his chemical career, he had great success 
as an administrator. In 1898, he was elected 
Vice-Provost, holding the office until 1911. He was 
elected Provost of the University of Pennsylvania in 
1911 and he resigned in 1920. One of the acts for which 
he will be remembered by historians of chemistry is 
founding with C. A. Browne, The Division of the 
History of Chemistry of the American Chemical 
Society in 1920. He w ill also be remembered for his 
collection of rare chemical books and chemical 
memorabilia which he left to the University of 
Pennsylvania. Edgar Fahs Smith died of pneumonia on 
3rd May 1928. 

Using Collaboratlve Inquiry Projects to Enhance 
Students' Self-Efficacy and Self-Concept In 
Science: Patterns and Surprises in the Data 

Debra Panizzon - Monash University 
Bruce White - University of South Australia 
Katrina Elliott, Alex Semmens - Department for 
Education and Child Development 

There is considerable political interest around student 
engagement, which is not a new agenda. South 
Australia is presently one of the few rema ining states 
where Year 7 students are 'housed' in primary schools. 
In 2017, the Department for Education and Child 
Development (DECD) implemented a major project 
that provided funds to f ive school networks. Each 
network involved at least one secondary school and 
four to five primary schools with the aim of 
developing and implementing a STEM-based inquiry 
project. Monitoring the impact of the project on 
students and teachers involved the collection of data 
from pre and post disposition surveys; pre and post 
interviews with Years 7 and 8 students and their 
teachers; and, teacher reflections, reports and 
presentations from sharing days conducted during 
the year. This paper focuses on the patterns that 
emerged for self-efficacy and self-concept in science 
from the student survey data. Non-parametric tests 
were determined to be the most statistically 
appropriate method for analysing these data. While 
significant differences were identified across Years 7 
and 8 students between the pre and post results, 
these were limited to a small number of items. Similar 
comparisons were subsequently undertaken both 
within and across the networks and in re lation to 
gender. The patterns that emerged highlighted some 
gender differences for self-efficacy and self-concept 
in science however the greatest differences emerged 
from comparisons across the networks. Importantly, 
these results raised many more questions than were 
addressed with the possibility of exploring these 
further in 2018 in the next phase of the project. 



The Diagrammatic Representations of Pre-Service 
Teachers Understanding of STEM Education 

Pattamaporn Pimthong - Kasetsart University 
John Williams - Curtin University 

The Thai government is promoting STEM approaches 
to learning in primary and high schools throughout 
Thailand, but teachers often do not receive instruction 
in this approach in their training. As a first step to 
understanding teachers' knowledge of STEM, this 
study investigates the understanding of STEM 
education by 87 preservice teachers from the Faculty 
of Education in a university in Bangkok, Thailand. The 
preservice teachers were asked to draw a diagram to 
illustrate how they visualize S-T-E-M integration. The 
examination of the diagrammatic representation of 
the meaning of STEM integration was done using an 
inductive thematic analysis approach. Each diagram 
was analysed, and its key features noted. The key 
features were then grouped into themes wh ich 
represented the ideas that were conveyed in t he 
diagrams. There were seven themes that emerged, 
and six of the preservice teachers were interviewed to 
elucidate their understanding. 

The results showed that most of the preservice 
teachers' diagrams represented ideas about the 
outcomes of integration, while a few represented 
ideas about the relationship between S-T-E-M. 
Although most preservice teachers made an attempt 
to represent the relationship between S-T-E-M, some 
were irrational such as those who represented more 
complicated relationships between S-T-E-M, some 
who did not show any ideas about integration 
between S-T-E-M, and another group of who 
contextualized STEM within teaching. The findings of 
the study suggest the importance of developing 
opportunities for preservice teachers to engage with 
issues and concepts of the integrated nature of STEM 
and the connections among the disciplines, in order to 
develop an informed approach. 

Primary Teachers' Professional Learning (PL) Needs 
In Science Education: What does a New Evaluation 
of Primary Connections Reveal? 

Kimberley Pressick-Kilborn, Wan Ng, Tracey-Ann 
Palmer, Peter Aubusson, Burke, Keith Skamp, Jennifer 
Fergusson - University of Technology Sydney 

Primary teachers play a vital role in the early school 
science learning experiences of young people. 
Previous research has established that primary 
teachers benefit from targeted professional learning 
(PL) opportunities to develop their own competence 
and confidence in delivering engaging science lessons 
and effectively implementing the Austral ian 
Curriculum: Science. Through the Primary 
Connections (PC) program, the Australian Academy 
of Science provides extensive teaching and learning 
resources as well as professional learning support for 
preservice and in-service teachers. In the most recent 

stage of implementation, PC has focused on PL 
delivery in regional and rural communities. In this 
paper, data gathered in the Stage 6 eva luation of PC 
are drawn on, to highl ight and discuss t he perceived 
PL needs of prospective and current primary teachers. 

Data were gathered through focus groups and on-line 
surveys, which included a Best-Worst Scaling (BWS) 
methodology. First, six focus groups were conducted 
- three with preservice teachers, three w ith in-service 
teachers - following participation in PC Ready PL 
workshops. Surveys were completed prior to 
workshop participation as well as post, with the latter 
including BWS items (171 preservice teachers, 126 
in-service teachers). The results highlight perceptions 
of school and teacher capabilities in science teaching, 
as well as indicating features of the PC PL workshops 
that enhanced perceived confidence in teaching 
primary science. The evaluation also gauged teacher 
preferences for PL format, features and content, 
which have implications for the design of primary 
teacher PL in science more broadly than PC. In this 
presentation, the top 10 areas nominated by teachers 
as being most important for their professional 
learning will be reported for consideration and 
discussion. 

Thinking Tools: Representations in Primary Science 
and Mathematics 

Chris Preston, Jenni Way, Eleni Smyrnis - The 
University of Sydney 

The project is an investigative study of how 
7-12-year-old children represent scientific and 
mathematical concepts and processes, through 
creating drawings of dynamic phenomena 
encountered during simple physical experiments. This 
project aimed to investigate the affordances of 
representation construct ion in both revealing and 
aiding chi ldren's conceptual learning in science and 
mathematics. It explored the initial creation of a 
drawing and reflective modification including 
meta-representational competence. Task-based 
interview techniques, using digital data-gathering 
devices, were used to interpret the signs, symbols, 
diagrammatic structures, gestures and verbalisations 
that children create in representation of observed 
change, movement and relationships. Analysis 
involved a combinat ion of drawings and verbal 
responses, these external representations helped 
identify scientific and mathematical concepts in 
children's descriptions and explanations. The findings 
reveal ind ividual students approach the drawing task 
in a variety of ways. Students commonly focused on 
procedural aspects, with explanatory uses of drawing 
being dependent on t hei r emerging representational 
skills. This study is sign ificant in science education 
through its potential in uncovering links between 
developments in child ren's meta-representational 
competence and cogn it ive aspects of conceptual 
development synergistic in science and mathematics. 
Representation is crucial disciplinary knowledge and 



practice in science and mathematics. In both 
disciplines, representations are not only summative 
displays, but also integral to visualization and 
reasoning processes. This study d iffers from previous 
research through Integrating representational 
theories from Science and Mathematics disciplines, 
focusing on the dynamic nature of the representation 
process and using new technology. 

The Development of a Science Learning Activity 
Package to Promote Scientific Imagination for Thai 
Lower Secondary School Students 

Chaninan Pruekpramool - Srinakharinwirot University 

This research aimed to develop a science learning 
activities package to promote scientific imagination 
for Thai lower secondary school students and to study 
the effect of using this activity package in these 
aspects; 1) science teachers' understanding toward 
using the activities package 2) students' scientific 
understanding 3) students' scientific imagination and 
4) satisfaction of students and teachers. The samples 
used in this study were 5 science teachers who 
volunteer to use this science learning activity package 
in their classes and 210 lower secondary school 
students from 5 schools in the different contexts in 
Bangkok, Chaiyaphum, Phayao and Lop Buri 
provinces of Thailand using purposive sampling. The 
data were analysed using quantitative and qualitative 
methods separately considering the contexts of each 
school. The results of this research were revealed as 
follows; 

1. All science teachers explicitly presented a good 
understanding of how to use the activity package. 
Teachers also clarified the students to make them 
understand and realize the importance of scientific 
imagination, thinking skills and way of learning. They 
also used open-ended questions to motivate students 
to discuss, share and communicate their thoughts. 

2. Students had inadequate scientific knowledge in 
order to connect between scientific knowledge and 
methods of solving problems. Besides, the limitations 
in terms of the language compil ing in writing and 
communicating through writing method are 
concerned. 

3. There were 4 groups of students who gained the 
post-test scores higher than the pre-test one. 
However, there was a group of students who gained 
the post-test scores lower than the pre-test one. 

4. The satisfaction of students and teachers toward 
science learning activities package were in the high 
and highest levels in all aspects. 

Two Tools to Promote Deeper Understanding in 
Science 

Mary Rafter - The University of Queensland 

Two tools are currently being trailed in pre-service 
science education courses to simplify and enhance 
the complexity of science understandings for 
students. SOLO taxonomy (Biggs and Collis, 1982; 
Hook and Mills, 2011) empowers students to identify 
where they are in their learning journey and what is 
required to move towards more sophisticated 
understandings. Additiona lly, it helps teachers provide 
timely feedback as students grapple with challenging 
concepts such as the identified threshold concepts 
which often cause barriers to student progress. The 
second tool is the Gowin's V (Novak & Gowin, 1988; 
Gowin & Alvarez, 2005) which is the ultimate graphic 
organizer, providing students to opportunity to collect 
information and integrate conceptual and 
methodological understandings. It is an elegant tool 
to assist students analyse complex ideas particularly 
in laboratory work where it provides an adjunct to 
conceptual understandings. Both tools initially appear 
complex but once mastered provide opportunities for 
students to understand how knowledge is 
constructed and become more independent and 
successfu l learners. 

Biggs, J. & Collis, K (7982). Evaluating the quality of learning: The 
SOLO taxonomy New York, Academic Press. 

Gowin D & Alvarez, M (2005). The art of educating with V diagrams. 
Cambridge, Cambridge University Press. 

Hook, P and Mills, J. (2077). SOLO Taxonomy: A Guide for Schools. 
Book 7. A common language of learning. Essential Resources 
Educational Publishers Limited. New Zealand. 

Novak, J. & Gowin, D (7988). Learning how to learn. Cambridge, 
Cambridge University Press. 

Fostering Creativity in Science through Artefact 
Fabrication: Experiences from an In-Service 
Program for Teachers 

Subramaniam Ramanathan - Nanyang Technological 
University 

Creativity has become a buzz word in the educational 
landscape. The field of science is very suitable for 
fostering its attributes among students We report 
findings from an in-service course in p rimary science 
that required artefact fabrication as one of the 
requirements for the course. First. the instructor 
shows the teachers a demonstration - water is poured 
into a cup, a cardboard is placed on the rim of the cup, 
and the set-up inverted. As expected, the water does 
not come out. What is su rprising is that even when the 
cardboard is removed, the water still does not come 
out. The secret behind the demonstration gadget is 
then revealed as well as the scientific principles 
involved - for example, density, pressure, surface 
tension, etc. The participants are then required to 
fabricate a variation of the gadget shown using 



ordinarily available materials. They were given a 
month to work on this on an individual basis. 
Following this, the teachers need to demonstrate the 
version they have fabricated and submit a report on 
this assignment. 

Evaluation of the activity was done through surveys, 
examination of artefacts, and document analysis of 
their assignments, including reflections. Results show 
that the activity was an effective platform to 
showcase participants' creativity, in the process giving 
them opportunities for learning science concepts in 
an authentic manner. 

Some implications for science education and 
creativity are suggested. 

How to Support Self-Directed Learning in Science 
and Technology: Lessons from Adult Learners 

Leonie Rennie - Curtin University 
Susan Stocklmayer - Australian National University 
John Gilbert - The University of Reading 

The research reported here aimed to identify the 
knowledge and skills needed by individuals, of 
whatever age and educational background, to enable 
them to engage in self-directed learning about 
science, technology and allied fields; to identify the 
implications of self-directed learning for those 
facilitators who might be involved in providing 
support for it, particularly educators in out-of-school 
fields, and to identify how such providers can best act 
to meet the needs and develop the knowledge and 
skills of self-directed learners. Finding the area of 
adult learning (in contrast to adult education, wh ich 
refers to teaching adults) to be very under-theorised, 
we canvased four relevant theories of learning and 
theoretical perspectives on motivation, to draw out a 
generic theoretical framework of self-directed adult 
learning to underpin our work. We tested this 
framework empirically by collecting and analysing a 
total of 15 very diverse case stories of adults' learning 
- they needed to be diverse to test our framework 
rigorously. We examined critically the extensive range 
of resources available to adult learners, such as mass 
media, consulting other people, course-taking, and 
using new media, including online searching and 
social media. By focusing on when resources were 
helpful and when they were not, we drew together the 
resulting "threads" to demonstrate that our 
theoretical framework - slightly modified - was indeed 
a useful basis for synthesising how self-directed adu lts 
learned. This enabled us to set out the essential skills 
adults require for self-directed learning, the personal 
resources adults need to learn effectively, and then 
explain how other people could support such learners. 
Finally, we revisit science learning in general and 
discuss how school curricula might be structured at 
school level to ensure graduating adults can better 
cope with their future scientific world. 

How do Out-of-Field (OOF) Geoscience Teachers 
Negotiate the Victorian Curriculum? 

Emily Rochette, Christine Redman - The University of 
Melbourne 
Paul Chandler - Austral ian Catholic University 

In 2017 teachers in the state of Victoria began formally 
teaching the Victorian Curriculum (Victorian 
Curriculum and Assessment Authority [VCAAJ, 2016). 
This is a state-mandated curriculum that restructured 
Australian Curriculum standards to reflect Victorian 
priorities. Teachers are now expected to incorporate 
information and communications technology (ICT) 
into all learning areas (VCAA, 2015) as well as 
standards from the Digital Technolog ies curriculum 
that are complementary to Science (VCAA, 2016). 
This situation is complex as teachers work to 
negotiate this space, however added complexity 
arises when out-of-field (OOF) teachers must traverse 
unfami liar subject-specific topics while striving to 
meet the digital technologies curriculum standards. 

This paper introduces research being completed for a 
Doctor of Philosophy at the University of Melbourne 
seeking to understand how OOF geoscience teachers 
negotiate state-mandated curricular requirements 
alongside their perceived rights and duties. 
Positioning theory (Harre & van Langenhove, 1999) is 
the overarching methodology for the research design. 
Interview data from junior science teachers teaching 
OOF are analysed through the positioning triad to 
better understand the OOF experience as junior 
science teachers planned to enact the Victorian 
Curriculum in 2016. These analyses served to inform 
strategies that possibly scaffolded these teachers to 
better teach an OOF area utilizing digital 
technologies. 

Proposal for a Comprehensive Rubric for 
Differentiating the Quality of Science Teachers' 
Pedagogical Content Knowledge (PCK) 

Marissa Rollnick - Wits University 
Kennedy Chan - University of Hong Kong 
Julie Gess-Newsome - Oregon State University 

Since the first summit on Pedagogical Content 
knowledge (PCK) in science education (2012), there 
has been an upsurge of interest in PCK research and 
consequently an interest in the possibility of its 
measurement. Since much of the data requiring 
measurement is qualitative, the use of rubrics has 
become popular, so rubrics are increasingly being 
used to differentiate the quality of teachers' PCK. 
Well-designed rubrics can guide the analysis of 
performance and judgement of PCK quality for valid 
assessment. This paper proposes a poss ib le structure 
for a 'grand rubric' for measuring teachers' PCK. The 
proposed rubric is drawn from a systematic review of 
PCK studies utilising rubrics and a content analysis of 
a discussion on rubrics by PCK researchers held at a 
PCK summit in late 2016. The systematic review 



revealed that rubrics were used in studies exploring 
the development of teachers' PCK, investigating 
changes in teachers' PCK as a result of interventions 
and studying the relationship between teachers' PCK 
and other variables. The rubrics revealed different 
conceptualisations of PCK, either differentiating t he 
quality of PCK components or PCK as a whole. Most 
rubrics score teachers' PCK knowledge elicited using 
a written test with a single data source. Four themes 
emerged from the analysis of the rubric group 
discussion on the grand rubric - firstly whether 
content knowledge (CK) should form a separate 
dimension; secondly, how interactions between the 
PCK components can be measured, thirdly how and 
whether pedagogical reasoning can be included and 
finally whether a learning theory should underpin the 
grand rubric. The resulting rubric raises important 
considerations such as the role of CK, provision for 
interaction of PCK components, and the inclusion of 
pedagogical reasoning. The paper concludes with 
suggested rubric models, potential for its use, and an 
invitation to the research communi ty to pursue further 
research using rubrics. 

Assessing the Impact of Formative Practices on 
Scientific Literacy: A Mixed Methods Approach 

James Scott - University of Technology Sydney 

National pen and paper testing of literacy and 
numeracy and in some parts of the world, science, is 
being used to assess the progression in learning in t he 
three learning domains at key points over the years of 
schooling. This presentation describes how resu lts 
from those tests were used to develop a measure of 
scientific literacy achieved by students at a school. 
The scientific literacy measure was then used to rank 
394 eligible schools and assign t hem to a quint ile 
group. Science teachers in the top, middle and bottom 
quintile groups based on the measure of scientific 
literacy were invited to complete a survey about t he 
frequency with which they used learning activities 
categorized against the five strategies of format ive 
assessment proposed by Black and William (2009). 
Also, schools from the top, middle and bottom quint ile 
groups were invited to join a case study to conf irm 
predictions made about future achievement and 
engagement related to the long-term effects of 
exposure to formative practices in science instruction. 
One hundred science teachers responded, and 36 
schools identified themselves. A one way, between 
subjects ANOVA was used to test the hypothesis t hat 
the scientific literacy scores were unrelated to t he 
teaching strategies used by t he teachers. The 
hypothesis was falsified, and a significant correlation 
was found between the use of formative practices and 
well above expected scientific literacy scores. There 
were several unexpected findings as well . One was 
that students at provincial schools with well above 
expected scientific literacy scores, who had 
experienced formative practices, and had very high 
senior science Year 12 completion figures also had 
very negative views of their school science 

experience. The three provincial schools ranked at the 
bottom of the 16 case st udy schools in this respect. 

Voting for Change: An International Study of 
Students' Willingness to Vote for/Support Indirect 
Measures to Ameliorate Cllmate Change 

Keith Skamp - Southern Cross University 
Eddie Boyes, Martin Stanisstreet - University of 
Liverpool 

Voting for pro-environmental governmental policies 
are indirect, but potent ially decisive, act ions that 
citizens can take to reduce global warming (GW). 
Supporting further environmental education is an 
additional action. This study reports students' beliefs 
about the effectiveness of these indirect actions in 
reducing GW and their willingness to vote for, or 
undertake, actions that would encourage t heir uptake 
(e.g., increased taxes). Using a special ly designed 
questionnaire, students' (n > 12,000; grades 6 to 10) 
responses were obtained from 11 countries. Links 
between their beliefs about these options and their 
willingness to act were quantified using a range of 
novel derived indices. Significant differences between 
beliefs and willingness to act were found across the 
various counties. One derived index, the Potential 
Effectiveness of Education, measures the extent to 
which enhancing a person's belief in the effectiveness 
of an action might increase their will ingness to 
undertake that action: this indicated t hat education 
may impact willingness to act in some countries more 
than others. Interpretations are proffered for the 
reported differences between countries. The extent of 
students' concern and self-reported knowledge about 
global warming had an impact as d id t heir cultural 
orientations and other contextual factors (e.g., 
governmental trust). Pedagogical ways forward are 
suggested. 

NOTE: There are 74 authors; Details of the three main authors are 
listed here; others will be listed in the presentation and the available 
paper. 

Teachers' Perceptions of the Values that Underpin 
Science as a Way of Thinking and Acting 

Kathy Smith, Deborah Corrigan - Monash University 

This research set out to identify the type of learning 
experience that enabled teachers to consider and 
articulate the values t hey hold about the nature of 
science; and, understand more about how such an 
experience enables teachers to see a connection 
between t heir own understanding of science and the 
ways they represent science in their classroom 
teaching. This proved to be a complex, dif ficult and 
highly personal area to research. 'Conditions for 
learning' (Smith, 2017) became a major consideration 
as research approaches were requ ired which 
effectively attended to t he need of teachers to feel 



supported in order to critically reflect on their 
professional practice, i.e., actively interrogate their 
own thinking and articulate their reasoning. This was 
demanding work for teachers. This presentation 
attempts to share some of the recurring challenges 
the researchers faced in this work and provide some 
insights about professional learning experiences 
which began to uncover what has largely remained 
implicit in teacher thinking in relation to science 
education. The findings reveal that achieving a shared 
understanding about science is often a difficult 
process, yet in certain learning conditions both 
primary and secondary teachers demonstrate a 
capacity to identify the values inherent in their 
personal perspectives and consider the potential 
implications for student learning. 

Smith, K (2077). Teachers as Self-Directed Learners- Active 
Positioning through Professional Learning. Dordecht: Springer. 

Using Dramatic Inquiry Conventions to Support 
Science Learning, Scientific Literacy and Literacy 

Carrie Swanson - Auckland University of Technology 

The demands of an overfull curriculum with a focus on 
literacy and numeracy, coupled with pressure to both 
enhance scientific literacy, science attainment and the 
pipeline into science-based areas means that teachers 
can be overwhelmed. One way to mitigate this is to 
use an integrated approach to learning such as the 
dramatic inquiry approach Mantle of the Expert 
(Heathcote & Bolton, 1995). This paper draws on an 
action research project, which explored whether 
Mantle of the Expert would support or constrain the 
learning of science. 27 11-13-year-old students and 
their teacher from a semi-rural New Zealand school 
learned about buoyancy and stability through working 
as expert scientists re-investigating the sinking of the 
ferry Wahine in Wellington Harbour in 1968. Data was 
generated from pre and post-unit assessments, 22 
classroom episodes, student and teacher interviews, 
the researcher's reflective blog and the collection of 
artefacts. It was analysed statistically and 
thematically. 

The paper examines the literacy devices used to 
support science learning in this study. These include 
dramatic conventions such as: 'Blanket role', 'Role on 
the Wall, 'Hot-seating', 'Writing in role' as well as 
general conventions like analysing newspaper articles 
for science content. It explains, us ing examples from 
the data sets, how the conventions used supported 
the learning of science content, science process ski lls, 
and helped the students to explore the importance of 
being scientifically literate as well as developing 
literacy in general. It suggests that using an integrated 
dramatic inquiry approach and dramatic conventions 
in science education can enhance both science and 
literacy learning. 

Heathcote, D., & Bolton, G. (7995). Drama for learning: Dorothy 
Heathcote's mantle of the expert approach to education. 
Portsmouth, United Kingdom: Heinemann. 

Learning Trajectory of a Science Undergraduate 
Working as an Intern In a Research Laboratory 

Cassander Tan, Aik Ling Tan - Nanyang Technological 
University 

There has been a greater emphasis on engaging 
science undergraduates in authentic scientific 
research through laboratory internship attachment, 
where they work with a research scientist and staff 
over an extended period of time. This exposes them to 
the scientific practices. Today, many science 
undergraduate programs have incorporated the 
component of laboratory internship. However, these 
internship attachments are labour and resource 
intensive. Hence, it is important to ascertain that 
meaningful learning occurs during the process. Based 
on Singapore's education context, this paper sought 
to describe and determine the learning t rajectory of a 
science undergraduate, participating in a laboratory 
internship program by illumining his learning 
experiences and emotional states throughout the 
program. An in-depth case study approach was used 
in this study, where a undergraduate participant of a 
science internship prog ram, was interviewed. He was 
also observed while he was working in the laboratory. 
The findings showed that the student not only 
acquired laboratory ski lls and content knowledge 
pertaining to the research field he was engaged in, but 
also obtained a more accurate appreciation of 
scientific practices -- the repetitive process and 
unpredictable nature of authentic science research. 
These findings are expected to contribute to the 
further enhancement of laboratory internship 
programs. 

Navigation Every Day and Scientific Discourse 
through the use of Self-Generated Analogies 

Nantana Taptamat - University of Queensland 

Some educators view learning science as the process 
of enculturation into scientific practices. These 
practices include the particular ways of knowing, 
talking and being, hereafter referred to as discourse. 
Scientific discourse is considered cu ltural tools of 
science, which perhaps assists student learning. This 
process of learning embraces student appropriation 
of scientific cultural tools to facilitate reasoning, 
communication, and problem-solving. Additionally, 
communication in science classroom involves both 
chemistry-related and everyday language. Many 
researchers report students' everyday experiences 
including daily language are a source of learning 
struggle or an obstacle to teaching science. In 
contrast, others argue daily experiences are a primary 
source for learning and teaching science. This 
presentation discussed how student's lifeworld maybe 
supportive or disruptive to their articulation of 
chemica l kinetics. Concepts of chemical kinetics are 
often explained by casual methods and include 
bridging description between every day and scientific 
language to describe first-handed observation and 



formal conceptual representations of the subject at 
two separate levels. The data were collected from two 
chemistry classes in two secondary schools from June 
to August of 2016. One participating school is a girls' 
school located in an urban area while another is a 
co-educational school located in a rural area. The 
urban teacher used the explanation-based while the 
rural teacher used problem-based teaching approach. 
This presentation described how students shi fted 
from every day to scientific concepts and moved 
across three levels of chemical knowledge through the 
use of self-generated analogies. It explained how 
students navigated different discourses and senses 
they made of those navigations. It highlighted t he 
incidents, which demonstrated that students may not 
always start from the everyday domains, but they 
perhaps started from the scientific domain when they 
communicated their understanding of chemical 
kinetics. 

Torn at the Genes: A STEAM Approach to Teaching 
Year 10 Genetics using Ethical Dilemma Story 
Pedagogy (EDSP) 

Elisabeth Taylor - Edith Cowan University 
John Werth - Christian Outreach College 
Peter Charles Taylor - Murdoch University 

In this paper, we present results from John's doctoral 
research. His interpretive, auto/et hnographic study 
focused on a Year 10 Genetics unit satisfying t he 
requirements of the Science Understanding, Science 
Inquiry Skills and Science as a Human Endeavour 
strands of the Australian Curriculum. The research 
context was a coeducational. independent P-12 
Christian College situated in a regional city in 
Queensland. The two Year 10 science classes under 
investigation comprised both genders and mixed 
academic abilities. Data generation methods included 
student journals, responses to worksheets, 
observation of group work, student assignments, 
semi-structured interviews and John's personal 
reflections. Online platforms were used to record 
personal journals and served as a resource repository. 
John engaged both classes in Ethical Dilemma Story 
Pedagogy (EDSP) in the context of Education for 
Sustainability. EDSP has its roots in values education 
and involves telling a story containing ethical 
dilemmas. For his study, John adapted an ethical 
dilemma story titled 'Torn at the Genes' that engaged 
students in a family debate over the acceptability of 
producing and consuming genetically modified food. 
The story was paused at appropriate times to al low 
for critical thinking and critical reflection on personal 
values. Students were encouraged to 'put themselves 
into the shoes of the story characters' thus promoting 
emotional engagement. EDSP enabled John to move 
away from a predominantly teacher-centred approach 
towards facilitating inquiry-based learning. For John, 
EDSP highlighted the importance of ensuring social 
dynamics of group work do not disadvantage 
individual student participation; enabling students to 

identify their personal values; and ensuring that 
students think critically and reflectively. John's study 
highlighted that EDSP has the potential to increase 
student engagement in science by promoting 
dilemma-t hinking, considering values, engaging in 
critical t hinking and crit ica l reflection, and negotiating 
with peers. 

We 'Own' the Teachers: An Analysis of Students' 
and Teachers' Interpretations of Power Play in the 
Lower Track Science Classroom 

Tang Wee Teo - Nanyang Technological University 
Liu Weilie - East View Secondary School 

To own, is slang commonly used and understood by 
Singaporean students in the lower t rack science 
classrooms to claim an upper hand during verbal 
exchanges. Episodes of "own-ing" can be identified as 
one during which an individual. participat ing in verbal 
exchanges, could not respond due to the evocation of 
the fee ling of embarrassment or other reasons. This 
paper describes events during which students "own" 
their teachers by examining the science classroom 
discourse in a lower track science classroom in 
Singapore. Five lesson videos containi ng episodes of 
"own-ing" and two teachers' interviews were 
transcribed and analysed. Each lesson was about 40 
minutes long and the teacher interviews w ere about 
an hour long each. The lesson videos and interviews 
were transcribed. Using event-oriented inquiry, the 
data were coded by identifying an episode when 
turn-takings in the interactions took place until it 
stopped due to embarrassment or the lack of ability of 
individuals to continue t he interactive exchange. The 
interviews were coded for t he teachers' 
interpretat ions of "own-ing" and how they handled 
the situations. The find ings show how students and 
teachers identified instances of "own-ing" and how 
the teachers, having different teaching styles and 
years of teaching experience, approached the 
situations differently in t heir science teaching hence, 
resulti ng in different power relationships between the 
students and teachers. The findings have implications 
for science teaching in lower track classrooms where I 
observed more teacher-student interactive exchanges 
than in the other science classrooms. Teachers who 
have less experience teaching science in these 
classrooms can learn to identify situations of 
"own-ing" and consider this as part o f t heir science 
pedagogy. 

Teaching Chemistry and NCEA Assessment: A 
Complex Relationship 

Michelle Tewkesbury - Scots College 

The National Certificate o f Educat ional Achievement 
(NCEA) in New Zealand has been described as the 
most complex assessment system in t he world. By 



design, it offers potential flexib ility in assessment 
structure, and so course design. Within an interpretive 
paradigm, this research aimed to capture the 
perspectives of chemistry teachers on the complex 
relationships between pedagogy, curriculum and 
NCEA assessment. 

Methodology comprised a case study design, 
whereby teachers in three case schools were 
interviewed and their practice observed in short 
lesson sequences. Based on the analysis of the case 
study data, the achievement standard structure of the 
NCEA assessment appeared to operate as the default 
curriculum (rather than the national curriculum 
document). Teachers' planning was focused on the 
achievement standards. Participant teachers 
described negative impacts of the NCEA, including a 
focus on students working towards attaining cred its 
rather than learning; a significant number of students 
not attempting papers in examinations; and 
over-assessment impacting on student and teacher 
workload and wellbeing. 

Furthermore, participant teachers described 
profound effects of NCEA assessment on the taught 
curriculum in terms of fragmentation of learning, and 
a lack of disciplinary connectedness. 

Recommendations arising from this work include a 
review of the relationship between the national New 
Zealand Curriculum and the NCEA. Review of current 
assessment policy, including the conduct of national 
examinations is also warranted. The Prime Minister of 
New Zealand has recently brought the issue of climate 
change to the fore as a key challenge facing this 
generation. However, our senior chemistry students 
are being educated in a system that arguably limits 
their understanding and evaluation of such significant 
and complex real-world problems. 

Are First Year Students Ready for a Flipped Science 
Classroom? A Case for a Flipped Learning 
Continuum 

Louisa Tomas, Snowy Evans, Tanya Doyle - James 
Cook University 

In our first-year science and susta inability education 
subject, how to best support preservice teachers to 
meet the conceptual demands of understanding 
important socio-ecological challenges remains a key 
focus of our teaching practice. Wit h this in mind, we 
implemented a flipped learning approach t hat 
requires students to engage with conceptual material 
through a series of 'flipped videos' before attending 
their weekly lecture, wherein t heir foundational 
knowledge is applied through more active, 
student-centred pedagogies. This research explores 
how this approach supported students' engagement 
and learning. Students' responses to a survey 
instrument developed specifically for this study were 
analysed to explore their perceptions of the flipped 

learning approach. Data analysis revealed that while 
students reported a high level of engagement with the 
flipped videos, and believed that they supported their 
learning, opinions were divided as to whether they 
preferred a flipped learning approach over traditional 
lectures. Additionally, we found that sign ificant time 
was requ ired at the start of lectures to reteach the 
flipped learning material, as students were not yet 
ready to engage independently with the planned 
activities. Drawing on our observations and 
reflections, we present a flipped learning continuum 
that fosters different levels of student-centred 
learning and autonomy, depending on students' 
learning needs and their progress through their 
degree. In the first-year experience, and in 
conceptually challeng ing contexts like science 
education, some teacher-led instruction may be 
appropriate in a flipped classroom to support 
students' transition to learning in higher education. 

Learning Physics with Multiple External 
Representations: Recommendations for Future 
Research 

David Treagust - Curtin University 

Physics educators have been early users of multiple 
externa l representations as a means to support 
student learning: in addition to abstract 
representations such as formulas and graphs, there 
has been a long t radition of using concrete 
representations such as physical models and 
analogies. In addition, multiple external 
representations also involve computer g raphics and 
computer artefacts as well as social semiotics. The 
work of researchers that focuses on learning physics 
with multiple external representations has been 
brought together under a Springer title and edited by 
Treagust, Duit, & Fischer (2017). In this p resentation, I 
will describe some theoretical models that can guide 
teaching and learning of physics with multiple 
externa l representations and provide examples of 
studies that can be points of departure for future 
research in physics education. 
Reference 

Treagust, D. F, Duit, R. & Fischer; H E (Eds.). (2077) Multiple 
representation in physics education. Springer. 

Investigating Students' Data Modelling In the 
Science of Learning Research Classroom 

Russell Tytler, Peta White, Joseph Ferguson - Deakin 
University 

This p resentation describes a project focused on 
exploring student representation construction and 
modelling, as key to reasoning and learning in science 
and mathematics. The study extends research by 
Lehrer (2009) into data modelling of natural systems, 
to develop young children's competence in modelling 



data variation. We have extended that earlier research 
through the capacity of the University of Melbourne's 
'Science of Learning Research Classroom' to 
simultaneously track the collaborative reasoning of 12 
pairs of students - 10-year-olds - as they invented and 
refined data displays. The topic involved structured 
tasks in which students measured the teacher's 
arm-span, and later, rates of walking. 

We used a micro-ethnographic methodology to trace 
variation in students' reasoning through invention and 
interpretations of displays, within the group and 
across two occasions within the unit of work. We 
worked with the teacher to implement the program, 
which involved the generation, evaluation and 
refinement of representational systems. We tracked 
classroom processes as well as student and teacher 
learning through classroom video capture; collection 
of student artefacts; and interviewing students and 
teachers. 

We present preliminary analyses of student learning 
processes and outcomes emerging from this guided 
inquiry pedagogy, as well as evidence of teacher 
learning including shifts in their epistemological 
conceptions of mathematics learning and knowing. 
We also discuss the methodological affordances of 
the 'Science of Learning Research Classroom', in 
particular when utilised in tandem with more 
traditional classroom data generat ion methods. The 
findings speak to the power of a model-based 
reasoning approach to science and mathematics 
education, in establishing high level conceptions, and 
meta-representational knowledge, concerning data 
variation and it s measure. 

Lehrer, R. (2009). Designing to develop disciplinary dispositions: 
Modelling natural systems. American Psychologist, 64(8), 759-777. 

Model-Based Reasoning in Primary Science 
Education 

Jan van Oriel, MGSE - The University of Melbourne 
Lihua Xu, Wendy Jobling, Wanty W idjaja - Deakin 
University 
Dan Jazby, RMIT University 
Ryan Healey, Christian College Geelong 

Modelling and model-based reasoning have been 
recognized as a signature practice in science 
(Nersessian, 2008; Magnani, Nersessian & Thagard, 
2012) and should be p romoted in school science 
(Lehrer and Schauble, 2010) . Promoting model-based 
reasoning is an important and challenging task for 
many primary school teachers. There are various ways 
to assist teachers' professional learning in this area. 
Importantly, teachers need to make sense of student 
reasoning, before considering possible interventions. 
Video recordings of students' discussions can be 
helpful, provided t hat they are offered in a setting t hat 
enables teacher learning. 

This paper focuses on a study which aimed: 

1) To investigate the types of task and organisation 
that facilitate student engagement in explicit 
model-based reasoning practices 
2) To explore teacher sense making of student 
reasoning, captured o n v ideo, to identify how they 
understand student model-based reasoning, and how 
they wou ld respond to it. 

This p resentation discusses preliminary analysis of 
classroom video data generated through t he Science 
of Learning Research Classroom (SLRC), w ith a focus 
on student model-based reasoning in response to a 
sequence of open-ended science tasks purposefully 
designed by researchers and teachers to focus on 
basic concepts in science (i.e., dissolving and chemical 
reactions) . Analysis o f two teachers ana lysing and 
discussing the video recordings of t heir students 
working on the sequence of tasks w ill also be 
presented to demonstrate teachers' sense making in 
relation to student reasoning captured on video. 
References 

Lehrer, R., & Schauble, L. (2000). Developing m odel-based 
reasoning in mathematics and science. Journal of Applied 
Developmental Psychology, 27(7), 39-48. 

Magnani, L., Nersessian, N. J., & Thagard, P (2072). Model-based 
reasoning in scientific discovery Boston, MA: Springer. 

Nersessian, N. J. (20 70). Creating scientific concepts. Cambridge: 
MIT press. 

Contemporary Science Practice In Schools 

Peta W hite, Russell Tytler, Stuart Palmer, David 
Symington - Deakin University 

Partnerships between community scientists, industry, 
and schools have been topical in Science Education 
for many years (Tytler, Sy mington, Smit h, 2011), with 
recent renewed interest at the pol icy level. This 
presentation describes a 4-year prog ram seeking 
ways to re-invigorate lower secondary science 
through t he translation into the school cu rriculum of 
contem porary scientific research pract ices and 
concepts. We have investigated and refined models 
that involved pre-service teachers working with 
research scientists, educatio n academics, and in some 
cases experienced teachers, to translate 
contemporary practices into classroom activities. 
Outcomes of the program included fresh 
understandings about t he nature of contemporary 
science, for educators and teachers, and enhanced 
understand ing for scientist s about converting their 
work into educational contexts. Severa l school 
resources that support classroom consideration of 
contemporary science have been produced and 
published in an online format. 

One of t he prog rams t hat has been using these 
strateg ies is the ASELL for Schools - V ictorian Node. 
In this program many of the activi t ies carry an 
element of contemporary science and industry 
application along with a strong focus on t he science 



as a human endeavour and science inquiry skills as 
curriculum outcomes. 

This presentation will provide a narrative describing 
our journey in developing these models through 
which contemporary science knowledge and practice 
can be effectively translated into school activities. We 
present responses from scientists, teachers, and 
pre-service teachers, and detail the challenges 
inherent in this work. We describe current directions 
involving socio-scientific issues, and outline 
implications of this work for achieving sustainable 
change in school science practices, at the system 
level. 

Tytler, R., Symington, D., & Smith, C. (2077). A curriculum innovation 
framework for science, technology and mathematics education. 
Research in Science Education, 47, 79-38. 

Using a Multimodal Teaching Approach to Support 
the Meaning-Making of English Language Learners 
in Science 

Melanie Williams, Kok-Sing Tang, Mihye Won - Curtin 
University 

The learning of science presents many challenges to 
English Language Learners (Ells). Students need to 
be given more support to overcome the language 
demands required in science. From a social semiotic 
perspective, language is a meaning-making resource 
that comprises not only spoken and written language, 
but also a range of representations such as images, 
gestures and symbols (Kress, 2010). Research in 
science education has shown that all students, 
including Ells, need to use and alternate between a 
variety of representations to construct an accurate 
understanding of scientific phenomena (Lemke, 
2000). Although providing Ells with multiple ways in 
which to communicate would enhance their scientific 
learning, there is currently little research on how to 
support ELL students' science learning from a 
multimodal instructional approach on scientific 
discourse. This paper addresses this void, by 
describing a multimodal teaching approach used to 
support Year 5 Ells in learning science topics. 
Findings suggest that, firstly, affordances of 
representations, such as drawing and gesture, offered 
teachers insight into student understandings that 
were sometimes unable to be, or inaccurately 
translated into written forms. Secondly, although 
students alternated between representations, 
gestures were frequently utilised when 
communicating understandings that included 
unknown or new vocabulary. Thirdly, teacher-student 
interaction played an important role in contributing to 
the content development of students' explanations, 
while student-student interaction during jointly 
constructed representations promoted 
argumentation which helped them clarify their 
understanding. From these findings, the implications 
of using a multimodal teaching approach to support 
Ells in science wi ll be discussed. 

Kress, G. (2070). Multimodality A social semiotic approach to 
contemporary communication (7. ed.). Oxon, UK: Routledge. 

Lemke, J (2000). Multimedia literacy demands of the scientific 
curriculum. Linguistics and Education, 70(3), 247-277. 

Investigating the Development of In-Service 
Science Teachers' Knowledge in High Needs 
Schools 

Stephen Witzig - University of Massachusetts 

Reforms in science teaching and learning are at the 
forefront of science teacher educators' research and 
practice. However, amid the reform efforts, there is a 
problem retaining qualified teachers. Research shows 
us that nearly 50% of new teachers leave the 
profession within 5 years. There is a need to support 
science teachers, particularly during their first few 
years in the classroom. While a sing le science 
education course can be a relatively short experience 
for teachers, a sustained multi-year professional 
development program has the capacity to be a key 
transformative experience for teachers. Research has 
indicated that highly structured induction and 
mentoring programs are effective in retaining 
teachers, especially those teaching in urban schools. 
Through this study, we have engaged science 
teachers from the middle and secondary schools of 
three cities struggling with poverty as t hey transition 
from a manufacturing economy to one based on 
knowledge and advanced technology. This qualitative 
study was guided using case study methodology to 
address the following over-arching research question: 
In what ways did in-service science teachers' 
knowledge develop through participation in a 
multi-year professional development program? 
Particu larly, I was interested in what aspects of the 
five-yea r program had sign ificant impacts on teaching 
and learning in the science classrooms. I posit the 
following three assertions: 1) In-serv ice science 
teachers relied on content-based experiences to help 
develop their science teacher knowledge; 2) In-service 
teachers found technology resources helpful, though 
found constraints of implementation that they 
discussed were outside of their cont rol; and, 3) 
Teacher leadership took on many different forms in 
the various high-needs schools where these in-service 
teachers were employed. I discuss the implications of 
the findings as well as provide suggestions for future 
research in this area to continue the dialogue about 
our roles as science teacher educators. 

Teacher Education Students' Self-Efficacy for 
Teaching Primary Science in Australia 

Amanda Woods-Mcconney - Murdoch University 
Marold Wosnitza, Ralph Delzepich - RWTH Aachen 
Universi ty 

This paper reports on how students st udying to 



become primary school teachers in Australia view 
their capacity to teach science, and how emotions and 
motivation are associated w ith their teacher 
self-efficacy. Primary school science is an area where 
primary teachers may have less subject knowledge 
and experience in formal science coursework. This can 
lead to less efficacy in teaching science and may result 
in a limited amount of time per week spent teaching 
science. If primary school teachers do not feel 
efficacious to teach science, and not well supported, 
the science may not get taught. We are obliged to 
prepare new primary teachers, so they are equipped 
to teach science as practicing teachers. A better 
understanding of the predictors for self-efficacy in 
teaching science can help inform teacher educators. 
In a pilot study with approximately 100 teacher 
education students in their last year of a teacher 
education program it became clear that emotions and 
science content knowledge were predicting 
self-efficacy to teach science while motivation 
(achievement motivation and interest) did not have a 
significant influence. The strongest predictor was the 
abundance of anxiety followed by enjoyment. Further 
study was conducted with students in their first year 
of the teacher education program. Initial results of the 
data at the beginning of a science content course also 
show that abundance of anxiety was the primary 
predictor. At the end of the science content course, 
abundance of anxiety and science subject knowledge 
were predictors for self-efficacy in teaching science. 
The findings reported here can inform the 
development of teacher education programs for 
primary school teachers which aim to increase the 
number of qualified and efficacious teachers teaching 
primary science. 

Embodied Construction of Scientific Knowledge: 
The Case of Levers 

Lihua Xu, Joseph Ferguson, Russell Tytler - Deakin 
University 

Human understanding is necessarily and 
fundamentally embodied (Hall & Nemirovsky, 2012; 
Lakoff & Johnson, 2008; Lakoff & Nunez, 2000; 
Nunez, Edwards & Matos, 1999). Theories of embodied 
cognition suggest that cognitive processes are deeply 
rooted in the body's interactions with the world 
(Barsalou, 2008; Wilson, 2002). This paper reports an 
analysis of two sessions in which groups of students 
were asked to solve a series of lever problems 
purposefully designed to exp lore inquiry-based 
science learning involving representation construction 
in a collaborative learning environment. The sessions 
were conducted through the Science of Learning 
Research Classroom (SLRC) and documented using 
multiple video and audio recording facilities, allowing 
for fine-grained analysis of multimodal interactions 
taken place during the filmed sess ions. The analysis of 
the SLRC data demonstrates how students' 
sensorimotor experiences with balance are 
manifested and coordinated with other forms of 

representations in their attempt to understand, 
represent and solve the lever problems. This paper 
argues that science understanding is embodied in 
three key senses: based in perception and action; 
grounded in the physical environment; and rooted in 
everyday sensorimotor experiences. Abstract 
concepts such as equi librium can be regarded as 
conceptual extensions of the internalized embodied 
knowledge of balance. 

The Effects of Collaborative Argumentation 
Learning Activity on University Students' Online 
Reading and Reasoning Regarding a Socioscientific 
Issue: Evidence from Eye Tracking Analysis 

Miao-Hsuan Yen, Ying-Tien Wu - National Central 
University 

Socioscientific argumentation has been increasingly 
highlighted by science educators and researchers. 
However, it should be noticed that, when arguing on a 
socioscientific issue, students often practice 
argumentation as a w in-or-lose debate rather than 
collaborative consensus building or solution 
generation activity. This may lead to a defensive 
climate and participants may focus more on myside 
than other-side information (i.e., myside bias). To 
address this issue, this study aimed to explore the 
effects of a collaborat ive argumentation learning 
activity on reducing university students' myside bias 
during online reading and reasoning regarding a 
socioscientific issue. Thirty university students read 
webpages about nuclear power to prepare for a 
collaborat ive or debating discussion with the 
experimenter who held the opposite position. Five 
webpages, which presented the aspects of safety, 
environmental concerns (pollution and nuclear 
waste), cost and alternative energy, were created by 
editing information from real webpages. Both myside 
and other-side arguments were presented on the 
same page. Participants selected and read the 
webpages in any order and at their own pace, with eye 
tracking during reading. After reading the webpages, 
participants debated or collaborated with the 
experimenter, evaluated the convincingness of each 
arguments presented in the webpages and expressed 
their opinions toward nuclear power in an informal 
reasoning questionnaire. The results showed that after 
first-pass reading, the debate group spent more time 
on other-side than myside information (i.e., exhibiting 
myside bias) while the collaborative group spent 
similar amount of time on both sides. In addition, the 
collaborat ive group incorporated more opposing 
arguments in the informal reasoning questionnaire 
than the debate group. However, both groups 
considered myside arguments as more convincing 
than other-side arguments. Presumably, longer and 
more practice could extend the effect of the 
collaborat ive activity on reducing myside bias. 



Teaching Climate Change in Secondary Schools: 
What and How? 

Hsiao-Min Yu, Wen-Hua Chang - National Taiwan 
Normal University 

Climate change is an interdisciplinary and 
socioscientific contemporary issue. Due to the 
complexity, abstraction, and criticality of climate 
change, it is a good theme for science researchers to 
develop students' scientific literacy. Over the last few 
years, more and more countries have brought climate 
change or related topics into curriculum frameworks. 
In Taiwan, climate change is subsumed a subtopic of 
interdisciplinary concept in science curriculum 
framework. However, the relationship between 
knowledge about, or awareness of, an issue and taking 
environmental action is not often a strong one. 
Teaching climate change should be not only facts and 
understandings, but also behaviours (Dawson & 
Carson, 2013). Because awareness as first step for 
behaviour, we want to clarify what kinds of teaching 
strategies could promote awareness. For this purpose, 
we searched ERIC database and reviewed 40 related 
researches on teaching climate change in secondary 
education. We found, firstly, studies used d irect 
experiences, such as participating in a field t rip, 
carrying out action plan, as teaching approaches, 
could not only facilitate understanding about climate 
change, but also enable students to aware of climate 
change (e.g. Atabey & Topcu, 2017; Karahan & Roehrig, 
2016). Furthermore, project-based learning and 
professional consulting may promote comprehension 
as well as perception (e.g. Arya & Maul, 2016; Gold, 
Oonk, Smith, Boykoff, Osnes, & Sullivan, 2015). 
Secondly, the association between selected contexts 
for learning climate change and student learning 
outcomes indicates that comparing to local or global 
context, using personal context, such as 
transportation, home energy and appliance, food, or 
personal purchases, may enhance both understanding 
and awareness (e.g. Edstrand, 2016; McNeil! & Vaug hn, 
2012). Finally, we suggest that science educators 
could pay more attention to cultivating students' 
adequate understanding of nature of science in 
planning climate change education. 

In and Out of 'The Pit': The Complexity of 
Teacher-Led Research, Linked to Questioning in 
STEM 

Yvonne Zeegers - University of South Australia 
Katrina E Elliott, Marianne N Nicholas - Department 
for Education and Child Development 

Teacher and student questioning is not an under 
represented area of research, and some might query 
the need for yet another study. However, it is an area 
given little attention by professional learning 
providers, and teachers often take their own 
questioning skills for granted. This presentation 
reports on phase two of a three-year project in wh ich 
24 teachers from a DECD public school Partnership of 
five primary and one secondary school, focused on 

either their own questioning skills or, on how they 
could support their students to ask intellectually 
challenging questions that lead to increasing student 
voice, engagement and deeper learning in STEM 
related activities. Six months into phase two of the 
project, most of the teachers found themselves in a 
'learning pit'. Discomfort and uncertainty was evident 
because they had not been directed about what to do, 
how to move forward or, how to evaluate the impact 
of any pedagogical changes they might trial. Yet, only 
one teacher left the project. As we found, and as 
Mansour, Deghaidy, Alshamrani and Aldahmash (2014, 
p.970) reported, providing teachers with a mechanism 
became the key to shifting their pedagogical practice, 
and increasing student voice, engagement and 
deeper learning in STEM education. 
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