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ABSTRACT 

There are documented problems that threaten high quality science education in Australia 

including declining student attitudes towards school science.  The premise underpinning this 

research was that there is a better way to teach science, in particular astronomy, compared 

with the current widespread pedagogies and that authentic science may be a suitable 

alternative. However, to achieve success and improve science education, conceptual 

understanding, attitudes towards science and students’ capacity to work like a scientist, need 

to be taken into consideration.  

 

The aim of this doctoral research was to investigate the impact of an authentic astronomy 

programme on participating students’ conceptual understanding of asteroids, their attitudes 

towards science and their capacity to work like a scientist.  

 

I see value in providing students with authentic activities that are achievable but challenging 

and engaging students in learning across the disciplines of the curriculum. This belief comes 

from experience and instinct, both valuable tools in a teacher’s arsenal and informal 

classroom research based on reflective thinking and practice. I selected astronomy, 

specifically asteroid research, as the topic for the authentic astronomy programme because I 

already had an extensive background in astronomy, robotics and geology which gave me 

confidence in programme development. Moreover, the opportunities to provide students with 

authentic learning activities were varied and accessible. Modern technology was a significant 

contributing factor, for example, the students were readily able to access scientific level 

telescopes.  

 

I designed the authentic astronomy programme using rich tasks and real-life science. It was 

offered to Year 6 students as an integrated part of the class programme in one primary school 

and to Year 7 to Year 11 students as an extension programme in one high school in Perth, 

Western Australia. Participating students learnt how to locate, image and analyse asteroids. 

They designed and conducted an independent asteroid research project, like they were 

scientists. The students learnt how to remotely use a one-metre telescope located in a purpose 

built observatory and applied these skills to complete their projects.   
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This research took the form of action research with a mixed method, case study methodology.  

Methods of data collection included student concept maps, formal and informal interviews, 

classroom observations, classroom artefacts including digital artefacts and student and teacher 

reflective diaries. Data from the concept maps were analysed quantitatively and all other data 

were analysed qualitatively to construct in-depth student case studies.  

 

An analysis of the quantitative data and the rich case studies showed that the authentic 

astronomy programme allowed both the primary and secondary students with different 

aptitudes for and attitudes to science to experience success, often at levels above what was 

generally expected for their year level. Further, the analysis supported the premise that this 

authentic astronomy programme had a positive effect on students’ conceptual understanding, 

attitude towards science and their capacity to work like a scientist.  
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CHAPTER 1 

Introduction 

 

1.0  Introduction 

The doctoral research presented in this thesis investigated the impact of an authentic 

astronomy programme on school students’ conceptual understanding of and attitudes towards 

science. The topic selected for the authentic science programme was transient objects in 

astronomy with asteroid research as its key component. The research was driven by my 

interest and passion about the teaching and learning of astronomy and my desire as a 

researcher and educational practitioner to understand and enhance students’ conceptual 

understanding of and attitudes towards science.  

 

I see value in providing students with authentic activities that are achievable but challenging 

and engage students in learning across the disciplines of the curriculum. This belief comes 

from experience and instinct, both valuable tools in a teacher’s arsenal and informal 

classroom research based on reflective thinking and practice. Experience and instinct played a 

role in the decision making process: however, observations from informal classroom research 

and subsequent discussions with colleagues had the greatest bearing on my decision to 

investigate the impact of an authentic astronomy programme on school students’ conceptual 

understanding of and attitude towards science. I selected astronomy, specifically asteroid 

research, as the topic because I already had an extensive background in astronomy, robotics 

and geology which gave me the confidence in programme development. Moreover, the 

opportunities to provide students with authentic learning activities were varied and accessible. 

Modern technology was a significant contributing factor, for example, the students were able 

to access scientific level telescopes.  

 

The research was conducted in the context of an authentic astronomy programme that I taught 

to both primary school and secondary school students. As such, the research took the form of 

action research with a mixed method, case study methodology. This first chapter outlines the 

research aim, research context,  research questions and the significance of the research. The 

chapter concludes with a brief overview of the content of each of the chapters of the thesis 

and a conclusion.  



2 
 

1.1  Research Aim 

The premise underpinning this research was that authentic science may not just a way to 

enable school students to engage in work like real scientists, but it may also be a suitable 

alternative for improving students’ conceptual understanding of and attitude towards science. 

In terms of student engagement in science, knowledge and attitudes are interrelated and of 

equal importance. This view was supported by the 2014 review of the Australian Curriculum 

which raised the issue of a lack of balance between competencies and knowledge (Review of 

the Australian Curriculum, 2014, p. 11). Knowledge is important as a platform from which 

further ideas can be developed. Aligned is a positive attitude towards science because, 

without it, it is unlikely that students will elect to study science at a high level.  

 

The aim of this research was to investigate the impact of authentic astronomy instruction on 

school students’ including any impact on their conceptual understanding, their attitudes and 

their capacity to work like scientists. The aim was also to build theory and present research-

based recommendations for teaching astronomy at all levels of school as well as to suggest 

further areas for study.  

 

1.2  Research Context 

This research was motived by my passion for education and the desire to find teaching 

methods that will not only engage students but motivate them to add depth to their conceptual 

understanding and to tackle complex topics, particularly in science. Providing all students, not 

only those in extension classes, with the opportunity to engage in challenging but achievable 

science lessons was a second but equally motivating factor.  

 

Though there is contention around the degree to which problems in science education 

manifest, issues around declining student attitudes towards science and declining numbers of 

students selecting science, especially physical science, pathways through high school and 

university are well documented (Abrahams, 2009; Greene, 2014; Hanna, 2004; Kennedy; 

Lyons & Quinn, 2014; Tytler & Osbourne, 2012). The rationale for the research was that 

these problems need to be addressed and that a school science programme based on authentic 

astronomy has the potential to improve students’ understandings of and attitudes towards 

science. A specifically designed astronomy education programme using rich tasks and real-

life science was developed by the researcher and offered to students in Years 6 to 11 in one 

primary school and one high school in Perth, Western Australia. The authentic astronomy 
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programme involved participating students in learning how to locate, image and analyse 

asteroids and designing and enacting their own asteroid project, as if they were scientists, 

using remotely a one-metre telescope located in a purpose built observatory. The primary 

school students participated in the authentic astronomy programme as part of their regular 

class science. The programme offered to the high school students was in the form of an after 

school activity. The authentic astronomy programme was established to ascertain the degree 

to which student participation in authentic astronomy research impacted their conceptual 

understandings,  and attitudes towards science and their capacity to work like a scientist. 

Chapter 3 provides a detailed overview of the curriculum for the authentic astronomy 

programme. 

 

An important contextual factor for this doctoral research was that I was the researcher and the 

educational practitioner who designed and delivered the authentic astronomy programme to 

the participating primary and high school students. As such, the research was an action 

research project. I am primarily a primary school teacher with 40+ years of experience in 

face-to-face teaching in Australia, internationally and online teaching. I also have a 

background in geology, astronomy and robotics and have participated in many international, 

online projects. I continue to share knowledge at public outreach astronomy activities, and 

have been interested in asteroid research for ten years. More information on the ethical 

approach and specific strategies put in place to address any potential bias are outlined in the 

Methodology in Chapter 3.  

 

1.3  Research Questions 

To drive the aim of the research, three broad research questions were formulated to guide the 

methodology and data collection:  

1. In what ways does participating in an authentic astronomy programme affect students’ 

conceptual understanding of science? 

2. In what ways does participating in an authentic astronomy programme affect students’ 

attitudes towards science? 

3. In what ways does participating in an authentic astronomy programme enable students 

to work like a scientist? 
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1.4  Significance of the Research 

This research addressed complex issues surrounding the way in which the science taught in 

classrooms translates into students wanting to become scientists of the future. Attitude 

towards mathematics and science had been shown to be an efficient predictor of future course 

choices (Korpershoek et al., 2012). The authentic science programme addressed complex 

issues consistent with the outcomes required by the Western Australian Government through 

the Western Australian Curriculum, the Australian Curriculum and the School Curriculum 

and Standards Authority.  

 

At its core, authentic science allowed for challenging learning that is less likely to degenerate 

into a series of low level activities. The authentic science programmes provided considerable 

opportunity for participating students to engage in authentic science activities and to 

significantly improve their conceptual knowledge of and attitudes towards science. Further, 

the programmes provided suggested pathway links between other areas of the curriculum 

allowing for creative and original thought.  

 

This research provided significant insights into our theoretical understanding of the way in 

which students at various levels engaged with different aspects of an authentic science 

programme. It suggested future paths that could be used in a general classroom as opposed to 

extension or specialist classes only. Of particular importance was the notion that student 

achievement was not predetermined by expected levels, for example, the standards of 

expected achievement as stated by the School Curriculum and Standards Authority (www. 

scsa.wa.edu.au, 2018, n.p.). Rather, student achievement was manifested in their ability to 

collect and analyse their own data as opposed to using data sets obtained by an outside source.  

 

Moreover, this research posed new questions regarding the level to which primary and 

secondary students were able to use quality scientific level instruments, specifically, 

telescopes, to carry out independent research. It raised important questions relating to the 

opportunity primary students in a general classroom and even secondary students in specialist 

classrooms have to realise their potential in terms of demonstrating their skills and 

knowledge.  
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1.5  Overview of the Thesis 

This doctoral thesis generally follows a traditional pattern of presentation with the first 

chapter introducing the research, aim and context followed by the research questions, the 

significance of the research and an overview of the structure of the thesis to guide the reader.  

 

The literature review is presented in Chapter 2 with authentic science learning and attitudes 

towards science being two of the focal areas of discussion. The literature on conceptual 

understanding is the final area presented in Chapter 2. 

 

Chapter 3, the Methodology, first introduces the issues associated with the school selection 

process. The specific topic of asteroids is then presented and discussed. Background 

information on asteroids is included together with a detailed rationale for the selection of 

asteroids as the theme. The methodology is then presented and the assessment procedures 

discussed.  

 

Chapter 4 is the first chapter to present the findings. The students and the authentic astronomy 

programme taught in the high school are described. The quantitative results for the secondary 

school students are reported. Two high school student case studies are presented in Chapters 5 

and 6.  

 

In Chapter 7, the students and the authentic astronomy from the primary school are described. 

The quantitative results for the primary school students are reported. Two primary school 

student case studies are presented in Chapters 8 and 9.  

 

A detailed description of the impact the authentic astronomy programme had on students’ 

conceptual understanding, attitude towards science and their capacity to work like scientists is 

provided in each case study presented in Chapters 5 and 6 for the primary school students and 

Chapters 8 and 9 for the secondary school students.. Combined, the case studies provide an 

overview of all aspects of the programme with each case study focussing on detailed, but 

distinctive, data that support three assertions that emerged during the research process . The 

three assertions, related to, conceptual understanding, attitudes towards science and working 

like a scientist, are described in Chapter 5.  
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The final chapter,  Chapter 10,  includes a brief summary of the findings, an outline of the 

conclusion, a discussion of the implications of an authentic astronomy programme for 

teaching science in schools, the limitations of the research and suggestions for further 

research.  

 

1.6  Conclusion 

This chapter described the research aim and the context of the research in an authentic 

astronomy programme for school students. Three broad research questions were generated to 

drive the research design and methodology and to guide the data collection. This chapter 

concluded by outlining the significance of this research and an overview of the thesis.  

 

The next chapter, Chapter 2, presents a review of the current literature focussed on three main 

concepts underpinning the research, authentic science, attitudes towards science and 

conceptual understanding of science. Through an exploration of these three research 

traditions, the literature review creates a conceptual framework through which the findings of 

the research were analysed and understood.  
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CHAPTER 2 

Literature Review 

 

2.0  Introduction 

The first chapter introduced this doctoral research on the impact of an authentic astronomy 

programme on primary school and high school students.  The literature reviewed in this 

chapter encompasses current theories and ideas pertinent to the premise of this thesis, that an 

authentic astronomy programme with a focus on asteroid research will impact on student 

conceptual understanding, attitudes towards science and their capacity to work like a 

scientist.  

 

The plethora of articles in science education available in the literature provides a range of 

theories and current research across all areas in science including teacher and student 

education. Science Education, Science and Education, Journal of Elementary Science 

Education and the International Journal of Science Education are just four of the journals 

detailing the significant body of research into all levels of science education. Further, there 

are journals such as The Journal of Astronomy and Earth Science Education and the Latin-

American Journal of Astronomy Education which focus specifically on research in 

astronomy education.  

 

Bretones, Jafelice and Horvath (2016) reported that 56% of the articles published in the 

Latin-American Journal of Astronomy Education across a ten year period, related to 

university and high school education. They suggested that fewer articles published on 

astronomy in primary education may be because, “Astronomy is not a specific discipline in 

the curriculum of basic education” (p. 115). In the mandated curriculum of Western 

Australia, aspects related to astronomy in Science Understanding in the Earth and Space 

Sciences section are limited (https://k10outline.scsa.wa.edu.au/home/teaching/curriculum-

browser/science-v8). In Year 1, students are taught to recognise that there are changes in the 

sky, for example, the stars can be seen at night. In Year 3, they explore the concepts of day 

and night. It is not until Year 5 that students begin to explore the Earth as a planet in a 

system that is orbiting the Sun. In the high school curriculum there is a brief mention of 

eclipses in Year 7. Students do not learn about the Universe until Year 10 
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(https://k10outline.scsa.wa.edu.au/home/p-10-curriculum/curriculum-browser/science-v8, 

n.p.). I contend that primary school students are capable of understanding astronomy 

concepts at an earlier age and significantly more complex concepts across all the years of 

school. Research conducted with primary school students in genetics (Donovan & Venville, 

2012) and in Einsteinian physics (Kaur et al., 2017; Pitts et al., 2013), for example, support 

this assertion and justify the approach taken in this doctoral research to expose young school 

students to concepts that are not explicitly outlined in the curriculum for their year and age 

grouping. In Section 7.2 I discuss the notion that though astronomy is not a specified area in 

the Western Australian curriculum it can be used as a context to teach many mandated areas 

of the curriculum effectively, such as science inquiry.  

 

Slater et al. (2016) documented an apparent decline in the number of studies in astronomy 

education involving young children. Their research also found the number of studies 

“involving adults, particularly in-service and pre-service teachers, have increased” (p. 135). 

They explained that though the decline in studies in astronomy education involving younger 

children could be the result of a change in educational focus, it could also be explained in 

terms of the changes to the ethics documentation required when conducting research with 

primary school students (Slater et al., 2016).  

 

The literature reviewed in this chapter is presented in three main sections, each with a focus 

on one of three key aspects central to the premise of  the research presented in this thesis. 

The first section addresses the various meanings of the term authentic when it is used to 

describe programmes conducted in education and culminates with the parameters around 

how the term was used in this research.  The second section details the way in which attitude 

to science is defined and the literature related to how students’ attitudes to science impact on 

their learning. The third section explores the research that investigated the role of various 

approaches to astronomy education in developing conceptual understanding in students. 

These three areas of the literature together form a conceptual framework that is used to 

analyse the findings. 

 

2.1  Science in the 21st Century 

Our world is complex and science knowledge is critical to making sense of it all. Twenty first 

Century students will require new skills, knowledge and creativity to compete in the global 
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economy. Hurd (2000) wrote “Science and technology as a whole have become an integral 

part of our economic, social, and political life” (p. 283).  

 

Of particular relevance to this doctoral research was the recent announcement in the 2018 

Australian Federal Government budget of seed funding of $41M over four years with 

additional funding expected from industry to grow the Australian space and aeronautical 

industry. This initiative is expected to generate thousands of jobs in the future.  

 

Many fields of knowledge where cutting-edge developments are common, such as medical 

technology, are interdisciplinary. Science programmes in the 21st Century need to provide 

students with the knowledge and skills to think scientifically. Kwok (2018) writes that 

students need to “identify, formulate, and solve diverse problems”(p.530). These skills 

include but are not limited to devising research questions, collecting, evaluating and 

analysing data, communicating results and improving scientific literacy. They will require 

higher order thinking skills, cognitive flexibility and the ability to manage knowledge 

(Barak, 2016; Campbell & Andrews, 2004; Hurd, 2000; Kwok, 2018) 

 

2.2  Authentic Science Learning  

Research within the sphere of authentic activities designed to facilitate learning varies, not 

only in terms of the activities in which the students are engaged, but also the locations and 

the cognitive processes involved. Authentic is possibly one of the most elastic terms being 

used in the greatest range of contexts in current research. Terms such as hands-on, inquiry 

based and practical permeate much of the literature and in some cases, have become 

interchangeable with the term authentic. Some studies reported on a combination of 

activities and approaches such as using a citizen science activity and the inquiry approach to 

provide an authentic science experience ( Mitchel et al., 2017). Linking citizen science 

activities with student-driven science fairs as a format for driving authentic science learning 

was discussed by Koomen, Rodriguez, Hoffman, Petersen and Oberhauser (2017). Rather 

than being a separate approach that can be used not only in science education but in all areas 

of the curriculum, authentic science was often viewed as a means to facilitate the 

development of a particular idea, for example, the contribution of out of school activities to 

authentic science and public contribution to authentic (Braund & Reiss, 2006; Corrigan, 

2006; Nugent, 2017; Vitone, 2016).  
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Pierret et al. (2012) reported on an Integrated Science Education Outreach (InSciEd Out) 

programme in which “teams of teachers from all disciplines within a single school experience 

cutting edge science using the zebrafish model” (p.1). Allowing students to work on 

challenging projects based on current science facilitated improvement in student engagement 

in biological sciences, conceptual knowledge and science research skills. 

 

Scogin (2016) reported similar findings when discussing a programme called Planting 

Science, a contemporary science programme in which school participants use advanced 

technology tools to develop scientific inquiry skills. Both the programmes presented by 

Pierett et al. and Scogin involved collaboration with scientists.  

 

Braund and Reiss (2006) contended the decline in school science achievement could be 

addressed by complementing laboratory-based school science teaching with “out-of-school 

science learning that draws on the actual world … presented world … and virtual world” (p. 

1373). Tytler et al. (2008) also argued the case for extending science beyond the classroom 

to “introduce more authentic and engaging practice into school science” (p. 12). Corrigan 

(2006) argued the case for a more authentic approach to science citing an example where 

students were to make ethical decisions to a scenario based on research of their assigned 

role, for example, a doctor (p. 49).  

 

Brooks (2011) distinguished between inquiry-based learning and authentic research using 

the principle that for it to be authentic research, the project requires the collaboration of a 

scientist, particularly when establishing the project protocols. Similarly, those who attended 

the Workshop to Define Student Collaborative Climate Research; Silver Spring, Maryland, 

17 – 19 November 2010 contended that “active participation from scientists who care about 

project results” was the most important factor in defining authentic research (p. 388). 

 

Brooks (2010) viewed student and scientist partnerships as critical to providing authentic 

science. He wrote that, “These partnerships offer science new ways of extending its 

community and hold the promise of revitalising education by infusing authentic science into 

the school culture” (p. 4). In an interesting addition to the view that authentic science must 

involve a scientist, Brooks (2011) also differentiated between inquiry and research stating 

that to be considered authentic science, inquiry must be combined with the content 

component of research. He maintained that merely having a scientist involved does not 



11 
 

constitute authentic research. The disciplinary focus of his paper was climate science. That 

the project was initiated by the scientist posing the research questions and that the results 

were unique and interesting were but two of the items he suggested were needed for the 

activity to be considered authentic science.  

 

The opportunities for teachers to use citizen science activities to enhance their science 

programmes are many and it is often viewed as a means of engaging students with authentic 

science (Portas et al., 2016; Mitchell et al., 2017; Vitone et al., 2016). A large proportion of 

the citizen science projects reported in the literature centre on environmental science 

(Jollymore et al., 2017; Saunders, et al., 2018; Silva, et al., 2016). 

 

The term citizen science is used to describe the use of volunteers to collect and record data for 

a project developed and managed by a scientist (Jennett et al., 2016; Mitchell et al., 2017; 

Pocock, et al., 2016). Citizen science is also described as a process “whereby citizens are 

involved in science as researchers” (Conrad & Hilchey, 2011, p. 2). Freitag (2016)  referred to 

a partnership between the community and professional scientists (p. 518). Herodotou, 

Sharples and Scanlon (2017) wrote, “It merges learning through scientific investigation with 

mass collaborative participation” (p. 20). Herodotou, Sharples and Scanolon merged their 

definitions of citizen science with citizen inquiry, differentiating between open and guided 

inquiry. 

 

Citizen science is not a new concept with Trautmann et al. (2013) citing an example of its use 

to gather data for an ornithology project in 1900. In essence, many citizen science projects 

involve data collection, for example, MicroBlitz. Volunteers collected soil samples and sent 

them for analysis to the researchers. Professor Andy Whitely and his team from MicroBlitz 

defined their goal as “building a state-wide map detailing the biodiversity and health of our 

environment using DNA sequencing to identify the biodiversity and abundance of microbes 

in our soils (www.microBlitz.com.au/our-research-story/, 2018).  

 

Pocock et al. (2016) completed a detailed analysis of 509 citizen science projects that came 

under the umbrella of environmental and ecological projects with the majority of projects 

being linked to biodiversity. The scoring system used by Pocock et al. to classify the projects 

was based on the way in which the project was undertaken. Pocock et al. wrote that there 

may be minor discrepancies because, for example, projects and websites change over time. 
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However, these discrepancies did not affect the overall results which were the focus of the 

report (p. 4). Participants engaged in a range of activities but “for most (93%) volunteer 

involvement was limited to contributing data rather than collaborative or co-creative project 

development” (Pocock et al., 2016, p. 6). 

 

In other projects, participants organised a prepared set of data, for example, sorting galaxies 

into galaxy types using a predetermined set of criteria. In this case, the data were collected 

for the participants (www.zooniverse.org/projects/zookeeper/galaxy-zoo/). Trautmann et al. 

(2013) expanded the use of citizen science to include projects which initiate activities 

following scientific protocols and using citizen science as a catalyst. For example, A Calling 

Amphibian Survey was a project in which students started with previously collected data then 

moved into field work with the opportunity to add students’ findings to a North American 

frog watch data base (Trautmann et al., 2013, p. 159).  

 

There were some citizen science programmes such as Journey North (Nugent, 2017) that 

were specifically aimed at school children. It provided teachers with extra resources via 

access to a web site written explicitly for the project. Participants in this project collected 

and reported data on changes in nature through the seasons. Earth Watch Australia 

(au.earthwatch.org) provides students in Years 10 – 12 an opportunity to apply for a 

fellowship which would enable them to participate in a citizen science expedition. An 

Australian phenology programme called ClimateWatch was also introduced by EarthWatch 

(climatewatch.org.au). Partnering with Cool Australia, they have produced teacher resources 

aimed at developing geography and science programmes in high school. Galaxy Zoo which 

allowed participants to classify galaxies, and the Pulsar Search Collaboratory which 

focused on analysing radio data, were readily available and used in science enrichment 

programmes (www.pulsarsearchcollaboratory.com). 

 

Portas, Barnard, Scott and Harrison (2016) reported on The National Eclipse Weather Project, 

a citizen science project designed to gather data on the effect of a partial eclipse on weather. 

This project targeted both primary and secondary school students. An application called 

Webform was developed for mobile phones and was used by participants to gather weather 

data. Because the data were easily accessed via Webform, the students were able to use the 

raw data and maps to investigate trends. The opportunity for students to work like a scientist 

was also discussed (Portas et al., 2016, pp. 10-11). 
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Nugent (2017) reported on a citizen science programme called Journey North which 

encouraged discussions, collaboration and problem solving; all skills required by scientists. 

This programme consisted of several activities which allowed students to follow the changes 

in nature across the seasons in North America. These activities could be used as a starting 

point for extension programmes in other areas such as technology. Journey North also 

provides teachers with access to online teaching resources.  

 

Jollymore et al. (2017) raised several important issues related to the quality of data collected 

by citizen scientists. Of particular note, in terms of providing authentic learning opportunities 

for students, was the potential difference in goals for scientists and teachers. For the former, 

the data is likely to be the most important, but for teachers, the data is likely to be secondary 

to the education of their students.  

 

Citizen science is considered by many teachers and educators as an excellent resource but the 

degree to which it forms part of an authentic science project is dependent on how it is used. 

Citizen science projects are often comprised of several parts which require different levels of 

thinking. Some sections of an activity are optional. For example, a teacher could decide to 

access a simple data base but find the links to the broader community too difficult to 

implement. If the critical thinking link to the community is provided as an option in the 

extension part of a project, teachers could well opt to ignore this section of the activity. 

Students can, in some instances of citizen science, have data presented as an online data set. 

Unless the project moves beyond having the students obtain and analyse the data, it is still 

much the same as the classroom science which has failed to ignite enthusiasm in our students 

for many years.  

 

Though some papers discussed in this section referred to a connection between professional 

scientists and the participating volunteer or school student, it may be argued that these 

connections can vary from very little to an ongoing commitment to work with the participants 

on the part of the scientist. In educational terms, it could be argued that merely participating 

in an activity organised by a scientist does not constitute a strong connection between the 

scientist and the participants. Realistically, there are significantly more schools providing 

compulsory education using a mandated curriculum than there are scientists that are willing 

and able to devote many hours to a school project. I have already referred to several excellent 
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examples of scientist/school collaborations, however, the projects were generally linked to 

research either on the part of the scientist or those investigating the impact of a particular 

programme on the education of the participating students.  

 

The term authentic has seven interpretations ranging from concrete learning using a variety of 

materials to the more abstract decision-based activities. Table 2.1 highlights the many ways 

the single word, authentic, has be defined in the literature.  

 

Table 2.1: A list of one of the two constructs upon which this thesis is written, authentic 

science, together with a summary of the many varied definitions found in the literature.  

 

Concept As defined in other research Articles 

Authentic Hands on, inquiry based, practical 

 

 

Out of school experience 
 

Virtual world 
 

Actual world learning 

 
 

Collaboration with a scientist 

 

 
 

Ethical decision making using 

scenarios 

Inquiry v research 

 

Koomen et al., 2017; Mitchell et al., 

2016; Nugent, 2017; Trautmann et al., 

2013 
 

Braund & Reiss, 2006; Tytler et al., 2008 
 

Braund & Reiss, 2006; Corrigan, 2006;  
 

Hoachlander & Yanofsky, 2011; Silva et 

al., 2016;  
 

Brooks, 2010, 2011; Forbes & 

McCloughan, 2010; Willsher & Penman, 

2011 

Corrigan, 2006 

 

Brooks, 2010 

 
 

In summary, the views on what constitutes authentic science activities vary. I contend that 

though a meaningful connection with a scientist could enhance the learning that takes place in 

an authentic science project, it is not essential. There are examples of citizen science 

programmes that provide students with authentic science activities, for example, Journey 

North as described by Nugent (2017). There is also the potential for citizen science projects, 

for example, MicroBlitz and Fireballs in the Sky, to be limited to data and/or sample 

collection. Though data collection is an important component of an authentic science 

programme, it is only one skill. Citizen science projects may be based in authentic science but 

the difference in the level of student participation can be significant and participation in a 

citizen science project is therefore not included in the defining points of authentic science 

activities in the context of this doctoral thesis. 
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I contend that what is essential to authentic science learning is that the teacher either already 

has, or is willing to establish, a significant data base of knowledge and skills that can be used 

to implement the authentic science education programme. The authentic science programme 

needs to be relevant to the real scientific world and anchored in the 21st Century. The 

equipment used should be scientific level and science protocols should be established and 

adhered to throughout the programme. I contend that these factors will enable the 

participating students to work like scientists, and this is the focus of the third research 

question. 

 

In the context of this doctoral research, authentic science learning activities were considered 

to: 

a) be conducted in and have relevance to the real scientific world (Portas et al., 2016; 

Scogin, 2016), 

b) be relevant to science in the 21st century (Barak, 2016; Campbell & Andrews, 2004; 

Hurd, 2000; Kwok, 2018 Pierret et al., 2012; Scogin 2016), and 

c) follow established science protocols (Nugent 2017; Kwok, 2018; Pierret et al., 2012; 

Trautmann, 2013). 

 

The authentic astronomy programme that is the focus of this doctoral research conformed to 

these parameters and is outlined in more detail in Chapter 4. 

 

2.3  Attitude Towards Science 

In the literature, the term attitude is examined from several perspectives. Tytler and Osborne 

(2009) differentiated between attitudes towards science participation in school science and 

attitude towards the science domain. Further, they cited the work of Leopold Klopfer who 

differentiated between attitudes towards science and scientific attitudes. The former 

examines attitudes towards participating in science activities both within and outside the 

school setting. The latter “are a set of attitudes which are the product of working in science 

which are a commitment to evidence as the basis of belief, a belief in rational argument and 

scepticism towards hypotheses and claims about the material world” (Tytler, & Osborne, 

2011, p. 589). Lindhal (2007) examined degrees of a positive attitude towards science in 

relation to other subjects. Her contention was that although students might have a positive 

attitude to science, they often had a more positive attitude to other areas of the curriculum. It 

was, therefore, imperative that a positive attitude to science was not only established as early 
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as possible, but was maintained through the years (Lindhal, p. 267). A similar approach was 

taken by Korpershoek et al. (2012) whose research highlighted the disparity between a 

positive attitude towards science in high school and study choices made at university. 

 

According to Corrigan (2006), the link between science in general and school science is 

tenuous at best and is a reason for student confusion about the relevance of school science in 

their life. The lack of relevance of school science to students’ lives was cited in much of the 

literature as one reason for the decline in student numbers taking science (Areepattamannil, 

2012; Hoachlander & Yanofsky, 2011; Tytler & Osborne, 2009; Urqhart, 2002;). 

 

Forbes and McCloughan (2010), in their work on the My Science project supported the idea 

of open-ended tasks closely aligned to the wider community. Embedded in the programme 

are the concepts of scientist mentors and teacher support programmes. The sustained use of 

student interaction with real scientists as a means for improving knowledge and attitudes was 

a common theme (Freitag, 2016; Willsher & Penman, 2011).  

 

The highly regarded international ROSE Project sought to “gather and analyse information 

from the learners about several factors that have a bearing on their attitudes to S&T [science 

and technology] and their motivation to learn S&T” (Sjoberg & Schreiner, 2012, p. 204). 

They reported that dissatisfaction with school science amongst 15 year old students is 

significant in European countries and Japan. More girls than boys found science to be less 

interesting than other subjects. The gender difference was less marked in other responses, 

but girls tended to remain negative when they replied to questions related to increased 

curiosity and the benefits of having scientific knowledge. Sjoberg and Schreiner suggested 

that this may reflect differences in perception. The ROSE project showed that students in 

developing nations, in comparison with the developed nations like Australia, are more likely 

to view attending school as a privilege and are, therefore, more likely to have a positive 

attitude to their learning (Sjoberg & Schreiner, 2012). 

 

Cell spotting, a citizen science activity in which students learnt to spot particular cell types, 

was the focus of a paper by Silva et al. (2016). In this project, the students and teachers 

engaged in project-related training both in class and via video. The research included a 

question that allowed data to be collected through an open ended statement on their reasons 

for participating. The findings indicated that training on the cell spotting had significant 
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motivating factors. Though it was a requirement as part of their curriculum, other motivating 

factors were noted, for example, the opportunity to contribute to important research and to 

learn something new and/or interesting. Of particular note, however, was the very low 

frequency of responses (2.4%) that suggested that learning about science was a motivating 

factor (Silva et al., 2016).  

 

The research conducted by Portas, Banard, Scott and Harrison (2016) and discussed in 

Section 2.1 found that the participants enjoyed the learning opportunity about the National 

Eclipse Weather Experiment and that teachers used it to enhance individual programmes. 

Though the majority of the participating schools came from a location where students would 

typically expect to continue with some form of higher education when they leave school, the 

results indicated that the eclipse project was successful in motivating students. One teacher 

reported student initiated activities following the activity, for example, mapping their own 

data.  

 

In this section I have explored the different points of view from the literature related to 

attitude towards science. The difference between school and general science is addressed by 

some researchers whereas degrees of commitment was viewed by others as important, 

particularly when completing science activities. In their work on an astronomy content lead 

activity, Danaia, McKinnon and Fitzgerald (2017) found that teachers had a significant 

impact on student attitude to science. Students participating in challenging activities over 

which they had some control expressed a more positive attitude than those who complete the 

same activity from a teacher centred perspective that was identified by teacher direction and 

notetaking. 

 

. The difference between attitude towards school science and attitude toward general science 

is the focus of some commentators. Some authors define attitude in terms of the degree to 

which students are committed to science in general. Table 2.2 highlights the ways in which 

attitude was defined in the literature. 
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Table 2.2: A list of one of the two constructs upon which this thesis is written, attitude, 

together with a summary of the many varied definitions found in the literature.  

 

Concept As defined in other research Articles 

Attitude Attitude towards school science 

 

Attitude towards science in 

general 

 

Compared degree of positive 

attitude between science and other 

subjects 

Level of student commitment to 

science 

Korpershoek, et al., 21012; ROSE 

Project, 2012; Tytler & Osborne, 2009;  
 

Tytler & Osborne, 2009; Sjoberg & 

Schreiner, 2012 

 

Lindhal, 2007 

 

 

 

For the purpose of this doctoral research, attitude was used in terms of the students’ attitude 

to school science, in particular, to the authentic astronomy programme (Tytler & Osbourne, 

2009). Rather than being measured directly, attitude exhibited by students was recorded 

through observation. More details of the methods used to collect data on students’ attitudes 

towards science are described in the next chapter, Chapter 3.  

 

2.4  Conceptual Understanding 

Conceptual understanding cannot be underestimated if students are to fully participate in 

science activities regardless of the context in which the activities are conducted. The way in 

which authentic astronomy programmes and projects such as those developed for citizen 

scientists develop conceptual understanding in students is the focus of this section. The 

different methods used to determine the effectiveness of programmes designed to develop 

conceptual understanding is considered. 

 

Before I examine the studies that specifically explored students’ conceptual understanding of 

astronomical concepts relevant to the research, it is important to consider what conceptual 

understanding is and how this term is used in the literature. Asoko (2002) presented a 

compelling paper on developing conceptual understanding in primary science that outlines 

research based on a constructivist and social constructivist epistemology conducted over the 

previous 30 years. She explained that concepts are basically words associated with ideas. 

Moreover, concepts are “human constructions” (p. 155) that arise from and relate to people’s 

experiences. Asoko elaborated on two examples of science concepts: shadows and 

electricity, of which young children usually have some knowledge and experiences. Using 
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these two examples, Asoko explained that children come to the primary classroom with their 

own ideas that they have developed in their own mind based on their own experiences. 

Children’s initial ideas may or may not be consistent with scientific explanation for that 

same concept. The teacher “needs to find ways to introduce and explain useful and relevant 

ideas at appropriate times and in ways that make sense to the children” (p. 156). The focus of 

the research presented in this study was to test an authentic science approach to developing 

participating students’ conceptual understanding of the concept of asteroids. 

 

Understanding the changes in celestial objects such as the Moon, Sun, planets, stars and 

asteroids are important. Even very young children understand that they affect their daily lives.  

As mentioned in Section 2.0, celestial objects such as the stars and the Earth/Sun/Moon cycles 

are covered in primary school albeit at a limited level. For example, a shadow stick is often 

used to record the path of the Sun. Teachers may also use pictures and animation to explain 

the phases of the Moon. Research conducted by Tarng et al. (2018) reported on the use of 

augmented reality technology and sensor functions such as the GPS feature on hand held 

devices to help primary students conceptualise the path of the Sun. The input data and the 

data collection were at their own latitude and longitude during different seasons. “When 

holding the device toward the Sun, the screen will show the virtual sun in the same direction 

as that of the real Sun” (p. 3). Further, the students could view a range of relevant data such as 

local date, time and the Sun’s elevation and orientation. During the course of the year, 

students mapped the path of the Sun at their latitude and longitude on a globe. The findings 

from the study indicated that the learning in the experimental group was greater than that of 

the control group.  

 

In recent years, much of the research into citizen science centred on relationships between the 

volunteers and the projects in which they were engaged. Three of the areas discussed 

included: the potential benefits for volunteers (Jennet et al., 2016); the diversity in approach 

of the many projects available (Pocock, 2016) and, volunteers’ expectations that the data 

would be used in scientific research (Mitchell et al., 2017). A fourth area that is now gaining 

more attention is the need to assess the effectiveness of citizen science, particularly in 

education, on participants and the quality of the data collected (Becker-Klein, Peterman & 

Stylinski, 2016; Herodotou et al., 2017, Jollymore et al., 2017, Perello et al., 2017; Peterman 

et al., 2018; Van der Velde et al., 2017; Vitone et al., 2016). Of these, the way in which 

educational outcomes are assessed is the most significant for teachers using citizen science 
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activities. This doctoral research focussed on the impact of the authentic astronomy 

programme on participating students’ conceptual understanding of asteroids, that is the 

educational outcome of the programme. This focus indicates the research will make an 

important contribution to the literature. 

 

Hoachlander and Yanofsky (2011) reported on the need to “keep it real”. Their premise was 

that science needed to be pinioned in the real world with links to “challenging professional 

and technical education in fields such as engineering, biomedical and health sciences, 

energy, information technology” (p. 60). Further, they suggested that subjects should not be 

taught in isolation and argued for increased attention be given to the creative aspect of the 

arts. This view was supported in the third part of a report commissioned by UK Government 

and completed by Lord Young (2014) in which it was stated that, “the world of those now 

leaving education will be one in which self-reliance and creativity will be rewarded and the 

education system will have to adapt” (Young, 2014, p. 1). Science and creativity need to co-

exist.  

 

Mitchell et al. (2017) reported on a ClimateWatch citizen science programme in which 

participants conducted “the first research on unvalidated species datasets contributed by the 

public” (p. 1). The participants in this case were first year university students and the goal was 

to provide them with an opportunity to engage in an authentic science activity.  Of particular 

interest in this study was the reliability of the data submitted by the public. Prior to 

commencing their study, 79% of students agreed with the statement “data collected by citizen 

scientists are reliable”. At the conclusion of their study only 31% agreed with the statement 

(p.1). In contrast, van der Velde et al. (2017) reported “volunteer citizen scientists collect data 

of comparable quality to researchers with supervision and training (p. 132). The difference 

can be explained in the level of supervision and training those in the study reported  by van 

der Velde et al. The university students developed their own methods for detecting unreliable 

data and in this way were trained to collect quality data for reporting. In both cases, training 

was important. Regardless, the collection of quality data is important if students are to 

develop a good understanding.  

 

I was keen to provide all students in my class with the opportunity to participate in the 

programme because it was both challenging and achievable. I also thought that it might 

engage some of my more reluctant students. To achieve this, I worked the activities into the 
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mandated curriculum for the primary school. This was not feasible for the high school 

component of the research.  Figure 2.1 shows some of the areas that can be used to teach an 

authentic astronomy programme and the mandated Western Australian curriculum. 

 

 

 

Figure 2.1: An outline of the ways in which the authentic astronomy activities aligned with 

the Australian Curriculum. The codes in brackets indicate the specific learning outcomes 

from the disciplines of Science, Mathematics and English in the Australian Curriculum to 

which the activities aligned.   

 

Danaia, McKinnon and Fitzgerald (2017) investigated the role in which an astronomy based 

project played in engaging high school students. The astronomy knowledge was linked to the 

curriculum and a remote telescope was used. The students reported different attitudes 

towards the project. Those students who were allowed to control the robotic telescope 

themselves were more engaged and found the experience more worthwhile than those who 

watched their teacher control the telescope to request images (Danaia, McKinnon & 
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Fitzgerald, 2017). They highlighted the need for high level equipment such as telescopes to 

be used in schools but argued that teacher training in the use of the equipment is essential if 

it is to be used “for maximum learning impact” (Danaia, McKinnon & Fitzgerald, 2017, p. 

14). 

 

Gomez and Fitzgerald (2016) reported on many uses for scientific level telescopes in the 

classroom. Many of the examples given were at high school or undergraduate level. 

Activities for extension groups and public outreach were also addressed. Examples of 

successful programmes in schools were described but the use of telescopes in schools to 

develop conceptual understanding of the Universe is not as common as it could be. Perhaps 

one of the greatest obstacles facing teachers is their own lack of knowledge, not just in how 

to operate a robotic telescope, but in understanding the many practical ways telescopes could 

be used in the classroom.   

 

In general, science enrichment programmes are offered as extension classes, which means 

that the most interesting science opportunities are usually only being offered to small groups 

of high achieving students who are often already self-motivated. Astronomy has often been 

used as the content base for teaching science concepts through an extension programme 

because of its general appeal to a broad range of students. For example, the ARIES 

discovery-based constructivist curriculum was designed for primary school aged students 

(Ward, Sadler & Shapiro, 2008) with a focus on enabling the teachers to deliver a 

theoretically-based extension programme. Another example of a programme that focused on 

the connection between an inquiry approach to teaching and learning and conceptual 

understandings in lunar studies was conducted by Hobson, Trundle and Sackes (2010). The 

Pulsar Search Collaboratory was an innovative programme that relied on consistent 

communication between astronomers and students (Rosen et al., 2013); however, this 

programme, as with the others discussed, was offered as an enrichment programme and only 

to senior students.  

 

Many of the research papers discussed in this chapter focussed on university and high school 

students. As already detailed, many were conducted as part of enrichment or specialist 

programmes. Portas (2016) reported astronomers “develop their scientific aptitude from a 

very early stage, (often primary school level), and therefore they see the benefits of  
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exposing youngsters to science technology, engineering and mathematics (STEM) related 

activities” (p. 2) 

 

One of the key ideas underpinning this research is that providing already motivated, high 

achieving students with interesting science activities and extension programmes does not 

address the key issues, the decline of Australian students’ international science achievement 

and the flight from science, particularly the physical sciences. While the importance of 

providing extension programmes to high achieving students is acknowledged and supported, 

the path taken in this doctoral research was that these opportunities must be available and 

accessible for all students. This doctoral research contributes to the literature because it 

focussed on authentic astronomy that was offered both as an integrated part of a primary 

school class curriculum and as an extension programme to any secondary students who 

wanted to participate.  

 

2.5  Conclusion 

In this chapter I addressed the key constructs important to this authentic astronomy 

educational research with an emphasis on asteroids. The three sections provided an analysis 

of the literature related to these key concepts and defined the terms authentic, attitude and 

conceptual understanding. The importance of the development of conceptual understanding 

that is challenging and has depth was also discussed. The next chapter, Chapter 3 details the 

methodology used for this doctoral research and justifies the choice of asteroid research as 

the focus for the authentic science programme, the school selection process and the 

assessment procedure.  
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CHAPTER 3 

Methodology 

Selecting the Schools, Topic and Assessment Procedures 

 

3.0  Introduction 

For the purpose of this research, it was necessary to develop a single programme that could be 

used with both primary and high school levels and could be integrated into the normal class 

curriculum for the primary class. This chapter summarises the methodology used in this 

doctoral research. The challenges and limitations in finding schools to participate, selecting a 

topic, establishing a base line and designing assessment methods that could be used for data 

collection and cater for a range of approaches to learning are also reported.  

 

This chapter is divided into five sections. Section 3.1 addresses the issue of school selection. 

In this section, the impact of changes to the curriculum and the degree to which the logistics 

related to the tight time frame and travel impacted school selection are discussed. Section 3.2 

follows the reasoning behind the choice of a topic which satisfies the requirement of authentic 

science and is challenging but is viewed as attainable and exciting by the students. It was 

essential that the choice of topic ignited their interest and engaged their minds. The use of the 

mixed methods approach used in the doctoral research is detailed in Section 3.3. The three 

conventions used, the case study, action research and the assessment that was used for data 

collection are presented in Section 3.4. I conclude with the selection and development of the 

assessment procedures in Section 3.5. The assessment methods selected and the rationale 

behind the choices are included. Limitations such as the time constraint and the need for the 

assessment procedures to be used with students of varying ages and ability levels are 

addressed.  

 

Motivating the students to engage in higher order thinking and to be active participants in a 

science activity were paramount when I was deciding on the theme for the authentic 

programme. The topic Asteroids had the potential to engage students on several fronts. 

Thoughts of a possible future reality behind science fiction books such as Pilots where space 

travellers hollow out Chiron to provide an escape craft against the aliens create interest. 

Further, in keeping with current plans to mine asteroids, Element, in which an asteroid with a 
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significant amount of gold negatively impacts the Earth’s economy, encourages thought 

provoking questions in relation to current plans for asteroid mining. 

 Likewise, following space missions dedicated to finding the origins of the Earth and learning 

more about the options for deflecting potentially hazardous asteroids should the need arise 

promotes discussion.  

 

The challenge of discovering and naming an asteroid also proved to be highly motivational 

but just being highly motivational wasn’t enough. It was essential that the topic also had 

scientific depth and that the students were able to maintain their motivation through 

challenges that would inevitably occur. Fun and interesting is important. Of equal importance 

was scientific thought and the opportunity to engage in a scientific programme that would 

allow for a range of interests around one theme. It was important that the programme resulted 

in students initiating projects within the theme and making choices based on knowledge and 

quality thinking. The topic Asteroids was not only motivational but provided an opportunity 

for the students to engage in an authentic science programme. 

  

3.1  Selecting Participating Schools 

The school environment is often hectic and priorities can vary significantly. At the time of 

this research, substantial changes to the curriculum, specifically the introduction of the 

Australian Curriculum with the first board announced in 2009 

(http://www.acara.edu.au/about-us) and the Western Australian curriculum 

(http://scsa.wa.edu.au/), impacted decision making in schools. Concurrently, there were 

changes to the assessment system, for example, the introduction of the National Assessment 

Programme – Literacy and Numeracy (NAPLAN).  Schools were prioritising Education 

Department expectations leaving little inclination to engage in extra-curricular activities. 

Taylor, Kowalski, Wilson, Getty and Carlson (2013) reported a similar situation in the United 

States. “At the same time, policies that require schools to make adequate yearly progress 

(AYP) on state achievement tests make it risky for them to participate in trials of unproven 

interventions” (p. 1127). 

 

Logistics, particularly school availability, travel to the schools and time, played a significant 

role in school and class selection. Selecting an appropriate high school was challenging. The 

initial plan was that I would be both the teacher and the researcher and would take the class 

once a week. The high school students would participate as a self-selected astronomy group. 
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This was achievable, I was qualified to teach high school and had been given permission by 

the Education Department of Western Australia to so do. Several schools were approached, 

but concerns regarding ongoing changes to the curriculum and assessment were cited as 

reasons for their inability to participate. The time frame was a further complication. The 

lessons were to be conducted for one hour once a week from 4:00 pm to 5:00 pm. This 

required a teacher from the participating school to be in the school to open the computer 

laboratory then lock up at the conclusion of the session. They also had to liaise with the head 

of Information Technology so that specific programmes such as Audela (discussed in Chapter 

4) could be loaded into the information technology school system. That the school had to be 

within 20 minutes driving distance from the school at which I taught exacerbated the 

challenges. The primary school was less challenging because I had been given permission to 

teach the authentic astronomy programme and conduct the research in my own Year 6/7 class. 

Though Year 7s are now in high school, they were part of the primary school system when 

this research was conducted.  

 

The two participating schools were Barton College (Pseudonym) and Glencoe Primary School 

(Pseudonym). Both were metropolitan schools within a 20 minute commute from each other. 

The Barton College student background 2011 Index of Community Socio-Educational 

Advantage (ICSEA) had a value of 1084 and a value of 1089 in 2012. The Glencoe Primary 

School ICSEA 2011 had a value of 1147 and a value of 1138 in 2012. The State average 

value was 1000. This value is a scale of socio-economic advantage that is computed for all 

Australian schools and is used to compare like schools in national testing (myschool.edu.au). 

In keeping with established protocols regarding confidentiality and anonymity, pseudonyms 

are used in this thesis and all publications resulting from this thesis for all schools and 

students. 

 

3.2  Selecting the Topic - Why Study Asteroids? 

Several issues required resolution when selecting the topic. The first challenge was to select a 

theme that would generate enthusiasm across a range of year levels. In addition, issues related 

to topic selection were time constraints and the requirement to select a topic that could be 

used as a platform for teaching the required curriculum. The ways in which an astronomy 

themed asteroid research met these criteria are outlined below. 
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An asteroid is defined by the National Aeronautic Space Agency (NASA)  as “a relatively 

small, inactive rocky body orbiting the Sun” 

(http://www.jpl.nasa.gov/asteroidwatch/fastfacts.php). Most of those that have been 

discovered are in an area known as the asteroid belt in orbit between Jupiter and Mars as 

shown in Figure 3.1. Asteroids are also known as minor planets. 

 

 

Figure 3.1: Artist's graphic of the asteroid belt, part of NASA's Dawn Mission Art series. 

Asteroids in this area are generally not considered a risk to Earth. There are many asteroids 

outside the asteroid belt that have yet to be discovered. Some of these could pose a threat to 

Earth. Image credit: NASA/McREL 

(http://www.jpl.nasa.gov/spaceimages/details.php?id=PIA19380).  

 

It could be argued that using telescopes to capture digital images of galaxies or star clusters 

rather than asteroids, particularly at the primary school level, would be far more likely to 

capture the attention of students. Digital images of galaxies contain a lot more detail and those 

of planets often capture some of the moons. A digital image of Saturn can include the famous 

rings. These images can be easily compared to zoomed areas in programmes such as 

Stellarium. Using Stellarium, students can identify features in their images, for example, NGC 

2070 commonly referred to as The Tarantula.  The different types of  software used to 

complete a variety of activities, for example, Stellarium, are discussed in Chapter 4.  

In contrast, asteroid images contain mostly stars represented as little white dots as observed in 

Figure 3.2. The images were taken by two Year 6 students Michael and Li. Each had a 10 

second exposure and was taken using the Zadko Robotic Telescope. The minor planet with 
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the designation of MP 610 appears as a little white dot in a sea of little white dots. In contrast, 

the nebular in NGC 2070 results in an image more likely to initiate discussion and interest. 

 

The Zadko Robotic Telescope is a 1m f/4 Cassegrain telescope. Core projects include 

automated follow-up on gamma ray bursts and, more recently, optical follow-up of 

gravitational waves projects. (Coward et al., 2017, p. 3005). The use of the Zadko Telescope 

in this project is discussed more fully in Chapter 4 where the importance of providing 

students with access to scientific level equipment is highlighted.  

 

 

                  

MP 610                                                                   NGC 2070 

Figure 3.2: Images taken to compare the detail found in a single image of a minor planet and a 

single image of a galaxy. Both images were taken by Year 6 students. The image on the left is 

of an asteroid with the designation of Minor Planet 610 (MP 610). The image on the right is 

of New General Category object 2070 (NGC 2070). NGC 2070 is more commonly known as 

the Tarantula Galaxy. The image of NGC 2070 has significantly more detail. Nebula, stars, a 

star burst region and dust lanes are evident. In contrast, the image of MP 610 appears as a 

page of small white dots 

 

Further examination of the topic, however, provides several reasons why asteroid research is 

both a valid and valuable tool in developing good scientific practice and increasing 

knowledge. Additionally, it provides a platform from which students can develop positive but 

realistic attitudes towards studying science, particularly physical sciences, into university 

level. Asteroids as a topic also develops an understanding that scientific knowledge changes. 

The formation of asteroids is an example. For some time, the formation of asteroids was 

attributed to a gradual accumulation of particles such as dust grains till, eventually an asteroid 

is formed. A second competing theory discussed by DeMeo (2017), is that asteroids formed as 
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a result of “gravitational collapse of clusters of pebble-sized material in the protoplanetary 

disk into single bodies” (p.792).  

 

The study theme of asteroids is one the students were unlikely to have studied at school, 

thereby providing the opportunity to capitalise on the interest engendered when something 

new is introduced. The space science component of the Western Australian curriculum Years 

5 to 10, for example, centres on Earth as part of a system of planets (ACSSU078), predictable 

phenomena from Earth such as an eclipse (ACSSU115) and galaxies, star systems and the Big 

Bang theory (ACSSU188) (http://k10outline.scsa.wa.edu.au/home/p-10-

curriculum/curriculum-browser/science-v9). Coincidentally, I was part of a team that live 

streamed asteroid 2012 DA14 for NASA as it passed through the southern hemisphere. Figure 

3.3 is an artist’s view of the path taken by 2012 DA14.  

Figure 3.3: This artist’s impression of the path of 2012 DA14 through Earth’s 

geosynchronous ring. With a south to north trajectory, the asteroid with the designation 2012 

DA14 passed by Earth at a distance of about 27 700 kilometres. (Image credit: NASA/JPL-

Caltech) 
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Asteroid 2012 DA14 was of interest for three reasons: 

1. It was a near Earth asteroid (NEA). DA14 was only 27,700 kilometres above the 

surface of Earth which places it inside our geosynchronous orbit (35,800 kilometres) 

above the Earth’s surface. This is where weather and communication satellites are 

located.   

2. It provided researchers a rare opportunity to study a NEA up close. Radar images 

taken at the time found a small moonlet trapped in its gravity. 

3. The flyby of 2012 DA14 was the closest ever predicted Earth approach for a large 

object. Though there are thought to be approximately 500,000 NEA asteroids of the 

size of 2012 DA14 (45 metres), less than 1% have been discovered. 

(https://www.nasa.gov/topics/solarsystem/features/asteroidflyby.html, n.p.) 

 

I spoke to NASA TV Live, international radio stations and national news providing both local 

and scientific information. Knowing someone who was talking to the Jet Propulsion 

Laboratory when the meteorite exploded over Chelyabinsk, Russia heightened their 

enthusiasm for the project. The students could see the relevance of the programme. They also 

began to see themselves as astronomers, albeit, beginner astronomers. If an ordinary person 

like their teacher could do it, so could they.  

 

Of significance is the high degree to which the asteroid study theme is contemporary to 

professional research. That asteroid research is important was emphasised by the number of 

papers related to asteroid research presented at COSPAR 2018 (Committee for Space 

Research). This biennial scientific assembly is a recognised forum for bringing together the 

latest research from the broadest range of research in the space sciences. The body of current 

scientific research on asteroids presented was considerable. Four of these presentations are 

summarised below to highlight the continued importance of this topic as a theme for an 

authentic astronomy programme.  

 

Asteroid studies encompass three sub-themes, the origins of life on Earth, planetary defence 

and asteroid mining. Each of these sub-themes is explored in the following sections. 

 

3.2.1  Origins of life on Earth 

Asteroids, together with comets, are thought to have seeded the Earth with water and carbon-

based materials, the building blocks of life and may hold clues to the origins of our Solar 
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System. Further, past collisions such as the one that halted the dominance of the dinosaurs 

undoubtedly altered the course of evolution.  

 

The discovery of things that change or support traditionally held concepts can be a highly 

motivating factor when teaching students of all ages. The search for the origins of our Solar 

System, and the way in which Earth evolved to its current diverse, constantly changing state 

together with the search for the features that led to the formation of life are the basis for key 

missions, for example, the Dawn and the OSIRIS-REx Missions.  

 

Both these missions are looking for data that contributes to our understanding of the way in 

which our Solar System formed. Discoveries from the Dawn Mission include the findings that 

Vesta, like Earth, has a “dense core, surrounded by a mantle and a crust 

(https://www.jpl.nasa.gov/missions/dawn/, n.p.). The OSIRIS-REx mission had a third goal 

which was to learn more about asteroids that could threaten Earth. The importance of this is 

discussed further under the subheading Planetary Defence. More importantly in the classroom 

context, the students can follow developments and discoveries as they occur via the NASA 

and ESA websites. The knowledge that they can find out the latest discoveries not long after 

scientists fuels their imagination. That some of the information still has no explanation 

stimulates thought (https://www.nasa.gov/mission_pages/dawn/main/index.html; 

https://www.nasa.gov/osiris-rex, n.p.). 

 

When we think of water we tend to think in terms of flood or drought, water shortage, 

conserving water and salinity, just to name a few. Until Week 1, when a general overview of 

the programme was introduced, that water is one of the few things common to all living 

things, was something that had not been considered by most of the participating students. 

During the introduction, students were beginning to discuss the origins of water on Earth. The 

conversations indicated that they were aware that asteroids and comets were thought to have 

seeded Earth with its water. Of interest was the divide between those who thought comets, 

rather than asteroids, and vice versa were responsible. Those arguing in favour of comets 

argued that they were known to have ice and therefore probably more water (Recorded Class 

Observation #2). 

 

Alexander et al. (2012)  reported that “the bulk hydrogen isotopic composition of a comet is 

likely to be more deuterium-rich than its water” and therefore, comets are less likely to have 
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brought water to Earth (p. 732). The Rosetta, a spacecraft launched by the European Space 

Agency in 2004, “found the water vapour from its target comet to be significantly different to 

that found on Earth” and “meteorites from asteroids in the Asteroid Belt also match the 

composition of Earth’s water” supporting the argument that comets were unlikely to have 

brought water to Earth.  

(http://www.esa.int/Our_Activities/Space_Science/Rosetta/Rosetta_fuels_debate_on_origin_o

f_Earth_s_oceans, n.p.). That subsequent missions, are moving towards the theory that 

asteroids, rather than comets, brought water to Earth is irrelevant in terms of motivation. The 

conversation had started, interest was evident and the stage for further research was set. The 

Dawn mission investigated both Ceres and Vesta. Ceres has now been reclassified as a dwarf 

planet but was also referred to as an asteroid or minor planet. The term minor planet is 

interchangeable with asteroid. Dawn mission videos, images and explanations were uploaded 

to the NASA site, providing many opportunities for students to gain more knowledge.  

 

3.2.2  Planetary Defence 

Most people in developed countries grow up hearing about the Chicxulub Crater caused by a 

10 kilometre asteroid that impacted the Earth in the Yucutàn Peninsula killing off much of 

Earth’s life. Asteroids have also featured in movies complete with heroes or heroines who 

save the world from complete destruction. In 2015 the movie, Asteroid: The Final Impact was 

released and the late 90’s saw a run of asteroid versus the world themed movies such as Deep 

Impact and Armageddon. It is by no means a recent phenomenon. Actors have been saving 

the world as early as 1958 when The Day the Sky Exploded was released. Mention planetary 

defence and the need to find Potentially Hazardous Asteroids before they hit us and you have 

the students’ attention. 

 

Every child in the participating class at Glencoe Primary School had heard of the asteroid that 

destroyed the dinosaurs. A few resident dinosaur experts could even name and locate the 

Chicxulub crater but no-one was able to explain its links to dinosaur extinction. When told 

about other extinction events such as the Popigai impact linked to the Eocene epoch mass 

extinction, they were highly motivated to research other large impacts. As a motivational tool, 

Google Earth proved to be very popular. The students built a class chart but the part they most 

enjoyed was locating the sites using Google Earth. Engaging in this activity provided the 

students with an opportunity to understand that the Earth has been hit by many asteroids, not 

all of them life threatening on a global scale. Some such as the Tunguska event caused 
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localised damage. Should such a localised event happen over a major city such as London, the 

result would be a catastrophe but it would not threaten civilisation. This was highlighted by 

Chelyabinsk event in 2013. This was an event that students could follow using websites such 

as nasa.gov. An impact by an asteroid larger than 1-2 kilometres could degrade the global 

climate, leading to widespread crop failure and loss of life. A report of the Near-Earth Object 

Science Definition Team (2017) reported on impact risk assessment. They wrote, “our 

understanding of the consequences of an asteroid impacting Earth has matured significantly 

since the 2003 Science Definition Team report” (p. 39). It is interesting to note that Lily (the 

second primary school student case study), questioned our knowledge of asteroid size in 

relation to its potential to negatively impact the Earth should it hit. Her reasoning is detailed 

in Section 9.1. 

 

Asteroid impact on Earth is a serious risk. Asteroid 2012 DA14 was discovered only about 

two years before its close flyby through Earth’s geosynchronous orbit. Though it was quickly 

determined that there was no danger that it would collide with Earth and at about 30m, the 

damage would have been regional rather than global, it highlights the need to locate 

potentially hazardous asteroids early enough for action to be taken should it be on a collision 

course with Earth. Asteroid 2018 LA was discovered only hours before it disintegrated over 

Botswana, Africa. Though it was on a collision course with Earth it was only about 2 metres 

across and therefore presented as a fireball as it hit Earth’s atmosphere 

(https://www.jpl.nasa.gov/news/news.php?feature=7148, n.p.). 

 

Near Earth Objects, (NEO) are described as small objects that pass within 1.3 Astronomical 

Units (AU) of the Sun (Johnson, 2010; Lupishko & Pozhalova, 2010). Though the probability 

of a significant impact is low, it cannot be ignored. It is estimated that only 1% of NEO have 

been found, but over 90% of those over 1 kilometre in size have been discovered 

(http://neo.jpl.nasa.gov/stats; Hussein, Rozenheck & Utrilla, 2016; Rumpf, Lewis & 

Atkinson, 2016). Today, the focus is on finding NEO’s 140m in size 

(http://:neo.jpl.nasa.gov/stats) but those falling within the tens of metres group are also 

garnering greater attention. Smaller asteroids are more likely to be influenced by the 

Yarkovsky Effect. The Yarkovsky Effect is thought to be a significant force influencing 

asteroid orbital trajectories around the Sun. Though the suggested movement is small, over 

time and in space that can be millions of years, the movement may be enough to push an 

asteroid into a collision course with Earth. Figure 3.4 explains the way in which the theory 
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that the asteroid surface, which is heated during the day, cools off at night causing a change in 

the asteroid’s trajectory.  

 

 

 

 

Figure 3.4: Yarkovsky effect: The asteroid is heated during the day and cooled at night. The 

asteroid cools unevenly with the warmer side giving off more energy than the cooler side, 

producing an extremely small accelleration. Over time, the tiny measurements add up causing 

a change in the trajectory of the asteroid around the Sun. 

(https://www.jpl.nasa.gov/releases/2003/163.cfm) 

 

Investigating the thermal activity of the asteroid Bennu is one of the stated objectives of the 

OSIRIS REx Mission (https://www.nasa.gov/content/goddard/bennus-journey). To 

understand the future orbit of potentially hazardous asteroids, scientists need to understand 

the way in which gravity and thermal activity impacts an asteroid’s orbit. Scientists plan to 

use the information gathered from Bennu to build a global model which will be used to 

predict the orbits of other potentially hazardous asteroids in general and Bennu, in particular. 

Though slim, there is still a chance that Bennu could hit Earth. With a diameter of about 500 

metres, the damage it could cause will be localised rather than global. The more 

measurements the OSIRIS-REx Mission can gather, the more accurate our predictions will be. 

 

The unexpected air blast over Chelyabinsk, Russia, caused when a near Earth asteroid entered 

Earth’s atmosphere, resulted in widespread damage and injuries. Not only was this an 
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unexpected event with the world waiting for the close pass-by of 2012 DA14, the asteroid 

causing such widespread damage was thought to have been only 17-20 m. 

(http://www.esa.int/Our_Activities/Operations/Space_Situational_Awareness/Watching_for_

hazards_ESA_opens_asteroid_centre; Hussein, Rozenheck & Utrilla, 2016).  

 

The potential risk of impact signalled the growth in international centres dedicated to 

minimising the potential impact of Potentially Hazardous Asteroids (PHA). Figure 3.5 

documents the worldwide distribution of these centres. The International Asteroid Warning 

Network (IWAN) was established in 2013 and Space Mission Planning Advisory Group 

(SMPAG) was formally endorsed by the UN General Assembly. In June 2015, NASA 

initiated the formation of a Science Definition Team. They were “to develop a current 

understanding and update of the threat posed by near‐Earth objects smaller than one kilometre 

and to assess methods for providing warnings of potential impacts” (Johnson 2017, p. 2). 

2013 also heralded the development of ESA’s Asteroid Centre, to investigate better warning 

systems for NEO detectors. The Asteroid Impact and Deflection Assessment (AIDA) mission 

concept is an international collaboration among the European Space Agency (ESA), NASA, 

Observatoire de la Côte d’ Azur (OCA) and the Johns Hopkins University Applied Physics 

Laboratory (JHU/APL) (http://www.nasa.gov/planetarydefense/aida).  
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Figure 3.5: Existing Worldwide Observing Network in 2016. Received ~ 18.6 million (1.7 

million NEO) observations from 76 (36 NEO) countries in 2016. Johnson, 2017, IAWN 

status, p. 3). Image credit: Johnson, 2017. 

 

Though a significant number of observations are highlighted in Figure 3.5, the inadequacy of 

our systems for detecting PHA’s before they impact is underscored by incidents such as the 

air blast over Chelyabinsk in 2013 previously mentioned. Hussein, Rozenheck and Utrilla 

(2016) noted only, “two asteroids had been detected before impact: the 2008 TC3 and the 

2014AA” with both being detected at terminal approach (p. 491).  

 

Of particular interest for students was the knowledge that both ground optical and radio 

telescope cover mostly in the northern hemisphere, leaving the southern hemisphere largely 

uncovered. The students used Sky Coverage, available at the Minor Planet Centre as evidence. 

Sky Coverage allows the user to generate plots of sky coverage by surveys searching for 

NEOs. They could enter the required dates and then select some or all of the surveys being 

carried out at the time. In selecting all and varying the dates, the students were able to 

determine which parts of the Earth were being surveyed as seen in Figure 3.6. Hussein, 

Rozenheck and Utrilla (2016) reviewed the efficiency of current detection and tracking 

techniques, particularly in dealing with short warning threats from detection to impact and 

concluded “current capabilities of monthly coverage are certainly not sufficient to detect all 

incoming objects (p. 492).  
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Figure 3.6: This is an example of the type of information students were able to obtain using 

Sky Coverage. The information from several generated plots allowed the students to visualise 

the which surveys were done by which group together with the areas surveyed 

(http://www.minorplanetcenter.net/iau/SkyCoverage.html). 

 

Coupled with work towards developing and refining methods for protecting the Earth from 

asteroid impact is the asteroid risk assessment programme developed by Clemens Rumpf. To 

date, risk assessment has relied on abstract scales such as Torino and Palermo, neither of 

which details consequences of an impact (http://neo.jpl.nasa.gov/risk, 2016). Rumpf’s 

Asteroid Risk Mitigation and Optimization Research (ARMOR) tool provides increased 

reliability in the way in which it models asteroid impact sites. It “calculates impact locations 

of asteroids and presents this information in the form of spatial impact probability 

distributions on the Earth map” (p. 166). Other variables such as speed and impact angle are 

also calculated.    

 

3.2.3  Asteroid Mining 

As a $330 billion industry with accelerating growth and the developing need for in-space 

delivery of commodities such as water, asteroid mining has the potential to become a 

sustainable and profitable industry (https://deepspaceindustries.com/mining). Mining for 

minerals such as platinum is not currently economically viable, though this may change 

quickly with the development of small spacecraft. According to David Szondy in an article, 

Asteroid Mining: the Race for Space Riches, water costs $10,000 per litre to send to the 

International Space Station (http://newatlas.com/asteroid-mining-future/44961/). If water can 
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be sourced in space, the cost could be reduced. Water is used not only for drinking but also 

for hygiene purposes, and it can be split into hydrogen and oxygen and used as a fuel source.   

 

Asteroid mining could well become a reality within the students’ lifetime. During the 114th 

Congress of the USA, 2015, President Obama signed into law the bill recognising asteroid 

resource property rights aimed at facilitating “commercial exploration for and commercial 

recovery of space resources”  (H. R. 2262, 114th Congress of the United States of America, 1st 

sessions, 2015, n.p.). The prevention of government barriers to safe economic development 

was also cited as a reason for the bill.  

 

The organisation, Planetary Resources, has already successfully launched spacecraft Arkyd 3 

into orbit, testing core prospecting capabilities. Arkyd 6 also successfully tested the core 

technology that will be used in asteroid exploration in lower Earth orbit. The company 

promotes the idea that asteroid mining will determine future economic growth on Earth. 

Planetary Resources are investing in mining from two perspectives, the first being the 

multibillion dollar industry in spacecraft propellant and the second platinum group metals 

used in everyday goods, for example, electronics and medical devices 

(http://www.planetaryresources.com/asteroids/#asteroids-market-opportunity). 

 

Luxembourg announced that it was opening a €200 million line of credit for entrepreneurial 

space companies to set up their European headquarters within its borders 

(https://spacenews.com/luxembourg-invests-to-become-the-silicon-valley-of-space-resource-

mining/). It has already reached agreements with both Planetary Resources and Deep Space 

Industries.  

 

Deep Space Industries, a Californian based asteroid mining company, is on schedule to land 

on an asteroid in 2019. Small spacecraft will provide the space mining industry with an 

economical way to conduct prospecting missions to asteroids to determine whether they are 

worth mining. Deep Space Industries is only in its initial phase towards interplanetary mining 

and the gap between prospecting and harvesting is vast 

(http://deepspaceindustries.com/prospector-x).  

 

As a step towards achieving their goal of interplanetary mining, Deep Space Industries, in 

partnership with the Government of Luxembourg, plans to launch Prospector-1, a small, 50 
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kilograms when fuelled, spacecraft to a Near Earth Asteroid to “investigate the object to 

determine its value as a source of space resources.” The craft will provide a balance between 

low cost and the technology needed to complete the mission successfully. The spacecraft will 

use water as a propellant in preparation for the potential to refuel in space. Water will be the 

first resource mined (http://deepspaceindustries.com/first-commercial-interplanetary-

mission/).  

 

Asteroids with sufficient quantities of water or, in the future, minerals need to be located. Not 

all asteroids are candidates for mining. Deep Space Industries are using sophisticated, small 

spacecraft to explore and study near Earth asteroids. The orbit around the Sun of near Earth 

asteroids is similar to that of Earth’s. This makes near Earth asteroids easier to travel to, rather 

than to asteroids found in the asteroid belt. Together with the little gravity environment 

making it easier to extract resources, near Earth asteroids are excellent targets for resource 

exploration and extraction. 

 

Work done by both Planetary Resources and Deep Space Industries suggest that the potential 

for asteroid mining to become a reality is valid. The launch of technologically advanced 

micro spacecraft with a water based propulsion system with several enabling technologies 

will test the viability of mining asteroids. Issues such as autonomous navigation and increased 

fault detection still need to be resolved (Probst, Peytavi, Eissfeller & Foestner, 2016). The 

results of the research projects in areas such as these will quickly narrow the gap between 

prospecting and mining. If not involved in projects as planetary scientists, the students of 

today could well be the software developers for the mining projects.  

 

3.2.4  Conclusion – Asteroid Research 

Each of the three areas of significance also had missions that could easily be accessed by 

students. The students were easily able to follow the various missions such as past exploration 

of Galileo and future OSIRIS-REx spacecraft which was launched September 2016. It is 

hoped that OSIRIS-REx will harvest a sample which will contain the building blocks of life 

(https://www.nasa.gov/feature/goddard/2016/nasa-to-map-the-surface-of-an-asteroid, last 

updated July 2017). The planetary defence spacecraft, Asteroid Impact and Deflection 

Assessment Mission and Double Asteroid Redirection also provided students with interesting 

sources of information. Asteroid mining related activities can be sourced online.  
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To conclude, the asteroid themed programme was a considered option because it was unlikely 

that students would have previously studied the topic in depth. It also had three strong 

motivational supports. They were the opportunity to: 

1. learn more about the origins of our Solar System in general and Earth in particular; 

2. investigate the role asteroid research plays in protecting Earth from potential asteroid 

impact, and, 

3. follow exciting new industries such as asteroid mining which have the potential to be 

viable areas of study and potential sources of employment by the time the students 

reach university. 

 

A further reason for selecting asteroid research as the theme for this authentic astronomy 

programme, was that as both the teacher and the research, I had considerable experience in 

asteroid research and a significant knowledge base on which to draw.  

 

3.3  Research Methodology 

In this section I justify the mixed methods approach used in this doctoral research. Mixed 

methodology using both qualitative and quantitative data sources within a single study was 

the approach used in this doctoral thesis. The research design was a multiple case study. In the 

next subsection the mixed methodology as a valid format is discussed. In the following three 

sections an overview of the multiple case study research design is provided and three 

methodological conventions including the case study, action research and the methods of data 

collection and analysis assessment are described. 

 

3.3.1  Mixed Methodology 

Twenty years ago, mixed methodology was rarely used and not commonly accepted as a 

legitimate methodology. Today it is widely used. Biddle and Schafft (2015) wrote, “One of 

the more notable shifts within the social sciences in the past 20 years has been the increasing 

acceptance and prominence of mixed methods research” (p. 320). Mixed methods rise to 

prominence is echoed by Hess-Biber (2014) and Cohen, Manion and Morrison (2011).  

 

The graph presented in Figure 3.7 below (Biddle & Schafft, 2015) demonstrates the increased 

labelling of research as having used mixed methodology, particularly within the social 

sciences. 
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Figure 3.7: Adapted and redrawn from Biddle and Schafft’s (2015) graph showing increased 

prevalence of mixed method research. The number of articles citing mixed methodology 

research increased significantly indicating increased acceptance as a legitimate research 

method. For the first 10 years from 1992, there was very little movement in the number of 

people using mixed methodology. By 2013, 1750 papers were written citing mixed research 

as the methodology used.  

 

Several factors have contributed to the increased acceptance of mixed methodology in the 

academic world. They were the: 

a) number of publications using mixed methodology increasing and driving the trends, 

b) publication of mixed methods books, for example, Mixed Research Methods – 

Merging Theory with Practice by Hesse-Biber (2015),  

c) publication of topic specific journals, for example, Journal of Mixed Methods 

Research,  

d) pressure from government and private sponsored research requiring quantitative and 

qualitative data on which to base decisions, and 

e) computer based technologies which could be used to derive quantitative measures 

from qualitative data. 

(Biddle, & Schafft, 2015; Cohen, Manion & Morrison, 2011Hesse-Biber, 2010; Mertens, 

2014).  

 

In this doctoral thesis, the research questions were central to the mixed methodology 

approach. Mixed methodology using both qualitative and quantitative data sources were used 
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with neither quantitative nor qualitative being privileged. As the goal of the research was to 

investigate the impact of the authentic astronomy programme on both student knowledge and 

attitude, both data sources were equally important. Mixed methodology served to enhance the 

trustworthiness of the research. By providing multiple forms of data to answer the research 

questions, also known as triangulation (Cohen, Manion & Morrison, 2011, p. 141) the quality 

of the case studies was enriched. Additionally, a search for both confirming and 

disconfirming evidence in the qualitative data provided alternative explanations for trends 

observed in the quantitative data. Gorad and Taylor (2007) wrote, “Combined methods 

research, and the combination of data derived through the use of different methods, has been 

identified by a variety of authorities as a key element in the improvement of social science, 

including education research” (p. 7). 

 

In this research, quantitative data provided broad, course grained information about all 

participating students’ attitudes towards science and their understanding of relevant 

astronomy concepts. The qualitative data provided more detailed and personalised 

information about changes to individual students’ attitudes towards school science and 

understanding of astronomy, in particular, asteroids and how these changes might have taken 

place. The qualitative data enabled the researcher to ascertain whether it was reasonable to 

make causal connections between what happened during the authentic astronomy programme 

and the trends observed in the quantitative data.   

 

3.4  Research Design and Methodological Conventions 

The design for this doctoral research consisted of three stages, the planning, data collection 

and analysis. These three stages are represented diagrammatically in Figure 3.8. 
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Research Design 

 

Figure 3.8: A visual representation of the research design process. The research design 

consisted of three stages, the planning, data collection and analysis.  

 

In the next section I provide an overview of the conventions on which this research was 

conducted.  

The conventions used were: 

a) case study, 

b) action research, and 

c) multiple methods of data collection. 
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3.4.1  Case Study 

Case studies about four students were used to gain an in-depth understanding of both the 

qualitative and quantitative data. Merriam (1988) refers to three types of case study, 

particularistic, descriptive and heuristic (p. 29). It is the second type of case study, 

descriptive, that was used in this doctoral thesis. The data were systematically and rigorously 

gathered, eliciting a data rich base from which the assertions and case studies were written. 

The context in which the research was conducted was dynamic with each session anchored in 

asteroid research but evolving according to students’ needs. The case studies completed in 

this context allowed for a more detailed analysis of cause and effect. They provided 

opportunities for the reporting of the “complex interactions of events, human relationships 

and other factors in a unique instance” (Cohen, Manion & Morrison, 2011, p. 253).  

 

Classrooms are dynamic places, rich in social interaction with nuances unfurling and 

mingling continuously. As defined by Merriam, “descriptive case study focusses on thick 

description of whatever is being studied” (p. 30). The case studies undertaken in this research 

allowed for the richness of the discussions and student thought construction to be analysed in 

minute detail. Such a detailed description and subsequent analysis provided a profound 

understanding of the importance of authentic learning as defined in this doctoral research to 

improving student conceptual understanding of and attitude towards science. It also provided 

the reader with a chronological account, which enables links to be made between the 

numerical results obtained and relevant pathways taken by the students to achieve their 

numerical results.  

 

The authentic astronomy programme was written for students with different approaches to 

and aptitudes for learning with a view to providing all students with similar opportunities for 

success. The four students selected for the case studies, provided a range of learning styles, 

conceptual development and attitude towards learning found in classes.  

 

The two high school students were selected for their diverse learning styles. Peta took a very 

methodical and analytical approach when completing the activities, solving challenges and 

leaning new concepts. In contrast, the second high school student, Mark, had a passion for 

space science but in a different field. His approach was considerably less methodical. Mark 

acted on ideas immediately, then backtracked to find errors in his thinking and to make 

changes as new ideas occurred to him.  
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The two primary school students were selected because they were performing at opposite 

ends of the academic achievement scale as expected for their year level. Jeremy demonstrated 

very little interest in anything and was achieving at the lowest end of the scale. In contrast 

Lily had a passion for learning and was the highest performing of her group of students. The 

rest of the students fell in the continuum between the two.  

 

3.4.2  Action Research 

Action research is a methodology primarily used by practitioners in various fields who 

conduct systematic research in their local environment in order to improve their practice and 

the general working environment for their community (Lesha, 2014; Noffke, 2009). Kemmis 

and McTaggart (1988) refer to it as a “collective, self-reflective enquiry” (p. 5). Mc Niff 

(2014) argues that defining action research is difficult given the “many different action 

research traditions, all with varying perspectives” (p.13). Underpinning the tradition of action 

research is the notion that understanding action and studying action as it takes place is 

fundamental to the methodology.  Coghlan and Shani (2017) wrote, “the dynamic nature of 

the relationships that evolve over time will impact the framing of the issue, the research 

question, the process of action and outcomes” (p. 126).  

 

Action research was considered suitable for this doctoral study because the principle 

researcher, doctoral candidate, and writer of this thesis, Auriol Heary, was also the 

practitioner;  the person who developed, coordinated and taught the authentic astronomy 

programme. The working environment and context of the action research included the two 

participating schools and the students involved in the authentic astronomy programme.  

 

Action research can arise from a shared concern with the researcher and the participants 

working collaboratively to answer questions or foster change (Kemmis & McTaggart, 1988; 

Mertler, 2017; McNiff, 2014). In this research, the students had an integral role in 

determining the direction of the programme. Critical reflection was reported in their journals. 

Class/small group discussions and informal discussions allowed for a free exchange of ideas 

and views. The process of negotiation not only reflects on areas of shared concern, 

precipitating change but also highlights activities and practices that should be maintained.  
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Kemmis and McTaggart (1988) wrote, “Action research is an approach to improving 

education by changing it and learning from the consequences of change” (p. 22). 

 

Action research was considered the most appropriate approach to investigate if and how the 

authentic astronomy programme impacted on students in terms of  conceptual understanding 

of, attitude to science and their capacity to work like scientists. It is ideal for school-based 

research in teaching practice because it allows for carefully targeted change in real time. The 

planning, action and subsequent evaluation of the actions based on critical reflection of 

student responses have the potential to facilitate more tailored responses to both individual 

and group needs. New data obtained from ongoing evaluation provides the basis for change. 

Kemmis and McTaggart (1988) wrote, “Group action and the action of individual members of 

the group is subject to critical reflection” (p. 8). The importance of critical reflection was 

supported by Mertler (2017) who wrote, “reflection is an integral part of action research” (p. 

13) and defined it as “the act of critically exploring what you are doing” (p.13). The constant 

critical reflection of the activities used in the authentic programme by both the students and 

the teacher/researcher are reflected in the changes made.  

 

Action research differs from general reflections teachers and students may make during the 

course of the year in that the various steps are carefully planned and systematically reviewed. 

Observations were recorded in situ. This flexibility allowed both planned and unplanned but 

relevant observations to be recorded. Multiple methods of data collection as detailed in 

Section 3.5 were used to provide rigorous and detailed information upon which critical 

reflection and subsequent changes were based.  

 

Integral to the authentic science programme was the commitment to change which was driven 

by the students’ conceptual understanding, responses and interests. The latter may not have 

always coincided with the programme’s planned content but were considered an essential part 

of developing a positive attitude towards science. The changes made to accommodate 

students’ conceptual understanding and interests in the primary school context are included in 

Table 7.3 and the high school context in Table 4.3.  

 

Action research is intended to have both action outcomes and research outcomes (Foster, 

2014). In the case of this doctoral research, the action outcomes were the development and 

delivery of the authentic astronomy programme that is described in Chapter 4.  The research 
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outcomes were the understandings developed about how the programme impacted on the 

participating students’ knowledge about astronomy and their attitudes towards science. The 

research outcomes are described in the results and case studies chapters of this thesis, 

Chapters 5 to 10. 

 

Action research often involves an intersection between the local work environment, and the 

professional and personal dimension of the researcher and the participants (Noffke, 2009).  

Both the research and the participants in this doctoral study were of equal value, with 

participants cognisant that, together, we were looking for a better way to teach science in 

particular and the curriculum in general. One advantage of action research is that it is flexible 

enough to adapt to changing conditions and is characterised by a constant exchange between 

action and reflection. Dick and Greenwood (2015) wrote, “The core of action research is the 

constant confrontation of reflection and action, theory and method, theory and practice aimed 

at producing understanding and effective action” (p. 195). The traditions associated with 

action research, that it is undertaken to understand, evaluate and change are supported by 

Costello (2003). 

 

Action research is described by Kemmis and McTaggart as cyclic with the length of the 

cycles varying according to the nature of the research being undertaken (p.47). The cycles in 

this doctoral thesis are short with changes occurring weekly in the early stages of the 

programme (See Tables 4.3 and 7.3) . In the long term, the research as a total unit was a 

single cycle completed within a limited timeframe. Further cycles could initiate change if the 

research was to be undertaken by other teachers.   

 

 3.4.3  Multiple Methods of Data Collection 

Multiple methods of data collection were crucial to this doctoral thesis as they provided the 

platform on which achievement and skill development could be measured for individual 

participants as a regular part of classroom assessment. Moreover, it was imperative that the 

type of data collected and its analysis were relevant to the research and were controlled by 

suitability for purpose and authenticity (Cohen, Manion & Morrison, 2011). Several forms of 

data collection were used to provide rigorous and detailed data and are explained in Section 

3.5.  

 

 



48 
 

 

3.5  Development of Methods of Data Collection 

Assessment is fundamental to education but does not exist in isolation. “Educational 

assessment is a process of drawing reasonable inferences about what students know on the 

basis of evidence derived from observation of what they say, do or make in selected 

situations” (Gouli, Gogoulou & Grigoriadou, 2003, p. 215). Underpinning the assessment 

methods used is the need to provide students with an opportunity to demonstrate both higher 

order thinking and comprehension of explicit knowledge (Carroll & Moody, 2006; Francisco, 

2004). Aligning assessment to instruction is essential. Further, systematic data collection 

using mixed methods allows for the opportunity to assess work based on thinking skills for 

the 21st Century (Lin, 2002; Carroll & Moody, 2006; Gouli, Gogoulou & Grigoriadou, 2003).  

 

Time constraints, particularly in the high school where only one hour per week was allocated 

for instruction, meant that efficiency was needed to elicit quality data within the timeframe. 

Further, the assessment tools used had to be suitable for a wide age range and ability level. 

Novak (1983) ascertained that “students of any ability level could be successful in concept 

mapping” (p. 633). The visual element of a concept map allowed all participating students, 

rather than just those who respond well to written tests, to organise and demonstrate their 

knowledge in a meaningful way. Further, it afforded all students the opportunity to construct 

links demonstrating, not only knowledge of single concepts, but also links between concepts. 

Additionally, the format provided for an efficient way for the results to be assessed and 

changes made to the programme in the limited time available.  

 

An integrated structure to address the constructs of this research was designed with a different 

format for each of the areas, knowledge, skills and attitudes. Concept maps, check lists, 

students’ journals, informal interviews and a written record of student comments/discussions 

made during classroom observations were used to assess student outcomes as well as methods 

of data collection for the research. 

 

The methods of data collection and data analysis used in this research and how they align with 

the research questions are summarised in Table 3.1. 
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Table 3.1 The Data Collection Methods aligned with the Research Questions 

Research Question Method of Data 

Collection 

Method of Data 

Analysis 

Knowledge and 

Skills Assessed 

1. Conceptual 

understanding 

 

Concept maps Quantitative scoring Knowledge 

Quick quiz Quantitative scoring Applied knowledge 

and skills, 

terminology 

Classroom 

observations and 

field notes 

Qualitative analysis 

and writing of case 

studies 

Depth of 

understanding 

Students’ reflective 

journals 

Qualitative analysis 

and writing of case 

studies 

Knowledge 

Progress of student 

learning 

Classroom artefacts 

including emails, 

student work, 

information from 

computer software 

used in activities 

Qualitative analysis 

and writing of case 

studies 

Applied knowledge 

and skills, 

Terminology 

Clarification 

ACPlanner 

 Informal interviews Qualitative analysis 

and writing of case 

studies 

Depth of  

understanding 

Clarification 

 

2. Attitudes  Classroom 

observations and 

field notes 

Qualitative analysis 

and writing of case 

studies 

Demonstrated 

attitudes towards 

science 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Students’ reflective 

journals 

Qualitative analysis 

and writing of case 

studies 

Inclusion of 

independent study 

Classroom artefacts 

including emails, 

student work, 

information from  

computer software 

used in activities 

Qualitative analysis 

and writing of case 

studies 

Evidence of Higher 

order thinking and 

independent research 

Informal interviews 

 

 

 

 

Qualitative analysis 

and writing of case 

studies 

 

Depth of  

understanding 

Clarification 
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Table 3.1 cont. The Data Collection Methods aligned with the Research Questions 
Research Question Method of Data 

Collection 

Method of Data 

Analysis 

Knowledge and Skills 

Assessed 

3. Working like a 

scientist 

Skills inventory Quantitative scoring  Imaging software 

Telescope usage 

Ephemerides 

 Classroom 

observations and 

field notes 

Qualitative analysis 

and writing of case 

studies 

Evidence of scientific 

procedure 

Students’ reflective 

journals 

Qualitative analysis 

and writing of case 

studies 

Evidence of scientific 

procedure 

Classroom artefacts 

including emails, 

student work, 

information from 

computer software 

used in activities 

Qualitative analysis 

and writing of case 

studies 

Evidence of scientific 

procedure and 

terminology 

 

3.5.1  The Concept Map 

The concept map was the central tool used to ascertain students’ prior knowledge and false 

beliefs. As the programme was implemented, it was also used to identify changes in the 

students’ conceptual understanding and to assess the depth of understanding of the topic at the 

completion of the research. As a tool for assessing students’ knowledge and ensuing 

connections made between concepts, it is ideal for action research. Suitable amendments to 

the course could be made as the data were collected and analysed at the end of each section. 

“Additionally, connections between key concepts are shown to have directionality by drawing 

an arrow at one end of the link” (Francisco, Nakhleh, Nurrenbern & Miller, 2002, p. 249). 

Bak Kibar, Yaman and Ayas (2013) found that an analysis of concept maps constructed by 

students in their final year of teacher training failed to demonstrate the hierarchical nature of 

some concepts and highlighted false knowledge (p. 542).  Difficulty in establishing 

hierarchical links was also reported by Yaman and Ayas (2015) and Cronin, Dekkers and 

Dunn, (1981) with Yaman and Ayas suggesting that students’ results reflected learning by 

making the more complex cross connections between concepts (p. 853).   

 

“A concept map is a graphical node-arc representation, where nodes represent concepts and 

labelled arcs or lines represent the relationships between concepts” (Gouli, Gogoulou & 

Grigoriadou 2003, p. 200). Though stated using varying terminology, this definition is 

generally accepted among researchers (Salem, Belcadhi & Braham, 2014, p. 647; Yaman & 
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Ayas, 2015, p. 843). Defined by a focus question or statement and its hierarchical nature, the 

concept map facilitated opportunities for students to demonstrate the relationship between 

concepts including those requiring higher order thinking. The cross links communicated 

deeper knowledge of concepts and their multifaceted interconnections. They required the 

student to “develop and store strongly hierarchical frameworks of successively more inclusive 

concepts in long term memory” (Pearsall, Skipper & Mintzes, 1997, p. 195).  

 

Concept maps provide insight into the way in which students structure their knowledge. 

Pearsall, Skipper and Mintzes (1997) report that, “the evidence suggests that students who use 

‘active,’ ‘deep’ information processing strategies construct more elaborate, well differentiated 

knowledge structures” (p. 193). Supporting evidence is provided by Bak Kibar, Yaman & 

Ayas (2013), Gouli, Gogoulou and Grigoriadou (2003), and Rice, Ryan and Samson (1998). 

Additionally, concept maps expose false knowledge effectively (Bak Kibar, Yaman, & Ayas, 

2013; Francesco, 2002; Gouli, Gogoulou, & Grigoriadou 2003; Rice, Ryan & Samson, 1998; 

Salem, Belcadhi & Braham, 2014).  

 

Rice, Ryan and Samson (1998) found “correlations between map scores and state criterions-

referenced and national norm-referenced standardised tests were indicators of high concurrent 

validity (p. 1103). Reiska et al. (2015) support concepts maps as a valid form of assessment 

and reported a correlation between data obtained from concept mapping and that obtained 

from PISA-like tests (p. 357). They suggest that cross links and hierarchical concepts provide 

information not measured in alternative formats such as multiple choice. “Interpreting concept 

mapping data correctly needs to take into account all conditions of construction” (Reiska, et 

al., 2015, p. 357). This entails attending to the quality of each concept recorded in conjunction 

with the quantity.  

 

The scoring key used to quantitatively score concept maps has consistently been contentious 

(Rice, Ryan & Samson, 1998; Yaman & Ayas, 2015). One common method is to apportion a 

score to each concept with those resulting in cross links and/or hierarchical links being scored 

higher than single concepts. The complexity of the responses is important. Another method 

emphasises a combination of both the complexity and accuracy of the responses with each 

concept scoring according to relevance and quality of the propositions. Propositions are 

defined by Novak (1983) “as two or more concepts systematically ‘linked’ to illustrate a 

specific regularity” (p. 226). In its simplest form, each applicable concept is allocated points 
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(Rice, Ryan & Samson, 1998; Stoddard, Abrams, Gasper & Canaday, 2000). Figure 3.9 

shows part of a concept map with links between concepts demonstrating a sound 

understanding of the classification of asteroid according to type. Figure 3.10, also completed 

by a Year 6 student, shows part of a concept map with separate concepts noted. A simple 

expansion of knowledge when describing an asteroid is included. The missing connections 

between concepts provided relevant information of concepts that required reteaching. 

 

 

    

Figure 3.9: A Year 6 student’s ongoing concept map. She began with different categories and 

added information detailing different sub-categories then subsequently added identifying 

features of the asteroids found in the various categories.   

 

 

 

 

Figure 3.10: Concept Map B: A Year 6 student’s ongoing concept map. This early stage 

concept map has limited connections and the information presented is low level. 
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The concept maps were implemented as follows: 

a) Assessment 1: All participating students started with the word “asteroid” in the centre 

of their page. They added as many links as they could to the word.  

b) Assessment 2: Using the same concept map, all participating students used a different 

colour to add new knowledge or expand on knowledge already recorded. 

c) Assessment 3: Using the same concept map, the primary school students used a 

different colour to add new knowledge or expand on knowledge already recorded. 

 

The time frames for high school and primary school entries were different. The high school 

class met once a week and the assessments were done in weeks 1and 3. The Primary school 

classes were part of the normal school curriculum and conducted cross curricula with 

assessments being done Weeks 1, 3 and 5. Table 3.1 list the points awarded for each concept 

the students recorded using differentiated levels of information. The points were allocated as 

follows: 

a) 3 - expanded links, analysis 

b) 2 - information beyond simple points, for example, types, size using measurements. 

c) 1 - standard facts, for example, location, general size 

 

Those who changed the topic to “Transient Objects” for example, because they couldn’t think 

of enough points still scored points for information relevant to asteroids. Incorrect or 

irrelevant points were noted but ignored for scoring.  

 

Table 3.2 lists the points awarded for each concept the students recorded using differentiated 

levels of information. A paired t- test was used to ascertain the statistical difference in the 

students’ mean scores over the course of the programme. The high school assessments 1 and 2 

were used. The primary school students’ concept maps from sessions 1 and 2 were compared 

with a final analysis being done using the concept maps from session 1 and the combined 

results from sessions 2 and 3. The first analysis was to determine the initial rate of student 

progress. The second analysis between Concept Map 1 and the combined scores of Concept 

Maps 2 and 3 was done to assess the overall improvement in conceptual knowledge.  

  

A colleague also scored the 8 high school concept maps and 10 of the primary school concept 

maps using the point definitions listed in Table 3.2. She was a primary school teacher and 
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though her astronomy knowledge base was limited, she had considerable experience using 

concept maps to assess student work. There was a 100% agreement for 1 point items and 95% 

agreement for both 2 and 3 point items.  

 

Table 3.2: Point allocation for the concept maps. 

1 point 2 points 3 Points 

Definition, rock objects in 

space 

Types; inactive rock Explain difference between 

types. Spectral classification 

Location, Asteroid belt, RA 

and Dec 

Explain asteroid belt, other 

locations, Using RA and 

Dec, ephemerides 

Near Earth Asteroids (NEA) 

DA12; companion moons 

Some hit Earth; Dinosaurs Hit Earth – time frame Capturing asteroids 

General size Size using measurements Relationship between 

gravity and shape; when 

compared to the moon; 

Orbit Days and years vary Tracking asteroids; 

importance of telescope 

position north/south 

hemisphere  

Possibility of mining Mining – water, minerals, 

mining companies 

Possibility of mining -  

discussed comparing and 

contrasting opposing views 

Names Reasons to study asteroids - 

Near Earth Asteroids (NEA)  

Reasons to study – carbon 

based life, origins of water 

on Earth, defense 

Origin No atmosphere Space craft exploration - 

Dawn 

Different sizes States sizes of well know 

asteroids  

Relate size to other variables 

e.g. entry into Earth’s 

atmosphere 

Shape – general reference Refers to non-spheroid 

shape; specific reference to 

range of shapes 

Link shape with difficulties 

in measuring light 

curve/rotation 

 Does not support life Why Ceres was reclassified 

as a dwarf planet. 

 

3.5.2.  Checklists 

A number of skills centred on telescope usage, image processing software and understanding 

and using ephemerides were required before the students could take and analyse images that 

might show asteroids. Many of the studies into the relevance of checklists comes from the 

health perspective (Abramowitz, Polackiewicz & Grinspoon, 2011; Rosen, & Pronovost, 

2014). The health care perspective can also be applied to education. Ratcliff (2002) defines a 

checklist as a “list of sequential skills or behaviours arranged into categories and used to 

determine whether a child exhibits the behaviours or skills listed” (p. 67). The checklists used 
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to access knowledge and understanding in this thesis encompassed the notion of “mastery 

defined as including independence and generalisation” (Hager & Slocum, 2011, p. 27). 

Including independence and generalisation moved the checklist beyond a mere list of skill 

criteria to be covered.  

 

Clear identification of the skills required allowed for identification of possible gaps in the 

programme thereby facilitating better decision making during the initial stages of planning. 

During construction, each item was checked against corresponding criteria mandated in the 

Western Australian curriculum, previously discussed in Chapter 1, and the skills needed to 

complete the activities. In doing so, the reliability of the data collected was improved, thereby 

augmenting the integrity of the combined checklists as they were developed.  

The checklists used in this thesis were also used to codify skill expectations, thereby 

removing ambiguity for students as well as the teacher/researcher. The initial planning and 

subsequent construction of robust checklists was labour intensive but this was balanced by the 

ability to evaluate technically specified skills and the execution of the specified skills in 

students. Additionally, the opportunity to evaluate and improve student performance 

concurrently fuses well with action research. The need for interventions can be captured 

quickly, thereby minimising the time between student error and the intervention. It allows for 

intervention to occur within the context in which the skills are taught. In education, context is 

important if skills are to be learnt quickly. Given the time constraints of the research 

conducted for this doctoral research and the number of skills required, speed was important as 

was application of improvement strategies designed to precipitate learning.  

Finally, checklists are a powerful tool for disseminating expectations regarding effective 

performance. Students can identify which skills are required and the degree of mastery needed 

for them to be successful. They allow for self-evaluation and provide students with self-

determining opportunities for goal setting. They also provide students with definitive points to 

use when communication ideas with peers and seeking assistance and/or clarification.  

Three checklists were used in this research, ephemerides, telescope use and software imaging 

programmes. Figure 3.11 details the ephemerides checklist with the independent and 

generalised mastery required. For a skill to be determined as achieved, students were required 

to demonstrate the skills independently and an ability to apply the skill in a general setting, 

for example, when using either the Jet Propulsion Laboratory or the Minor Planet Center. 
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Ephemerides  Mastery Demonstrates skill 1; Explains 

uses 2; Explains links 3. 

Locating 

Start Date Format 

 

yyyymmdd (MPC); yyyy_mm_dd (JPL); 

dd/mm/yyyy (standard Australian) 
 

Number of Dates to Output Relationship to dates and timeframes  
 

Intervals Able identify and apply appropriate time 

intervals for imaging, for example 1 

hour, 24 hr or 30 min intervals. 
  

UT/Local Time Offset Understanding reasons for Universal 

Time and applying local time offset 

efficiently. Relate to the difference 

between Greenwich Mean Time and  

Universal Time during daylight saving. 
 

Using Observatory Code Using the correct observatory code 

according to the telescope used, for 

example, when using the Zadko Robotic 

Telescope or one of the Perth 

Observatory telescopes; Observer 

location using latitude and longitude 

(JPL). 
 

Using Latitude/Longitude h m s / d m s – no symbols (MPC); h m s 

/ d m s using symbols (JPL) h:m:s.s / 

d:m:s.s (ACP Planner)   

Reading 
 

Date Determining best start and finish times 

UT/Local Time Including +8 in request for MPC and JPL 

Right Ascension/Declination Can use and explain the link between 

latitude/longitude and right ascension 

(R.A.) and declination (dec). 
 

Object Altitude Explain links between object altitude and 

telescope viewing; +30 (ZRT) 
 

Moon Phase Can use and explain the relevance the 

moon phase and time when selecting 

viewing objects. 

Sun Altitude Can use and explain the relevance the 

sun’s altitude when selecting viewing 

objects. 

Using  

Ephemerides to select suitable asteroids 

to image  

Can use and explain decisions when 

selecting objects for single image taking. 

Ephemerides to select suitable asteroids 

to track during the night  

Can use and explain decisions when 

selecting objects for tracking across a 

night. 

  

Figure 3.11: Locating, using and explaining ephemerides with expected levels of mastery and 

explanation. The explanation link was the most important because it demonstrated a 

significant depth to the students’ new knowledge. 
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Figure 3.12 identifies the links between objectives from each of the three checklists. The 

students needed to understand the ephemerides right ascension and declination and use them 

in different formats, to request an image from any of the three telescopes. The image comes 

with a Flexible Image Transport System (FITS) heading with several pieces of relevant 

information including location. 

 

Figure 3.12 shows the relationship between understanding and using right ascension and 

declination in a range of formats to request an image and then read and understand the FITS 

header. Determining the ephemerides was the linking concept. The students determined the 

ephemerides then, using the format required for the selected telescope, requested the image. 

The same knowledge was needed when images were downloaded.  

 

3.5.3  Student Journals 

The students’ journals provided an insight into their thoughts and attitudes throughout the 

programme. The literature suggests mixed reviews on the value of student journals with some 

viewing them as little more than a recount of the lesson while others valued the critical 

analysis of aspects of the programme (Dyment & O’Connell, 2010, p. 233). Reflective 

journals allow the student to articulate his/her thoughts. They have the potential to detail 

student thoughts at various stages of the project as well as allowing the students to engage in 

higher order thinking when making connections between concepts and skills and formulating 

questions for knowledge and clarification. Pavlovich (2007) writes, “The act of writing 

facilitates deeper analysis of the experience through assessing and articulating it” ( p 284).  
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Journals, can however, be superficial with little reflective, thinking. Hume (2007) reported 

that informal reflection often elicited shallow, often trivial responses (p. 247). This can be 

surmounted by asking students to use supporting information when making statements and 

providing scaffolding for articulating reflective thought. Providing the students with a focus 

question also elicited deeper and more focussed thinking (Hume, 2009, p. 247). The question 

“Did you download Stellarium at home? Why/why not?” elicited responses rich in qualitative 

data. Participating student Jeremy, for example, detailed several reasons for downloading 

Stellarium at home. Two of these were so he could show his parents the night sky and all the 

things he could find and magnify using the programme and that if he found targets at home, 

he could spend more time requesting images on the telescopes at school. Jeremy rarely did his 

homework and consistently exhibited a lack of interest in school in general, so his response 

expressed genuine interest on his part and was therefore a true reflection (Journal Entry #2, 

Jeremy). Jeremy’s case study is presented in Chapter 8. 

 

Dyment and O’Connell (2010) highlighted two issues with student journal, writing for the 

teacher and being over journaled ( p. 234). Neither of these two issues were evidenced in the 

participating students’ work. Not only had a rapport been well established, the students were 

cognisant that I was specifically investigating the impact astronomy would have on their 

learning so honesty and deep reflections with supporting data were vital. They viewed 

themselves as integral to the ongoing development of ways to teach the Western Australian 

curriculum. Critical thought had also been taught as pivotal to higher order thinking so 

students had had experience with the type and level of thought required. 

 

3.5.4  Informal Interviews 

 

Informal interviews were conducted using the active interview model. They was used to 

gather data on knowledge and understanding, attitude towards science in general and asteroid 

research in particular and working like a scientist. Informal interviews using the active model 

were conducted to: 

a) ascertain the depth of conceptual understanding, 

b) clarify written records, and  

c) to gather extra data. 
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An informal interview is defined by Molineus (2017) as “A type of interview which does not 

follow a structured format but is more conversational and relaxed in style” (np). Gubrium, 

Holstein, Marvasti and McKinney (2012) discuss the difference between the traditional 

interview where the interviewer aims for non-involvement and the active interview model 

where there is a “partnership in meaning making between researcher and respondent” (np.). 

This model is particularly effective in a classroom context where the teacher and students 

interact continually. The format afforded an opportunity for students to share their knowledge. 

In keeping with the ideas propounded by Costa in his Habits of Mind, first mentioned in 

Section 9.2, the opportunity for metacognition is provided. The students were expected to 

think about their thinking (http://www.habitsofmindinstitute.org). That is they were given 

opportunities to support their ideas with reasoning and could link new concepts to prior 

knowledge proving a chain of conceptual development.  

 

The informal interview is more like a conversation that entails the use of flexible, open-ended 

questions which allow an in depth exploration of students’ thinking (Merriam, & Tisdell, 

2016, p 110). The informal interviews were hand-written and recorded in situ. The 

conversational nature of an informal interview allowed for students to expand on their 

knowledge providing detailed answers to the questions and to elaborate on unrelated 

concepts. To allow for the free flow of information and thoughts, only the relevant parts of the 

students’ responses were recorded verbatim. Summarised responses were recorded when the 

responses became repetitive or too lengthy to record efficiently by hand. Shared information 

that was not relevant to the question and general utterances such as “umm” were not recorded. 

As part of the normal classroom routine, all students were given several opportunities to share 

their work. Informal interviews for the students at both ends of the learning spectrum, the 

students achieving below and above expected outcomes, provided the most relevant data for 

this doctoral research. Recorded, informal interviews were conducted with six primary school 

and two high school students to ascertain their level of conceptual understanding.  

 

Three of the primary students were selected because their class and small group discussions 

indicated higher order thinking and an understanding of complex concepts that were 

mentioned but not elaborated in their concept maps. The remaining three primary school 

students were selected because their concept maps lacked much of the detail they shared 

during class and small group discussions. The two high school students were selected because 

they had different aptitudes for and attitudes to study. Excerpts from several of the interviews 
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can be found throughout the four case studies.  Examples of complete interviews conducted 

with Lily, can be found in Section 9.2. An informal interview was conducted to ascertain the 

degree to which she understood the chemistry of asteroids. As with all interviews it was 

recorded in the case study with a mix of direct quotes and summarised points. The complete 

informal interview conducted with Jeremy and summarised under the size and location of 

asteroids in Section 8.2 can be found in Appendix D. 

 

The recorded informal interviews provided valuable detailed data on students’ conceptual 

understanding and motivation to achieve. The informal nature of the interviews offered a less 

stressful situation for the students and changes in student attitude and level of engagement 

could be assessed. It was also a valuable means of collecting data because no formal planning 

was required. This allowed for informal interviews to be conducted as soon as they were 

needed, for example, when further clarification was needed. In a classroom setting, it was also 

a valuable tool for keeping students on track thereby increasing their opportunities for 

success.  

 

3.5.5  Classroom Observations and Field Notes 

Classrooms are interactive and provide a data rich source of students’ knowledge and 

interests. Conn (2016) discussed the value of observation-based pedagogy as a method which 

helps teachers to “understand how children’s actions relate to their understandings and 

patterns of thought, and know how to provide support for learning appropriately” (p. 3). 

Though her focus was on autism education, the same principles can be applied to the ordinary 

classroom context. The importance of teacher observations is reported on in an article edited 

by Afflerbach (1993). Using a System for Teaching and Assessing Interactively and 

Reflectively (STAIR), information gathered from teacher observations “can inform instruction 

and help gauge student growth and teaching effectiveness” (p. 260). 

 

Classroom observations and field notes were recorded as a means of gathering supporting 

evidence of students’ knowledge of and attitudes towards science, specifically asteroid 

research. The recorded observations provided data that was used to reflect on the students’ 

learning. The method for recording observations for this research had to be efficient and 

manageable within a busy classroom context and a limited timeframe. Schoenfeld (2016) 

discussed the complexities of constructing a classroom analysis scheme from which a 

manageable observation format can be constructed.  O’Leary (2013) described recorded 
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classroom observations as “an open-ended, chronological recording of what the observer sees, 

often in the form of hand-written text – i.e. non-numerical data (p. 48). To provide 

consistency in the recorded data and to achieve the desired outcomes O’Leary’s definition 

was used to devise the following format: 

a) General classroom observations were recorded each week.  

b) A total of 4 students, 2 high school and 2 primary school students were identified as 

those on whom case studies were to be written. Detailed notes were recorded on these 

students. 

c) Only one student was targeted per observation session.  

d) Direct quotes and summarised points were used to record classroom and field 

observations. 

e) A specific area was identified for each observation, for example, areas of knowledge 

such as asteroid types.  

 

General student interaction was also recorded and used to identify false knowledge and areas 

for revision. Notes were taken on the questions individual students asked and the knowledge 

they demonstrated when interacting with other students during small group and class 

discussions. They were also analysed for the presence of anomalies when compared to data 

collected using the methods previously discussed, for example, a student may share a detailed 

explanation of the composition of asteroids in a group discussion but provide limited detail in 

his/her concept map. Samples of the class and individual students recorded observations can 

be found in Appendix I.  

 

3.6  Conclusion 

Chapter 3 included detailed information on topic and school selection, discussing difficulties 

negotiated and the reasons for the decisions made.  Particular reference is made to the 

motivational aspects of the theme, asteroids. The methodology used and the development of 

the methods of data collection are detailed. Both formal and informal assessment procedures 

were used to collect data on conceptual understanding and skill development. Each  

assessment task targeted a specific area. In the next chapter, Chapter 4, I discuss the 

programme conducted in the high school.  
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CHAPTER 4 

The High School Authentic Astronomy Programme 

 

4.0  Introduction 

In this chapter I describe the authentic astronomy programme conducted with high school 

students from Barton College (a pseudonym). I begin by introducing the students, the after 

school astronomy club they attended and explain the activities completed by the participants 

as part of the authentic astronomy programme. I conclude this chapter with the secondary 

school quantitative findings. Two detailed case studies which describe the journey taken by 

two high school students during their participation in the programme are provided in the next 

two chapters, Chapters 5 and 6. 

 

4.1  The Participating Students from Barton College 

In this section I introduce the students including their age, year level, gender and specialist 

area. Data were collected from eight high school students. 

 

The high school astronomy group was formed using a self-selection process. It was first 

offered to Year 8 students as an optional, after school activity. If they were interested and 

willing to participate in all aspects of the programme, they were able to participate. Neither 

academic achievement nor prior experience were considered. Fifteen students started the high 

school authentic astronomy programme. Eight of the original group were included in this 

research. Six students that left the programme did so because they were required to attend 

compulsory extra curricula activities related to their specialist areas. A seventh student 

withdrew due to parental pressure. Her parents were not happy with the amount of time she 

was putting into the Astronomy Club and they wanted her to focus on her school work. The 

students were very enthusiastic when they joined. The opportunity to use the Zadko Robotic 

Telescope to search for asteroids was exciting. When attending, one student commented, 

“This is exciting ... I never knew I’d ever get to use a real telescope”. When referring to real 

telescopes, she was referring to robotic, scientific level telescopes such as the Zadko Robotic 

Telescope (Recorded Class Observation #1).  
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The students that participated in this research are listed in Table 4.1. Pseudonyms are used in 

keeping with expected confidentiality and information on each student’s school year and age 

when they started and completed the programme, their gender and specialist area. 

 

Table 4.1: The participating students from Barton College. The school years and age columns 

denote the years and ages they commenced and completed the course. 

Student School 

Year 

Age Gender Specialist Area 

Sydney 9/10 14/15 F Performing arts, singing and stage 

Peta 9/10 14/15 F Performing arts, singing and stage 

Vassa 9/10 14/15 F Performing arts, singing and stage 

Mary 8/9 13/14 F Performing arts, singing and stage 

Mark 8/9 13/14 M Instrumental guitar and music theory 

Paul 8/9 13/14 M Instrumental guitar and music theory 

Astra 8/9 13/14 F Visual arts digital technology 

Vicki 10/11 15/16 F Performing arts, singing and stage 

 

I taught Peta, Sydney, Astra and Vicki when they were in primary school. Vassa joined 

following discussions with Peta and Sydney. Mary and Mark were part of the group that 

joined when it was first offered to Year 8 students. Peta and Sydney were in Year 9, had heard 

about the programme and organised their participation with the high school teacher as did 

Astra who was in Year 10. Mark encouraged his friend, Paul to join the Astronomy Club. 

Four weeks after the commencement of the course, Mark initiated a conversation with me and 

asked if Paul could join the group. He said that he had already explained a lot of our previous 

work to Paul and he could help him catch up.  

 

Barton College was a selective school for visual and performing arts. All students were 

expected to participate in out of school hours activities related to their area of expertise. This 

resulted in missed or partially missed lessons. In Term 4 of the school academic year, a large-

scale performance in which all performing arts students were expected to participate, took 

priority over the Astronomy Club attendance. By this stage, the students were working on 

their independent projects. This provided greater flexibility for those that couldn’t attend 

lessons. They were able to complete their work independently and send any queries via email. 

Juggling the timetable with the students’ school requirements is further discussed in Section 

4.4.  
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Using students from a predominantly performing or visual arts background to complete an 

authentic astronomy programme may be considered unusual. This view was generally the first 

reaction I received when I discussed my research with others. In fact, the students were 

analytical when applying knowledge but very creative when learning it. For example, when I 

walked into the computer laboratory one afternoon, I heard Mary singing a song she’d written 

to help her remember facts (Recorded Class Observation # 6).  

 

In this section I introduced the high school students participating in the research. Table 4.1 

also included their specialist areas in either visual or performing arts specialist programmes. I 

discussed the interesting mix of analytical and creative thinking evident in their approach to 

science. In Section 4.2, the formation of the Astronomy Club, which provided the context for 

this research is introduced. Astronomy Club is the name the students gave themselves during 

the first session.  

 

4.2  The Astronomy Club  

It was important that the Astronomy Club was relaxed, but at the same time it was important 

that the students learnt enough to be intellectually stimulated. Rapid fire questions and the 

continuous conversations in every session reflected the positive attitude of the students 

(Recorded Class Observation # 3). They were keen to learn. The key features of the 

Astronomy Club are addressed in this section.  

 

The high school format for providing this programme was a one hour session presented as an 

after school activity. The first thing the group decided was to call themselves the Astronomy 

Club (Recorded Class Observation # 7, Week 1) They dreamed about making new 

discoveries. Naming the asteroid they discovered in their dreams was a popular activity which 

continued throughout. Between more serious conversations, random names would be called 

out for group approval. The most popular was “Fluffy”. Though I first recorded their name 

suggestions for their asteroid when listening to students’ informal conversations in the first 

session, naming their asteroid was an ongoing topic. That their proposed names were unlikely 

to be accepted, wasn’t considered a problem. They just enjoyed the process. The ongoing 

game of naming their asteroid also demonstrated the students’ commitment to the project. 

They were completely focussed on finding an undiscovered asteroid. 
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The students enjoyed a challenge. They were looking forward to using the Zadko Robotic 

Telescope. Using a telescope was not something they would ordinarily have an opportunity to 

do. All participants were required to follow the programme as instructed each week, however, 

they were all well aware that I was collecting data for my doctoral research and that their 

work and results would be collected for analysing. All the students had completed an 

informed consent form and understood that they could withdraw at any time. Helping me 

achieve my goal was also a motivating factor for the students.  

 

The age difference between the students (up to two years, Table 4.1) did not impact the 

project or the club atmosphere. The students readily shared and discussed new information 

with each other. At times, the students would have different computer screens up with 

individuals or pairs being responsible for finding one piece of information and adding it to the 

group’s data. Figures 4.2 to 4.5 provide an example of student interaction when collecting 

data. They provide evidence of the combined efforts of three students during one session. 

 

In the first three weeks, the students completed activities to improve their conceptual 

understanding of asteroids and practise the skills needed to request an image. The three most 

important skills were: 

a)  locating and using ephemerides from the Minor Planet Center efficiently (Figure 4.2), 

b)  placing their chosen asteroid into Stellarium to view its location in the sky and check 

for the position of the Moon and any particularly bright stars that might impact the 

exposure time of their image (Figure 4.3), and 

c)  entering the request to take an image into the Zadko Robotic Telescope using the Cador 

(organising telescope group) site (Figure 4.4). 

 

All students mastered the skills and could complete the entire process independently 

(Recorded Class Observation #35), however, time was at a premium so they worked out a 

system whereby they could work together with the goal of requesting a greater number of 

images. They worked in groups of three or four students with each student completing one of 

the skills needed to request images. Working as a team, the students were able to achieve their 

goal. One student gathered the ephemerides from the Minor Planet Center, a second student 

positioned it in Stellarium to confirm it was a viable image and the third entered it into the 

Cador site (Figure 4.1). I was originally concerned that students would not master all the 

required skills, however, this proved to be unfounded. They moved freely between the 
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computer screens manipulating the programmes as required. Relevant discussion was 

ongoing. Figures 4.2 to 4.5 also demonstrate the way in which the students applied new 

knowledge and skills when completing activities. Each figure represents a different computer 

screen. 

 

 

Figure 4.1: A pictorial representation of the way in which three students co-operated to use 

their skills to achieve a common goal (Recorded Class Observation #36).  

 

To view the asteroid’s position in the night sky in real time using Stellarium, the students first 

set the date and time then entered the right ascension and declination of their chosen asteroid. 

From this point they could manipulate features, such as the time, to determine the position of 

the Moon in relation to both the horizon and the asteroid. They could also search for other 

bright objects such as stars near their asteroid that might impact the quality of their image. 

Asteroids in darker areas are easier to see when analysing an image. When enlarging the 

objects, the students were also able to determine, for example, the phase of the Moon. A 

crescent Moon would have significantly less impact than a full Moon. 
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Figure 4.2: Pictorial representation of Screen 1, Ephemerides from the Minor Planet Centre. 

Some additional words have been added to make the process the students used to select an 

asteroid clearer. This is the first of three screens the students worked on simultaenously. 

Screen 1 is an example of the technical astronomical data with which the students had to 

work. The figure shows the right ascension, declination and altitude of the object in relation to 

the Sun’s altitude and the phase of the Moon. Universal time was given in the ephemerides so 

they were required to convert it to local time when determining which asteroid was a viable 

target. The object altitude was important because it had to be +30 before it could be imaged 

using the Zadko Robotic Telescope.  

 

Minor Planet Designation: M P 00406 

 

Minor Planet Name: Erma 

 

 

 

Date UT (hms) R.A. (J2000) Decl. Object 

Alt. 

Sun 

Alt 

Moon 

Phase 

 

20130315 140000 12 56 35.5 -11 12 12 +36 -42 0.14 

20130315 150000 12 56 33.7 -11 12 04 +48 -51 0.15 

20130315 160000 12 56 32.0 -11 11 57 +59 -56 0.15 

20130315 170000 12 56 30.2 -11 11 50 +68 -56 0.15 

20130315 180000 12 56 28.5 -11 11 43 +69 -50 0.16 

20130315 190000 12 56 26.7 -11 11 35 +63 -41 0.16 
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Figure 4.3: Pictorial representation of Screen 2, Stellarium. This is the second of three 

screens. It is an example of the open source planetarium the students used when viewing the 

location of their chosen asteroid in real time. The students used the information from screen 1 

to find a suitable asteroid. They selected MP designation 406 and entered its right ascension 

and declination into the search application. This showed them the position of their asteroid 

and allowed them to check for details such as the Moon phase and position in real time. This 

was important because the ephemeris for the Moon reported the Moon phase but not its 

position. In this example, the Moon is not visible. Following a quick Moon search, the 

students realised that it was still below the horizon and would therefore not impact an image 

of their chosen target. I have highlighted the position of MP designation 406 because it is an 

almost invisible dot in this figure (Recorded Class Observation #47). 

 

Figures 4.4 and 4.5 explain the final steps the students took in this collaborative process. The 

third screen is divided into Figures 4.4 and 4.5 to improve clarity when describing the 

students’ real research experience using the Zadko Robotic Telescope. The students were 

required to complete too many steps in this stage to include them on one sceen.  To reiterate, 

Figure 4.2 showed the first screen with an example of the astronomical data they collected 

when selecting a suitable asteroid using the Minor Planet Center. Figure 4.3 showed the 

second screen with the position of their selected target in real time using the computer 

planetarium, Stellarium. As detailed, it was in this step that they also checked the position of 

the Moon.  
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Having access to the Zadko Robotic Telescope was one of the highlights of the authentic 

astronomy programme. The students also enjoyed seemingly insignificant things such as 

having a group user name and password (Recorded Class Observations, #17). This telescope 

is one of “five fully robotic observatories linked to a central observatories co-ordinator 

CADOR” (Laas-Bourez, Coward, Klotz & Boër, 2011, p. 402). The prime interface used 

when requesting new observations and viewing images is managed by the CADOR group, 

which is based in France.  

 

To request an observation, the students were required to follow several steps using software 

that was originally written in French. The translation from French to English was incomplete, 

which increased the complexity of the task. The help section of the programme had not been 

translated into English and the interface was not intuitive adding to the difficulty of the task. 

The students did not perceive the lack of English language translations or the somewhat 

convoluted procedure they had to follow to make an observation request as problems. In fact, 

what could have been considered insurmountable issues barely registered with the students 

(Recorded Class Observation, #42). Half an hour of instruction and a cheat sheet explaining 

what they needed to do was all they required. The same positive attitude and ability to adjust 

quickly was demonstrated by the primary school students. Their capacity to access and use 

the  Zadko Robotic Telescope successfully is discussed in depth in Chapter 7. 

 

As already stated, requesting an observation involved several steps none of which were 

intuitive. The students logged in then used requests management to request an observation. 

This section was used to send and/or delete observation requests. Each request could have 

several scenes with each scene having up to six images. The students first created a request 

then added the scenes. To create a request, the students entered their asteroid designation 

number, their name/s and priority as shown in Figure 4.4, Screen 3, Step 1. The names were 

included to facilitate quick identification and the priority was determined according to the 

order in which requests were made.  

 

To complete the next step, the students returned to the request list then added scenes by 

clicking on add scene then new scene. It was at this point that they could add up to six image 

requests by keying in the coordinates previously obtained from the Minor Planet Center and 

the agreed exposure time. This procedure is shown in Figure 4.5, Screen 3, Step 2. The date 
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tolerance was also entered at this point. If the students wanted a series of images using a set of 

coordinates, they could also add scenes to start at different times. 

 

Before logging off the students were encouraged to check the section scheduling for all 

telescopes. In this section they could check the scheduling for the Zadko Robotic Telescope to 

determine whether or not their requested observations had been scheduled to be taken. If they 

could not find their requests they checked the rejected scenes. For some time it was thought 

that planified against their request in the rejected scenes section meant that there was a 

problem with the timing of the request, but it was later ascertained that this meant that the 

requests had been planned for a later date/time. This was yet another of the anomalies found 

in the French to English translations. Again, the participants appeared not to perceive this to 

be a problem. Rather, they viewed it as good news because it meant that more of their 

requested observations had been accepted (Recorded Class Observation #43). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 Screen 3 Step 1: This screen shows the procedure the students used to identify and 

prioritise their request. There were a number of students using the same account, so it was 

important that their name followed the minor planet designation. In this example, the students 

had to be able to identify their images when downloaded. The minor planet designation MP 

0406 was found by Mary and her name was therefore added to the box Name to identify this 

request. The request priority provided the person entering the request with the ability to 

prioritise their image requests without affecting the requests of others. Figure 4.4 shows that 

this was the first image request of the day as it has a priority of 100. The second would have 

had a priority of 99. 

 

New Request Depot 

User: Barton 

 

 

 

To create a new request, fill the form and click on Ok. All the scenes for this request 

will be added after. 

 

Request Name 

MP0406/Mary 

Name to identify this request 

 

Request priority 

(from 0 to 100): 

100 

Priority help to sort your requests. Priority applies only to 

your requests. Give the maximum (100) to most important 

requests. 
 

Return Ok 
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Figure 4.5, Screen 3, Step 2: The new scene depot for Barton College. This screen shows the 

technical astronomical data the students were required to enter for each request. The minor 

planet designation MP 0406 and its right ascension and declination were entered at this stage. 

The Zadko_Australia indicates the telescope they were able to access. As part of the 

procedure, the students then entered 10 seconds in three different time exposure boxes found 

at the bottom of Figure 4.5. Each new scene included 3 images. In Figure 4.5, all time 

exposures are 10 seconds. The exposure times could vary within a request. If there was a 

bright star nearby, the students could consider reducing the exposure time, for example, they 

may enter the standard 10 seconds for three exposures then enter 5 seconds for the remaining 

three exposures. In this case, they chose three images of 10 seconds each. 

 

New Scene Depot for User “Barton” 

User: Barton 

Request 0406 

 

 

Entry of Scene Name 

 

Name 0406 

Choice of the Telescope (if you are allowed): 

Telescope Zadko_Australia 

Entry of Equatorial Coordinates J2000,0 of the Field you want: 

RA 12:56:35.5 

DEC -11:12:12 

 

Entry of Observations Information (6 images maximum): 

N.B.: A time exposure of 0 seconds will not give you an image. 

 

 

 

 

 

 

 

 

Return Ok 

Pose n 1: 

Time Exposure (sec)    10 

 

Pose n 2: 

Time Exposure (sec)    10 

 

Pose n 3: 

Time Exposure (sec)    10 

 

Pose n 4: 

Time Exposure (sec)     
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As demonstrated using Figures 4.1 to 4.5, student collaboration was fundamental to their 

success. That they worked in teams of about three students has already been discussed. Of 

note is that there was never any evidence of an organised group leader (Recorded Class 

Observation #48). The system they used evolved to meet a common goal and changed 

according to needs. To demonstrate student interaction and resultant activity, I provide an 

example of the activities that were completed by the team consisting of Mary, Sydney and 

Peta. 

 

To begin, Mary, Sydney and Peta discussed the astronomical data they needed in order to 

send a request to the Zadko Robotic Telescope. The initial discussion took some time as they 

were still referring to their notes for information. As their knowledge and confidence 

increased, the discussion time decreased. Data checks to confirm accuracy were being 

completed constantly, even when they were confident with the process. Following the 

discussion, the three students decided who would complete which task (Recorded Class 

Observation #46). 

 

Finding suitable asteroids was the first goal. Mary entered the URL for the Minor Planet 

Center and began the search for a suitable asteroid to image. Discussion was ongoing and 

included ideas such as the need to look for an object that has an altitude of 30°+. They also 

reminded each other that the positions of the Sun and Moon were important. As soon as she 

found an appropriate asteroid she gave its minor planet designation to Sydney and then 

continued to look for more viable targets (Recorded Class Observation # 44). 

 

Finding the asteroid’s position in the sky was the next step and was completed by Sydney.  

She entered the ephemerides obtained from Mary to do a position search using the 

planetarium software for computers, Stellarium. This was to ascertain the position of the 

object in the night sky and to check the Moon’s position in relation to the asteroid as shown in 

Figure 4.3.  

 

Robotic telescope access was the most complicated step and, in this example, was carried out 

by Peta. She logged into the CADOR site previously described and worked through the 

procedure for requesting an image as described in Figures 4.4 and 4.5, Steps 1 and 2. Before 

beginning another request, she checked the scheduling for their image to confirm she had 
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entered the data correctly and that their image had been scheduled Recorded Student 

Observation #28, Peta).   

 

Besides the discussing and checking detailed above, the students communicated throughout 

the process. They checked their work, revised the data, discussed the observation requests and 

supported each other continuously. The system proved to be so efficient that they were able to 

make several observation requests in each session using the procedure discussed. 

 

The Astronomy Club was a crucial factor in collecting the data necessary for this doctoral 

thesis. The students were creative when managing the time available. Most commonly, they 

worked in groups of about three students. They allocated roles and combined information. 

The final images taken were shared. Working together with constant discussion facilitated the 

collection of data within the time frame available.  

 

In the next section I focus on the programme of activities used when teaching the authentic 

astronomy lessons. Some activities were changed and others added in response to students’ 

interests and needs. Because the observation requests discussed in this section were scheduled 

to be taken during the night, the images were downloaded and viewed in the following 

session. Checking their images for asteroids was always an exciting activity. 

 

4.3  Planned High School Programme - Locating, Imaging and Analysing Asteroids 

In the previous section, some of the activities that occurred in the Astronomy Club were 

discussed. In this section the programme followed by the high school students is described. 

As discussed in Section 3.2, I met with the Astronomy Club students for only one hour, once 

a week, so developing a challenging programme that included all relevant content was 

important. Because I was also conducting another case study for this research in a primary 

school, it was important that the content could be taught in both the high school and the 

primary school contexts. The programme described in this section refers to the high school 

programme only. Chapter 7 presents the primary school programme which was intentionally 

similar to that taught in the high school. 

 

In this thesis, I define the planned high school programme as the series of sequential activities 

designed to teach the skills and knowledge the students needed to complete the required 

astronomical tasks. The weekly programme devised to teach the content and skills to the high 
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school classes is summarised in Table 4.2. New knowledge and skills were introduced each 

week. The activities were selected for both their content and their potential to ignite the 

students’ imagination.  

 

Each week, changes were made to the programme based on the knowledge demonstrated by 

the participating students during the various activities, their questions and their interests. The 

bold text refers to changes made to the programme to accommodate the students’ interest in 

other astronomy topics. 

 

The knowledge and skills needed to complete the programme were taught in the first six 

weeks. Column two summarises the programme that was planned and implemented during the 

first six weeks. Column three lists the motivational activities that the students completed. The 

final steps the students took when planning for and working on their independent asteroid 

search activity are explained in the final three weeks. The students completed activities to 

demonstrate their knowledge and their ability to use the software effectively. With the 

students working on their independent asteroid search, no further changes to the programme 

were required after Week 7. 
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Table 4.2: High School Programme, Term 3 Weeks 1 – 9. 

Week Programme 

 Knowledge and Skills Student Motivational 

Activity 

One Lesson Goals 

 

Introduce the programme and expectations 

 

Students to complete their first concept map 

 

Show video – Apophis: Near Earth Object 1 

 

Distribute the information sheet Locating and Analysing 

Transients Objects2 

 

Distribute the sheet Asteroid Fast Facts3 

 

Introduce the terms Potentially Hazardous Asteroids, 

Right Ascension and Declination.  

Introduce the students 

to the online site, the 

Sloan Digital Skyserver 

and give them an 

opportunity to practise 

finding asteroids 

against a background of 

other objects such as 

stars4 

   

Two Goals: 

 

Develop an understanding of transient objects/events 

 

Asteroid facts: begin developing the skills necessary to 

find asteroids 

 

Reading ephemerides 

Using the Minor Planet Center to find each ephemeris5 

 

Distribute Glossary6 

 

Use a prepared flip chart for the electronic whiteboard 

to introduce new asteroid facts and how to find and use 

ephemerides7 

 

Explore and understand the sky at multiple wavelengths 

from gamma rays to radio waves8  

 

Show video “Journey into a Black Hole” 9 

Introduce Stellarium, 

an online planetarium 

that can be downloaded 

for use when offline. 

Give students the 

opportunity to explore 

the programme both 

with direction and 

independently10  

 

Directed exploration to 

include locating 

objects, entering co-

ordinates, using icons 

and locating asteroids. 

 

 

 
1 Vidoes_neo_neo20070207_640x360.mov 
2 Created for the course by the author 
3 Nasa.gov/asteroid/fast/facts/; Modified for Australian content. 
4 http://cas.sdss.org/dr6/en/proj/basic/asteroids/howtofind.asp 
5 https://minorplanetcenter.net/iau/MPEph/MPEph.html 
6 Created for the course by the author 
7 Created for the course by the author 
8 http://www.chromoscope.net/?w=m 
9 Https://ww.youtube.com/watch?vipHI_c 
10 http://www.stellarium.org 
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Table 4.2: High School Programme continued. 

Week Programme 

 Knowledge and Skills Student Motivational 

Activity 

   

Three Goals: 

 

Add to their knowledge of asteroid facts 

 

Improve understanding and use of terminology 

 

Students begin to use ephemeris from the Minor  

 

Planet Center to find viable targets11 

 

Stellarium – Continue to develop the skills and 

knowledge needed to use Stellarium effectively12  

 

Use Stellarium to revise the meaning of the terms Right 

Ascension (RA), Declination (Dec), Celestial Equator, 

Azimuth, Altitude 

 

Explain how the Mayan calendar works 13 

 

Extend their knowledge and understanding of black 

hole. 

Introduce the students 

to the Minor Planet 

Center. Give them the 

opportunity to find 

ephemerides for 

asteroids in the 400 and 

600 range and then 

determine which are 

viable targets. 

 

Check location of 

targets in relation to 

Moon and other bright 

objects. 

 

Four Goals: 

Consolidate knowledge and understanding of 

terminology covered in Weeks 1 to 3 

 

Increase competence using Stellarium and the Minor 

Planet Center 

 

Introduce the procedure for using the Zadko Robotic 

Telescope14 

 

Distribute the second glossary15 

 

Explain star formation 

Give the students the 

username and password 

that will enable them to 

request images using 

the Zadko Robotic 

Telescope16 

 

Go through the 

procedure used to 

request an image. 

 

Explore the image 

request function of the 

telescope. 

 

 

 

 
11 https://minorplanetcenter.net/iau/MPEph/MPEph.html 
12 http://www.stellarium.org 
13 Response to student questions 
14 Notes created for the course by the author 
15 Created for the course by the author. 
16 Notes created for the course by the author 
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Table 4.2: High School Programme continued. 

Week Programme 

 Knowledge and Skills Student Motivational 

Activity 

   

Five Goals 

Continue to develop skills using Stellarium and the 

Minor Planet Center. 

 

Provide the students with the opportunity to request an 

image using the Zadko Robotic Telescope 

 

The student will log into the Zadko Robotic Telescope 

and request 3 images17 

 

Introduce the imaging software, Iris18  

Loading images 

Aligning images 

Blinking19 

 

Discuss the difference between visual and radio 

astronomy 

 

The students work in 

groups to find a viable 

target then request 

three ten second images 

of their target using the 

Zadko Robotic 

Telescope. 

Six Goals: 

Add to their concept map  

 

Use the imaging software package effectively. 

 

Add to their concept maps to demonstrate new 

knowledge and understanding of asteroids. 

 

Download and analyse prepared images using Iris 

 

Continue to request images using the Zadko Robotic 

Telescope.  

Discuss the current work done by NASA to prevent 

a collision with a potential hazardous asteroid. 

 

The students will 

continue to request 

images using the Zadko 

Robotic Telescope. 

 

The students will 

practise analysing 

astronomy images 

using Iris. 

 

 

 

 

 

 

 
17 See figures 3.3 and 3.4 
18 http://www.astrosurf.com/buil/iris-software.html 
19 Blinking images is commonly used to two images of the same part of the sky but taken at different times. The 

rapid switching between images allows the viewer to check for asteroids. The asteroid will appear in two 
different places while the rest of the objects in the image remain the same. 
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Table 4.2: High School Programme continued. 

 

Week 

Programme 

 

 Application of Knowledge and Skills Student Motivational 

Activity 

   

Seven Goals 

 

Discuss the concept maps and reteach concepts if 

necessary 

 

Introduce Sky Coverage20 

 

The students will continue to develop competency 

when using the imaging software, Iris.  

 

Discuss the reasons they might select either of the 

two regions to image (inside and outside the asteroid 

belt) when planning their asteroid project 

 

The students will begin 

planning for their 

independent asteroid 

research 

 

The students will 

continue to practise 

blinking their images to 

help them locate the 

asteroids 

Eight Goals: 

 

The students will continue to develop their skills, 

particularly those needed to use Iris effectively  

 

Download and analyse prepared images using Iris 

 

The students will begin to finalise plans for their 

independent project 

 

The students will 

continue to plan their 

independent project 

 

The students will 

continue to practise 

analysing astronomy 

images using Iris. 

Nine Goals: 

 

The students will complete an ephemeris knowledge 

activity21 

 

Additional data to be added to the knowledge and skills 

checklist22 

 

The students will finalise and begin their independent 

project  

 

 

 

 

 

 

 

 
20 Sky coverage allows the students to generate plots of the sky coverage obtained by surveys searching for 
near Earth objects. https://cgi.minorplanetcenter.net/cgi-bin/skycov.cgi 
21 Created for the course by the author 
22 Created for the course by the author 
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Reflective thinking formed a significant part of the planned programme and the way in which 

it evolved in response to student comment and requests. General discussion about the various 

activities and software was continuous and an excellent source of information. It was 

particularly useful because I could ask for views and clarification as the students were 

engaged in the programme. They also used journals to record their thoughts, ideas and 

requests. The students’ responses to the activities were insightful. The weekly changes made 

to the planned high school programme in response to the students’ reflections are tabled in 

Table 4.3. 

  

Table 4.3  Changes Made to the High School Programme Following Reflective Thinking by 

Students and Teacher/Researcher. The text in bold highlights the changes made following 

reflective thinking.  

   

Week Summary of  Planned Programme Changes Made and Most Useful 

Items/Activities to be Kept  

Following Reflective Thinking 

One Introduce the programme and 

expectations, distribute information sheets 

and introduce new terms 

Students to complete their first concept 

map 

Motivational activity – Sloan Digital Sky 

Survey 

 

   

Two Goals: 

Develop an understanding of transient 

objects/events and explore and understand 

the sky at multiple wave lengths. 

Motivational activity – Stellarium 

 

Visual material developed, for example, 

flip charts and diagrams and glossary 

expanded 

Free discussion time – Black holes, 

introduction and video 

Most useful and motivational 

items/activities to be kept: 

• Glossary: keep and expand 

• Sloan Digital Sky Survey: keep as 

the starting point even though it 

jumped to the middle of the 

authentic astronomy programme; 

relevant to conceptual and skill 

development and highly 

engaging; gave students a real feel 

for the project.  

Student requests: 

• Introduce free discussion time 

when any astronomy/cosmology 

topic can be discussed 

• Introduce more visuals to 

facilitate understanding of the 

more abstract information on the 

information sheets.  

• Would like more information on 

the Mayan calendar and black 

holes 
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Table 4.3  Changes Made to the High School Programme Following Reflective Thinking by 

Students and Teacher/Researcher cont.  

   

Week Summary of  Planned Programme Changes Made and Most Useful 

Items/Activities to be Kept  

Following Reflective Thinking 

Three Goals: 

Add to their knowledge of asteroid facts 

correct use of terminology and continue 

the use of programmes such as Stellarium 

to develop skills and knowledge. 

Motivational activity – Introduce the 

Minor Planet Center. 

Free discussion time: Explain how the 

Mayan calendar works and extend their 

knowledge and understanding of black 

hole. 

Most useful and motivational 

items/activities to be kept: 

Stellarium: keep and expand its use; 

it’s free source and can be 

downloaded at home 

• Visuals: continue to develop 
 

Student requests: 

• Continue free discussion time 

when any astronomy/cosmology 

topic can be discussed 

• Would like more information on 

star formation 

   

Four Goals: 

Consolidate knowledge and understanding 

of terminology 

Motivational activity - Introduce the 

procedure for using the Zadko Robotic 

Telescope 
 

Free discussion time: Explain star 

formation 

Most useful and motivational 

items/activities to be kept: 

• Stellarium: as for previous week 

• Minor Planet Center: combine 

with Stellarium by using the 

ephemerides to locate the asteroid 

Student requests: 

• Would like more information the 

differences between radio and 

visual astronomy 

   

Five Goals: 

Continue to de develop skills using 

Stellarium and the Minor Planet Center 

and build their knowledge base 
 

The students will log into the Zadko 

Robotic Telescope and request 3 images 
 

Motivational activity - Introduce the 

imaging software, Iris. 
 

Free discussion time: Discuss the 

difference between visual and radio 

astronomy. 

Most useful and motivational 

items/activities to be kept: 

• Linking Stellarium, locating the 

ephemerides from the Minor 

Planet Center and requesting 

images from the Zadko Robotic 

Telescope. Figures 4.1 to 4.5 

explain the way in which the 

students’ completed their 

activities following reflective 

thinking regarding the limited 

time and number of working 

computers 

Student requests: 

• More information of the way in 

which space agencies are dealing 

with potentially hazardous 

asteroids.  
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Table 4.3  Changes Made to the High School Programme Following Reflective Thinking by 

Students and Teacher/Researcher cont.  

   

Week Summary of  Planned Programme Changes Made and Most Useful 

Items/Activities to be Kept  

Following Reflective Thinking 

Six Goals: 

Add to their concept map, use the imaging 

software package effectively and continue 

to request images. 
 

Motivational activity - Download and 

analyse prepared images using Iris. 
 

Free discussion time (extend to 20 

minutes given it is related to the topic): 

Discuss the current work done by 

NASA to prevent a collision with a 

potential hazardous asteroid. 

Most useful and motivational 

items/activities to be kept: 

• Iris: keep; free source and can be 

downloaded at home.  

Student requests: 

• Introduce other image processing 

software so they have choices 

when determining the best 

programme for their needs 

• Spend time discussing reasons 

they might select a particular area 

for their project.  

   

Seven Goals: 

Discuss the concept maps and reteach 

concepts if necessary, continue to develop 

competency when using the imaging 

software, Iris 
 

Motivational activity - Introduce Sky 

Coverage 

 

Introduce two other free source image 

processing software packages; students 

to use knowledge gained from Iris and 

the help section of the programmes to 

investigate new software; to ask for 

help when needed 
 

Free discussion time (extend to 20 

minutes: discuss the reasons they might 

select either of the two regions to image 

(inside and outside the asteroid belt) 

when planning their asteroid project 

Most useful and motivational 

items/activities to be kept: 

• Sky coverage: because it’s 

updated weekly, includes all sky 

surveys and assists students to 

make decisions 
 

• Student requests: 

• Add Q & A to discussion time so 

allow for unrelated questions to 

be answered 
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Table 4.3  Changes Made to the High School Programme Following Reflective Thinking by 

Students and Teacher/Researcher cont.  

   

Week Summary of  Planned Programme Changes Made and Most Useful 

Items/Activities to be Kept  

Following Reflective Thinking 

Eight Goals: 

The students will continue to develop their 

skills, particularly those needed to use Iris 

effectively and download and analyse 

prepared images 

The students will begin to finalise plans 

for their independent project 

 

Keep different packages for processing 

and analysing images; develop their 

skills 
 

Free discussion time – question and 

answer 

Most useful and motivational 

items/activities to be kept: 

• Image processing packages: keep 

all because they have different 

strengths; different packages can 

be used for the one image 

depending on what is being 

investigated; students liked the 

choice 

Student requests: 

• Continue with Q & A 

   

Nine Goals: 

The students will complete an ephemeris 

knowledge activity, finalise and begin 

their independent project. 
 

Additional data to be added to the 

knowledge and skills checklist. 
 

Free discussion time: question and 

answer 

No major changes were made after 

week 9. Changes to the programme 

could be made if the research was to 

be conducted by others. 

 

In the first week the students completed their first concept map which I used to ascertain their 

base level of knowledge. The use of concept maps in this research was described in Chapter 3, 

Section 3.5.1. Some basic terms such as right ascension and declination were also introduced. 

To ignite their interest, the students were then given an opportunity to find asteroids in 

astronomy images compiled by the Sloan Skyserver. The Sloan Digital Sky Survey is an 

online project that is mapping the Universe. This site has several projects, one of which is 

finding asteroids. This activity gave the students an opportunity to practise finding asteroids 

in the first session. 

 

An example of the new knowledge and skills that were developed using the Skyserver are 

presented in Figure 4.6. This programme was used to teach the students how to find asteroids 

in a background of other objects such as stars and galaxies. It was also during the first week 

that it became apparent that the students were interested in many different space related 
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topics. To facilitate the teaching of asteroid based lessons, I agreed to spend the last ten 

minutes of every lesson answering any questions they had on any space topic. We worked on 

asteroid topics for 50 minutes and did a question and answer session for the last 10 minutes of 

each lesson. Questions about black holes were the most common (Recorded Class 

Observation #8).  

 

 

 

Figure 4.6: Finding asteroids. This image is from the Sloan Digital Sky Survey Run 752, 

Camcol 1, Field 373. This is a training image modified by the author to make the image easier 

to comprehend by the readers of this thesis. It is an example of one of the first images the 

students used to practise finding asteroids. The asteroids are boxed because they are almost 

invisible. I have marked their position in an enlarged section on the image. The image is a 

composite image with 2 images stacked to highlight the movement of the asteroids. The 

asteroid is blue in the first run and yellow in the second. When completing this activity, the 

students practised finding barely visible asteroids from the background objects without the 

benefits of the enhancements shown here. 

 

In each of the following weeks, motivational activities including Stellarium and the Minor 

Planet Center were introduced. Examples of the way in which both programmes were used 

was explained in Figures 4.2 and 4.3. These were successful in igniting and maintaining the 

students’ interest. In Week 1, the students requested visual aids to assist them with their 

understanding. I therefore made extensive use of videos, animations and images when 

 

 

Asteroids 

Asteroids 

magnified 
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teaching new concepts. In Week 5, the final new activity, a free source online image analysis 

programme called Iris was commenced. It was very similar to Audela, the image processing 

software attached to the Zadko Robotic Telescope but the help section was written in English, 

making it easier for the students to access. 

 

The classes were run in the computer laboratory. Using school computers with both Barton 

College and Education Department protocols in place provided some interesting challenges. 

Yet again, these students were creative when arriving at solutions. For example, the images 

were slow to download so the first student in the room logged on and started a download 

(Recorded Class Observation #49). Other students began looking for new targets. One 

computer was dedicated to downloading the previous week’s images. I downloaded the rest 

during the week and dropped them into an easily accessed school folder. This system proved 

to be very effective. The students had the excitement of seeing some of their images 

immediately. Long term, they engaged in challenging activities using their images on file.  

 

As the students gained confidence, the variety of astronomy related topics they were keen to 

discuss increased. Interestingly, all students were seeking more information on and 

explanation of distinct parts of a topic rather than just seeking superficial facts. Their 

questions indicated higher level thinking, for example, when the event horizon of a black hole 

was discussed, the students wanted to know what terms such as singularity meant in relation 

to a black hole (Recorded Class Observation #18).  

 

The students worked on their independent asteroid search projects throughout school Term 4. 

As discussed in Section 4.1, the students’ extra curricula activities took priority over the 

Astronomy Club. For this reason, the students often missed full or partial sessions. This did 

not interfere with the data collection for this research because the students were able to work 

independently and completed their work at home. 

 

The programme taught has been detailed in Table 4.2. There were further elements that were 

important to the success of the programme and I list these below:  

(a) The sessions were an hour long with work completed during Weeks 1- 10 of school 

Term 3. The students continued to attend during part of school Term 4 when they were 

available. As described in Table 4.1, all students were part of the Performing Arts 

programme and were required for the main production during school Term 4. They 
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continued to work on the project during the following year and were keen to continue 

in the third year, but I was no longer available.  

(b) I gave the students an email address to use should they have a question or need 

clarification during the week. All the students accessed relevant sites, for example, to 

request an image, during the week. 

(c) The students kept a journal in a student selected format which was reviewed by both 

the students and me each week. Examples of the journal entries are included in the 

high school case studies in Chapters 5 and 6.  

(d) A short quiz was conducted at the beginning of each session to check learning and 

understanding and motivate the students.   

(e) The school initially opened the course to Year 8 students but students from other years 

joined as they found out about the course.  

 

In the above section I have discussed the two main components of the programme. The first 

was the development of knowledge and skills and this was followed by the application of new 

skills to a search for asteroids using a variety of telescopes. In the next section the way in 

which the time frame was managed is explained. 

 

4.4  The Time Frame in which the Project was Conducted  

I had access to the students and a computer laboratory at Barton College for one hour a week 

to teach the knowledge and skills needed to complete the authentic astronomy programme 

effectively. Collecting the data to complete this research was important. It was also crucial 

that the students were provided with challenging activities that would engage them quickly 

and maintain their interest. The students were keen to study asteroids in some depth. The 

balance between providing challenging activities and the level of knowledge required for 

effective participation within the one hour weekly sessions was carefully assessed.  

 

I considered three main factors when planning the project: a) teacher availability, b) access to 

the computer laboratory and c) the students’ extra curricula activities. 

 

I was the researcher and the teacher for both the primary and high school programmes. As a 

full-time teacher in the primary school, I was only available after school. The high school 

teacher who volunteered to manage the Barton College protocols, was also a full-time teacher 

and, therefore, also only available after school.  
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Access to the Computer Laboratory was essential. Several programmes were required for the 

programme to run efficiently. Again, this was only available after school. The one hour time 

frame was arranged to accommodate the time the cleaners locked up and the students’ extra 

curricula activities. 

 

To accommodate the tight time frame, I organised the activities so that at least one new skill 

and one new set of knowledge was covered each week. The students also used email to ask 

questions and a conference site was used to accommodate those students who missed 

sessions. For example, Mary used the conference site to learn about measuring light curves 

because she had missed that session.  

 

4.5  High School Quantitative Findings 

The quantitative instruments used included concept maps, skill demonstration checklists and 

quick quizzes. Each activity provided the students with an opportunity to demonstrate the 

conceptual knowledge they had gained and the level to which they had developed their skills. 

 

The results presented in Table 4.4 are taken from the data collected from the concept maps 

completed by eight high school students. Figure 4.7 provides evidence of a significant 

increase in their conceptual understanding between Concept Map 1 and Concept Map 2. 

Paired t-tests were performed to test for changes in mean of the high school students’ 

conceptual progress.  

 

An analysis of the results revealed a significant increase in the students’ score for Concept 

Map 2 which was completed during Week 3 of the course (M = 22.12, SD = 1.27) and 

Concept Map 1 which was completed prior to the commencement of the course (M = 2.12, 

SD = 5.75 ). As recorded in Table 4.3, t(7) =   9.00 and p ˂ 0.000’.  
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Table 4.4 t-test paired two sample for means for Concept Map 1 and Concept Map 2. The data 

presented is statistically significant with p = less than 0.000. This shows a significantly 

increased level of conceptual understanding.  

 

  

Concept 

Map 1  

Concept 

Map 2 

Mean 2.125 22.125 

Variance 1.839285714 37.83928571 

Observations 8 8 

Pearson Correlation 0.014983523  
Hypothesized Mean Difference 0  
Df 7  

t Stat 

-

9.008852329  
P(T<=t) one-tail 2.11925E-05  
t Critical one-tail 1.894578605  
P(T<=t) two-tail 4.23851E-05  
t Critical two-tail 2.364624252   

 

 

 

Figure 4.7: High school results for Concept Map 1 and Concept Map 2. A significant increase 

in conceptual understanding between the first one hour session and the third one hour session 

was achieved by all students. The higher scores reflected an increase in both the number of 

new items added and the number of cross links included.  

 

The students were required to master: 

a) seven basic skills needed to source ephemerides in one session, 

b) eight basic skills to operate Stellarium efficiently,  
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c) the procedures needed to use four different telescope efficiently and  

d) five skills needed to process astronomical images 

The results obtained from the checklists showed that all of the high school students mastered 

these skills. 

 

The students completed four quizzes. 

a) The terminology quiz tested for an understanding of the basic  terminology required 

for the students to understand the placement of an object in the night sky. Of a 

possible 18 points the mean percentage for the high school students (n = 8) was 93%.  

b) Ephemerides quiz 1 was designed to test for an understanding of time, the location of 

an asteroid and its potential as an imaging source. The students could score a total of 

25 points. The mean score was 100%. 

c)  Ephemerides quiz 2 was designed to ascertain the level to which the students (n = 8) 

could apply their knowledge. It was scored out of 90 points with mean score of 90%.  

d) The final ephemerides quiz with a potential score of 15 required the students (n = 8) 

to record their answers without the benefit of an ephemerides table. The mean 

percentage for the third ephemerides test was 91.75% 

 

4.6  Conclusion 

In this chapter I introduced the high school students and their Astronomy Club I explained 

their motivation and their desire to explore new opportunities they might not otherwise 

experience. I also detailed the authentic astronomy programme taught and the ways in which 

the time frame dictated the way in which it was taught. I also reported on the quantitative data 

obtained from the results of the concept maps, checklists and quizzes completed by the 

participating students.  

 

In Chapters 5 and 6 the work of two high school students is discussed as detailed case studies.  

If authentic astronomy lessons are to be used to teach areas of the required curriculum, it is 

essential that students with different approaches towards and aptitudes for learning have 

similar opportunities for success. With this in mind, I selected two students with different 

approaches to learning. Peta consistently demonstrated the joy that is associated with learning 

something new. She was analytical in her approach. The second student, Mark, had a passion 

for space science but in a different field. He was an avid follower of a space rocket company, 

SpaceX. The next chapter, Chapter 5, presents a case study of Peta. 
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CHAPTER 5 

High School Student Case Study, Peta 

 

5.0  Introduction 

In this chapter I report on the first high school student case study, Peta (pseudonyms are used 

throughout this thesis). The second high school student case study, Mark, is described in 

Chapter 6. Each case study provides a detailed analysis about the work each student 

completed as part of the authentic astronomy programme. 

 

As described in the methodology chapter, Chapter 3, three main assertions emerged from the 

data collected as part of this study on a) improved conceptual understanding, b) enhanced 

attitudes towards science and on c) opportunities to think and work like a scientist. The case 

studies in this chapter, Chapter 5, and the following Chapter 6, provide insight into the diverse 

ways in which the students engaged with the activities and detailed evidence that supports the 

assertions.  

 

Each case study addresses the three assertions using data that demonstrates the different 

pathways taken by the two students through the programme. In Peta’s work presented in this 

chapter, the discussion on improved conceptual understanding focuses on the growth in her 

knowledge as displayed in her journal work. The higher order questions she asked when 

trying to make connections between concepts were recorded. Mark’s work on the same 

assertions is discussed in Chapter 6 in terms of the changes evident in his conceptual 

understanding over the same period of the programme. He demonstrated new knowledge 

whist still incorporating his favourite company, SpaceX. 

 

The three assertions used were:  

Assertion 1: Improved Conceptual Understanding - Participation in the authentic science 

programme improved students’ conceptual understanding of astronomy in general and of 

asteroids, specifically.  

 

Assertion 2: Attitude towards science – Participation in the authentic science programme 

improved students’ attitude towards science.  
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Assertion 3: Students Thinking and Working like a Scientist - Participation in an authentic 

science programme, enabled the students to think and work like scientists. 

 

Though focussed on three assertions, the paths taken by the high school students were 

different. Peta, the student in Case Study 1 exhibited an analytical approach. Each new piece 

of knowledge and skill was clarified and matched with other pieces of information and known 

skills. Her journal entries reflected high level thinking and an ability to question the theory on 

which asteroid research was based. Peta consistently analysed software in terms of usefulness 

rather than being taken in by the showy parts of a programme that might look impressive but 

lacked the depth needed to help her achieve her goal, that of finding an undiscovered asteroid.  

 

Where possible, the student’s original work has been used in this case study as evidence, 

however, this was not always possible. The students presented both typed and handwritten 

work. Most of the handwritten documents were difficult to read or too large when scanned 

and, in many cases, the information was spread across several pages of annotated margins. In 

these cases, a direct copy of their documentation has been typed for use in this thesis. To 

differentiate between original student typed work and a teacher/researcher copy, the 

teacher/researcher items have been notated as teacher/research copied. An example is found 

in Figure 5.1.  
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Figure 5.1: Above is Peta’s initial concept map which when scanned and added to the thesis, 

becomes difficult to read. Below it is the teacher/researcher copied version in which her 

limited knowledge and the links she has made are clearer and easier for the reader to 

understand.   

 

Each case study is divided in to five sections. Table 5.1 outlines the sections as they relate to 

each case study and the area it supports. 
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Table 5.1: The common headings used in the case studies. In this table, the topics used to 

detail the high school students’ learning throughout the authentic astronomy activities are 

listed. The evidence supporting the assertions together with their location for each student is 

included to provide clarity.  

 

Topic Peta Mark 

Background specific to each student 5.1 6.1 

Evidence supporting Assertion 1, improving 

student conceptual understanding 

5.2 6.2 

Evidence supporting Assertion 2, enhanced 

student attitude towards science 

5.3 6.3 

Evidence supporting Assertion 3, thinking 

and working like a scientist. Efficient use of 

complex, scientific level science equipment 

5.4 6.4 

 

Case Study Student 1 - Peta. 

5.1  Student Background 

Peta started the authentic astronomy course in Year 9 and participated until the end of Year 

10. She is a female student who attended Barton College. Peta had been part of my Future 

Problem Solving (FPS) team that went to Melbourne to compete in the National competition 

for FPS. She heard that I was going to be doing an astronomy course at Barton College and 

asked Barton’s coordinating teacher if she could join. FPS is a high order thinking programme 

and she was happy to be given the opportunity to be doing something interesting in the FPS 

style again. She wrote, “As always, it’s also just great to be back and to learn about something 

so exciting in FPS style again. Thanks for giving us the opportunity!” (Journal #1, Peta). 

 

Peta was accepted into Barton College in Year 8 with Drama as her main subject and Music 

Theatre as her enrichment. The programme entails four drama classes a week plus after school 

until the end of Year 12 and two music theatre classes a week plus after school and voice 

lessons until the end of Year 10. 

 

5.2  Improved Conceptual Understanding 

In this section I provide evidence supporting Assertion 1, that this authentic science 

programme improved student conceptual understanding of astronomy, specifically asteroids. 

The path Peta took when learning, assimilating and recording new concepts was documented 

throughout the programme. 
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Peta joined in Week 2 and only missed sessions if ill or unable to leave a performance 

rehearsal. She consistently demonstrated an interest in all aspects of the authentic astronomy 

programme. Because she had worked with the me in primary school, her expectations were 

that the programme would be interesting. This differed from most of the students in that she 

assumed interesting (Recorded Student Observation #2, Peta) whereas most of the other 

participants were hoping. Peta was proactive in organising her place in the programme as it 

was only offered to Year 8 students by Barton College’s co-ordinator.  In response to another 

Year 9 student, Sydney’s statement that she was going to inquire about joining the 

programme, Peta replied, “… Wait! … I’m in. We can check on Monday”  (Recorded Student 

Observation, Private Function, Peta). 

 

Week 1 was a general introduction during which students were asked to complete a 

questionnaire, which included knowledge of transient objects. Peta completed this before the 

beginning of the lesson in Week 2 and before the video and basic facts sheet from Week 1 

were reviewed. Though she indicated that she was confident about her knowledge of transient 

objects, she changed her mind once the lesson had started. Observations made during the 

lesson indicated that there were many things she didn’t realise she didn’t know (Recorded 

Student Observation #5, Peta). During the lesson she asked questions related to the meaning 

of transient objects. In Week 2, Peta asked about the differences between the different types 

of transient objects (Recorded Student Observation #7, Peta).  

 

That she was analysing her knowledge base was evident in her first journal review. An 

excerpt from her journal as shown in Figure 5.2, highlights the importance of gaining a sound 

understanding of the term transient objects. Throughout the lesson, Peta actively arranged her 

new knowledge into context groups, enabling her to understand a lot of new terminology in a 

short time. Again, as mentioned several times in this section, Peta poses a question that 

demonstrates the role this authentic science programme plays in developing higher order 

thinking. 
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Figure 5.2: Journal Entry, Peta, Week 2. In this short paragraph, Peta demonstrates a 

developing understanding of new terminology, an improved understanding of the term 

transient objects and the ability to analyse her learning and pose relevant questions. She also 

took the opportunity to ask for more information on nuclear fusion. Nuclear fusion was 

mentioned during an explanation of how stars are formed.  

 

In her journal she wrote, “I was wondering why, as you mentioned something about it at the 

beginning of the lesson, it was important that we only searched up asteroids in the 400’s and 

600’s, or what the qualifications are for an asteroid to be suitable for looking at, other than a 

positive altitude and a low moon phase” (Journal #2, Peta). In specifically mentioning altitude 

and Moon phase in relation to asteroid searching, Peta demonstrated an understanding of two 

important variables. That she then tried to find a specific link between the variables and the 

400 and 600 group of asteroids indicated higher order thinking when attempting to link new 

ideas.  

 

All students were given a concept map to complete at the beginning of Week 1. They were 

asked to use it to demonstrate their current knowledge of asteroids. Of the 15 students who 

completed this activity all bar one changed the title to Transient Objects because they didn’t 

know enough about asteroids in particular. Peta changed her title to Transient Objects and 

referred to celestial objects such as stars as well as asteroids (Figure 5.3 Concept Map #1, 

Peta). When asked for more detail, Peta explained that the blue and red colours referred to the 

temperature of stars (Informal Interview Question #1, Peta). 

 

Within two weeks, she was able to complete a detailed concept map which demonstrated a 

sound understanding of asteroid related concepts. Peta was also able to make links between 

concepts, for example, location and link between size and potential damage (see Figure 5.4: 

Concept Map #2, Peta).  
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Figure 5.3: Concept Map #1, Peta (teacher/researcher copied). Peta’s initial attempt at a 

concept map indicates that her understanding of the concept asteroids was limited. She 

changed the topic  from asteroids to transient objects. She conveyed understanding that the 

colour of stars may be linked to its temperature but her descriptions, for example, referring to 

a star as cold, is an indication that her understanding was limited to generalities. 

 

 

Figure 5.4: Concept Map #2, Peta (teacher/researcher copied). In this concept map, Peta 

makes links between size and the potential for damage. She is also aware that not all asteroids 

are found in the asteroid belt. 

 

During the first four weeks students were given fact sheets and images, watched videos and 

worked on interactive, computer based programmes. New terminology can be daunting, 
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especially when students are learning a lot of new concepts at the same time. “I’m so glad that 

we had a glossary sheet to use as a reference, as all the new terminology was quite up front 

and a bit bewildering at the start” (Journal #1, Peta).  

 

Peta placed her glossary sheets on the desk next to her computer and referred to them 

constantly. “…being able to quickly find out what it meant, put it into the context that was 

being discussed and make sense and understand what was going on was great” (Journal #1, 

Peta). She also wrote further explanatory notes in the margins.  (Recorded Student 

Observation #7, Peta).   

 

Peta was also proactive in clarifying the meaning of the word transient. “So, it’s transient if it 

moves … in the sky.” (Recorded Student Observation #1, Peta). Teacher feedback included a 

revised explanation with a flipchart diagram guide. Peta continued to make references to the 

usefulness of the glossaries. “Once again, the glossary sheet never fails to define these new 

terms!” (Journal #2, Peta) and “I am so glad that we had the glossary sheet from the first week 

to use as a reference, as all the new terminology was quite up front and a bit bewildering at 

the start, but being able to quickly find out what it meant, put it into the context that was 

being discussed and make sense and understand what was going on was great” (Journal #1, 

Peta). 

 

Visual images and discussion were tools Peta found very helpful in gaining understanding. To 

give the students as much basic knowledge and understanding as possible so that they could 

start working towards their main goal meant that a lot of information was presented during 

each hour-long lesson. Many students, including Peta, found it somewhat confronting and 

expressed a preference for visual representation to facilitate understanding. “… pretty 

fantastic in being able to see a picture of the universe in so many different ways” (Journal #1, 

Peta). Peta opened her reflection with a direct reference to images and their usefulness when 

she wrote, “I loved looking at the different pictures of the Universe and then discussing them 

afterwards …” (Journal #2, Peta).  

 

In her first reflection, Peta included a copy of the diagram handed out in class together with 

an explanation as she had understood it. That giving students a visual representation to 

facilitate understanding also encouraged them to pose questions was evident in her journal 

entry and presented below in Figure 5.5. The evidence indicates that Peta was consolidating 
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her understanding of apparent magnitude. When reflecting on her understanding, Peta used 

higher order, metacognitive thinking when she questioned her own understanding. She 

consistently posed relevant questions, the answers to which would improve her 

understanding. 

 

 

Figure 5.5: This entry tracks Peta’s thoughts as she works through her understanding of 

apparent magnitude. She makes links between prior and new knowledge and poses questions. 

She also applies her new knowledge in a totally unrelated setting when she used it to answer a 

question in a university test (Journal #1, Peta). 

 

Peta’s journal entries began to demonstrate a linking of relevant concepts within the first three 

weeks. After a discussion about right ascension and declination, the celestial equator and 

altitude. Peta began to formulate questions that would help her select sites for imaging. She 

wrote, “I was thinking about the telescopes being used and … are any areas in the sky that we 

can see asteroids from down here that telescopes up north can also see, like a ‘crossing over 

zone’ where we take responsibility for looking at that asteroid?” (Journal #3, Peta). 

 

The questions also demonstrated that she was beginning to think about the optimum time to 

take an image. Though her understanding of the position and movement of the Earth and the 

asteroid are a little confused, the entry does show that she’s aware of the need to select her 

location carefully. “Does the Earth’s spinning and rotation mean that an asteroid that would 

have appeared to be present at the right time, have a low moon phase and a positive altitude, 

say, last month, may no longer be in a viewable position or state today?” (Journal #3, Peta).  

 

The examples above provide evidence that supports Assertion 1, improved conceptual 

understanding. Peta continually questioned her understanding, verifying her knowledge with 
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each activity. In a few weeks, Peta was able to apply her new knowledge and understanding to 

her individual project.  

 

 

5.3  Attitude Towards Science 

The evidence in this section supports the view that students can learn to use relevant software 

and hardware to achieve their goals and that the authentic astronomy programme improved 

Peta’s attitude towards science. In Figure 5.6, Peta described the way in which she combined 

a glossary and new concepts when making the necessary links in her understanding. It 

highlights her enthusiasm and interest in the learning.  

 

 
 

Figure 5.6: Journal Entry. In this journal entry, Peta mentioned her enthusiasm for learning 

new concepts that may be useful when planning her final project. She developed her 

understanding of ephemerides as the lesson progressed (Journal #2, Peta).  

 

Before the students could take and analyse images effectively, they had to be able to run and 

understand related programmes. An example is the programme which enabled them to take 

images using the Zadko Robotic Telescope and then analyse the images. Introducing the 

programmes, they would be using early on was something Peta found exciting and, therefore, 

motivational. She wrote: 

What we did this week was a great way to start learning about astronomy, as we were 

able to get right into it and learn directly from the sources that we would actually use 

in real life. Those types of hands-on activities where we can straight away take hold of 

and explore the work were engaging and FUN!” (Journal #1, Peta) 

 

Peta’s interest in the programme and its format was apparent. She downloaded the programme 

used to practise recognising asteroids in images and worked on it at home. Figure 5.7 is a 

picture of some work that she included in her journal as an example of the hands-on approach 

that had engaged her.  

Assertion 1: Improved Conceptual Understanding 

Participation in the authentic science programme improved students’ understanding of 

astronomy in general and of asteroids, specifically. 
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Figure 5.7: Peta downloaded a programme introduced during the lesson and practised on 

located asteroids. She elected to include a picture of her work to demonstrate her 

understanding and the positive impact this type of activity had on her learning and attitude 

(Journal #3, Peta).  

 

The meaning of and how to use the terms right ascension (RA), declination (DEC) and 

universal time (UT) were taught and revised within the first two weeks of the programme. To 

facilitate understanding, star maps, Stellarium a free, open source planetarium discussed in 

Section 4.2, Figure 3.2 and diagrams were used. The diagrams used showed a visual 

representation of the links between students’ previous knowledge on latitude and longitude 

and RA and Dec. Peta was able to transfer previous knowledge of latitude and longitude to 

RA and Dec but expressed difficulty in understanding why one was measured in hours and 

the other in degrees (Journal #2, Peta). Discussion with those around her also indicated that 

she was seeking further clarification of how RA and Dec work (Recorded Student 

Observation #3, Peta).  Though Peta could read the RA and Dec of objects and locate objects 

given a RA and Dec, and she referred to being able to use her knowledge of latitude and 

longitude (Recorded Student Observation #8, Peta), some aspects still confused her. She 

queried whether the hours in RA referred to Earth time or light years (Journal #2, Peta).  
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Stellarium, in particular, captured her imagination. During the course of the programme, Peta 

referred to Stellarium regularly to revise RA and Dec, learn about the night sky and locate 

objects (Recorded Student Observations #9 & #12, Peta). Stellarium was always up on her 

screen during class time and she continued to explore it at every opportunity (Recorded 

Student Observation #4, Peta).  Figure 5.8 highlights Peta’s ability to separate relevant aspects 

of a programme from those that are interesting and fun but largely irrelevant. The relevance of 

sections such as the constellation images were found in their motivational potential.   

 

 

Figure 5.8: Journal Entry #4. Peta enjoyed exploring all aspects of the programme, Stellarium, 

but could differentiate between relevant and useful sections. She recognised working out 

altitude, right ascension and declination was an important skill. Peta acknowledged the fun 

but largely irrelevant, parts such as the constellation images she used as a background. 

 

Peta was proactive in finding a solution to the problems she experienced when trying to 

download the programme at home. It was taking too long to download, then it wouldn’t show 

properly. She questioned the version and the time it should take to download then tried again 

several times before being successful. Issues related to the downloading problems were also 

relayed by her father (Comment, Week 4, Parent). 

 

Using programmes such as Stellarium allowed students the opportunity to manipulate 

variables such as time to see how objects appear to move in the night sky. It also reinforced 

the importance of Moon phase and altitude when selecting times for imaging (Journal #3, 

Peta). A number of activities in which students changed the location provided students with 

the opportunity to explore the importance of location in determining what they’d like to take 

and when. As Peta noted in her journal, it would have been annoying to, “find out the 

coordinates would only have worked if I was somewhere in Paris” (Journal #4, Peta).  
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By Week 4, students were beginning to decide which aspects of the programmes would be the 

most useful in terms of achieving their goals. They were able to clearly identify which 

programme was needed for the various activities related to planning for taking and analysing 

an image. The students understood, for example, that the Minor Planet Center could be used 

to find suitable ephemerides and that Stellarium, set for Gingin was useful when locating the 

RA and Dec of their asteroid (Journal #4, Peta).  

 

That the programme was meeting the students’ goals was further supported when they began 

to compare the usefulness of programmes with those used for non-astronomy related 

purposes. Peta was able to differentiate between Cool Iris, which she had used to view 

Google images, and the usefulness of Iris, when looking at and analysing images for 

asteroids. Iris is a free, public domain image processing programme that allowed them to 

process and analyse their images. She wrote: 

 

I originally thought that we were going to be using another program which I used last 

year that’s called Cool Iris, although that probably wouldn’t come in quite as handy as 

this one, considering it’s basically just a 3D way that you can view Google Images, 

which, despite being very cool, doesn’t have much to do with finding asteroids. I look 

forward to learning how Iris works next week (Journal #4, Peta).  

 

In Week 7, Peta continued her analysis of the various programmes available. She was able to 

look beyond the glamorous but superficial aspects of some of the technology when deciding 

which programmes could prove to be the most useful in finding appropriate coordinates, time 

and so forth. She wrote: 

 

The most interesting program I have worked with so far would probably the IAU 

Minor Planet Center with its ephemeride lists, as they have probably come in the most 

handy and, while not looking as impressive as Stellarium or as high-tech as Iris, have 

certainly provided the most amount of information (Journal #7, Peta). 

 

Peta’s understanding of the usefulness of the data obtained from the Minor Planet Center was 

demonstrated in a quick quiz given the following week. The quick quizzes and their role in 

assessing student understanding is presented in detail in Chapter 4, Section 4.5 and Chapter 

10. Briefly, they were used to start each session to ascertain student knowledge of individual 
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skills and programme related knowledge and possible false understandings. Figure 5.9 

presents Peta’s knowledge in this area. 

 

 

What type of information would you expect to find on an ephemerides table? 

Right Ascension, Declination, time, moon phases, moon altitude, date, Asteroid number 

When would you find an ephemerides table useful? 

When tracking an asteroid that is already known of, when checking what asteroids are visable 

(sic) in your area, when looking for co-ordinates that you can request photos. 

How would you locate an ephemeride table? 

By visiting Minor Planet Center, entering asteroid number, start date, number of 

hours/minutes/days, whether it is hours, minutes or days, the telescope number. 

 

Figure 5.9: Peta’s results from the quick quiz on the Minor Planet Center. Original above and 

Teacher/Researcher copied below. Peta demonstrated a sound understanding of the important 

points. Her journal article acknowledged the usefulness of the Minor Planet Center when 

gathering ephemerides and her detailed answers in the quick quiz reflected this understanding. 

Her points were recorded in the order found on a request form from the Minor  

Planet Center (Quick Quiz – Ephemerides, Peta). 

 

Understanding and using the concept Universal Time (UT) took most students some time. 

Their initial attempts at planning to take images had them planning to take images between 

0600 and 0700 (Recorded Class Observation #13). A question relating to other countries with 

the same UT indicated that Peta was still coming to terms with the way in which both 

longitude and RA worked. In her words, “I’m still bending my brain around all these 

concepts” (Journal #2, Peta). 
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Another activity introduced was the programme Iris. This engendered much interest and 

discussion with students recording that they felt as though they were on their way to being 

successful. The students were very interested in contributing something to science in the real 

world (Recorded Class Observation #25). They were also interested in the somewhat 

frivolous, but important motivating factor, of being able to name their asteroids. “… so we 

can name it anything we like …” (Recorded Student Observation #6, Peta). The importance of 

motivating factors cannot be underestimated and it was decided that the first one would be 

named after the school. This also indicated the positive attitude developed by the students 

towards the activity even though they were cognisant that discovering new asteroids would 

not be easy and that they might not find any.  

 

Locating the very small dot that is an asteroid in an image full of stars can be very difficult. 

The skill needed practice and the students were given images taken in the preceding few 

weeks to practise finding the very small, blinking asteroid. Within ten minutes, some students 

were finding the asteroids quickly and by the end of the lesson, all were able to find an 

asteroid in an image. Peta was one of several students with an obviously keen eye for detail 

(Recorded Student Observation #10, Peta). Giving them the opportunity to find asteroids 

independently helped to reinforce that the programme had realistic goals and that they would 

be able to work towards personal goals effectively. This was reflected in their journals. Peta 

expressed a feeling of success as well as an appreciation that they were able to work in pairs 

and try things for themselves, rather than having the answer pointed out too early. Peta wrote, 

“… and it was good to have time to try and find them ourselves before having the real one 

pointed out. It was from being on the job that I learnt a lot that I would usually have 

forgotten” (Journal #1, Peta).  

 

Peta was one of several of the students who enjoyed using real images with other celestial 

bodies as this gave them an opportunity to discuss what other objects would look like, for 

example, stars and galaxies. During one of the lessons, the students were able to view the 

Milky Way through different rays and waves such as x-rays and radio waves, using 

chromoscope.  The use of the chromoscope was introduced in Week 2. Peta wrote, “I thought 

it was pretty fantastic being able to see a picture of the Universe in so many different ways, 

especially since all but one of the photographs you showed us cannot be seen with the human 

eye” (Journal #1, Peta). 
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Following the asteroid activity, the students were introduced to the practice activities 

provided in the Iris programme. Given that they now knew what they were looking for, 

students very quickly picked up the blinking asteroids. The animation in the practice section 

helped to further explain the process (Journal #2, Peta). 

 

As the images loaded onto the school’s server were from the Zadko Robotic Telescope and in 

black and white, the students found it a little confronting at first but eventually came to 

understand that not all images would have an asteroid in them as previously experienced. This 

was because we were beginning to take images of areas that most northern telescopes couldn’t 

reach. The decision to do this was made on the basis that it would increase our chances of 

finding a new asteroid, rather than confirming those that already exist as was done in the 

previous weeks. Though it was more difficult to do, the students remained focussed and 

optimistic. They also discussed the possibility that the white dot they’d found could be an 

asteroid. Though Peta demonstrated a high level of skill development, she still found it 

challenging, particularly, when trying to decide if her dot was a potential asteroid.    

 

Although students could locate suitable ephemeris, they found it challenging to ensure that all 

important ephemeris were included, for example, they would find a suitable altitude but fail to 

take into account UT. The importance of the Moon phases was also generally underestimated. 

After a period of exploration, students were directed to complete single entry activities with 

each one building towards a whole, for example, they were required to match altitude with 

UT. When this skill was mastered, they added another component, such as Moon phase. Peta 

self-corrected and questioned her choices independently and was often heard exclaiming, 

“What!” and “Can you please repeat that?” This was followed by, “OK” or “Oh now I get it.” 

(Recorded Student Observations #18, #28 and #34, Peta). 

 

Peta eventually demonstrated a sound understanding of how to use an ephemeris table when 

completing a class test, using the Minor Planet Center. An example of her understanding is 

shown in Figure 5.10. 
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Give the following for asteroid 406 for 3 November at 2100 Perth time. Use Zadko (D20) as 

your telescope. 

RA: 02 29 29.8 

Dec: +22 01 49 

Suitable for imaging at this time? No 

Why/why not? The altitude is not over +30. 

 

Figure 5.10: Reading an ephemeris table test, Question 4, Peta above original; below 

Teacher/Researcher copied: In this section taken from a short test to ascertain student 

understanding, Peta demonstrates her understanding of the importance of the altitude of the 

asteroid when deciding whether it is suitable for taking an image. 

 

Prior to Week 8, the students logged on simultaneously and used class time to plan and log 

individual requests. It was during this time that students, including Peta, practised bringing 

together all the ephemerides needed to log a successful request (Recorded Student 

Observations # 33, #40 and #45, Peta). She would have Stellarium open, a printed sheet of 

ephemerides with explanations and her glossary open next to her and she moved between her 

aids independently and efficiently (Recorded Student Observations # 43, #49 and #52, Peta).  

 

Though Peta occasionally professed to be unsure of what she was doing, her efficiency and 

her requests did not support this notion. Peta was one of the first students to successfully 

request, take and download an image using Zadko Robotic Telescope. Using the limited 

declination available, Peta planned a small mosaic for imaging then sent the requests to the 

Zadko Robotic Telescope, independently. This is shown in Figure 5.11. 
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RA   

DEC   

Entry of Observations Information (6 images maximum): 

N.B.: A time exposure of 0 seconds will not give you an image.  

Pose n° 1 :  

Time Exposure (sec):  

Filter:  

dra (deg/sec):  

ddec (deg/sec):  

 

Pose n° 2 :  

Time Exposure (sec):  

Filter:  

dra (deg/sec):  

ddec (deg/sec):  

 

 

Figure 5.11: Zadko Robotic Telescope entry #1, Peta: Using right ascension, declination, 

altitude and the Moon phase, Peta was able to complete and submit a request correctly. This 

figure is an example of her ability to enter the RA and Dec of the objects and request two 10 

second images. 

 

During Weeks 4 to 9, students continued to lodge requests.  It was during this time they came 

to realise the importance of the gamma ray project and their position in terms of the Zadko 

Robotic Telescope use (Recorded Class Observations weeks #45 and #53). They also started 

to give thought to planning individual projects.  An email sent by Peta, Nov 17, supported her 

understanding of time. When referring to an initial problem with the 60 minute buffer, she 

wrote, “ … I got really confused about that, but then I realized that was because of the 60 

minutes time allowance, which meant thirty on either side, and then I got it” (Email Nov 17, 

Peta). Peta was able to take images suitable for blinking and download them.  

 

Though asteroid research was the primary goal of the programme, it was also designed to 

encourage students to explore other aspects of the Universe. Student interest in a wide range 
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of topics, for example, black holes, was evident from the first lesson. The questions Peta 

posed during the sessions demonstrate her growing interest in space. 

 

Each new piece of information brought further questions that, though not related to the 

primary goal of locating asteroids, were student initiated. They demonstrated a keen interest 

in moving beyond basic astronomy to gain a better understanding of the Universe. Questions 

surrounding black holes arose during a discussion on bodies that are likely to come up in the 

images. The students did not expect to see a black hole, but rather objects such as galaxies. It 

was very soon evident, that their interest went beyond the scope of the programme which was 

already on a very tight schedule. The first 15minutes of each session in Weeks 1 to 9 was 

used for discussing questions from the previous week’s journals. Answers were also emailed 

to students if the allocated time was not enough (Email 25 August 2010, to Peta).  

 

All questions demonstrated that the students were thinking and motivated.  Occasionally, their 

questions arose from misconceptions but demonstrated thought and interest, nonetheless. 

Following a session on locating asteroids on blinking images, Peta wrote, “I was wondering, 

seeing as you said that some of them were too big to be asteroids although they still had the 

two dots, wouldn’t an asteroid that was closer appear bigger, and, if so, how can you 

distinguish them from other large, two-dotted objects?” (Journal #1, Peta).  

 

Peta posed questions each week from her first journal entry when she asked for further 

explanation on nuclear fusion which arose after a discussion on stars and star types.  She 

wrote, “I was wondering whether you could maybe explain to us a little more about nuclear 

fusion, as this is the first I’ve heard of it” (Journal #1, Peta).   

 

Perhaps the most interesting questions and those which displayed the greatest number of 

misconceptions were those related to black holes. Peta wrote, “I thought the centre of a black 

hole wasn’t visible, and previously had concluded there was nothing to see a horizon over the 

top of, but it seems that is not the case” (Journal #2, Peta). Showing an animation with pauses 

for explanations helped to gel some of the concepts in the students’ minds. Peta referred to the 

animation in her journal stating that watching the animation, “was absolutely fascinating” 

(Journal #2, Peta). Their interest in black holes provided an opportunity to explain the role of 

quantum mechanics in explaining some astronomy challenges.  
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Given that the students were using the Zadko Robotic Telescope, they were very interested 

when the most recent transient light was imaged. Its suggested link for formation of a black 

hole further heightened their interest. Being able to show the students the image together with 

the explanation provided a platform on which discussion regarding other projects could be 

focussed. It also increased their desire to search their images for transient objects other than 

asteroids. That cutting edge science in astronomy is being done in Western Australia and 

having the opportunity to use the same telescope as scientists searching for supernova and 

following up gamma ray alerts amongst other projects, continued to motivate the students.  

 

The students had a number of questions each week. Answering these questions generally 

generated more questions. There were times when I wondered if too much information was 

being given, however, this was refuted by student comments which indicated that the extra 

information helped to clarify their understanding. Peta wrote, “First off, thanks for giving me 

the answers to my questions in the last reflection, I think that’s helped my understanding quite 

a bit” (Journal #4, Peta). She then proceeded to ask four more related questions in the same 

six lined paragraph. “Also, why do some stars move faster or slower than others, and, if all of 

them are moving at some rate, regardless of whether it is very slow, what direction are they 

moving in? Is it the same, or different? If the universe is expanding and stars are ‘moving 

away’, does that mean they’re moving away from each other or a certain point? And, if it’s 

from a certain point, where is that point?” (Journal #4, Peta).  

 

In Section 5.3, Peta’s ability to learn, analyse and select appropriate programmes to help her 

achieve her goals has been clearly outlined. She continually questioned and verified her 

understanding which enabled her to make informed choices. Peta consistently included her 

thoughts on the motivational aspects of the activities and programmes. This evidence supports 

Assertion 2, enhanced attitude toward science.  

 

 

 

 

Assertion 2: Enhanced Attitude Toward Science 

Participation in the authentic astronomy programme enhanced students’ attitude towards 

science.  
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5.4  Thinking and Working like a Scientist 

The goal underpinning the students’ work was to plan and implement an individual project 

using newly acquired knowledge and skills. This section details the thoughts and ideas Peta 

used when making a final decision about what project she wanted to pursue. Further, the path 

she took to realising her goal is described. The evidence supports the idea that the authentic 

astronomy programme enabled Peta to think and work like a scientist. 

 

By Week 5 students were planning their mini project. Each student selected and mapped self-

selected parts of the sky as part of their individual projects. Though they could choose any 

area of sky that could be imaged by the Zadko, Peta wavered between the asteroid belt and 

areas too far south for northern telescopes to reach.    

 

Peta’s entries in her journal #6 demonstrated the knowledge gained during the previous five 

weeks was useful in helping her determine which area of the sky to image. She discussed the 

pros and cons of both areas using work done in the previous weeks to help her make a 

decision. Most of her journal entry was devoted to arguing a case for each side before arriving 

at a decision. The following is an excerpt from her journal.  

 

First of all, looking at asteroids in the asteroid belt would probably have a higher 

likelihood of having an asteroid or two that hadn’t been discovered or named before, 

because it’s an area where there are lots and lots of them, but, at the same time, if they 

are able to view the asteroid belt from up north, then it’s quite possible that the 

majority of them have been mapped and looked at already. Also, a discovery in the 

asteroid belt would probably not be as good a find as discovering a lone asteroid that 

is far from where a lot of other people are able to reach, but, wouldn’t it be rather 

unlikely that we’d find asteroids in other locations anyway, so wouldn’t that make it 

better to look at the asteroid belt because the promises finding something there are 

more likely? (Journal # 6, Peta)  

 

When making her decision, Peta did a sky coverage search using the sky coverage programme 

available from the Minor Planet Center first discussed in Figure 3.6. She investigated areas of 

the sky that had been covered recently by big sky surveys and ascertained that most surveys 

covered the northern sky. She also thought about the asteroid belt between Jupiter and Mars, 
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including an image of both in her journal to help clarify her ideas.  Both images are included 

in Figure 5.12 

 

 

 

 

 

 

 

Figure 5.12: Images Peta included in her journal. These images, one each from the two search 

options, reflect the ideas Peta was analysing when making her decision. The image on the left 

shows her search of the most recent big surveys. She compared this with the asteroid belt, the 

image on the right (Journal #6, Peta).  

 

Peta argued that the asteroid belt might increase the likelihood of finding a new asteroid 

because there are so many there and, potentially, there were many more to find. Using the 

mapped area from the Minor Planet Center she ascertained that there were also many projects 

currently underway in this area and that many of the asteroids had already been found. Peta 

spent some time studying this map and was able to manipulate the dates of the areas to search 

for a comparison (Recorded Student Observation #54, Peta). It also occurred to her that 

finding an asteroid in an asteroid belt may not contribute as much to science as finding one in 

an area not generally associated with asteroids. Balancing scientific thought, however, was 

her concern that it’s a big sky and finding a lone asteroid would be very difficult (Recorded 

Student Observation #55 and Journal #6, Peta).  

 

The thought of finding an asteroid outside the asteroid belt and too far south for the northern 

telescope appealed to many of the students. This was not just because of its potential 

significance to the scientific world but because there was a sense of adventure associated with 

it; a little like being an explorer. Peta wrote, “Also, it’d be nice to cover new territory, or so to 

speak; to be the first to look at parts of the sky and analyse them the way we have been” 

(Journal #6, Peta). The probability of finding an asteroid was a significant factor influencing 

the students’ decisions about the search area, but not the most significant. A sense of 
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adventure and student interest in the unknown were more likely to influence the choice 

(Recorded Class Observation #16). In her Journal, Peta wrote, “I think I’ll just go with 

number two” (searching an area not visible from the north) “as I think that’s the one that 

interests me the most” (Journal # 6, Peta). 

 

By Week 7 Peta had decided on an area south of the celestial equator at 06:29:60h/-42:59:55. 

This is her central point and the first thing she did was to start working out a mosaic for her 

images. This allows for overlap.  Peta successfully calculated the best time to take the image 

using Stellarium and entered the details into the request page. She allowed for UT and a 60 

minute buffer to increase her chance of the image being taken. When planning, Peta referred 

to the +30 limit in altitude. She was able to check for the phase of the Moon and its position at 

the proposed time the image was to be taken. 

 

Managing their individual projects proved challenging. Taking and downloading a single 

image at a computer-generated time helped to develop and consolidate the necessary skills. 

The process used is detailed in Figures 4.4 and 4.5. Implementing a complete project which 

required at least two shots with a further two shots taken an hour later and repeated across two 

or three weeks required the students to combine everything they’d learnt so far to achieve a 

single goal. During this time, the Zadko Robotic Telescope was undergoing repairs, or could 

only be used with a limited range, so the students were also preparing plans for three different 

telescopes. They’re first choice was always the Zadko Robotic Telescope, however, this was 

often not possible. Though Peta was able to determine a possible RA and Dec fairly quickly, 

finding the best time taking into consideration, UT, proved more elusive. A number of her 

shots were rejected. To assist with her planning, Peta made copious notes in the margins of 

her Minor Planet Center sheets to remind herself how each step could be accomplished and 

referred to her notes constantly (Recorded Student Observation #44, Peta). She was one of the 

first students of the group to successfully request a series of images. In Figure 5.13 a small 

section of one of her requests is described. All decisions, for example, the co-ordinates to be 

used and the exposure time were arrived at independently. 
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RA   

DEC   

Entry of Observations Information (6 images maximum): 

N.B.: A time exposure of 0 seconds will not give you an image.  

Pose n° 1 :  

Time Exposure (sec):  

  

dra (deg/sec):  

ddec (deg/sec):  

 

Pose n° 2 :  

Time Exposure (sec):  

  

dra (deg/sec):  

ddec (deg/sec):  

 

 

Figure 5.13: Successful Cador request #1, Peta. After several false starts with errors in the 

time, Peta was the first to successfully enter a series of requests as part of her final project. In 

this figure, her right ascension and declination were the first pieces of information entered. 

She has also set a 10 second exposure for both images. The 10 second exposure time was the 

default time used for the students first image requests.  

 

The various subheadings in the Cador programme could be confusing with Peta often 

commenting that she couldn’t tell if her requests had been accepted (Recorded Student 

Observation, #58, Peta). The single access protocol prevented the students from requesting 

and accessing their images simultaneously. Unfortunately, this meant that students could not 

practise when I was there to monitor progress. The students had to make notes from 

interactive whiteboard demonstrations. Detailed notes were distributed but it was not until 

Peta could get home and use her notes and the distributed material, that she was able to get 

immediate feedback using the rejected and accepted scenes pages. Once Peta mastered this, 

her success rate for her requested images improved. Her images were taken an hour apart for 

as long as the chosen asteroid was visible. The images were then blinked using Iris, to check 

for transient objects. As discussed in Chapter 4, Iris is a free source online image analysis 
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programme. One of her images is presented in Figure 5.14. During the class sessions, Peta 

often shared her findings and new knowledge with those around her which further 

consolidated her knowledge (Recorded Student Observations, # 46,53 and 61, Peta). 

 

 

Figure 5.14: Calibrated image #1, Zadko Robotic Telescope – Peta. This image is one of 

several she took when developing her skills. This is a single image of asteroid #402 (Chloe) 

taken with a ten second exposure.  

 

Peta, along with others in the class, expressed an interest in analysing images for features 

other than just asteroids. Various astronomy related topics had been student initiated. As they 

gained confidence in using the Cador programme along with two other telescope formats and 

the rest of the software such as Iris, students began to discuss the possibility of finding other 

transient objects such as comets and supernovae. Finding a supernova provided the most 

interest (Recorded Class Observation #26). They used Iris to check for asteroids, then put the 

images side by side and looked for stars that may have changed. They also started noting the 

presence of planets and galaxies in their images.  
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Peta was able to plan and execute a successful activity designed to scan a section of the sky 

for previously undiscovered asteroids. She didn’t discover a new asteroid. Section 3.5 

provides evidence supporting Assertion 3, thinking and working like a scientist. 

 

  

 

5.5  Conclusion 

The information presented in this case study supports the premise that authentic astronomy 

classes will positively impact school students’ conceptual understanding of  and attitude 

toward science, in particular, asteroid research. The evidence presented demonstrates Peta’s 

significant increase in conceptual knowledge and the degree to which she developed the skills 

necessary to complete her individual project. Her thoughtful approach when determining her 

final project is comprehensive as are the many questions she posed demonstrated her 

expanding interest in astronomy and attitude towards science. All three assertions, improved 

conceptual understanding, attitude towards science  and thinking and working like a scientist, 

were supported. She was able to use complex, scientific level equipment efficiently. 

The next chapter, Chapter 6, presents a second high school student case study of Mark. 

 

  

Assertion 3 - Thinking and Working like a Scientist 

Participation in an authentic astronomy programme enabled the students to think and work like a 

scientist.  
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CHAPTER 6 

High School Student Case Study, Mark 

 

6.0  Introduction 

The second student case study from the high school authentic astronomy programme is 

presented in this chapter. The student’s pseudonym is Mark. The assertions on which this case 

study is based remain the same and can be found in 4.0. The assertion relevant to the 

subheadings can also be found at the end of sections 6.2, 6.3 and 6.4. 

 

Like Peta, Mark was a highly motivated individual with a love of learning. Peta was always 

keen to take on a new area of learning and astronomy appealed to her. In contrast, Mark’s 

focus was anything to do with space, particularly in the company SpaceX. This company and 

its importance to Mark’s learning is explained in section 6.2.  

 

From a practical teaching point of view, students tend to have preferred ways of learning. 

Mark was selected as the second case study student to present in this doctoral thesis because 

his approach to learning differed from Peta. Peta took an analytical approach. She loved 

problem solving and she organised her notes and ideas in a logical manner. An authentic 

astronomy programme can be designed to suit the many learning approaches of the different 

students found in a classroom. Mark took what is sometimes referred to in the literature as a 

kinaesthetic approach to his learning (Countryman, 2017; Gilakjani, 2012).  He enjoyed using 

the software to try the many ideas that came to him before he had thought them through. This 

resulted in false starts and backtracking, neither of which had a negative impact on his 

learning. He preferred doing to writing. For this reason, I often interviewed Mark during class 

in an informal manner to ascertain the depth of his knowledge.  

 

Case Study Student 2 - Mark. 

6.1  Student Background 

Like Peta, Mark enrolled at Barton College as part of a special programme. Though the 

students have a common background, there are significant differences between them. Mark 

was accepted into Barton College in Year 8 with Guitar as his main instrument and music 

theory as his enrichment. The programme entailed five guitar classes a week until the end of 

Year 12 and two music theory lessons a week plus after school.  
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Mark started the astronomy enrichment course in Year 8 and participated until the end of 

Year 9. He was keen to keen to learn more about astronomy and cosmology. “I am really 

interested in this stuff” (Email: 29 March 2010) 

 

6.2  Improved Conceptual Understanding 

This section outlines the improvement in Mark’s conceptual understanding of asteroid 

research. It follows a significant change in Mark’s interest and focus from SpaceX as a 

separate entity to the way in which it could support asteroid research. Though confident in his 

knowledge, Mark was quick to realise the misconceptions he had and was proactive in 

correcting them.  

 

Mark joined in Week 1, attended every session unless ill, overseas or because of music 

commitments and consistently demonstrated an interest in all aspects of the programme. 

SpaceX, a company founded in 2002 to revolutionise space technology, was not formally part 

of the astronomy programme, but Mark followed its progress avidly and shared SpaceX news 

at every meeting (http://www.spacex.com/about). Mark was confident in his knowledge of 

both transient objects in general and asteroids in particular because he had been “… interested 

in astronomy forever…” (Recorded Student Observations #1, Mark). 

 

Mark completed this first concept map during the introductory lesson and, like most students, 

changed the topic from Asteroids to Transient Objects. In his first concept map, detailed in 

Figure 6.1, Mark showed a basic knowledge of asteroids. His points indicated knowledge that 

was limited, for example, he knew they could be found in an area commonly referred to as the 

asteroid belt but did not demonstrate an understanding that they can be found elsewhere. This 

is supported by an aside he made when the concept maps were completed and the students 

were discussing a point they had included in their concept maps. “… SpaceX will be able to 

transport equipment for mining asteroids because they’re in the asteroid belt. … They’ll be 

easy to find.” (Recorded Students Observation #2, Mark).  

 

Of the eight points Mark included in concept map #1, Figure 6.1, two referenced SpaceX and 

“things that move” was repeated. His second concept map, Figure 6.2, completed in Week 3, 

demonstrated improved understanding of asteroids. No longer including references to 

SpaceX, he focussed on asteroids and the reasons for studying them. In his second concept 

map, he self- corrected an error regarding asteroids and their moons, citing an example of an 
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asteroid with a moon, Ida. He also referred to the link between asteroid size and the potential 

for it to have a moon.  

 

Figure 6.1: Concept Map #1 Mark (Teacher/Researcher copied). This concept map indicates 

that Mark had common knowledge such as the role an asteroid is thought to have had in the 

demise of the dinosaurs and he can specify the location of the asteroid belt. His response that 

they, “Are bits of rock” shows his knowledge lacks depth. Mark’s statement, “Don’t have 

moons” is erroneous. He changed the topic from “asteroids” to “transient objects” and then 

reverted to his key area of interest, SpaceX.  

 

Figure 6.2: Concept Map #2 Mark (Teacher/Researcher copied). In this concept map, Mark 

demonstrated an improvement in his knowledge of asteroids. Though he did not give any 

examples, Mark now understood that there were different classifications. His knowledge of 

their possible location and origins were added to this concept map. He also corrected an error 

regarding moons made in his initial concept map.  
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Throughout the lessons, Mark remained confident in his knowledge of asteroids but 

comments made during class indicated that though he thought he already knew quite a lot, 

there were still lots of interesting things to learn. “So transient is anything that moves and 

asteroids and meteorites are one of the groups” (Recorded Student Observation #3, Mark). To 

clarify his understanding, Mark was asked, “Earlier you said that asteroids and meteorites are 

one of the groups of transient objects. Are asteroids and meteorites the same object?” 

(Informal Interview #1 Question #1, Mark). His reply that they were both “bits of rock but 

different sizes” indicated that he realised that they were different objects.  

 

During the lesson, the students were given an opportunity to write notes and to discuss and 

clarify perceptions. Mark consistently sought clarification from peers as he processed each 

new idea, “… so asteroids can be broken down into classifications according to what they’re 

made of (Recorded Student Observation #4, Mark). His keenness to continually expand his 

knowledge was demonstrated with questions such as, “Why are they different?” (Recorded 

Student Observation #8, Mark). 

 

Mark’s passion for SpaceX did not abate. He was soon linking new asteroid knowledge to 

SpaceX and its potential role in mining asteroids. In Week 5 a news report that someone had 

heard on listing asteroid mining on the stock exchange was being discussed. Though the 

potential for mining was covered in the introduction, it did not really engage the students in 

any in-depth discussion until the idea started appearing in various news reports.  When 

discussing the article, students were initially amazed at the money to be made even in the very 

early stages of development.  They were discussing asteroid research from a new perspective. 

Ideas such as issues related to cost were initiated by other students as were the logistics of 

removing, transporting and processing minerals.  Mark was quick to explain ways in which 

SpaceX would be a major player in asteroid mining.  

 

Prior to commencing the programme, Mark’s understanding of the general goal of SpaceX 

was extensive, but his knowledge of asteroids was limited, and he had not made conceptual 

connections between these pieces of knowledge. His contribution to the in-class discussion 

demonstrated a significantly improved understanding of asteroids and much improved  

connections with his knowledge of SpaceX that were accurate and relevant. 
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Mark contributed the following ideas to the discussion, clearly demonstrating his new 

understanding of asteroid research and examples of how it would be achieved. 

a) Water could be used because it’s expensive to bring up from Earth and they recycle on 

the Space Station. 

b) SpaceX was planning to develop spacecraft to transport humans but they could also be 

used to transport goods like mining equipment. Companies will have to work together. 

c) They will be a transport rather than a mining company. This view was supported by 

FAQs in the SpaceX lounge in 2012 and again in 2016, where the potential for mining 

was not considered except in the context of being a vehicle launch provider. 

(https://www.reddit.com/r/spacex/comments/441ncw/spacex_interested_in_asteroid_

mining_schneider/. Retrieved from SpaceX in 2012 and 2016 and from the archives 

August 2018). 

d) SpaceX could have bases on asteroids for refuelling thereby decreasing the cost of 

space travel significantly (Recorded Student Observation #13, Mark). 

 

To gauge the depth of his understanding Mark was asked, “In class, you were talking about 

using asteroids as fuel stations. Can you elaborate on how you think this will work please?” 

Mark clearly articulated that water was thought to be in abundance on asteroids in the asteroid 

belt and that this water could be split into hydrogen for fuel and oxygen. The water available 

could also be used as water. He noted that these products are extremely expensive to transport 

from Earth. Further, he made connections between companies such as SpaceX and asteroid 

research, for example, stating that SpaceX planned to source the water thought to be in 

asteroids in the asteroid belt. The company planned to set up the equipment necessary on the 

asteroids so it could be accessed by spacecraft (Appendix C).  

 

The connections Mark made between fuelling stations on asteroids and the potential to split 

water to achieve this were confirmed in an article that appeared in The Conversation where 

Dunnhill and Phillips (2016), outlined their work conducted at Cornell University. They 

explained that solar panels would be used to produce electricity which, would split the water 

into hydrogen and oxygen.  When recombined, the resultant combustion “can be used to drive 

the satellite forward, gaining speed or altering its position in orbit of whichever desired planet 

or moon is the target” (n.p.) Though Mark did not elaborate the process, his understanding 

that the water would be split into hydrogen and oxygen but could also be used as a water 

source for further space travel was valid (Informal Interview # 2, Question #1 Mark).  When 
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established in 2002, one of SpaceX’s stated goals was to “revolutionise space travel, with the 

ultimate goal of enabling people to live on other planets” (http://www.spacex.com/about, 

n.p.). 

 

The data from observations, informal interviews and written work, showed that Mark 

demonstrated a significantly improved knowledge related to asteroids. The conceptual 

connections he was able to make with SpaceX increased in complexity as his knowledge 

evolved.  

 

The information presented in section 6.2 supports Assertion 1, improved conceptual 

understanding. Mark’s knowledge increased with each session and the introduction of new 

concepts were quickly accommodated as was evidenced in the connections he made between 

asteroid research and SpaceX.  

 

The degree to which students were able to master relevant software is discussed in the 

following section. The software served two purposes: a) as motivational tools and b) as an aid 

in planning and managing individual projects. 

 

6.3  Attitude Towards Science 

This section presents supporting evidence that Mark was able to master and use a number of 

different types of software to assist him in achieving his goals. He mastered each new 

programme very quickly and enjoyed manipulating the links when working out the 

applications that best met his needs. Mark was highly motivated by the current trends in 

asteroid research and often found newspaper articles and internet reports on mining asteroids. 

 

In common with the rest of the group, Mark was interested in many aspects of astronomy 

including black holes. Asteroid mining remained his primary focus and he consistently 

worked to expand his knowledge of asteroid mining and the role SpaceX could play.  

 

Assertion 1: Improved Conceptual Understanding 

Participation in the authentic science programme improved students’ conceptual 

understanding of astronomy in general and of asteroids, specifically.  
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As with Peta, each new piece of information gleaned brought further questions for Mark. Of 

significance though, is that Mark’s motivation to achieve was firmly focussed on asteroid 

research. His initial responses to questions always included SpaceX, but in terms of space 

exploration rather than asteroid research. By Week 2, he had begun to make connections 

between SpaceX and asteroid research and by Week 5 his discussion centred on asteroid 

mining and the role companies such as SpaceX would play. 

 

Deep Space Industries was not established until 2013, but the potential for asteroid mining 

was a significant point of discussion in the news during 2011. NASA was planning 

exploratory missions to asteroids both to determine composition and to identify possible 

means for defending Earth from potentially hazardous asteroids, for example, the feasibility 

of redirecting an asteroid. Mark continued to study articles which discussed the potential for 

asteroid mining. Using his knowledge of SpaceX, he suggested that as spacecraft became 

smaller and more efficient, mining asteroids would become a reality. He argued that the 

commercial potential of asteroid mining would be the driving force. Today, Deep Space 

Industries declares “delivering resources to open the space economy” as one of its deep space 

missions (https://deepspaceintudtries.com/missions). Mark suggested that by the time he was 

thinking about university courses, he’d be able to include asteroid mining as an option.  In 

other words, Mark thought that mining for minerals would happen in the foreseeable future 

and was convinced that the commercial potential would be significant.  

 

Mark also acknowledged the need for off Earth fuel and water sites so that space travel to 

other planets could be made more economically viable. He reasoned that human necessity 

would prevail and that water would probably be the first element mined. Lily, a primary 

school student, arrived at the same conclusion as a result of her research. The use of small 

spacecraft was exciting because it opened up new potential for mining. In 2017 Deep Space 

Industries cite in-space delivery of propellants, life support materials and other commodities 

as one of their goals.  

 

Mastering a number of software programmes was essential if the students were to achieve 

their final goal, planning and executing a search for an asteroid that hadn’t been discovered. 

Mark was interested in finding an undiscovered asteroid but what really fascinated him was 

the opportunity to find an undiscovered asteroid that could be sampled for mining potential. 

With this in mind, Mark worked towards finding the programmes that were most suited to 
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helping him achieve his goal. He downloaded Stellarium and learnt its applications quickly. 

In common with other students, he initially spent the first session tinkering with the various 

links, in particular the Constellation Art link. The ability to enlarge objects such as the planets 

initiated conversation based on NASA’s recent and planned missions to planets, specifically, 

Mars and Jupiter.  

 

From Week 1, the students were keen to learn about many aspects of space, not just asteroids 

and, as previously mentioned, it was agreed that we would finish each session with a Q&A on 

anything to do with space. A general discussion regarding interesting things (other than 

asteroids) to image using the telescope followed with galaxies and open clusters topping the 

list. The ability to manipulate all the sections of Stellarium quickly and effectively was a 

significant motivating factor for Mark. He had decided that Stellarium was the programme 

that would best suit his needs soon after it was introduced and continued to use it extensively. 

He became expert at manipulating the various aspects of the software to achieve a goal.  

 

It was Mark who noticed that, when enlarging planets, the location of the various moons 

could be monitored in real time (Recorded Students Observations #7, Mark). He demonstrated 

this by setting the viewing time for the planet then enlarging it so that the moons would be 

visible. He then altered the time gradually so that his peers could see what he meant (Figure 

6.3). Using the software allowed Mark to investigate objects in space in real time and proved 

to be a catalyst for developing knowledge and understanding of planets and their moons.  
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Figure 6.3: Mark’s manipulation of three components in Stellarium to achieve a goal. Mark’s 

ability to select the correct components of the programme Stellarium to check on his 

understanding is shown in this figure. He showed his peers how to find the best time to view 

Saturn and some of its moons. Mark selected his initial starting time, used the search link to 

find Saturn then magnified it. Finally, he created an image of his screen. Mark then repeated 

the procedure and created a second screen shot showing the position of Saturn and some of its 

moons, two hours later. He used this system to show his peers how to investigate the position 

of the moons in relation to Saturn in real time. 

 

When Mark was exploring the planets and associated moon systems in real time using 

Stellarium, I mentioned that there were still many things we didn’t know about the moons of 

some planets, for example, the possibility of microbial life on Enceladus given that it is  

thought to have an ocean below its crust. Another mystery is how the ice moon, Mimas, holds 

together given that it has a crater one third of its size. Though the focus of  this research was 

asteroids, questions related to other transient objects were posed to engender interest in other 

aspects of astronomy, for example, astrobiology. These side topics motivated Mark to 

continue to develop his skills, particularly when using Stellarium and requesting images using 

the Zadko Robotic Telescope if it was available and any of the other three scientific level if it 

was not.  

 

Based on our initial discussion, Mark suggested the various types of moons found around 

Jupiter and Saturn as a topic for the end of the session. (Recorded Student Observations #14, 

Mark). As previously mentioned, I only saw the high school class once a week so these 

sessions were necessarily brief, however, their interest was such that we could cover a lot of 

material in the allotted time. It was during these discussions that the degree to which software 

such as Stellarium stimulated discussion was highlighted.   
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The student discussion centred on what had been discovered by various missions, for 

example, the Cassini Mission that they had never heard of until now (Recorded Class 

Observations #14). Mark added that it took three flybys for Cassini to finally collect enough 

data for scientists to verify that there were active geysers on the south pole and an ocean 

below the surface of Enceladus.  “They ended up adding 20 more flybys because they were 

getting so much information” (Recorded Student Observations #9, Mark). Using the software, 

he was keen to explore aspects of common objects about which he had not previously 

thought. “There’s so much to learn” (Recorded Student Observation #16, Mark). 

 

Mark’s understanding of right ascension and declination was sound as evidenced when he 

was explaining to a peer to, “… just think of it as latitude and longitude on Earth. It’s the 

same but called right ascension and declination” (Recorded Student Observations #19, Mark). 

He allowed for Universal Time +8 and easily accessed the ephemerides required for imaging 

using the Minor Planet Center’s ephemeris service. Always in a hurry to move to the next 

step, Mark loaded his right ascension and declination into Stellarium to see exactly where his 

asteroid was located. The visual aspect of Stellarium suited Mark’s preferred learning style, 

previously discussed in 6.0. He was impetuous when selecting viable asteroids and often did 

not read the ephemerides obtained from the Minor Planet Center carefully. Entering his 

ephemerides directly into Stellarium allowed him to see exactly where his asteroid was in 

relation to other bright objects in real time. The Moon’s location and phase and Sun’s location 

were presented in a visual format immediately.  

 

When working on obtaining and reading ephemeris from the Minor Planet Center, Mark 

demonstrated an understanding that he needed several ephemerides to determine the best 

asteroids to image as can been seen in Figure 6.4 where he made mention of moon phase and 

object altitude. Though he wrote “moon not” and “also because of moon” he explained that he 

meant that the Moon would be too bright for a good image. In one the altitude was above 30 

and therefore good to image but that the moonlight would interfere with the image (Informal 

Interview #3, Question #1, Mark).  
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Figure 6.4: Excerpt from Mark’s Reading Ephemerides activity (Teacher/Researcher copied): 

Though lacking scientific terminology, Mark still demonstrated an understanding of the 

relationship between ephemeris, the altitude of the object and the moon phase. His first 

response in the third column demonstrate an understanding of the relationship between the 

object altitude and the position of the Sun. Mark’s final two responses show that he is aware 

that more than one ephemeris needs to be checked when determining a good candidate for 

imaging. 

 

Though he understood the relationship between the Moon phase and a clear image 

conceptually, it was not until he entered his co-ordinates into Stellarium that he realised the 

practical importance of including all ephemerides when making decisions. This is shown in 

Figure 6.5. 

 

 

Figure 6.5: Mark using Stellarium to locate the position of a selected asteroid. Mark indicated 

his knowledge by marking the difficulties on the Stellarium image. He used search position 

and the azimuthal grid to mark his asteroid at the correct right ascension and declination. He 

then realised that the Moon may be too bright.  
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When showing peers his work he was heard to complain that he’d forgotten about the Moon 

phase and that it wasn’t until he looked at the location of the minor planet that it was obvious 

that the Moon could be a problem (Recorded Student Observations #20, Mark). This is shown 

in Figure 6.5. Using the zoom function, Mark ascertained that that although he’d forgotten to 

check the Moon phase, at 0.38 (Figure 6.6), it would be unlikely to interfere (Recorded 

Student Observations #21, Mark). Though the Minor Planet Center was more commonly used 

to find all the relevant ephemerides required to request an image, Mark’s use of Stellarium to 

find most of the required ephemerides was just as efficient.  

 

 

 

 

 

 

Figure 6.6: Using the real time and magnification components in Stellarium. Mark first set the 

time to reflect his proposed start time. He then used the zoom function to find the phase. Mark 

realised that it was unlikely to interfere with his proposed image request. 

 

Much of Mark’s discussions took place during class, however, he often used the time before 

the class started to express his ideas and clarify his thoughts. In a few short weeks with only 

one hour per week in class, Mark’s knowledge and understanding of asteroids improved 

considerably. Of greater significance were the higher order thinking connections he was able 

to make between prior knowledge and the knowledge he was developing as a result of 

participating in the authentic astronomy programme. This was particularly evident when he 

referred to SpaceX and the degree to which he was able to articulate his ideas and 

accommodate new information into his thinking when determining his location. With the 

start-up of over eighty space related companies since 2000, his realisation that commercial 

interests would drive the asteroid mining industry was perceptive. 

 

When asked why he chose MP 402, he used his ephemeris chart from the Minor Planet Center 

(Figure 6.7) and Stellarium to explain that: 

a) The object was high in the sky at +65. 

b) The sun was low at -16 so it’d be dark enough. 
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c) The Moon phase was only 0.38 and therefore would be unlikely to interfere with the 

image. 

d) The same asteroid could be imaged an hour later because the ephemeris were still 

good.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.7: Reading ephemeris obtained from the Minor Planet Center. This is an example of 

Mark’s ability to use the ephemeris service from the Minor Planet Center. He first looked for 

an asteroid that was at an appropriate altitude then checked the remaining ephemerides for 

time, and Moon phase. As indicated by the highlighted row, Mark was able to establish a 

good asteroid to image using ephemeris he obtained from the Minor Planet Center. 

 

It was at this time Mark noted how many different ways there were to “write things you’d 

never really think about” (Journal entry #6, Mark). Mark gave the various methods for writing 

right ascension and declination. An example is shown in Figure 6.8.  There were times when 

the students were motivated by seemingly frivolous pieces of information. Mark, like the 

others, enjoyed finding fun facts, and he was enjoyed building on each piece of information. 

In fact, these many little pieces of information often provided clarification of concepts which 

allowed the students to then make important connections such as the importance of using 

information correctly. Mark learnt that though the data may be the same, the application 

and/or recording of that data may vary. He was later able to apply this knowledge when 

reading the different FITS header that accompanied the images.  
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ACPlanner for SPIRIT 

Telescopes 

Minor Planter Center and 

Horizons Web Interface 

(NASA) to find 

ephemerides 

Zadko Robotic Telescope 

and R-Cop Perth 

Observatory 

-03° 23' 17.0" -03 23 17.0 -03:23:17.0 

 

Figure 6.8: The different ways of writing the declination of MP 400 as explained by Mark. At 

this stage, the students were required to learn how to request an image using three different 

telescopes. If the Zadko Robotic Telescope was not available, the students used R-Cop from 

the Perth Observatory to request single images and the SPIRIT Telescope from UWA to take 

a series of images. The SPIRIT telescope was web based and the students were therefore 

required to prepare a request plan that had specified start and finish times. To do this they 

used an ACPlanner which required the coordinates to be written using symbols for degrees, 

hours, minutes and seconds as shown in the first column. Both ephemeris sites used spaces to 

separate the numbers. When using the robotic telescopes they were required to use a colon to 

separate the numbers as shown in the third column. The various formats were not 

interchangeable. Using a different format resulted in a rejected request.  

 

Mark was keen to take and analyse some images. Initially, the weather was poor and this was 

followed by continuing maintenance work on the Zadko Robotic Telescope, closing it down 

while the work was being carried out. I then organised for time on the SPIRIT telescopes at 

the University of Western Australia (UWA). Because the interface was internet based not 

robotic, the students had to log in with me at night and enter their requests either individually 

or as a text file written using ACPlanner. To avoid being up in the early hours of the morning, 

the students often combined their work into one file which could be uploaded as soon as our 

allocated time was available. A third telescope, Skynet was introduced. It was accessed from 

the Perth Observatory via R-COP in the USA. Being robotic, requests could be entered at any 

time. By Week 10 the students were operating three different telescopes using three different 

platforms, with their first choice being the Zadko Robotic Telescope when it was available.  

 

Mark was very enthusiastic about using the Zadko Robotic Telescope whenever it was 

available and often expressed disappointment at the length of time it was not. When it was 

announced that the telescope would again not be available he said, “I get that we can’t control 

the weather. It’s obvious.” He then continued to wonder how scientists using this telescope 

ever got anything done because it had so many problems (Recorded Student Observations #10 

Mark).  
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As previously mentioned, access to R-COP telescope at the Perth Observatory via the USA 

was organised for students at both Barton College and Glencoe Primary School. Though Mark 

continued to express exasperation at the continual problems with the Zadko Robotic 

Telescope, he was proactive in organising more time for the Barton College group. He 

emailed, “I have created an account on the sky net, and I created a Barton College alliance for 

our astronomy club. My user name is Mark and our alliance name is BC-AstroPhysics …” 

(email 17 December 2011, Mark). He may not have been able to use his preferred telescope 

but he was prepared to accept that all three telescopes were scientific level telescopes so he 

could still discover asteroids. That they were scientific level telescopes continued to motivate 

Mark.  

 

The same motivation to achieve was demonstrated when Mark was selecting a software 

package to analyse his images. Three image analysis software packages were presented using 

an electronic whiteboard. The students could select from: 

a) Audela, 

b) Iris and 

c) Subaru Image Processor Makali i. 

 

The three systems were similar with Iris and Audela being almost identical and Subaru 

Makali i included because it was the easiest to master. As discuss in Section 4.2, Audela was 

linked with the Cador Telescope System of which the Zadko Robotic Telescope was one but 

the help pages were in French. The programme, Iris, was discussed in Section 4.3. 

 

Though initially starting with Audela, Mark elected to use Iris because he did not speak 

French fluently enough to translate the help pages. Although he could use the webpage 

translator, he found it faster and easier to use Iris because the help pages were already in 

English (Recorded Student Observations #18, Mark). Mark enjoyed a challenge but he was 

also motivated to find the programme which would allow him to succeed, hence his decision 

to use Iris.  

 

In class, the students would often elect to use different programmes to see how their image 

looked using the different software packages but Iris was most commonly used when the 

students were focussed on viewing their images. It also had the least number of loading 

failures (Recorded Class Observation, #31).  
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Figures 6.9, 6.10 and 6.11 are examples of Mark’s early work in photometry using the three 

imaging software packages. All images were set to the same thresholds 710 and 3386 and 

magnified times two. Mark then used the photometry link to begin his learning journey 

through simple photometry (Journal entry # 5, Mark). The explanation follows Figure 6.11.  

 

When questioned about the reason for starting with all three imaging software packages, Mark 

replied that he, “wanted to see which gave the best results and was the easiest to use”. In reply 

to the question, “Have you made a choice and what influenced your decision?” Mark said, 

“Subaru is the easiest to use and the results are good but Iris and Audela give you more 

options which will be useful for when I know more. I’m using Iris because the help pages are 

easy to access and are in English” (Informal Interview # 4 Questions #1 and #2, Mark). 

 

Photometry is used to measure the variance in brightness over time of objects such as stars. 

The aperture method is easier to use and was, therefore, the method used in this activity. It 

allowed the students to understand the basics of photometry within the time allocated to the 

Astronomy Club each week. It is easier to use but can also carry out precision measurements. 

The different software options each had a photometry option which could be used to measure 

the brightness of objects in space and the changes in their brightness over time. 

 

 

 

Figure 6.9: A photometry exercise using Subaru Makali i. This is the first of Mark’s early 

attempts at photometry. He was working towards deciding which of the three image 

processing programmes would be the most useful. He found the Subaru Makali i software the 

easiest to work with but it provided him with fewer options than Iris and Audela. 
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.   

 

Figure 6.10: A photometry exercise using Audela. This is the second of Mark’s early attempts 

at photometry. Audela was the programme that was linked to the Cador site. Audela gave him 

excellent magnification and a clear reading and more options than Subaru Makali i software 

but the help pages were in French. That he needed to translate the help section proved to be a 

limiting factor. 

 

 

Figure 6.11: A photometry exercise using Iris. This is the third of Mark’s early attempts at 

photometry. Like Audela, this software package provided excellent magnification, a clear 

reading and more options than Subaru Makali i software. The difference was that the help 

pages were in English. For this reason, Mark decided to use Iris. As it was linked with his 

favourite telescope, Audela would have been his first choice, however, he chose Iris because 

it was more practical to use a programme with the help section in English.  
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Mark was able to learn a number of programmes within a very short time frame. He found it 

easy to manipulate data and used higher order, analytical thought when determining the 

programmes that were the most suitable. His discussions indicated that though some were 

simpler than others, they were not always the best ones to use. He continued to be motivated 

by his desire to find an undiscovered asteroid that could be investigated as a potential site for 

mining. The evidence above supports Assertion 2, enhanced attitude toward science. 

 

 

A positive attitude is important but the initial impetus needs to be maintained if a programme 

is to be successful. The following section highlights the way in which the student’s positive 

attitude toward science translated into planning and managing a project using scientific level 

equipment independently. 

 

6.4  Thinking and Working like a Scientist  

In this section, evidence supporting the idea that Mark was able to plan and execute a 

programme is outlined. His interest in SpaceX was still evident during his planning. Class 

discussion suggested that he was interested in finding an asteroid that was potentially 

hazardous but his main focus was on asteroid mining. 

 

As stated in Peta’s case study, the students discussed options for their mini projects as they 

were working through developing their knowledge and skills. By Week 5 most students were 

still in the discussion phase. In contrast, Mark had made his decision in Week 1 and didn’t 

waiver. As we worked, there was a lot of news coming from SpaceX and a deep space mining 

company, Planetary Resources (originally ARKYD Astronautics) was beginning to make a 

name for itself as a potential leader in deep space mining. Mark completed the research on 

both companies independently and continually reported their progress at each meeting. He 

linked into the programmes via computer so that he could live stream launches and the latest 

news from SpaceX when overseas.  

 

Assertion 2: Enhanced Attitude Toward Science 

Participation in the authentic astronomy programme enhanced students’ attitude towards 

science.  
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Mark could discuss the ramifications of rocket and spacecraft development in detail. He was 

able to explain that SpaceX’s primary goal was to “put people in space,” but that they were 

commercial so were also available to engage in other projects such as “putting 

communication satellites into our geosynchronous orbit” (Informal Interview #5 Question #1, 

Mark).  He reasoned that since asteroids come into our geosynchronous orbit, SpaceX could 

build a spacecraft that could take samples for companies such as Planetary Resources.  

 

His observations proved to be correct as in May 2016, Dragon, one of the SpaceX spacecraft 

travelled the return journey to the International Space Station carrying cargo in both 

directions (http://www.spacex.com/news, 2016). Mark also watched the development of rapid 

rocket reusability suggesting that this would decrease the cost of sending exploratory craft to 

ascertain the viability of mining specific asteroids. Again, though the mining application has 

not been developed, his logic and understanding of the importance and development of 

reusable rockets was correct. He correctly stated that the reusable rocket was not as far off in 

the future as people think. SpaceX “achieved the world’s first reflight of an orbital class 

rocket” in March 2017 (http://www.spacex.com/news, March 2017). Mark was going to be 

overseas when a SpaceX rocket was launched, so he organised to livestream the launch so that 

he could see it in real time. 

 

The general class discussion regarding possible locations for taking images centred on the 

areas too far south for many telescopes and the asteroid belt because of the number of 

asteroids there. They included new knowledge in their discussions with references to the 

estimated 1% of Near Earth Objects over a kilometre that have been found leaving 90% of 

asteroids with the ability to impact globally should they hit Earth, still to be found. The 

consensus was that it was unlikely that a globally destructive asteroid would hit Earth, but that 

those 140 m in diameter or less were more likely and could still cause significant local 

destruction. Within class discussions, Mark acknowledged the importance of discovering even 

small asteroids before they hit us. He was able to argue that those within the geosynchronous 

orbit could well miss us as DA 14 and several others had, but that they also had the potential 

to “knock out our communication satellite. This could potentially stop everything because no 

one would be able to communicate, except in the old-fashioned ways” (Recorded Student 

Observations #28, Mark).  
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Mark reasoned that his main focus was to find asteroids that could be mined. Since he was 

going to focus on the Earth’s geosynchronous orbit, however, any new asteroids he 

discovered could also be monitored to determine whether or not they were going to negatively 

impact Earth’s many satellites particularly, the communication satellites (Informal Interview 

#5, Question #3, Mark). During the interview, Mark was asked to explain the meaning of 

geosynchronous orbit. I asked, “You often refer to the geosynchronous orbit and you are 

going to focus your search for new asteroids in that area. Can you explain what you mean 

when you refer to Earth’s geosynchronous orbit?” (Informal Interview #5, Question #2, 

Mark). His reply demonstrated an excellent understanding of the term. He explained that it 

was often referred to as a high Earth orbit where satellites could match Earth’s rotation above 

the equator. When asked to elaborate on the importance of rotation and position, Mark 

continued that it allowed the satellites to remain above the same spot on Earth which made 

them very useful for weather and communication satellites. Mark wasn’t sure exactly how 

high it was but knew that it was around 35,000 kilometres (Informal Interview # 5, Question 

#2, Mark).  

 

During class the following week, Week 6, Mark added a note in the margin of his work noting 

that it was important to find the smaller asteroids because they were more likely to be 

influenced by the Yarkovsky Effect. As explained in Chapter 3, Section 3.2.2, the Yarkovsky 

Effect is thought to be a significant force influencing asteroid orbital trajectories around the 

Sun. This small movement may be enough to push an asteroid into a collision course with 

Earth. This concept was covered in covered in class during Week 3. Mark was the first person 

to suggest the importance of this link.  

 

Mark finalised his choice of location, Earth’s geosynchronous orbit, early. He supported his 

choice with the following points: 

a) Asteroid mining will eventually become a reality and those in the geosynchronous 

orbit will be easier for companies such as Deep Space Industries to survey and if 

viable, mine. 

b) Asteroids passing through our geosynchronous orbit have greater potential to destroy 

Earth’s weather and communication systems. 

c) Smaller asteroids have more likelihood of being affected by the Yarkovsky effect and 

in our orbit, could be pushed towards us, causing extensive localised destruction 

(Journal entry #6, Mark) 



135 
 

With few lessons, Mark expanded his knowledge and understanding of asteroids and was able 

to make higher order connections between new concepts to support his decision to focus on 

Earth’s geosynchronous orbit area. He was the only student to suggest a commercial goal, 

asteroid mining, as a reason for choosing his area of interest for his mini project. His 

motivation to achieve influenced his decision making. 

 

The evidence above supports Assertion 3, thinking and working like a scientist. Mark made 

independent decisions based on newly acquired knowledge and his prior knowledge of 

SpaceX. His focus on deep space mining was supported by his reasoning.  

 

 

The evidence recorded supported the three assertions. Mark’s work consistently demonstrated 

the skills and knowledge necessary to plan and manage an independent asteroid project.  

 

6.5  Conclusion 

To conclude, both student high school case studies demonstrated significantly improved 

conceptual understanding of asteroids. Both students showed enhanced attitudes towards 

science and developed the skills necessary to use the telescopes and relevant software 

efficiently and quickly. Of particular interest is the choices the students made regarding their 

preferred location for their mini project. Both used strong supporting information when 

articulating their choice and neither took the easy option; the asteroid belt. The case studies 

supported the three assertions about improved conceptual understanding, enhanced attitude 

towards science and enabled capacity to think and work like a scientist.  

 

The authentic astronomy programme developed for the primary school students is described 

in the next chapter, Chapter 7. As the primary school programme was part of their everyday 

classes, significantly more time was allocated to developing skills and knowledge. Two 

individual student case studies of participating primary students are included in Chapters 8 

and 9.   

  

Assertion 3 - Thinking and Working like a Scientist  

Participatione in the authentic science programme, enabled the students to think and work 

like a scientist. 
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CHAPTER 7 

The Primary School Authentic Astronomy Programme 

 

7.0  Introduction 

The key components of the primary school authentic science programme in astronomy are 

described in this chapter. As detailed in Section 4.3, the primary school programme was 

similar to that taught in the high school context. Though the content and the assessments were 

the same, other aspects were different. All the participating students were in primary school 

and the authentic astronomy programme was embedded in the curriculum. The programme 

was run during the course of the school academic year, significantly increasing the time frame 

in which the programme was completed. Maintaining the same programme in both primary 

and secondary school contexts maximised the opportunity to collect relevant, accurate data, to 

address the research questions, thereby maintaining the integrity of this research. The 

authentic astronomy lessons were incorporated into the general class programme using the 

Western Australian Curriculum and was not part of an after school club. 

 

This chapter follows the same format as Chapter 4 and is written in four sections. The 

students are introduced in Section 7.1. The connections between the Western Australian 

curriculum and the authentic astronomy programme are described in Section 7.2. Following 

the format established in Chapter 4, the planned primary school programme, including 

locating, imaging and analysing asteroids is detailed in Section 7.3. Section 7.3 also outlines 

the links between the astronomy programme and the mandated Western Australian 

curriculum. The timeframe in which the research was conducted is presented in Section 7.4. 

In this section, I report on the way in which the timetable was managed within a normal class 

day. Finally, the primary school quantitative findings are presented in Section 7.5.  

 

Two detailed case studies in which the work completed by two primary school students is 

reported can be found in Chapters 8 and 9. When planning any learning programme, teachers 

need to be cognisant that students have different attitudes towards and aptitudes for learning. 

The high school student case studies were selected for their different approaches to learning. 

Similarly, the two primary students were selected as case studies to provide the reader with 

different, but equally important perspectives on the learning that took place during the 
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astronomy programme. The first student was selected to demonstrate the changes in attitude 

to learning that was achieved when the primary school students engaged in the authentic 

activities. The second student was selected to provide the reader with a greater understanding 

of the range and level of knowledge and understanding the primary school students attained. 

 

7.1  The Participating Students from Glencoe Primary School 

The students including their age, year level and gender are introduced in this section. From 

2012 to 2014, over the period of the data collection, Year 7 students were included in the 

primary school sector of compulsory education in Western Australia and for this reason, are 

included in the case studies of primary school children. All the students included in this 

research attended Glencoe Primary School (a pseudonym) and were in my class in Years 6 

and 7 in 2012 and in Year 7 in 2013. The Year 6’s remained in my class in Year 7. The class 

was a general co-ed class with students from diverse cultural backgrounds.  Education was 

generally valued in the home by the students’ parents and families. Student achievement 

ranged from below expected outcomes according to the Western Australian expected 

achievement levels for Year 6 and Year 7 children, to above the expected achievement level. 

For this doctoral research, I was both the researcher and their classroom teacher. Data were 

collected from Year 6 and Year 7 students in 2012 with the Year 6 students continuing with 

the programme as Year 7’s the following year. Year 7 students new to the class in 2013 also 

completed the authentic astronomy programme. Students continued to search for asteroids 

into 2014. 

 

As the authentic astronomy programme was embedded in the activities used to teach their 

general class curriculum, participation was compulsory. Participation in the research project, 

however, was not compulsory. All students were aware that being part of the research 

component was optional, and they were encouraged to discuss their decision with their 

parents. Interestingly, all students elected to participate in the research. Being given the 

opportunity to demonstrate that primary students could understand complex concepts 

appealed to them. They were also keen to demonstrate that primary students could use 

scientific level equipment efficiently (Recorded Class Observations #4). My goal was to 

change the way in which the mandated curriculum in general and science in particular, is 

taught in schools, particularly in primary schools. Providing opportunities for students to 

engage in studies with depth is important if we are to encourage creative and independent 

thought. As discussed in Section 2.3, the importance of engaging primary school students 
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cannot be underestimated because it is at this level that attitudes towards studying science are 

often established. The number of primary school students who participated in this research are 

listed in Table 7.1. Information the students’ school year and gender are included  

 

Table 7.1. The participating students from Glencoe Primary School. The 11 Year 6 students 

also participated the following year.  

 

School Year No. of Students Gender 

M       F                                         

6 11 6 5 

7 19 10 9 

 

 

That the students were all in my classes across two years has been detailed together with their 

year levels. The primary school setting is introduced in Section 7.2. Given the flexibility 

available in the primary school curriculum context, aspects of the authentic astronomy 

asteroid programme were covered in significantly more depth.  

 

7.2  The Primary School Authentic Science Astronomy Programme 

In Western Australian primary schools, a generalist teacher is responsible for all subjects not 

taught by a specialist teacher. Specialist subjects are determined by individual schools with 

art, physical education, music and languages being the most common. Split classes, for 

example, Year 6/7, are also common where students from Year 6 and Year 7 are taught in the 

same classroom by the same generalist primary school teacher.  

 

The merits of embedding programmes into the curriculum were discussed in Chapter 2. Its 

benefits are two-fold. The learning outcomes increase for the wide range of students with 

different aptitudes for and attitudes towards learning. This supports the differentiated 

curriculum. Secondly, astronomy can be used to teach a number of areas of the curriculum. 

Being a cross curricula topic, an authentic astronomy programme with a focus on asteroid 

research,  allows the teacher to create a range of learning activities that are engaging and 

informative, yet meet the requirements of the mandated curriculum.  

 

Aligned with the high school programme, the teaching component of the primary school 

programme included: a) the learning and application of knowledge and skills and b) the action 

research changes driven by student progress and requests. Table 7.2 details the subjects 
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studied and the way in which the authentic astronomy programme was embedded in the 

curriculum. The cross curricula links facilitate longer sessions on a topic which allows the 

students to work on ideas and concepts without having to stop every hour and change 

subjects. It also allows for better use of resources. The class can rotate between different 

sources of information, for example, journal articles, the internet, an animation on an 

interactive whiteboard and discussion groups. This system provides opportunities for the 

students to develop good science work practices whilst working like a scientist. Both the 

gathering of information from several sources and the sharing of their findings with peers 

become standard practice.  

 

Table 7.2. provides information about the way in which the astronomy activities were linked 

with the subjects studied in class. Many of the activities are cross curricula. For clarity, only 

the key subjects for each activity are included.  

 

Table 7.2  Planned Authentic Science Astronomy Programme – Glencoe Primary School. 

Subjects * Planned Programme 

Humanities and Social 

Sciences, Science. 

Concept maps to ascertain previous level of 

knowledge and progress 
 

Introducing and using glossaries 
 

Independent research project 
 

Mining an asteroid 
 

English General introduction and asteroid Fast Facts 

sheets 
 

Various articles from magazines and the internet 
 

Recording relevant information in a variety of 

formats 
 

Videos for information, for example, OSIRIS REx 
 

Animation for information 
 

Humanities and Social 

Sciences, Maths 

Co-ordinates such as Right Ascension and 

Declination 
 

Time – time zones, elapsed time, timetabling 
 

Reading and using ephemeris 
 

Planning for and programming the telescopes 
 

Technology, Art Robotics – Mining an asteroid 
 

Stop go animation 
 

  



140 
 

Table 7.2  Planned Authentic Science Astronomy Programme – Glencoe Primary School cont. 

Subjects * Planned Programme 

Motivational Activities ^ Sloan Digital Sky Survey/Skyserver 
 

Stellarium 
 

Reading and using ephemeris using Minor Planet 

Center 
 

Using the Zadko Robotic, SPIRIT and Perth 

Observatory Telescopes 
 

Downloading images and using software to 

analyse them 
 

Skyscan from the Minor Planet Center 
 

* Only the subjects in which the activities were conducted are listed in this table. The 

curriculum links are explained in Section 7.3.  

^ The motivational activities are the same as those presented to the high school students.  

 

The open-ended nature of the activities enabled participation and learning for the group 

students who had a significant range of aptitude for and attitude to learning. All assessments 

were completed to satisfy the requirements of both the Western Australian Department of 

Education and this doctoral research.  

 

In contrast to the high school programme, the primary course took many directions based on 

the interests of the students. Though the programme in both the high school and primary 

school contexts allowed for student input, the time allocation facilitated greater primary 

school student contribution. Five examples of the investigations directed by student interest 

are presented in Table 7.3 including: a) ephemerides, b) asteroid mining, c) Stellarium, d) 

telescopes, and e) the night sky.  
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Table 7.3  Examples of Action Research changes to the primary programme. The primary 

school students were keen to compare the results from different pieces of equipment and 

sources of information. Robotics was a favourite activity and an area in which the students 

found many opportunities to mix robotics with asteroid research. 

 

Planned Authentic Astronomy Activity Changes Made Based on Student and 

Teacher/Researcher Reflection 
 

Read and use ephemerides from the Minor 

Planet Center 

 

The Jet Propulsion Laboratory was also 

used to obtain ephemerides. Similarities and 

differences were discussed 
 

Show an asteroid mining video and read 

articles 

Adapted the current robotics programme to 

include building and programming robots to 

mine an artificially constructed asteroid  
 

Use Stellarium to map asteroid locations  Extended to investigate features such as 

nebula and globular clusters 
 

Use substitute telescopes when the Zadko 

Robotic Telescope wasn’t available.  

Students took images using the three 

telescopes for comparison 
 

Become familiar with the night sky Students took on the role of expert for one 

object each which was to be shown to the 

public through the telescopes at our 

astronomy night  
 

 

a) Ephemerides: The students were using the Minor Planet Center to obtain the ephemerides 

they needed to take asteroid images using a telescope. In Section 3.2, an activity I did with 

NASA was mentioned. As part of a three-person team, I live-streamed asteroid DA14 2012 as 

it travelled into Earth’s geosynchronous area. During the evening and at a subsequent event, 

the Jet Propulsion Laboratory used additional information to provide high precision 

ephemerides. We used them to successfully live stream DA14 2012’s path across the night 

sky to NASA. Following this, the students became interested in the Jet Propulsion Laboratory 

as an ephemerides source. The Minor Planet Center “is the single worldwide location for 

receipt and distribution of positional measurements of minor planets” (minorplanetcenter.net 

n.p.) The ephemerides are sent to the Jet Propulsion Laboratory where additional data is 

added to determine high precision ephemerides. This relationship between the Minor Planet 

Center and the Jet Propulsion Laboratory was discussed. In keeping with my intention to 

embed the authentic astronomy activities into the curriculum, the students’ interest in 

obtaining ephemerides from different sources was addressed in a mathematics activity.  

Table 7.4 presents the differences between the ephemerides obtained from the Jet Propulsion 

Laboratory and the Minor Planet Center and includes some of the links to the curriculum. 

Because the subject focus was mathematics, only the mathematics curriculum links are 
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included. A single lesson in the primary school generally includes curriculum entries for 

about three subjects, for example, apparent magnitude had been previously taught in a unit on 

light in the science curriculum. Right ascension and declination were originally introduced in 

humanities and social sciences when latitude and longitude was taught.  

The aspects of the curriculum presented in the timetable were only a beginning point for the 

opportunities presented for the development of students’ mathematical knowledge and 

understanding. For example, when solving problems using duration within a single time zone, 

the students consistently worked across several time zones with the most common being the 

difference between universal time and local time. The students were required to calculate the 

difference between universal time and local time when planning an image request.  

During the investigation, the students expressed surprise that they were able to obtain more 

information from the Minor Planet Center. Their first thoughts were that NASA should have 

provided more information. Reasons for this were discussed and included the fact that most 

observers obtained their ephemerides from and reported their findings to the Minor Planet 

Center. The ephemerides from the Jet Propulsion Laboratory were commonly used as 

asteroids were tracked in real time because they were high precision, allowing for greater 

accuracy and last minute changes. 
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Table 7.4 The links between the Western Australian curriculum in mathematics and an 

activity used to teach the authentic astronomy programme. There were some significant 

differences between the ephemerides obtained from the two sources. The students used both 

sources to complete the chart. In doing so, they demonstrated mathematical knowledge and 

understanding beyond the expected outcomes for primary school students. 

 

Item Jet Propulsion 

Laboratory 

Minor Planet Center Western Australian 

Curriculum 

Date 2013-Mar-01 20130301 Year 6: Interpret and use 

timetables (ACMMG139) 
 

Universal time 

(hr:mn:/h m s) 

13:00 130000 Year 8: Solve problems 

using duration, within a 

single time zone 

(ACMMG199) 
 

Right Ascension 06 20 52.03 06 20 52.0 Year 7: Identify and 

investigate issues involving 

numerical data collected 

from primary and secondary 

sources (ACMPS169) 
 

Declination +17 52 24.7 +17 52 25 Year 7: Identify and 

investigate issues involving 

numerical data collected 

from primary and secondary 

sources (ACMPS169) 
 

Apparent 

magnitude 

15.09 Not given Investigate everyday 

situations that use integers. 

Locate and represent these 

numbers on a number line 

(ACMNA124) 
 

Object azimuth 

& altitude 

Not given 162     +39 Year 7: Identify and 

investigate issues involving 

numerical data collected 

from primary and secondary 

sources (ACMPS169) 
 

Sun altitude Not given -27 Year 7: Identify and 

investigate issues involving 

numerical data collected 

from primary and secondary 

sources (ACMPS169) 
 

Moon phase, 

distance and 

altitude 

Not given 0.85   112   +03 Year 7: Identify and 

investigate issues involving 

numerical data collected 

from primary and secondary 

sources (ACMPS169) 
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b) Asteroid mining: The potential for asteroid mining had become newsworthy. The BBC 

News (2012) reported on plans by “billionaire entrepreneurs to mine asteroids for their 

resources” (n.p.). The Economist (2012) discussed the viability of mining asteroids for rare 

metals and Wall in space.com (2013) wrote of the potential to mine “$65 billion of 

recoverable water and $130 billion in metals” (n.p.) from the asteroid 2012 DA14.  

 

Using information obtained from NASA videos such as OSITIS REx, the students explored a 

teacher made asteroid. Robotics was a popular class activity and it wasn’t long before the 

students and I decided to construct robots to explore the terrain and then mine the surface of a 

teacher made asteroid. As previously mentioned, cross curricula activities are preferred 

because they facilitate the learning opportunities for students in an already overcrowded 

curriculum. Robotics developed engineering and coding skills in design and digital 

technologies. Videos were incorporated in the viewing aspect of reading comprehension. An 

example of wheel construction is provided in Figure 7.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.1: Robot construction for mining an asteroid – track wheels. The type of wheel to be 

used resulted in much discussion in the class. The two most common thoughts centred on 

tracks and independently working wheels. Some argued that tracks would enable them to 

travel rocky terrain with less damage to the robot. Those supporting independently working 

wheels cited “Opportunity” a Mars rover, as an example of a system that would allow for 

various levels of terrain.  
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c) Stellarium: This online planetarium is an excellent programme for introducing students to 

the night sky. There are several catalogues that list sky features such as globular clusters and 

nebula. Messier and New General Catalogue (NGC) are two examples. Objects within the 

catalogues are numbered. When exploring the zoom feature, the students asked to take images 

of other night sky objects such as nebula and other galaxies. NGC 5128, more colloquially 

known as the hamburger galaxy, was found when the students were exploring the night sky 

using Stellarium. NGC 5128 is thought to be between 10 million and 16 million light years 

away and the result of two galaxies colliding between 200 to 700 million years ago. It was 

decided to take an image of the galaxy then compare it to the zoomed image in Stellarium as 

illustrated in Figure 7.2. 

 

 

Figure 7.2: NGC 5128 taken using SPIRIT 1, a telescope based at the University of Western 

Australia (left) and a section from Stellarium (right). It was the significant dust lane that first 

caught their attention when they were exploring zoomed in sections of the night sky whilst 

using Stellarium. When comparing the two, the students noticed that both included the key 

features but that image they’d taken provided more detail and sharper features. To improve 

their knowledge, the students continued to research the galaxy. Stellarium proved to be an 

excellent motivational tool. 

 

d) Telescopes: The Zadko Robotic Telescope was often unavailable due to repairs and other 

telescopes were used by the students. The students noticed that some images provided more 

detail, even though they used the same information, for example, exposure time, when 

requesting the image. To explore the strengths and weaknesses of each telescope, they began 

taking the same images using three different telescopes then compared them. The students had 

access to four different telescopes, The Zadko Robotic Telescope, R-COP, a telescope at the 

Perth Observatory and SPIRIT 1 and SPIRIT 2 which were based at the University of 
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Western Australia. Already excited by the prospect of learning more about NGC 5128 

following its discovery in Stellarium, it was again selected as one of the targets. During a 

previously taught light unit in science, the students had learnt that mirrors are an excellent 

reflective surface and that the size of the mirror determined the amount of light collected. 

They understood that with a 1m primary mirror and a 0.5 m secondary mirror, the Zadko 

Robotic Telescope would provide the best images. As it was not available at the time, R-COP 

from the Perth Observatory and SPIRIT 1 from the University of Western Australia were 

used. Figure 7.3 shows differences in detail and quality of the images between the two 

telescopes.  

 

  

Figure 7.3: Images of NGC 5128 taken using the Perth Observatory Telescope (left) and the 

SPIRIT Telescope at the University of Western Australia (right). The students realised that 

the images showed different views. They zoomed in on the detail and agreed that though the 

exposure for both images was 20 seconds, the Perth Observatory telescope provided more 

detail. Discussion centred on the size of the mirrors. 

 

e) The night sky: The search for asteroids was the focus of the authentic astronomy 

programme, however, when working with the telescopes, the students became very interested 

in other objects. They became more familiar with the night sky via Stellarium, then used their 

newly acquired knowledge to observe the night sky from their backyards. Light pollution was 

explored during the previously taught science unit on light when the students were also 

introduced to the concept of dark sky heritage sites. When viewing from their backyards, the 

students realised that there was much they could do to reduce the light pollution to improve 

their viewing. The class also visited the Gingin Observatory where they were able to 

consolidate their understanding of the importance of dark skies for viewing nights. Recording 

favourite objects together with fast facts such as distance from Earth provided excellent links 

with the mathematics curriculum. The objects were grouped according to their type, for 
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example, nebula. We held a school community astronomy night during which the students 

participating in the authentic astronomy programme acted as expert guides, providing people 

in the queues with information about the object being viewed.  

 

The planned activities in the high school and primary school authentic astronomy asteroid 

programme were the same. The role an authentic astronomy asteroid programme would play 

in improving students’ knowledge and understanding of and attitude to science, continued to 

be the foundation upon which the course was built. Being part of their normal school day, the 

asteroid activities could be explored in greater depth providing the students with more 

opportunities to engage in student initiated activities. The links with the mandated curriculum 

are explored in the next section. 

 

7.3  Astronomy and the Mandated Curriculum 

Because all activities formed part of their normal class programme, each aspect was linked to 

the Western Australian Curriculum and referred to as the School Curriculum and Standards 

Authority (SCSA). “The School Curriculum and Standards Authority is responsible for 

Kindergarten to Year 12 curriculum, assessment standards and reporting for all Western 

Australian Schools” (https://www.scsa.wa.edu.au). It is expected that students will have a 

solid knowledge and understanding of the work relevant to their year level. Differences in 

approach towards and aptitude for learning, including those with recognised special needs 

were catered for through the differentiated curriculum.  

 

The authentic astronomy programme met all the Education Department of Western Australia 

criteria. SCSA states that its vision is to provide all students studying in Western Australia 

with a quality curriculum and valid assessment procedures, “so they become confident, 

creative learners and active, informed citizens who contribute positively to society” 

(scsa.wa.edu.au/about-us/strategic-plan, n.p.). Several examples of the way in which the 

authentic astronomy programme was used to teach the mandated curriculum have already 

been presented in Table 7.4. Table 7.5 aligns expected outcomes of SCSA’s Vision Statement 

with the goals of the authentic astronomy programme.  
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Table 7.5: The School Curriculum and Standards Authority’s (SCSA) goals and the authentic 

astronomy programme’s outcomes. This table explains the links between some of the 

astronomy outcomes and all parts of SCSA’s vision statement. The different aspects of the 

authentic astronomy programme provided many opportunities for students to demonstrate 

competence in all parts of the vision statement.  

 

Vision Statement SCSA – Learners to be Authentic Astronomy Programme Examples 

Confident The students continually initiated avenues to 

follow. These included exploring other 

objects in the night sky and researching 

black holes. 
 

Creative The intention of new companies to mine 

asteroids for water and rare minerals ignited 

the spark that lead to changes in the robotics 

programme. The students built and 

programmed robots to mine a teacher 

designed asteroid. 
 

Active A range of class organised activities 

provided the students with the opportunity 

to be active participants in astronomy 

related activities such as planning, cooking 

and serving food at Glencoe Astrofests and 

talking on the role of experts to share 

information during viewing nights. 
 

Informed Astronomy is an area in which new 

discoveries are made with every mission 

that leaves Earth, for example, the Cassini 

Mission to Saturn. The students investigated 

current findings and questioned new 

information on related topics such as 

defending the planet and asteroid mining. 

Ethical issues such as those concerning 

space junk were also debated. 
 

Positive contributors to society Like the high school participants, the 

primary school students were focussed on 

finding a new asteroid. Their goal was to 

add to the Minor Planet Center database if 

they had discovered an asteroid. 

 

 

Planning engaging programmes that met the SCSA curriculum mandates required time and an 

excellent knowledge of the curriculum. With these, authentic activities such as those in this 

authentic astronomy programme, can be used to develop higher order, creative thinking and 

problems solving skills. To manage the current curriculum within a school year, activities 

must be cross-curricula. That is, they must cover more than one learning area. Table 7.6 

provides a snapshot of the way in which asteroid activities were taught and assessed as part of 
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the normal class programme. It introduces the activity and details the way in which aspects of 

the activity were linked to the mandated curriculum. The difference between sidereal and 

universal time was discussed but only universal time was used when taking images. 

 

Activity: The students were required to use ephemerides from the Minor Planet Center when 

planning to take at least two consecutive images of a known asteroid. The ephemerides were 

to be used to determine the feasibility of taking images of their chosen asteroid. To complete 

this activity successfully, the students considered: a) universal time/local time, b) the 

asteroid’s right ascension, declination and altitude, c) the Sun’s altitude and d) the Moon’s 

phase and location.  

 

Table 7.6: Links between the mandated curriculum and the authentic science astronomy 

programme. This table shows the links between one asteroid activity and the key mandated 

learning areas covered. When introducing aspects of the curriculum, standard examples were 

used. The asteroid activity was used to reinforce new skills and knowledge and to assess 

conceptual understanding.  

 

Mandated Curriculum Astronomy links 

Year 6 Science - Processing and 

analysing data: Construct and use a 

range of representations, including 

tables and graphs, to represent and 

describe observations, patterns or 

relationships in data using digital 

technologies as appropriate (ACSIS107) 
 

Locate relevant ephemerides using 

digital technologies 
 

Construct a table to record the 

information collected using digital 

technologies 
 

Use patterns to support their choices 

Year 7 Science – Analysing: Interpret 

information and/or data to identify key 

relationships and/or trends displayed in 

various formats (e.g. change over time 

in a series of images) (WAHASS71) 

Recognise data that supports the 

potential to take at least two consecutive 

images 
 

Place the asteroid coordinates in 

Stellarium and recognise change over 

time 
 

Year 6 Mathematics - Measurement: 

Interpret and use timetables 

(ACMMG139)  
 

Reading time in different formats 

Year 8 Mathematics - Measurement: 

Solve problems involving duration, 

including using 12- and 24-hour time 

within a single time zone 

(ACMMG199)  
 

Converting universal time to local time 

using different formats 
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Table 7.6: Links between the mandated curriculum and the authentic science astronomy 

programme cont.  
 

 

 

 

Year 6 Technologies – Collecting, 

managing and analysing data: Collect, 

sort, interpret and visually present 

different types of data using software to 

manipulate data for a range of purposes 

(ACTDIP016). 

 

Entering relevant ephemerides into 

Excel then using the sort feature to 

manipulate the ephemerides, for 

example to determine which asteroids 

meet altitude limitations. 

Year 6 – Geography: The location of 

the major countries of the Asia region in 

relation to Australia and the 

geographical diversity within the region 

(ACHASSK138) 

 

Determine the latitude and longitude of 

continents then use R.A and dec. to 

determine where they would be in the 

sky. Reverse the procedure for sky 

features such as constellations. 

Year 6 Humanities and Social Sciences 

– Evaluating: Draw and justify 

conclusions; give explanations, based 

on the data in tables, graphs and maps 

(WAHASS59) 

 

Use the ephemerides to explain and 

justify decisions 

 

The importance of adhering to the mandated curriculum has been detailed in this section. It is 

essential to remember that the mandated curriculum determines what will be taught but not 

how it will be taught. This opens the door for authentic learning opportunities to be included 

as a significant part of the learning process where higher order thinking is the norm and the 

development of creative, independent problem solvers is facilitated. The expanded time frame 

discussed in Section 7.4, enables this process. 

 

 

Mandated Curriculum Astronomy links 

Year 6 Science - Processing and 

analysing data: Construct and use a 

range of representations, including 

tables and graphs, to represent and 

describe observations, patterns or 

relationships in data using digital 

technologies as appropriate (ACSIS107) 
 

Locate relevant ephemerides using 

digital technologies 
 

Construct a table to record the 

information collected using digital 

technologies 
 

Use patterns to support their choices 

Year 7 Science – Analysing: Interpret 

information and/or data to identify key 

relationships and/or trends displayed in 

various formats (e.g. change over time 

in a series of images) (WAHASS71) 

Recognise data that supports the 

potential to take at least two consecutive 

images 
 

Place the asteroid coordinates in 

Stellarium and recognise change over 

time 
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7.4  The Timetable 

There are eight leaning areas in the Western Australian primary school curriculum and each 

area is further subdivided into aspects. An example is a core subject, mathematics. 

Mathematics is further divided into: a) number and algebra, b) measurement and geometry 

and c) statistics and probability. An expected class timetable was followed with at least three 

hours a day being devoted to the core subjects, English and mathematics; two hours to 

English and one to mathematics. All authentic astronomy activities were taught as part of the 

curriculum. Initial placement of the asteroid activities into the learning areas was determined 

according to the content of the asteroid activity. Reading ephemerides, for example, required 

an understanding of the mathematics involved and was, therefore, taught during mathematics 

sessions. Occasionally, a knowledge base was established before the asteroid activity was 

introduced. This generally occurred in mathematics where reading and understanding time 

using several formats across different time zones was taught and later used when introducing 

the Minor Planet Center. Another concept taught prior to the students engaging in authentic 

astronomy activities was science. Students often required a sound conceptual understanding 

of aspects of science such as light, before they could complete some activities. An example of 

the way in which some aspects of the authentic astronomy programme were included in the 

class timetable is provided in Table 7.7. 

 

Opportunities for the students to demonstrate knowledge and understanding using a range of 

formats was key to establishing the success or otherwise of the activities. Being part of their 

usual class programme, the assessments were also used to determine achievement levels in the 

various subjects. 
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Table 7.7: An example of the way in which authentic astronomy activities were merged into 

the class timetable. Only those subjects that incorporated authentic astronomy activities have 

been included in this example. The geography lesson completed on Monday was the preamble 

to teaching students how to read ephemerides in the mathematic lessons on Tuesday and 

Wednesday. The NASA video viewed on Tuesday was the catalyst for the student initiated 

robotics activity in which students designed, built and coded robots to mine an artificial 

asteroid. The robotics activity was completed over a term.  

 

Time Monday Tuesday Wednesday Thursday Friday 

9:00–

10:00 

English 

language and 

literacy 

Asteroid Fast 

Facts 

English 

language and 

literacy 

NASA video 

on capturing 

an asteroid 

for study 

   

10:0 –

11:00 

    10:30-11:00 

comprehension

/fitness activity 

asteroid game 

used to 

reinforce time 

and location 

using grids 

11:00-

11:20 

Recess Recess Recess Recess Recess 

11:20-

12:20 

 Mathematics 

number and 

measurement 

introduce 

ephemerides 

using the 

Minor Planet 

Center   

Mathematics 

number and 

measurement 

continue with 

ephemerides 

using the 

Minor Planet 

Center   

  

12:20-

1:00 

Lunch Lunch Lunch Lunch Lunch 

1:00-

2:00 

Humanities 

and Social 

Sciences 

Geography 

locating cities 

and features 

using latitude 

and longitude 

  Technology 

design 

robotics 

design and 

build a 

robot that 

can be used 

to mine rare 

minerals 

from an 

asteroid 

 

2:00 -

3:10 
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7.5  Primary School Quantitative Findings 

 

The primary school results revealed a significant growth in conceptual understanding and 

knowledge. As previously mentioned, the authentic astronomy programme based on asteroid 

research was embedded into the primary school curriculum. This allowed for many more 

classroom opportunities for the students to develop their conceptual understanding. The 

primary students completed three concepts maps, one each in Weeks 1, 3 and 5. An analysis 

of the results was carried out between Concept  Maps 1 and 2 (Table 7.8) and Concept Maps 

1 and the combined scores of Concept Maps 2 and 3 (Table 7.9) . The first analysis was to 

determine the initial rate of student progress. Much of the current scientific knowledge of 

asteroids was disseminated during reading comprehension activities. At the end of each 

session, optional sources of information were given to the students. The cross links used by 

the students showed the independent research the students did to improve their knowledge of 

asteroids.   

 

An analysis of the primary school students’ concept maps revealed a significant increase in 

the students’ scores for Concept Map 2 which was completed during Week 3 of the course (M 

= 22.87, SD = 12 ) and Concept Map 1 which was completed prior to the commencement of 

the course (M = 3.8, SD = 2.66 ). As recorded in Table 7.8, t(29) =  -13.67 and p ˂ 0.000’. 

 

Table 7.8: t-test paired two sample for means Concept Map 1 and Concept Map 2. The data 

presented is statistically significant with p = less than 0.000. This shows a significantly 

increased level of conceptual understanding between Concept Maps 1 and 2. 

 

  

Concept 

Map 1 

Concept 

Map 2  
Mean Score 3.8 42.5  
Variance 7.337931 263.9138  
Observations 30 30  
Pearson Correlation 0.350261   
Hypothesized Mean 

Difference 0   
Df 29   
t Stat -13.6704   
P(T<=t) one-tail 1.79E-14   
t Critical one-tail 1.699127   
P(T<=t) two-tail 3.59E-14   
t Critical two-tail 2.04523    
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Table 7.9: t-test paired for two sample means Concept Map 1 and the Combined scores of 

Concept Maps 2 and 3. The data presented is statistically significant with p = less than 0.000. 

This shows a significantly increased level of conceptual understanding between Concept 

Maps 1 and the combined scores from Concept Maps 2 and 3. 

   

  

Concept 

Map 1 

Concept 

Map 2 

Mean 3.8 22.86667 

Variance 7.337931034 149.0161 

Observations 30 30 

Pearson Correlation 0.370400498  
Hypothesized Mean Difference 0  
df 29  

t Stat 

-

9.094588011  
P(T<=t) one-tail 2.71516E-10  
t Critical one-tail 1.699127027  
P(T<=t) two-tail 5.43031E-10  
t Critical two-tail 2.045229642   

 

 

A further analysis was done between Concept Map 1 and the combined scores of Concept 

Maps 2 and 3 (M =42.5, SD = 15.97) to assess the overall improvement in conceptual 

knowledge.  As recorded in Table 7.9, t(29) =   9.09 and p ˂ 0.000’.  The mean progress 

between Concept Map 1 and Concept Map 2 was M = 19.07. This was only 0.56 less than the 

mean progress combined scores for Concept Maps 2 and 3. Though there were fewer 

individual entries in the final Concept Map, there was in increase in the number of cross links 

which demonstrated a higher level of thinking and greater depth of knowledge.  

 

The different scores for each student for each of the three concept maps can be seen in Figure 

7.4. All students bar one, including those who scored reasonably well for the first concept 

map, demonstrated a significant growth in conceptual knowledge between the first and second 

concept maps. Six of the 16 students who recorded lower scores between their second and 

third concept maps, scored 35 or above on their second concept map with Student 7 scoring 

61 on the second concept map. Though 16 of the 30 students recorded lower scores between 

the second and third concept maps, their difference in scores between the first concept map 

and the combined second and third concept maps supported the argument that there would be 

considerable improvement in the primary students’ conceptual understanding as a result of 

participating in the authentic astronomy programme.  
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Figure 7.4: Primary school results for concept maps 1, 2 and 3.  Student 5 was the only 

student to score less on the second concept map but then made significant progress by the 

third set of entries. Student 8 did not make any entries in the first concept map and 

demonstrated limited progress in the second Concept Map. Following the third set of entries, 

significant progress was demonstrated. Sixteen students scored better on their second concept 

map than their third indicating some regression, e.g. Student 7. 

 

 

The skills the secondary students were required to master were presented in Section 4.5. The 

primary students were required to master the same skill set. The skills were: 

a) seven basic skills needed to source ephemerides in one session, 

b) eight basic skills to operate Stellarium efficiently, 

c) the procedures needed to use four different telescopes efficiently, and  

d) the five skills needed to process astronomical images. 

The results obtained from the check lists showed that all of the primary school students 

mastered these skills.  

 

An optional skill was to use the ACPlanner to plan and upload requests to the internet based 

telescopes SPIRIT 1 and 2. At the conclusion of the course 18 (60%), of the primary school 

students were able to complete the process independently. 

 

The students completed four quizzes which were detailed in Section 4.5. The primary school 

results are presented here. 
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a) The terminology quiz tested for an understanding of the basic terminology required 

for the students to understand the placement of an object in the night sky (Appendix 

E). Of a possible 18 points the mean percentage for the primary school students (n = 

30) was 93%.  

b) Ephemerides quiz 1 was designed to test for an understanding of time, the location of 

an asteroid and its potential as an imaging source (Appendix F). The students (n = 30) 

could score a total of 25 points. The mean percentage was 95.33%  

c)  Ephemerides quiz 2 was designed to ascertain the level to which the students (n = 30) 

could apply their knowledge (Appendix G). It was scored out of 90 points with a 

mean percentage of 90.87%.  

d) The final ephemerides quiz (Appendix H) with a potential score of 15 required the 

students (n = 30) to record their answers without the benefit of an ephemerides table. 

The mean percentage for the third ephemerides test was 90.70% 

 

The mean percentages were similar for both the high school and the primary school students. 

Though more time was given to the primary school students in general to learn the concepts 

and skills and extra assistance was provided for those who initially experienced difficulties, 

the results indicated that all students were competent when locating, reading and applying 

ephemerides. This provided a platform from which the students’ could experience success 

when planning image requests and eventually, their independent activity.  

 

7.6  Conclusion 

In conclusion, four key focus areas were used to explain the process followed when providing 

a class of students at Glencoe Primary School with the authentic astronomy programme. The 

four areas introduced and detailed with the relevant links to the curriculum being highlighted 

were: a) the students, b) the primary school programme, c) astronomy and the mandated 

curriculum and d) the timetable. 

 

The mandated curriculum contributed to establishing the students’ knowledge base. Skills 

were introduced and developed as part of their normal school day. The time available during 

the course of the school day, allowed for each section of the authentic astronomy programme 

to be completed in depth with students being able to pursue areas of interest, for example, 

asteroid mining.  
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The scores for the concept maps showed a significant improvement in the primary school 

students’ conceptual understanding of asteroid research. The mean percentages (90.70% to 

95.33%) for the four quick quizzes also indicated an excellent understanding of terminology 

and use of ephemerides. All the primary school students mastered the four skill sets necessary 

to request images and then download them for analysis. Of the 30 participating primary 

school students, 18 also demonstrated proficiency in using the ACPlanner to request images 

using the SPIRIT 1 and 2 telescopes.  

 

Case studies that provide an in-depth exploration of the work of two participating primary 

school students are presented in the next chapters, Chapters 8 and 9. Each case study provides 

evidence supporting the three assertions: a) improved conceptual understanding, b) enhanced 

attitude toward science, and c) capacity to think and work like a scientist. These assertions 

also underpinned the research into the high school programme. The two case studies detail the 

various ways in which students achieved their goals. The first case study, Jeremy, includes 

evidence of improved conceptual understanding: however, the focus of this case study is on 

the significant change in his attitude to learning science. An example of the depth of 

understanding and the level to which skills were developed is the focus of the second case 

study, Lily.  
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CHAPTER 8 

Primary School Student Case Study - Jeremy 

 

8.0 Introduction 

The first student case study from the primary school authentic astronomy programme is 

presented in this chapter. The student’s pseudonym is Jeremy. The assertions on which this 

case study  was based remain the same and can be found in 4.0. The assertions relevant to the 

subheadings can also be found at the end of Sections 8.2, 8.3 and 8.4.  

 

As detailed in Chapter 7, all students in a single Year 6/7 class participated in the programme 

because it was incorporated into the curriculum. Participation in the research was by choice, 

however, all students participated. The differences in the backgrounds of each of the two 

students selected for the primary school case studies are discussed at the beginning of each 

case study.  

 

Both the case studies on the high school students, Peta and Mark, reported a positive attitude 

to learning. Though their approach differed, both students were motivated to learn new 

concepts and skills. In contrast, Jeremy did not readily engage with learning opportunities. 

Given the choice, Jeremy would’ve been happy to find a quiet spot and read for the entire 

year. It was for this reason that he was selected for the first primary school student case study.  

 

8.1 Student Background 

Jeremy is a male student who attended Glencoe Primary School. He started the programme in 

Year 6 and participated for the 2012/2013 school years. Jeremy presented as not at all 

interested in school or learning. Recorded as a low achiever by his previous teacher, Jeremy 

was passive resistant. Though he was not interested in learning, he followed directions and 

was not disruptive. Passive resistance is used to describe students who do as little as possible 

but without disrupting the class (Sium & Dehli, 2012, p. 17). He loved to read and was often 

found reading. He also spent a considerable time organising his pencil case, pencil sharpening 

and engaged in similar time-wasting activities. 
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Jeremy’s attendance was regular, and education was valued in his home. His mother and I 

made regular contact and we worked together towards improving Jeremy’s attitude and 

learning outcomes. Interestingly, he consistently displayed excellent manners. This behaviour 

was often commented on favourably by other teachers and the parents who assisted with class 

activities such as excursions. Even though Jeremy would have chosen to avoid school, he 

entered the classroom each morning with a smile and was happy to chat about many topics. It 

was only when he was required to participate in class work and produce a record of his work 

that his passive resistance became obvious. Jeremy did not have a special need that made 

learning difficult. He just wasn’t interested. 

 

8.2  Improved Conceptual Understanding 

The primary school programme was introduced with the concept map. Students were given 

ten minutes to enter what they knew about asteroids. Most students were finished within five 

minutes and no one needed ten minutes to complete their concept map. Jeremy entered the 

word, asteroids then spent some time drawing a cloud around it and adding lines that didn’t 

lead anywhere (Figure 8.1). He spent the rest of his time playing with the contents of his 

pencil case (Student Observation #1, Jeremy).  

 

 

 

Figure 8.1: Concept Map #1 Jeremy. In this concept map, Jeremy completed the topic label, 

asteroids and then prepared it for information by drawing lines for information bubbles. No 

further information was added.  
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The time frame for the high school programme was limited and the students older. For these 

reasons the concept map activity was followed immediately by the highly motivating Sloan 

Digital Sky Survey/Skyserver in Week 1 of the high school programme. This activity gave the 

students the chance to practise spotting asteroids in images. In contrast, the primary school 

students’ programme followed aspects in the Western Australian Curriculum. They were 

given the facts sheet as part of a literacy activity.  

 

Two articles, a glossary and an Asteroid Fast Facts sheet were distributed during an English 

lesson so that the students had a reference source when they were trying to learn new skills 

and concepts. Appendix A gives teachers the first glossary and Appendix B, the Fast Facts 

sheet distributed should they wish to include asteroid research when teaching the curriculum. 

It is a starting point because, as in keeping with action research, changes were made based on 

student input and changes to knowledge based on scientific research.  

 

The students were encouraged to add their own words to the glossary and to share interesting 

asteroid facts found during independent research. Jeremy’s first sign of interest manifested at 

this point. When reading the fast facts sheet, he initiated questions such as, How do they know 

what they’re (asteroids) made of if they’ve never been to one? (Recorded Student Observation 

#2, Jeremy). This was the first of many questions he asked as we read through and discussed 

the information. Throughout the thirty minute session, Jeremy remained focussed. He did not 

switch to his novel or engage in time wasting activities (Student Observation #3, Jeremy).  

 

Completing their concept map was an ongoing activity. Every two weeks for six weeks, the 

students added new knowledge and edited incorrect work from previous entries. Jeremy’s  

second concept map (Figure 8.2) included only one entry. The focus he demonstrated during 

class discussions was not reflected in his written records.  
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Figure 8.2: Concept Map #2, Jeremy. Though Jeremy added only one item to his concept 

map, his input into class and group discussions indicated that he had gained more knowledge 

than he had recorded. 

 

It was evident from his participation in class discussions, that his concept map did not 

adequately reflect his significantly improved knowledge base. When completing a small 

group activity designed to encourage the students to learn basic facts, one child stated that 

asteroids were found in the asteroid belt and another added that the asteroid belt was between 

Jupiter and Mars. Jeremy expanded on the location of asteroids by adding that they were 

“found in other places in the sky.” When elaborating, he stated, “It’s not the ones in the 

asteroid belt that are a problem. It’s the ones we don’t know about that could be anywhere” 

(Recorded Student Observation #4, Jeremy.). During the same group activity, he went on to 

explain that it was important to know the size of the asteroid.  

 

To determine both the depth and the source of his knowledge, Jeremy was interviewed. The 

interview was conducted using a relaxed, discussion format. This was to encourage Jeremy to 

elaborate when answering questions. To establish the level to which he understood asteroid 

location and size, he was asked, “It was interesting to hear you discuss the importance of size 

and location of asteroids. Can you tell me any more size and location?”  

 

Jeremy’s answer included information that demonstrated he was able to make logical links. 

His answer included reference to: 

a) Potentially hazardous asteroids – he concluded that they wouldn’t be hazardous if they 

were only in the asteroid belt. 



162 
 

b) Near Earth asteroids – he read that scientists were going to try and land on one closer 

to us. 

c) Redirect project – Jeremy reasoned that since NASA was going to trap an asteroid and 

bring it to the Moon, it must be closer to Earth than the asteroid belt. 

d) Big ones can destroy us – He was not able to provide any detailed information on size. 

His independent research had focussed on where asteroids could be found. His 

understanding of the relationship between asteroid size and the impact on Earth was 

limited to “big ones can destroy us” (Informal Interview #1, Jeremy). 

 

When asked how he’d learnt so much so quickly, he replied that he had been looking up the 

NASA site at home. This was the first time that he had been known to follow up school work 

at home. To capitalise on his emerging interest in school work, I suggested he might like to 

look at the impact different sized asteroids could have if they hit the Earth. That Jeremy was 

keen to share the information with the class was evidenced by his willingness to suggest sites 

for others to visit (Recorded Student Observation #5, Jeremy).  

 

Further evidence of Jeremy’s improving conceptual understanding can be seen in Figure 8.3, 

his final concept map which was completed in Week 6. Jeremy remained focussed and 

worked consistently to add to his concept map. Though an interview was needed to ascertain 

the depth of his understanding, he completed notably more entries than previously. His 

concept map has single entry links, yet his participation in class and group work indicated a 

much higher level of knowledge and understanding. One entry indicated that he had begun to 

think about the size of asteroids when he referred to a city rather than the Earth being 

destroyed. Following the first interview, he had acted upon the suggestion that he investigate 

the role size plays when asteroids hit the Earth. The was evidenced in his classwork. Jeremy 

readily shared his findings including his sources. 
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* Copied from student’s work. 

Figure 8.3: Concept Map #3, Jeremy. Above original; below Teacher/Researcher copied: This 

concept map shows some of the knowledge Jeremy gained during the first six weeks of the 

course. Though an interview was still required to ascertain the depth of his knowledge, 

Jeremy showed improvement in his knowledge and a willingness to provide a written record 

of his work.    
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It was surprising that his concept map was limited because he was focussed for the entire task 

and keen to demonstrate what he’d learned. A later discussion with Jeremy was enlightening 

and supported the need to interview Jeremy following the completion of the various tasks. 

Both the high school and the primary school participants had previously completed numerous 

concept maps. Although Jeremy had also completed many concept maps, he’d never 

completed a concept map beyond one level. When asked about the missing links, he replied 

that he wanted to write more but he couldn’t decide how to set it out because some things had 

to be linked to more than one concept. He cited size as an example. Jeremy wanted to include 

the link between size and the impact if it hit Earth, but he also wanted to link asteroid size and 

the sky surveys taking place.  

 

Jeremy thought he has a good knowledge of asteroids. He was an active participant in class 

discussions, but his contribution centred on the Chicxulub Crater in the Yucutàn Peninsula. 

Further, his knowledge was limited to its impact on the dinosaurs (Student Observation #6, 

Jeremy). By Week 6, Jeremy was able discuss the importance of the size of potentially 

hazardous asteroids. He also understood that targets for sky surveys were determined by 

asteroid size.  

 

There were still gaps in his understanding. He focussed on areas of interest which did not 

always mesh with some of the concepts being taught. Asteroid types such as C-type 

(carbonaceous), for example, were studied only in very general terms. One of his concept map 

entries in Figure 8.3 referred to asteroids as being made of ice, rock and iron. When 

questioned, Jeremy’s responses indicated that he was confusing asteroids and comets. He also 

used the term “rock” when referring to “stony”. Though he knew some were made of iron, he 

could not mention any other metals such as the nickel component in nickel-iron asteroids. His 

interest was in defending the planet.  

 

This section discussed the improvement in Jeremy’s conceptual understanding of asteroids. 

Starting with an empty concept map in Week 1, Jeremy became engaged in the programme 

and worked on furthering his knowledge at home. His final concept map showed that he had 

gained knowledge in several areas. To ascertain the depth of his understanding, each concept 

map was followed by an interview. He was inclined to focus on defending the planet rather 

than gaining a broad understanding of asteroids in general. This resulted in slow progress in 

some areas and improved progress in others. Though he did not improve as quickly as other 
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students, he did make progress. The evidence reported supports assertion 1, improved 

conceptual understanding.  

 

 

8.3  Attitude Towards Science 

This section details the significant impact using relevant software programmes had on 

improving Jeremy’s attitude towards science learning. Supporting evidence that Jeremy was 

proactive in mastering the necessary software to source new information is provided. This 

section also specifies the noteworthy progress in his knowledge and understanding following 

the introduction of software such as Stellarium.  

 

“Guess what. I’ve downloaded Stellarium … and decided where I want to search for 

asteroids. Are we starting the big telescope today?” (Recorded Student Observation #7, 

Jeremy). This section will follow the path Jeremy took when learning to use relevant software 

efficiently. As discussed in Section 8.1, background, Jeremy was often disengaged and 

attended school only because his mother dropped him off each day. He could do a very good 

imitation of thinking without doing anything. Yet, when working on authentic astronomy 

activities, he flourished, particularly when relevant software was introduced.  

 

The possible discovery of an asteroid was exciting. The opportunity to use the same telescope 

as scientists, the Zadko Robotic Telescope, was the catalyst for this project and helped drive 

Jeremy’s enthusiasm for the project. It was also embedded in, not a supplement to, the 

curriculum. This was a focal point of the programme. All students participated. Under most 

circumstances, Jeremy would not have been selected for an extension group and would 

therefore have been unlikely to have had the opportunity to participate.  

 

Jeremy used Stellarium, a night sky programme, extensively. He had downloaded it at home 

and was very excited to share what he’d found in the classroom setting. The introduction of 

Stellarium was a significant turning point in Jeremy’s motivation. He was completing work 

Assertion 1: Improved Conceptual Understanding 

Participation in the authentic science programme improved students’ conceptual 

understanding of astronomy in general and of asteroids, specifically.  
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which demonstrated an interest in learning not previously evidenced, but the results were 

dependent on his area of interest.  

 

Stellarium was introduced as part of their technologies programme. It was the second in a 

series of software programmes that they would need to master. The first was Sloan Digital 

Sky Survey/Skyserver and though he participated and could demonstrate learning, he treated 

it more like a video game (Student Observation #8, Jeremy). Other students were using the 

site to gain more information. With each new screen, they added to their notes and questioned 

new concepts such as filters and sky surveys. In contrast, Jeremy flicked through looking for 

asteroids then returned to the beginning and started again.  

 

His interest in Stellarium was immediate. Figure 8.4 shows the first two tools he used. He 

spent some time exploring the myth images then began to compare them to the constellation 

outlines. He had favourites, established during a school Astrofest run the previous year. He 

enjoyed and could relate the stories around Orion, Taurus, Lepus and Canis Major. Jeremy’s 

responses indicated that he understood the way in which the stories linked together to form a 

complete story.  

 

 

Figure 8.4: A copy of the myths and constellations explored, Week 2, Jeremy. The stories 

were of interest to Jeremy because they could be linked to tell one complete story. He loved 

reading and was familiar with the myths. He used the pictures to help him understand the 

view from the northern hemisphere.  
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Jeremy knew the stories and following his work with Stellarium, initiated research on the 

origins of the naming and history behind the constellations. He continued to add to his 

knowledge discovering:  

a) that there were many stories around Orion, 

b) many of the stories related to important times in different calendars, for example, 

when Orion rose it was time to smoke the tepees for fleas for a First American tribe, 

c) Orion is a slow moving constellation and has not changed much in the last 2 000 

years, 

d) the Southern Cross used to be visible in the northern hemisphere, and 

e) he could view the constellations from the northern hemisphere by altering the location 

to Paris. 

 

Stellarium also proved a significant motivating force.  To locate relevant asteroids for 

imaging, Jeremy had to read and understand the ephemerides available from the Minor Planet 

Center. Questioning ascertained that he understood and could use each ephemeris but the little 

work he completed was of poor quality. With the introduction of Stellarium, Jeremy’s work 

output increased significantly. He spent some time showing other students how to use right 

ascension and declination to place an asteroid into the programme. Once it was in place, 

Jeremy considered the object’s altitude and other features including the Moon location and 

phase. Most other students obtained this information using the ephemerides obtained from the 

Minor Planet Center, but Jeremy used Stellarium to gather this information. Figure 8.5 shows 

the difference between the approach Jeremy took and the most commonly used approach.  
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Jeremy Other Students 

Opened the Minor Planet site then searched 

the 400 and 600 range for a suitable asteroid 
 

Opened the Minor Planet site then searched 

the 400 and 600 range for a suitable asteroid 

Opened Stellarium and entered the right 

ascension and declination to determine the 

asteroids position 
 

Used ephemerides obtained to plan an 

image request 

Checked for sun position and Moon phase  
 

 

Checked Stellarium ephemerides against 

those from the Minor Planet Center 
 

Used this information to plan an image 

request 

 

 

 

Figure 8.5: The different approaches used by the students. Jeremy used the Minor Planet 

Center to begin and end each search. To establish and asteroid’s position, altitude and Moon 

phase, Jeremy used Stellarium. This software accommodated his preference for a visual 

format and enabled Jeremy to achieve his goals by maintaining his focus.  

 

Jeremy’s recorded work often consisted of random numbers that had meaning for him but 

were difficult for others to interpret due to their lack of reference point. He often stated that he 

had decided which asteroids were good for imaging but gave very little detail. For these 

reasons, he was also interviewed regularly. During one such interview, Jeremy explained the  

order in which he tackled the challenge of finding suitable asteroids. He explained that he 

only found the Minor Planet Center useful to find a target asteroid quickly. Jeremy didn’t look 

in the suggested group because he thought it was just as fast to enter ten queries at a time 

because he might find one that needs further study and that would be more interesting. None 

of those on the list ever needed further study. He’d found some good ones, but they weren’t in 

the right spot. 

 

His reasoning for using the Stellarium in conjunction with the Minor Planet Center was 

logical. Jeremy stated that he could see exactly what other objects were in the same vicinity as 

his chosen asteroid. This made it more interesting. It also made it easier for his “brain to see 

it” Recorded Student Observation #12, Jeremy). This was the way in which he described his 

preference for visual learning. 

 

Using the two programmes, Jeremy was able to arrive at a single outcome. He started by 

randomly entering up to 10 numbers in the 400 and 600 series then scanned the altitudes for 

the asteroid and Sun. He reasoned that following this format meant that he might find 
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something interesting and he rarely had to go past two lots of 10 entries before finding a 

relevant asteroid. Jeremy also thought that the relevant asteroids were quick to spot because 

you just “have to go down the asteroid altitude list and if you see something, look at the sun 

column” (Recorded Student Observation #, Jeremy). 

 

When he’d found one he entered it into Stellarium by using the date and time tab first then 

search and entering the position. He used the equatorial grid to facilitate understanding of 

right ascension and declination. It also helped him understand location, “… a bit like when we 

do atlases. Just using a picture of a map makes it hard to understand where it really is but 

when you put other places around it’s easier” (Recorded Student Observation #14, Jeremy).  

 

Jeremy then used the information provided on the left hand side to determine the Moon phase 

and to check the Sun he “just looked at the image”. If it was light, it was too bright to take the 

image. “Sometimes you think it’s going to be dark cause it (MPC) says 7 o’clock at night but 

when you look at it, it’s still too light” (Recorded Student Observation #15). Jeremy also 

often enlarged the Moon to see what it looked like when he read the phase. Finally, he used 

the Minor Planet Center to obtain the exact ephemerides. Jeremy explained that they had to be 

exact because “even a little out here” (Stellarium) could mean he’d miss the asteroid 

altogether in the sky (Recorded Student Observation #16, Jeremy). 

 

The Minor Planet Center was also an excellent source of information other than the 

ephemerides. Jeremy only found it interesting when he was reading origins of asteroids, what 

further study was needed and when and by whom it was discovered. He also enjoyed 

generating sky coverage plots to see where other searches were being conducted. 

 

Jeremy was fascinated by the many night sky objects he could find using Stellarium. Looking 

up other objects was his favourite part. He would enlarge them to see what they might look 

like if he took an image of them. Jeremy always had a list of “if there’s time” objects, most of 

which were galaxies or planets.  

 

Figure 8.6 is a visual representation of an interview conducted to ascertain the degree to 

which using Stellarium was useful in helping him achieve his goals. This was necessary to 

determine whether he was using the programme efficiently or just playing with it.  

 



170 
 

 

Figure 8.6: The steps Jeremy followed when using Stellarium to find a suitable asteroid for 

imaging. This figure presents the logic Jeremy used when he moved from the Minor Planet 

Center site to Stellarium. In following these steps consistently when deciding on his asteroid, 

Jeremy proved to be efficient at selecting and imaging appropriate asteroids. Steps 1 and 2 

placed the asteroid for him and he determined that the Moon phase at 0.21 and the object 

altitude of +37° were satisfactory. Just by looking at the amount of light in the picture, he 

quickly determined that though everything else was right, the Sun was still too high for a 

successful image to be taken.  

 

When answering questions, Jeremy provided detail and demonstrated logic in his thinking. 

His interest was not just in the asteroids but in the sky around them. Always keen to explore 

several aspects of the night sky, Jeremy would position his asteroid then enlarge other objects 

around it. As previously mentioned, Jeremy’s interest did not always align with the goal of 

the authentic astronomy programme which was to find an undiscovered asteroid. He was 

particularly interested in galaxies and planets so he worked out a way to follow the 

programme and still focus on his interests. He’d set up his asteroid search location in space 

and record the ephemerides. He’d then search for anything interesting around it. He then used 

this information when requesting his images. Figure 8.7 outlines Jeremy’s thinking when 

examining the sky around his asteroid location.  
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Figure 8.7: Enlarged picture of Jupiter in real time. Jeremy was excited to think that he might 

be able to image Jupiter with three moons. He quickly realised that Jupiter’s altitude was too 

low at 7:00 pm so manipulated the time forward an hour to check the direction it was moving. 

For an object to be viable it had to have an altitude of at least +30°.  He determined that at 

+22° it was not high enough to image that night.  

 

His focus often moved from the search for asteroids to other areas of astronomical interest 

generated through the programme and expressed by the participants including Jeremy. An 

important aspect of the authentic science programme featuring asteroids was to encourage 

students to pursue other areas of interest in astronomy independently.  

 

Galaxies were Jeremy’s first love. From the beginning, Jeremy planned his asteroid project 

and took images of galaxies simultaneously. He consistently found new galaxies to image 

using Stellarium. He was able to isolate galaxies quickly because the programme indicated 

galaxies using small ellipses.  

 

Jeremy was methodical in his search, working his way through the days using the date/time 

feature. He could refer to galaxies with using their category number, for example, NGC 5128 

for the Hamburger Galaxy, but much preferred using common names. Figure 8.8 was taken 

using the SPIRIT telescope. This was Jeremy’s favourite galaxy. Originally, his interest was 

in the name rather than the galaxy, but as he researched the galaxy he became very interested 

in the science. When asked about the galaxy, Jeremy was able to recount that NGC 5128: 

a) was thought to be the result of a collision between two galaxies, 
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b) is an active galaxy to Earth, 

c) is about 16 million light years from Earth but there is a lot of disagreement regarding 

its distance, 

d) has a dust lane blocks the light from the centre, 

e) has supermassive black hole is about 100 million solar masses and 

f) is better viewed using a radio telescope because it would see more (Informal Interview 

#4, Jeremy). 

 

 

Figure 8.8: NGC 5128 (Hamburger Galaxy) taken using SPIRIT 1 telescope. Jeremy used the 

image when recounting facts related to the galaxy. It shows the two galaxies, one each side of 

the dust lane. The prominent dust lane, thought to be the result of a collision between two 

galaxies, is clearly visible.  

 

During the year, my class hosted an Astrofest for the school community. Each group selected 

a feature to be shown that night and became the expert explaining the object to people waiting 

in queues. Jeremy elected to be in the galaxy group then volunteered to become the expert for 

the Hamburger Galaxy. During the evening, Jeremy readily shared his knowledge staying 

well beyond his allotted 20 minutes (Field Notes, #1, Jeremy). 

 

The software, Stellarium, was a significant motivating force for Jeremy. Since he used 

Stellarium at every opportunity and presented most of his work via the information gained 

using the software, it is doubtful he would have used his learning opportunities as effectively 

had the programme not been available. Stellarium provided him with the motivation to gain 
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the knowledge that enabled him to participate in advanced maths and science activities. 

Previously, he would’ve completed only what was required. An example is the level he 

achieved when developing his understanding of measurement related concepts specifically 

time and distance. Using Stellarium to demonstrate his knowledge, Jeremy manipulated time 

to determine the best time to image an object. Table 8.1 is an example of the way in which the 

motivational value of Stellarium manifested in Jeremy’s work.  

 

Table 8.1: An example of the link between Stellarium as a motivational tool and Jeremy’s 

learning. Jeremy connected all new learning to imaging transient objects in the night sky to 

the software, Stellarium. The second column shows the outcomes of some of this learning. 

Without Stellarium, it is doubtful, he would have achieved his goals. 

 

Knowledge gained using 

Stellarium was: 

Using the knowledge gained 

using Stellarium Jeremy was 

then motivated to: 

Time Time 

 

Using different formats to enter 

the date and time 

Learn the difference between 

universal time (UT) and local 

time (WST) 
 

Use the information to convert 

UT to WST when reading 

ephemerides from the Minor 

Planet Center 
 

Changing time and location to 

view objects in different time 

zones 
 

Actively participate in maths and 

geography lessons  

 

Manipulating time to determine 

the optimal time to image an 

object. This was done to 

ascertain moon location and 

object altitude 

Manipulate time to determine 

the optimal time to image an 

object. This was done to 

ascertain moon position and 

object altitude 

 

Number 

 

Number 

 

Using and converting standard 

units of measure used in 

astronomy; astronomical units 

(AU) and light years (LY) 

Extend his understanding of AU 

and LY and actively participate 

in maths lessons covering the 

use of scientific notation 

 

Two examples, time and number are used to demonstrate the path Jeremy followed when 

learning new concepts. As mentioned when describing Jeremy’s background, he was in Year 
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6. The mathematics concepts he applied when solving astronomy problems demonstrated an 

understanding above that expected for Year 6 student. He was, for example, able to: 

a) solve problems involving duration, including using 12- and 24-hour time within a 

single time zone – Year 8 and 

b) express numbers in scientific notation – Year 9 (Recorded Student Observation #32, 

Jeremy). 

 

A second and equally crucial motivating factor for Jeremy was the opportunity to use a large, 

scientific level telescope. During the introduction to the Zadko Robotic Telescope, the 

students became familiar with some of the projects being conducted by scientists using the 

telescope. The activities selected were based on potential student interest. They were:  

a) capturing gamma ray bursts, 

b) searching for supernovae, 

c) searching for asteroids and 

d) tracking space junk. 

 

All four activities proved useful when maintaining student interest. Of the four activities, 

Jeremy was particularly intrigued by the notion that the Zadko Robotic Telescope was linked 

to the Swift robotic satellite and was able to receive information from one source and translate 

that into action.   

 

Each morning Jeremy would arrive with descriptions of things he’d found and new sites he 

wanted to image. He was disappointed that the Zadko Robotic Telescope was never available 

but ever hopeful that it would be before he left for high school. This reflected his optimistic 

nature rather than a belief that it would be repaired.  

 

Following a lesson on the astronomical space observatories (space telescopes), Jeremy 

expressed an interest in how it could send messages from so far away and in how the 

messages were picked up by Earth based telescopes (Recorded Student Observation #35, 

Jeremy). Core aspects included in the lesson were the: 

a) geosynchronous orbit of data tracking and receiving satellites,  

b) importance of astronomical space observatories and reasons for their position in space, 

c) role each telescope played in gaining new data,  

d) James Webb telescope, and  
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e) communication between astronomical space observatories and Earth based telescopes.  

 

Repairing telescopes in space was added following student questions and interest. The 

discussion included the repair of the Hubble Telescope and the importance of such a venture 

to the skills needed to work and live in space. The building of, habitation and repairs to the 

International Space Station was a significant part of related lessons.  

 

Black holes featured in both high school and primary school questions. The degree of interest 

was so high that it could be considered as a separate topic for future research in both high and 

primary schools. A second area of interest in the primary school was the electromagnetic 

spectrum. Students were shown the Milky Way through various wave lengths from gamma 

ray to radio waves. Interest gained momentum when the Zadko Robotic Telescope and its 

projects were introduced. Its link with the Swift Telescope resulted in students expressing an 

interest in the different astronomical observatory telescopes that were available and how they 

worked (Recorded Student Observation #38, Jeremy).  

 

Jeremy’s curiosity was ignited when he realised that one telescope was in space and the other 

on Earth. He initiated independent research to discover how the two telescopes worked 

together. This was a significant change in the way he addressed learning opportunities. 

Instead of completing as little as possible, he spent several nights working out the way in 

which both telescopes worked. He consistently initiated class discussions, sharing new 

concepts with others (Recorded Student Observation #39, Jeremy).  

 

Though Jeremy spent several nights researching telescopes at home, he ignored many of the 

aspects taught in favour of learning more about the Swift/Zadko Robotic Telescope link. This 

resulted in gaps in his knowledge, for example, the importance of a geosynchronous orbit for 

data tracking, sending and receiving satellites. The gaps manifested when Jeremy was relating 

the information he’d found when researching at home one evening. During his explanation he 

was asked to elaborate on the way in which data were sent to and from astronomical space 

observatories. His response indicated that he did not understand the link with geosynchronous 

satellites. Figure 8.9 summarises an explanation he gave using pictures of two telescopes. 

Though his explanation included basic information only, it demonstrated learning generated 

by his interest in the Zadko Robotic Telescope.  
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Figure 8.9: Summary of Jeremy’s explanation of the way telescopes communicate with each 

other. He explained that the parts on Swift were all linked and that it could do the first part 

very quickly. This was followed by a more complete examination of the occurrence and was 

slower. He explained that programmes had been written that linked the telescopes together 

and the Zadko Robotic Telescope was part of a system of telescopes. He understood that the 

telescope could be programmed to prioritise messages from Swift which enabled it to slew to 

the source quickly.   

 

To conclude, Jeremy was capable of using both the Minor Planet Center site and the software, 

Stellarium efficiently. If was, however, the programme Stellarium that captured and then held 

his attention. The visual aspects of the software initially motivated him to begin an 

investigation. He achieved lesson goals each week, but the momentum was maintained 

because Jeremy was able to manipulate objects in real time. He was particularly interested in 

galaxies and planets and continued to investigate new objects at every opportunity.  
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The role the Zadko Robotic Telescope played in engaging and maintaining Jeremy’s interest 

cannot be understated. His knowledge had gaps, however, he was motivated to spend his own 

time researching the Swift telescope and the way in which it worked with the Zadko Robotic 

Telescope. Jeremy also continued to use ephemeris from the Minor Planet Center when 

planning which asteroid to image. That he could apply new knowledge to achieve his goals 

was demonstrated when he learnt to request images using the telescope. His completed 

practice activities demonstrated the skills necessary to generate a successful request.  

 

Stellarium and the opportunity to use the Zadko Robotic Telescope fuelled Jeremy’s desire to 

learn. Both were powerful motivational forces which resulted in Jeremy developing 

knowledge and skills needed to image asteroid. The evidence reported in this section supports 

Assertion 2, attitude toward science.  

 

 

This section discussed the importance of motivational tools when providing students with 

learning opportunities. Careful selection of activities, software and hardware is paramount 

when motivating reluctant students such as Jeremy to engage in learning. Translating 

motivation into sustained learning resulting in improved knowledge and understanding of and 

attitude towards science is the next step. The way in which Jeremy worked as a scientist to 

apply his knowledge to his asteroid project is discussed in the following section. 

 

8.4  Thinking and Working like a Scientist 

Science inquiry skills is the third of three strands in the Western Australian Science 

Curriculum.  Over a one year (two years for those students who remained in my class for two 

years) period, the students were expected to learn and practise the skills needed to plan, 

conduct and analyse an investigation. The communication of ideas, explanations and 

processes using scientific representations are also expected outcomes 

(https://k10outline.scsa.wa.edu.au/home/teaching/curriculum-browser/science-v8). The 

authentic astronomy programme provided the participating students with engaging, 

challenging and achievable opportunities to think and work like a scientist. 

Assertion 2: Attitude Toward Science 

Participation in the authentic science programme improved students’ attitude toward 

science.  
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Stellarium was introduced with a two hour time allocation during which the students 

experimented with the programme. The extended time frame was to allow students to play 

around with the various components such as enlarging every item they found to see what it 

looked like and the constellation art. This format for introducing the programme was 

successful because future lessons using Stellarium saw students focussed on their project.  

 

Jeremy downloaded the Stellarium at home, then announced that he had selected his search 

area. Jeremy had decided on searching further south than most northern telescopes could be 

used. Citing the information gained from the Sky Coverage Plot he generated using a 

programme available to Observers in the Minor Planet Center, Jeremy reasoned that he had 

more chance of making a new discovery if fewer telescopes were looking in the same area. 

Figure 8.10 shows one of the many plots Jeremy generated when planning his search area 

(Recorded Student Observation #17, Jeremy).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.10: Sky coverage plot using the Minor Planet Center. Jeremy preferred visual 

learning tools. This figure shows one of the many images he generated using various dates. 

Jeremy used such plots when deciding on a search area. Before deciding on a location for his 

asteroid search, Jeremy researched the areas covered by both big and small surveys. When 

searching, he could separate big sky and small surveys and search according to date and 

survey. 

 

It is interesting to note that though Minor Planet Center was not Jeremy’s favourite 

programme, he was able to ascertain when it would be useful in helping him to achieve his 

goals. Most students used data obtained from the Minor Planet Center extensively when 
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planning their project. Jeremy used Stellarium but was able to select relevant sections from 

other sources when needed. When explaining his choice, Jeremy reported that he was not 

going to look in the asteroid belt between Jupiter and Mars. In response to a question 

regarding his reasoning, he replied, “because I’ll get to look at lots of asteroids in the asteroid 

belt when we’re practising with the 400 and 600 asteroids” (Recorded Student Observation 

#29, Jeremy).  

 

Jeremy also expressed an interest in being able to land on an asteroid in the future, so he had 

to search for asteroids that were closer to us. When elaborating on his choice, Jeremy 

explained that space craft were much smaller and that they could be landed on objects such as 

asteroids and comets. The data collected would provide us with much better information if we 

were threatened. Jeremy could not elaborate this point. This showed a shift in Jeremy’s initial 

interest, defending the planet. As he gained knowledge, Jeremy became more interested in 

learning about the origins of the Earth. 

 

Though it would help in protecting Earth, Jeremy was more interested in gathering 

information about an asteroid’s composition. He suggested that this would help us learn more 

about the origins of the Earth and possibly even other planets in our Solar System. Jeremy 

explained that when he entered asteroids into the NASA website, he learnt that scientists 

suggest that our water came from asteroids but that more information was needed. He knew 

you could land on an asteroid because he’d read about the Rosetta mission on the European 

Space Agency site. He’d read that they planned to land on a comet. Both pieces of research 

were student initiated and a result of interest raised during class work on our asteroid project.  

 

Jeremy announced he’d found his search area early in the project. During the next few weeks, 

he changed his mind several times. He understood the theory behind imaging his search area 

over several nights so that he could find transient objects, specifically asteroids, that may not 

be in the image on the first night. In practice, he preferred instantaneous results. The most he 

viewed any one area was two nights. He also switched between taking images of interesting 

galaxies and other planets in our Solar System and searching for asteroids.  

 

The Zadko Robotic Telescope was not available, and the students were using the SPIRIT 

telescopes available through the University of Western Australia. A third telescope became 

available via the Perth Observatory and the RCOP system, originally based in the USA but 
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now based at the Perth Observatory. Jeremy proved adept at programming the three telescope 

systems, including the more complex internet based SPIRIT system.  A more detailed 

discussion on the way in which students were able to manage three different systems is 

provided in the second primary school case study.  

 

When planning and conducting his asteroid project, Jeremy demonstrated improved 

knowledge and skills and an ability to work as a scientist by: 

a) using tools such as the Minor Planet Center and Stellarium to ascertain a search site 

Recorded Student Observation #10, Jeremy), 

b) generating sky coverage plots and ephemeris to determine then support his decision 

Recorded Student Observation #11, Jeremy). 

c) initiating the use of relevant sites such as NASA and ESA to gain more information on 

missions and the origins of our Earth Recorded Student Observation #23, Jeremy). 

d) programming different telescope systems efficiently to take practice images and 

images of his search area Recorded Student Observation #39, Jeremy). 

e) downloading his images using IRIS, a software programme used to process digital 

astronomical images taken using CCD cameras Recorded Student Observation #43, 

Jeremy). 

 

The examples provided in this section support Assertion 3, thinking and working like a 

scientist. Jeremy found value in researching asteroids to find out more about the origins of our 

Earth. He selected his project based on the understanding that improving our knowledge of 

the composition of asteroids could lead to an improved understanding of the origins of our 

Earth. As reported in this section, Jeremy often initiated discussions on ideas and information 

he’d discovered during his independent research. He understood the need to defend the Earth 

and was aware that asteroid mining was becoming a reality. His heart, however, was in 

finding out more about our Earth and it was on this that he based his asteroid search decisions.  

 

The asteroid project proved invaluable in engaging Jeremy with class activities. The authentic 

nature of the programme appealed. Software such as Stellarium gained his attention which 

was then maintained via independent research and the lure of operating the Zadko Robotic 

Telescope.  
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Throughout the project, Jeremy consistently sought to image other transient objects, with 

galaxies being his favourite. He met the requirements for planning and managing a project, 

but was always on the lookout for different types of galaxies. When it became apparent that 

the students would need to use alternative telescope systems, they were encouraged to select 

another object type such as globular clusters to image in between their practice work on 

asteroids. They were also introduced to the possibility of finding supernovae in their images 

and the Images of Galaxies to Search Supernovae in the Telescope’s Science Public Space 

(http://cador.obs-hp.fr/ros/manage/). This was to maintain their interest in the asteroid 

programme. Jeremy maintained his fascination with galaxies.  

 

8.5  Conclusion 

The information presented in this case study supports the premise that authentic astronomy 

classes will positively impact primary school students’ attitudes towards and conceptual 

understanding of science, in particular, asteroid research. The evidence presented supports the 

notion that providing students, including reluctant students such as Jeremy, with authentic 

learning opportunities will have a positive impact on learning and conceptual understanding. 

Though there were gaps in his knowledge and interviews were used to determine the level of 

learning, Jeremy clearly demonstrated greatly improved knowledge. He often initiated 

discussion and chose to download relevant software programmes at home. Coupled with his 

willingness to initiate independent activities and research, the perception that Jeremy moved 

towards being an engaged learner as a direct result of participating in the asteroid programme 

is supported. Though not a part of this study, it would be interesting to measure his learning in 

other areas to discover what change, if any, was evident. The next chapter, Chapter 9, presents 

a case study of primary school student, Lily. 

  

Assertion 3 - Thinking and Working like a Scientist 

Participation in the authentic science programme, enabled the students to think and work like 

a scientist. 
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CHAPTER 9 

Primary School Student Case Study - Lily 

 

9.0  Introduction 

In this chapter I report on the fourth and final Case Study. As with the previous three case 

studies, the evidence supports the premise that an authentic astronomy programme can have a 

positive impact on school students’ conceptual understanding of, attitudes towards science 

and enable them to think and work like a scientist. The case studies on the high school 

students detailed confirming data from two students with  different attitudes towards and 

aptitudes for learning. The first case study on a primary school student provided detailed 

evidence that an authentic astronomy programme can have a positive impact on students’ 

attitude to learning. This final case study presents evidence that an authentic astronomy 

programme can provide students with engaging but challenging activities that allow for them 

to pursue areas of interest in depth.  

 

The evidence supporting the assertions for Lily manifested differently compared with the 

previous case studies. Her approach to gaining new knowledge and understanding was 

ordered according to the information she needed to complete her individual project. The 

motivational aspects of the authentic astronomy programme presented as two separate 

components. The first and more serious aspect was her motivation to determine the best 

method to achieve her goals. The second was the sheer fun of learning fun facts about 

something new. Detailed research into the various parts of her project became evident when 

she was thinking and working as a scientist. The three assertions are consistent with those 

presented in the three previous case studies. The student’s pseudonym is Lily. Lily was 

chosen to demonstrate the level of learning that can be achieved by primary school students in 

a general classroom situation.  

 

9.1  Student Background  

In the first primary school case study I reported on a low achieving student. Jeremy displayed 

little interest in and was passive resistant to learning. In contrast, Lily was a self-motivated, 

high achieving student. She readily initiated learning opportunities. This case study tracks the 
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path Lily followed to achieve her goals through her participation in the authentic astronomy 

activities.  

 

Also attending Glencoe Primary School, Lily’s attendance was regular and education was 

valued in her home. Though art and mathematics were her favourite subjects, Lily excelled in 

all subjects. Commencing in Year 7, she participated in the authentic astronomy programme 

for one year.  

 

9.2  Improved Conceptual Understanding  

 

This section outlines the depth of development in Lily’s knowledge and understanding of  

asteroid research. The complexity of cognitive analysis evident in Lily’s work is a focal point 

in this section. Her approach was analytical and  demonstrates attention to detail. 

 

The concept map Lily developed across three sessions demonstrated excellent understanding 

of basic concepts. Figure 9.1 is her original work. To provide the reader with clarity, her work 

was copied in three sections, which, when combined, explain her thinking and understanding 

of all the pieces of knowledge included in her concept map.  

 

 

Figure 9.1: Concept Map, Lily original: This concept map demonstrates an understanding of 

facts in distinct categories. Though difficult to read, the links between facts are clear. The 

detail is provided in the following teacher/researcher copies. 
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Details recorded in Week 1 are shown in Figure 9.2. The information Lily added in weeks 

three and five is included because it demonstrates the logical path she took when learning new 

facts. Lily approached her work systematically, learning what she could about one fact before 

moving to another. The irregular shape of asteroids, their lack of atmosphere and rings were 

facts not included by most other students until the second or third set of additions to their 

concept maps. The inclusion of this information indicated that her starting base was higher 

than the other Year 7 students.  

 

 

Figure 9.2: Concept Map #1, Lily; Teacher/Researcher copied from the original. This concept 

map shows some of the knowledge Lily gained during the first six weeks of the course. Her 

initial concept map indicated that she knew there were many asteroids and that they could be 

found in the asteroid belt. In her second session she added a single metal and by the third 

session, generalised her understanding to size and metals in relation to worth.   

 

In the first concept map session, Lily noted that asteroids came in many sizes and elaborated 

in the second session when she added two boxes, differentiating between a few metres and 

hundreds of kilometres. When asked why she hadn’t combined the information into one box, 

Lily explained that she wanted to highlight the considerable size difference between asteroids. 

“Scientists think that asteroids have to be at least a kilometre in diameter to have a global 
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impact on climate if they hit Earth but no one really knows” (Recorded Student Observation 

#8, Lily).  Lily explained that smaller asteroids may not cause as much global damage but 

their impact on the local area could be just as catastrophic. She argued that less people being 

affected did not make the impact any less severe for those people. Lily used the impact of 

natural disasters such as volcanic eruptions on communities to explain her ideas (Recorded 

Student Observation #9, Lily).  She expressed the view that the smaller asteroids of about 100 

metres in diameter should be the search targets of asteroid sky surveys. Though she did not 

have supporting evidence, she reasoned that there were “probably many more smaller 

asteroids that were capable of inflicting significant localised damage still to be found” and 

that that is where big sky surveys should be directing their attention. (Informal Interview, #1, 

Lily).  

 

In 2017, the Near-Earth Object Science Definition Team produced a paper on enhancing the 

search and characterisation of asteroids. The cost/benefit analysis noted both the immediate 

and residual effects of an asteroid impact to local communities. It was suggested that the 

“search system could be constructed to produce a catalogue that is 90% complete for 

Potentially Hazardous Objects (PHO’s) larger than 140 m.” (p. iii). Lily’s analysis of the 

situation in 2013 was supported  by this paper.  

 

A second mismatch between information recorded in her concept maps and her apparent 

knowledge was evidenced during student-initiated group discussions and can be found in her 

second set of additions (Figure 9.2). Lily noted that water and metals could be found in 

asteroids. During student initiated discussions, she detailed concepts such as the move to use 

hydrogen cells, sourcing the raw materials from space. Anomalies between her written 

records and her apparent knowledge are discussed following the concept maps (Recorded 

Class Observation, #12). 

 

As already mentioned. Lily entered facts into her concept map in Week 1 that demonstrated 

more knowledge than was expected for a Year 7 student. To gain a greater understanding of 

her reasoning an informal teacher/student interview was conducted. She stated that she hadn’t 

studies asteroids in any depth previously. When asked about her Week 1 entries, Lily 

explained that she knew that asteroids were the “left over bits from when the Solar System 

was formed” so she thought about each thing she knew about the planets then reasoned how 

that would relate to an asteroid. Saturn, she explained had rings but an asteroid would be too 
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small to exert enough gravity to hold rings in place so she reasoned that asteroids would not 

have rings. Similarly, being so small they wouldn’t have an atmosphere (Informal Interview 

#1, Lily). Lily’s ability to use previous knowledge when deciding on her entries demonstrated 

higher order thinking. 

 

Lily’s responses in class discussions indicated that she was working through the three reasons 

for studying asteroids in a methodical manner. “I haven’t decided what I want to focus on so I 

haven’t decided where to search yet,” was Lily’s response when asked by another student if 

she was searching inside the asteroid belt (Recorded Class Observation #5). When questioned 

about this comment during an informal interview, Lily explained that following our first 

session when the three reasons asteroid research was important was introduced (see 3.2), she 

had decided to research single aspects of an asteroid such as composition before deciding on 

her independent project (Informal Interview #2, Question #1, Lily).  

 

When asked if she had followed a particular format she replied that she had started with 

different types because that lead to how they were formed. “Knowing about the categories 

would be useful because that would help me understand composition and once I understood 

composition I thought it would help me think about how finding water and minerals might be 

useful” (Informal Interview #2, Question #2, Lily). Lily’s responses detailed a well-reasoned 

approach to her work. 

 

Her responses in Figure 9.3 demonstrate her understanding of the way in which asteroids are 

classified and the variables of each of the classifications. The systematic manner in which she 

approached this activity is most obvious in this second section of her concept map. She added 

three steps to her previous box “doubles” in her third session. Her second session entries, 

however, are of greater significance. Starting with the lead box, “Asteroids”, Lily 

systematically worked her way through the types and their characteristics. She added specific 

detail such as the percentage and types of metals found, and which asteroid type potentially 

had the most water.  
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Figure 9.3: Concept Map 2, Lily; Teacher/Researcher copied from the original. This section 

of Lily’s concept map highlights her understanding of asteroid categories and their related 

variables. She includes several pieces of information for each type, indicating the depth of her 

knowledge. In her third session Lily showed improved understanding of double asteroids and 

the way they can be formed. Self-correction is also evident. In week 2 she links the formation 

of rock rubble asteroids to collisions but changes the link to “usually formed in collisions” in 

her third set of additions.  

 

Figure 9.4, the third section of Lily’s work, shows the growth of her knowledge of asteroid 

size. She also indicates an awareness that orbits have different time spans.  
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Figure 9.4: Concept Map 3, Lily; Teacher/Researcher copied from the original. This section 

of Lily’s concept map highlights her understanding of asteroid size. She is able to relate 

celestial objects to common items to emphasise the difference in size.  

 

Each successive concept map included additions that were linked to each other and were the 

result of studying aspects of asteroids systematically, for example, her second set of additions 

were generally based on categories and composition. As previously mentioned, Lily’s group 

and class discussions indicated she had not included all her knowledge.  

 

Side conversations were common when the students were working on their project. Mining 

asteroids was a common topic. Several students were debating the merits of mining and the 

problems associated with fuel and water (Recorded Class Observation  #15). Lily contributed 

information related the use of water found on asteroids as water and fuel sources. She argued 

that, “water splitting would be the way of the future” (Recorded Class Observation #11). The 

discussion took place over the course of an hour and Lily contributed information from 

articles she’d read. Lily explained that splitting water into hydrogen and oxygen that could be 

used took several steps. She reasoned that hydrogen fuel cells could be more reliable than 

solar panels and would probably eventually take over as the main fuel sourced from asteroids  

(Recorded Class Observation, #12). During this discussion, the question of retrieving 
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discarded objects in space was raised. The rights of mining companies to pollute objects such 

as asteroids and the ethics of leaving space junk on celestial bodies such as the Moon was also 

discussed with students debating both sides (Recorded Class Observation #19).  

 

Lily’s concept map included information detail, for example, she entered a number of 

minerals for each asteroid classification. Her general discussion with peers indicated deeper 

understandings that had not been expanded in her concept map. To determine the level of 

Lily’s knowledge I conducted an informal interview with her using the active model 

described in Section 3.5.4. Lily had an excellent memory and could well have memorised the 

various categories and minerals which could make it appear as though she had more 

knowledge than she actually had. Though this level would still have been considered a high 

degree of learning, it was interesting to ascertain the degree to which she understood the 

chemistry of asteroids. To record her answers I used a combination of formats including text 

and diagrams to indicate the order in which she completed her research.  

 

Question 1. In Session 2 you added a lot of information regarding the categories, for example, 

here you have connected S type with a significant fraction of metal then you go on to list the 

metals. Further, you add links to brighter stony and little water (Figure 9.5). You have 

detailed each of the various categories using relevant information. What else can you tell me 

about an asteroid’s composition? 

 

 

Figure 9.5: Partial section of  Session 2 Concept Map,  Lily. When talking to Lily, her 

completed concept map was in front of her. This section includes the reference point used 

when interviewing Lily and is included here to provide the reader with greater clarity 

regarding the part of the concept map under discussion. Other information regarding the 

categories and their accompanying elaboration are also discussed in this interview.  
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Lily’s answer to the question regarding composition was given in a clear and logical manner. 

She was able to explain her process and her findings.  

 

Response to Question 1.  

I was trying to find out how asteroids were classified because we had that comprehension 

activity on it. You said that there were a few different ways to classify asteroids depending on 

what the scientist was looking at. Using a diagram from her journal (Figure 9.6) Lily 

explained that the distance from the Sun was an important factor in determining composition. 

She articulated that 80% of those on the out edge of the asteroid belt close to Jupiter so further 

away from the Sun, were a C type. When asked if she knew what the C meant she replied that 

it referred to Carbon and that C-type asteroids consisted of carbonaceous chondrite materials. 

Further, Lily explained that the percentage of C type asteroids almost halved in the part of the 

asteroid belt closest to Mars which also meant that they were closest to the Sun.  

 

Question 2 

You’ve also included S-type and M -type asteroids in your diagram. Have you learnt anything 

else about these types since you constructed this diagram? 

 

Response to Question 2 

When we started I thought the S stood for stony but about a week ago I read that it stood for 

silicaceous. I also read that the nickel-iron is mixed with iron and magnesium silicates.  The 

M-type have the most albedo. They’re metallic so reflect the most light. Their albedo is also 

used for classification.  

 

Question 3. 

What about sub-groups? 

 

Response to Question 3 

I know there are sub-groups. I think B-type is a sub-group of C-type and there are some rare 

types like A-type but I decided to spend more time reading about the three main types because 

they fit into what we’re doing. We’re looking for new asteroids and knowing about sub-

groups wasn’t necessary. I think it’s interesting though and I also think that there are more 

types to be discovered. There are so many new discoveries being made and it seems like we 

hear something new every week. 
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Figure 9.6: Journal entry, Lily. Lily used this diagram to identify the location and composition 

of asteroids in the Asteroid Belt. The handwritten annotations were added by the 

teacher/research when recording her responses. Lily’s responses demonstrated a  solid 

understanding of the chemical composition of asteroids. She identified C-type asteroids as 

being the most likely source of water which would be mined and processed into rocket fuel. 

Lily also recognised S-type asteroids as those most likely to be mined for precious metals.  

 

Question 4.  

What do you think the main discoveries will be? 

Well Dawn has already been to Vesta and found that it probably had a volcanic history. When 

the scientists analyse the data about Vesta’s gravity they may be able to discover more about 

its interior. Dawn has been looking at the surface.  

 

Lily referred to the Dawn Mission, a NASA initiative,  as Dawn. The spacecraft, Dawn, was 

launched in 2007 to study two large asteroids, Vesta and Ceres. Ceres was redesignated as a 

dwarf planet. Findings were expected to increase our understanding of the formation of our 
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Solar System because though both accreted in the early stages of the formation of our Solar 

System, they developed into two different kinds of bodies. In 2011, Dawn arrived at Vesta 

and the data supported the idea that its surface resembled that of rocky planets such as Earth. 

When Lily was studying asteroids, the Dawn mission was still collecting data from Vesta. It 

would not reach Ceres until 2015 

(https://www.nasa.gov/mission_pages/dawn/mission/index.html).  

 

Lily described the data collected by private companies that intended to mine as being  

important because their goals are very focussed. “They are interested in mining for water and 

rare minerals in a way that will make huge profits.” Her elaboration included the need for 

spacecraft to be able to refuel in space if they are to venture beyond settlement on our Moon 

(Informal Interview #3, Lily).  

 

During the interview, Lily referred to the role albedo played in classifying asteroids when 

responding to Question 2. That Lily used scientific terminology when referring to the 

reflected light from an asteroid was not unusual. Students at Glencoe Primary School are 

taught to use the correct scientific terminology from Kindergarten so by Year 7, it would be 

considered unusual if she had not used the term albedo. The level to which she understood 

both the meaning of albedo and the role it played in determining size, however, does 

demonstrate knowledge and a level of thinking beyond that normally expected for a Year 7 

student. Figure 9.7 was taken from her journal. Lily consistently analysed the information she 

read and the journal entry confirmed the higher order thinking she used when discussing 

albedo in relation to size.  

 

Think, share, think is an activity in which students work in small groups of about four 

students and discuss a topic. In this session, the topic was What do we Really Know. Within 

the topic, each group could select the concept to be discussed. In the session to be described, 

most groups focussed on either the real cost of mining in space or the defence of our planet. 

One group discussed the different types of asteroids and how scientists knew their 

composition.  Lily’s group chose the defence of our planet. Their focus was on learning more 

about asteroids to prevent a world changing impact rather than on how to intercept one that 

was on a collision course with Earth (Recorded Class Observation #37). 
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During the discussion Lily highlighted how little we really knew about asteroids. She used her 

journal entry as a starting point, sharing it with the rest of the group. Interestingly, the group 

did not perceive any immediate danger. The discussion was more factual with suggestions for 

further study by scientists being made. They thought that scientists should spend more time 

determining the lower size limit that an asteroid needs before it could cause either global or 

regional devastation. It might be smaller than we think but it could also be larger which could 

decrease the likelihood of being hit. Lily argued that regional devastation could still have a 

global impact and she sited volcanic eruptions as an example. Her group also suggested that 

more work needed to be done the accuracy of converting the absolute magnitude H to a 

physical size (Recorded Class Observation #38).  

 

 

Figure 9.7: Journal entry # 6, Lily. Lily demonstrated higher order thinking when 

investigating albedo. She explained the link between size, density and global damage. Lily 

also questioned the reliability of a measurement with so many unknowns or, as she referred to 

them, assumptions. 

 

Lily was a very capable student and would often research answers to questions that arose 

when she was reading new material. Costa’s Habits of Mind were part of the health 

programme (http://www.habitsofmindinstitute.org). Combined, these ways of thinking 

developed higher order thinking skills. One habit, be persistent not stubborn, had been 
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highlighted in class to help the students to understand when to ask for help. Once a week, the 

students were required to list the habit of mind used when completing an activity, hence the 

be persistent not stubborn entry at the end of her journal entry on different types of asteroids. 

The asterisk is used to indicate when they require help with something. It is used in all subject 

areas and facilitates the implementation of the teaching programme. Figure 9.8 is an excerpt 

taken from her journal. Lily recorded information she’d found when researching different 

types of asteroids. This passage was taken from her notes on Trojan asteroids. It demonstrated 

the way in which Lily demonstrated a proactive approach to her learning.  

 

• They share an orbit with a planet near stable points near or behind the 
planet. * 

• An Earth Trojans was found at L4. * 
 
I would like to learn more about how Lagrangian points work. I looked it up 
and read about them in some astronomy magazines but they all seem to be 
different. I understand the geometry. (Be persistent not stubborn) 
 
Figure 9.8: Excerpt taken from a journal entry #8, Lily. When recording her findings as she 

researched different types of asteroids, Lily used an asterisk against two points indicating she 

did not understand how Lagrange points worked. Her paragraph was specific. She wanted to 

learn more about how Lagrange points work. She also included what she’d read 

independently in an attempt to answer her question. 

 

Including the asterisk and the question was part of class procedure so not unusual. Most 

students did not include the steps they’d taken to source the information themselves. Of more 

interest was that she added what she did understand. This demonstrates sound analytical 

thought. Lily understood the geometry but realised that this was not enough to help her 

understand the theory of Lagrangian  points. Following a series of lessons combining 

mathematics and physics, Lily was interviewed to ascertain her level of understanding.  

 

Question 1 

Lily, I just want to check that you’re happy with your understanding of Lagrangian points 

now. Were all your questions answered? 

Response to Question 1. 

Yes. I already knew the bits like gravity but now I know how it all fits together. 

 

Question 2. 
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We covered a lot of ground. Can you explain your understanding of Lagrangian points now 

please? 

Response to Question 2. 

 Lily’s response included the following information: 

a) To understand Lagrangian points I had to know about gravity, centripetal forces 

and geometry. I already knew each part but not how they fitted together.  

b) Gravity only exerts a force for so long. The further the object is away from the 

mass such as Earth or the Sun then the weaker the effect of gravity. Centripetal 

force is when an object is pushed away from the mass as a result of spinning 

around.  

c) There are 5 Lagrangian points where spacecraft can stay without ever having to 

refuel but only two of them are stable. L4 and L5. Trojan asteroids can be found 

there.  

d) NASA uses L points for some space craft. I think L1 is where a satellite is which 

monitors solar flares. If the satellite moves out of position it won’t be able to move 

back into position without fuel. If it was in L4 or L5 centripetal force would push 

it back into place.  

 

During the explanation, Lily referred to the Earth and Sun as mass. When teaching the 

concept, mass was the term used with the Earth and Sun being examples. L is the abbreviation 

for Lagrangian. Though Lily did not specifically refer to L as an abbreviation, she did use it 

correctly, indicating her understanding. Her description of the different effects the various 

positions of the space craft within the Lagrangian points demonstrated a sound understanding 

of the role gravity and centripetal force play in creating stability. 

 

The examples included in this section provide evidence that supports Assertion 1, improved 

conceptual understanding. The work presented in her concept map demonstrated depth to her 

learning. The information was recorded in a logical manner. Each link provided new 

information which was an elaboration on previous knowledge, for example, she began with 

asteroid types then added differentiating information.  She was proactive when seeking 

assistance to improve her understanding of a concept as evidenced when she was learning 

about Lagrangian points. She was able to detail what she already understood and isolate the 

concepts about which she wanted to know more.  
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9.3  Attitude Towards Science 

In the previous case studies I discussed the way in which the students used and interacted with 

the range of programmes they were required to master. As with all students, Lily developed a 

range of skills and quickly demonstrated an ability to select the most appropriate  programmes 

and use them effectively. Lily consistently engaged in higher order thinking and for this 

reason, the focus of this section is on how she used scientific level telescopes and imaging 

software to achieve her goals and improve her attitude towards science.  

 

Four different telescopes were being used by the students. The Zadko Robotic Telescope was 

always their first choice. The Year 7 students had visited the site at the Gravity Discovery 

Centre and the Gingin Observatory the previous year. Seeing the size of the telescope with its 

one metre primary mirror and learning about some of the activities run by scientists fired their 

motivation to succeed. Lily reasoned that if scientists used this telescope to track space junk, 

find supernovae and  take images of gamma rays following communication with Swift, a 

space based telescope then she was “really lucky to get to use it” (Recorded Student 

Observation #3, Lily). Two internet based telescopes based at the University of Western 

Australia and a fourth robotic telescope at the Perth Observatory were also available. All were 

scientific level and the students were able to move freely between telescopes but it was the 

Zadko Robotic Telescope that captured and maintained their interest.  

 

As explained in the previous case studies, the Minor Planet Center was used as the primary 

source for the ephemerides necessary to request an image. Following the livestreaming of 

2012 DA14 activity detailed in Section 3.2, the same team of which I was a part, completed a 

second livestreaming activity for NASA. We had previously obtained our ephemerides from 

the Minor Planet Center, however, the second asteroid was travelling much more slowly than 

expected and the ephemerides had been adjusted by the Jet Propulsion Laboratory as they 

obtained more data. For this reason, we relied on the new ephemerides to locate and track the 

asteroid. Following a class discussion, Lily, along with her group, decided to investigate the 

ephemerides that could be obtained from both sources. They were motivated to obtain the 

Assertion 1: Improved Conceptual Understanding 

Participation in the authentic science programme improved students’ conceptual 

understanding of astronomy in general and of asteroids, specifically.  
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most up to date ephemerides for their image requests (Recorded Class Observation #22, Lily). 

The results of the research Lily undertook before making a decision is presented in Figure 9.9.  

 

Figure 9.9: Excerpt taken from a journal entry #9, Lily. The site for the Perth Observatory 

telescope was used as her location because it was available at both sites whereas the Zadko 

Robotic Telescope was not. She used MP 604. Lily worked with a small group of students 

when gathering her information. It’s interesting that as early as Week 4, Lily was noting H 

and its conversion to Albedo. 

 

The discussion that took place as the group worked revealed the methodical approach the 

group used when collecting their data. Of more interest were the asides that peppered the 

focussed discussion. The group was motivated to obtain the best ephemerides available 

because, “We may never get to use a real telescope again and I want to get the best results. I 

think we need the most accurate ephemerides because space is big and it’s easy to miss 

things” (Recorded Student Observation #23, Lily).  
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As the students worked, I asked questions to clarify their knowledge and understanding. 

Following their comment regarding a real telescope, I asked how much difference they 

thought the very small differences between the ephemerides might really make to their results. 

They replied that they didn’t know but comparing the ephemerides from the two sites was fun 

(Recorded Class Observation #24). Both the Jet Propulsion Laboratory and the Minor Planet 

Center are data based. There are no pictures or interactive opportunities yet the opportunity to 

search the sites for ephemerides motivated primary students. This activity also demonstrated 

the two motivational aspects discussed in the introduction. At a conceptual level, Lily was 

keen to obtain the best co-ordinates available. That is was a fun activity helped to maintain 

her motivation.  

 

Figures 9.10 and 9.11 are taken from Lily’s journal to demonstrate her reasoning when she 

decided on the Minor Planet Center as the primary source of her ephemerides. These entries 

were added to her journal as she was working with her small group. The group’s conversation 

was noted but only Lily’s comments are recorded here. The following comments were made 

as the students were analysing the information they were collecting. I have added clarifying 

information in brackets. 

a) It’s much easier to get a number of ephemerides together using this one (Minor Planet 

Center). You can enter as many asteroids as you like. That one (Jet Propulsion 

Laboratory) takes too long. Lily was referring to the fact that each asteroid had to be 

entered separately before ephemerides could be obtained.  

b) This is really annoying. I wonder why JPL only give a single entry option. Lily was 

referring to having to change the asteroid designation number for every asteroid.  

c) I’m glad we had to option to do an observatory search (Minor Planet Center). We 

could use the same number for JPL.  

d) JPL does give the H (absolute magnitude) and the converted albedo (needed to convert 

to a physical size). MPC only gives H. Lily does not investigate absolute magnitude 

and its relation to albedo and physical size until Week 6 but she is already aware that 

it is an important measurement to include. (Recorded Student Observation #24). 
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Figure 9.10: Excerpt taken from a journal entry #10, Lily. Lily’s has entered ephemerides 

requests for 11 asteroids in the 600 range. When searching for an appropriate asteroid to 

image, altitude, time and the Sun’s position and the Moon’s phase need to be considered. 

Requesting the ephemerides for a number of asteroids simultaneously, is more expedient. 

They can be scanned quickly and either discarded or used. On the same page, Lily could enter 

the date, ephemeris interval and the Observatory code.   

 

 
 

Figure 9.11: Excerpt taken from a journal entry #11, Lily. To obtain ephemerides for each of 

the 11 asteroids, the request had to be entered one asteroid at a time. For each change, the 

users was sent to a different page. Lily was also required to change pages if she wanted to 

alter the time span.  

 

 

During Term 1 of the Western Australian school year, the students participated in a number of 

learning activities in authentic astronomy across several curriculum areas. The students were 

exposed to a range of activities and ideas which were designed to facilitate informed decision 

making. It was at this time that Lily started to become interested in finding new potentially 

hazardous asteroids. Her research into the way in which absolute reflective light is used to 
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estimate an asteroid’s size has already been discussed. She questioned our ability to estimate 

potential damage given scientists don’t really know what the lower limit is for asteroids that 

can cause regional devastation. In Week 6 Lily shared an article she’d found in an astronomy 

magazine. The article was a map of known asteroid impact sites. She had noticed that most of 

the known impact sites were in Western Australia and the Northern Territory but reasoned 

that this could be because the area is mainly rock so it would be easier to spot impact craters 

(Recorded Student Observation #40, Lily).    

 

The following day, Lily was showing class mates how to use Google Earth to find asteroid 

craters (Recorded Student Observation #41, Lily). She had been researching impact sites 

around the world looking for patterns that might be evident when she came across a site that 

claimed that asteroid impact sites had been found using Google Earth. Lily explained what to 

look for and showed them using Wolf Creek Crater, which has a clear crater shape in Google 

Earth. To show them how difficult it could be to spot a potential impact site, Lily also showed 

them Yarrabudda and Veevers in Western Australia. The Yarrabudda crater was easier to see 

if zoomed out. Veevers Crater could be zoomed in but the best view was zoomed out a little.  

 

This student initiated activity revealed the second was in which the authentic astronomy 

proved to motivate new learners. As evidenced in this chapter, access to scientific level 

equipment and appropriate scientific programme were significant motivational factors. The 

second motivational aspect was the fun. An example using two sites from which the students 

could obtain ephemerides has already been discussed in terms of the fun with which students 

viewed it. Using Google Earth to find craters had a serious motivational aspect. Others had 

found asteroid impact sites using this programme. Though their chances of finding an 

unknown crater was slim, the students were not deterred. As Lily pointed out when 

questioned by her peers, “The Earth is a lot smaller than space and we’re trying to find 

asteroids in space so why not try to find a crater on Earth” (Recorded Class Observation #41). 

Being fun, also motivated her to continue the more serious aspect of her search. 

 

The class had a Fun Facts board. Though trivial facts are included, a Fun Facts board often 

allows students to share and learn new, important information in an interesting way. Lily was 

motivated by the joy of leaning something new and interesting and often contributed 

interesting information to the board, for example, she added facts about how little we actually 

knew about asteroid size in relation to regional and global impact (Recorded Student 
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Observation #46, Lily). When adding to her journal Lily used callouts and a question/answer 

format to increase interest. Figure 9.12 is an excerpt from her journal. Lily add to this section 

each week as she built on her knowledge and understanding.  

 

Did you know? 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.12: Excerpt taken from a journal entry #12, Lily. Lily used the title Did you Know? 

rather than Fun Facts so that she could give the impression of a conversation happening 

between friends. This fun presentation also included a significant amount of important 

information. In these callouts, Lily quantifies distance and size.  

 

The evidence presented in this section supports Assertion 2, Enhanced Attitude Towards 

Science. Lily was analytical and preferred order in her learning. Access to scientific level 

telescopes in general and the Zadko Robotic Telescope specifically, motivated Lily to obtain 

the best images she could by using available sites to source the most accurate ephemerides. 

She was motivated focus on planetary defence based on her own research and the information 

she was able to learn via the various class activities designed to facilitate the skill of informed 

decision making. Throughout the authentic astronomy programme, Lily’s responses showed 

her joy of learning. She referred to activities such as the Google Earth search for asteroid 

Yes but there is a lot of 

space between asteroids; 

about 100,000 km. 

There are billions of 

asteroids in the asteroid 

belt. 

From a pebble to Ceres 

(950 km). Ceres is a 

minor planet now but 

it is still the biggest 

asteroid. 

Asteroids come in many 

sizes. 
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impact sites as fun. The goal was serious but the motivating factor was fun.  I Section 9.4 

Lily’s ability to think and work as a scientist is highlighted.  

 

 

 

9.4  Thinking and Working like a Scientist 

In this section I provide detailed evidence that Lily consistently thought and worked like a 

scientist. As stated throughout this doctoral thesis, all aspects of the authentic astronomy 

programme were embedded in the mandated, Western Australian curriculum. Thinking and 

working like a scientist is a key aspect of the science curriculum and comes under the heading 

Science Inquiry Skills (https://k10outline.scsa.wa.edu.au/home/teaching/curriculum-

browser/science-v8). Sections of the significant body of work completed by Lily when 

planning for and conducting her independent project will be used to provide evidence of the 

level to which she demonstrated high level science inquiry skills. All the images used in this 

section were either taken by Lily or by the group with which she worked.   

 

9.4.1  Questioning and Predicting 

Evidence of the methodical manner in which Lily worked has already been given in Section 

9.2 where her approach to learning new information was detailed. She questioned the Big Sky 

Search parameters and the way in which the physical size of asteroids was determined. Figure 

9.13 is an excerpt taken from her journal. It follows her decision making process. Lily chose 

planetary defence and in doing so, elected to take her images in an area outside the asteroid 

belt. Lily’s decision was considered. She identified potential problems before arriving at an 

informed decision. Using her research she chose a project based on her perceived importance 

to society and the fact that it would be more challenging. Though she did not know it at the 

time, Lily accurately predicted that Big Sky Searches would have to add asteroids greater than 

140 metres in size to their searches. The research on which she based her decision had depth. 

Every point she included in her answer required knowledge beyond that which was easily 

obtained, for example, the uncertain lower size limit of an asteroid in relation to the damage it 

can cause.  

Assertion 2: Enhanced Attitude Towards Science 

Participation in the authentic science programme, enhanced students’ attitude towards 

science.  
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Figure 9.13: Excerpt taken from a journal entry #13, Lily. Lily explained her reasoning using 

a series of questions and answers. PHA is an abbreviation of Potentially Hazardous Asteroids 

and H refers to absolute magnitude. Her use of research to arrive at an informed decision is 

evident. The devastation of forest land caused the Tunguska event is well documented. Lily 

reasoned that had it had exploded over a city the devastation would’ve been worse then 

followed this up with independent research.  

   

9.4.2  Planning and Conducting 

Lily’s planning, like the rest of her work, was meticulous. During this stage of the project  

each of the primary school students were given time to explain their project. Lily’s responses 

were recorded. Her explanation included the following points. 

a) I decided on planetary defence as my area so that meant that I couldn’t use the 

asteroid belt because it’s generally accepted that those asteroids are not a danger to 

Earth. Lily then explained that she had to find a new area which was difficult because 

there was a lot of space and she didn’t really know where to start. 

b) After I thought about it, I remembered the Sky Survey on the Minor Planet Center site 

so I decided to start there. I generated a few plots using 3 or 4 days at a time and I 
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included all surveys. Lily continued that she found that most of the surveys covered 

the northern hemisphere. She was surprised at how little of the southern hemisphere 

was covered. She recorded one of her searches in her journal and this plot is presented 

in Figure 9.14. 

 

Figure 9.14: Excerpt taken from a journal entry #14, Lily. Lily was able to find an area of 

interest when she generated several plots of sky surveys and found that most surveys were 

conducted in the northern hemisphere. 

 

c) Thinking of the sky survey really helped because I knew I could use Stellarium to 

find interesting areas of the sky south of -30°. When we were learning to use 

Stellarium, I had looked up lots of objects in the south including the Southern Cross. 

Since I knew that area and I could remember its search number, NGC 4755,  I thought 

I’d start there. Figure 9.15 shows an image she used to explain her reasoning. 

 

Figure 9.15: Excerpt taken from a journal entry #15, Lily. Lily entered NGC 4755 into the 

search system which gave her the position of the Southern Cross. She then added the 

equatorial grid to give her the right ascension and declination. 
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d) One thing I noticed was the number of big stars that were in the area. It’s better to 

avoid taking images when the moon phase is greater than 33 but big stars or a lot of 

stars in an area can also affect your image. I took some images around the Southern 

Cross to see how much the stars affected the image. I found an area between southern 

Cross and the Large Magellanic Cloud that was a little darker than the area around it.  

e) I’ve decided to use right ascension 23:29:34 and declination -47:02:00 as the centre 

point of my image (Informal Interview #4, Lily). 

 

Though Lily preferred to use the Zadko Robotic Telescope, she was happy to use whichever 

telescope was available. On the 8th of March, Lily used her preferred telescope to take an 

image using the co-ordinates 07 46 20 and -16 70 13. A section of the Flexible Image 

Transport System (FITS Header) is presented in Figure 9.16 where the co-ordinates appeared 

as 116.583 and -16 1203. The conversion to decimal degrees is automatic when using the 

Zadko Robotic Telescope.  The FITS Header is used to transport, and analyse scientific image 

information and can be read using any image processor that will download FITS files.  

 

Figure 9.16: A section from a FITS Header used by Lily: The FITS Header contains a lot of 

scientific information of which only some was used by the students. Lily marked the data she 

used when transporting and analysing her image. The right ascension and declination of the 
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object are in decimal degrees. Her exposure time was 10 seconds. This was a common 

exposure time used when requesting asteroid search images.  

 

As detailed in Section 4.3 the students generally used Iris, Audela or Subaru Makali i image 

processors. All were free source and easily downloaded at home.  The area Lily imaged 

contained a lot of stars. She used the Subaru Makali i Image Processor to download and 

analyse her image, which is presented in Figure 9.17. Lily used this image to demonstrate 

how difficult it is to find an asteroid amongst so many stars. She explained that she selected 

an area for her project that didn’t have as many stars in it to make it easier to locate an 

asteroid if there is one in the image (Informal Interview #5, Lily).  

 

 
 

Figure 9.17 An image taken by Lily on 8 March 2013 at 14 30 09 UT. Lily added this image 

to her journal as an example of how difficult it was to find an asteroid in an image taken of a 

part of the sky containing many stars.  

 

During the next two weeks Lily finalised her plan then organised to take the images. She had 

decided to take the images across several nights so that she would pick up an asteroid if it 

moved into the area. As the Zadko Robotic Telescope was under repair, Lily opted to use the 

SPIRIT 1 telescope. When asked why she selected SPIRIT 1 she stated that she had requested 

images using SPIRIT 1 and 2 and the Perth Observatory telescopes and found that she 

preferred the images taken by the SPIRIT telescopes. SPIRIT 1 was available at the time she 

wanted to request images so she chose that one (Recorded Student Observation #51, Lily). 
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This telescope was internet based, so Lily was required to write a plan and upload it prior to 

her observation event. To do so, she used ACPlanner. This planner was used by all students 

because it was easy to use, the telescope profiles were easy to load and the programme could 

be altered once it had been saved. A section of this plan is included in Figure 9.18. 

 

 

Figure 9.18: A section of an ACP plan taken from a journal, Lily. The planner was 

programmed to find the ephemerides of an object in the catalogue or to use the designation 

number, however, this method could not be used for advanced imaging. To request a specific 

part of the sky, Lily had to enter the ephemerides independently. This section of the planner 

indicates that Lily used the clear filter and took three images each with 10 and 20 second 

exposures at intervals of 30 minutes.  

 

To complete a plan, Lily first had to enter the telescope profile. She obtained the profiles for 

SPIRIT Telescopes 1 and 2 from the SPIRIT site (http://spirit.icrar.org/). The filter order is 

important because it determines which parts of the light spectrum are used. Figure 9.19 was 

taken from the Preferences page complete by Lily when she was preparing to complete her 

independent project.  
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Figure 9.19: A completed Preferences page set for the SPIRIT 1 telescope profile. Lily has 

correctly entered the profile needed to begin her independent project. Using the information 

from the SPIRIT site, Lily add the filter order, image defaults and observing time overhead. In 

ticking Produce Reusable Plans, Lily was able to write a plan then make changes according 

to her findings without having to rewrite the entire plan.  

 

 

The final step in the planning and conducting phase of her independent project was writing 

the plan using ACPlanner and uploading it to the SPIRIT 1 telescope. Having decided on her 

ephemerides, Lily entered her target into the ACPlanner along with the start time as shown in 

Figure 9.20. She then completed the second step by entering the desired filter and exposure 

times. Once saved, Lily successfully upload her file to SPIRIT 1 prior to the start time for her 

first image.  
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Figure 9.20: ACPlanner completed by Lily in preparation for her image acquisition. Lily 

disabled the date feature and was therefore able to use this plan over several nights. She was 

also able to change the ephemerides. Three images with a 10 second exposure was the 

standard format for acquiring asteroid images. It allowed for the possibility of damaged 

images such as dead pixels. It also allowed the images to be combined to form one image, 

providing greater detail.  

 

 

9.4.3  Processing and Analysing Data and Information 

Like the planning and conducting phase of the independent project, processing and analysing 

data and information was ongoing. The students were encouraged to complete and process 

their first set of images. They then analysed their data and using their newly acquired 

knowledge and skills, made any changes they thought necessary. Lily followed procedure 
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when analysing her images. During an informal interview, Lily explained the procedure she 

followed when analysing her images. The information in brackets is not part of Lily’s answer. 

It is information that provides greater clarity for the reader. 

a) I open the imaging software then load the image. When asked which software she 

used she replied that she usually used either Subaru or Iris.  

b) Subaru often gives a clearer image and it’s easier to use so it’s the one I use most 

often. When asked why she hadn’t used Iris as it had more options she replied that she 

may change later but that she didn’t need the extra option right now and Subaru was 

much more user friendly. Her response was interesting. Mark had trialled the three 

software programmes and decided on Iris because of it features. Lily was goal 

focussed and selected the best option for the task she needed to complete.   

c) I load in two images at a time. I try to take them either 30 minutes or 60 minutes apart. 

The first thing I do is open the FITS header to check the scientific data. Lily then 

explained that she always checked the rights ascension and declination first to make 

sure she had the right set of images. When asked about other data she checked she 

replied that she always checked which telescope she was using because the mirror 

sizes were different. She always used 10 and 20 second exposures but the results 

varied according to the telescope.  

d) To analyse the image for asteroids, I blink them using 1000 millisecond intervals. My 

group experimented with the interval span and decided that 1000 millisecond intervals 

allowed enough time to focus but it was fast enough that you could spot a moving 

object. (Blinking is when the user loads two or more images then moves quickly 

between images taken of the same area of the sky at different times to look for 

changes. The asteroids can be seen because they move across the sky but the stars will 

not. The speed at which the photos can be viewed is measured in milliseconds and can 

be changed. So far, I haven’t found any asteroids so I also use the images to practise 

photometry (Informal Interview #6, Lily) 

 

Figure 9.21 supports the idea that Lily has well developed analytical skills. Her journal entry 

on photometry showed that she understood both its importance in terms of asteroid research 

and the process to be followed when plotting a lightcurve. Lily had not found any asteroids in 

her images so she used them to practise photometry but with stars instead of asteroids. She 

referenced the connection between absolute magnitude and lightcurves. This was in keeping 
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with her comments previously mentioned regarding the assumptions made when determining 

albedo from absolute magnitude and physical size.   

Figure 9.21 Photometry practice using stars, Lily. This journal entry details Lily’s 

understanding of both lightcurves and the photometry process. She has changed the aperture 

size according to the star size which gives a more accurate reading by decreasing the amount 

of background noise .  
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9.4.4  Evaluating 

 

Lily continually evaluated her work and the choices she made. She questioned the quality of 

her data and was able to identify areas for improvement. Lily spent time evaluating the 

available programmes before making decisions. She was goal orientated and made decisions 

based on the best option for the task. Lily’s choices reflected a sound understanding of each 

of the programmes. She collected relevant data and analysed it efficiently. The following 

excerpts taken from her journal provide supporting evidence.  

 

Lily changed her sky location so that she was taking images further south than her original 

sky location. She used the SPIRIT 1 telescope to maintain consistency and because her 

preferred telescope was still not available. She set the initial image requests so that she could 

do an asteroid search and then programmed a series of images of the same part of the sky 

using each of the colour filters and the H-a narrowband filter (Recorded Class Observation 

#43).  

 

The students were very interested in many different aspects of astronomy. To maintain their 

interest in the authentic astronomy programme, they were encouraged to plan their own small 

projects. This was optional but all students completed small projects and enjoyed sharing their 

findings. In providing this option, the students were able to investigate other interests such as 

globular clusters and nebula. Lily often made choices following an evaluation of the 

equipment or software she was using (Recorded Student Observation #44, Lily).  

 

An example of this method of decision making is provided in Figure 9.22. She had been 

investigating filters by taking images of the same part of the sky at about the same time using 

a different filter for each set of three requests. She recorded an image using each of the filters 

noting its features. Only two of the filters she used are included in this excerpt. They provided 

the greatest contrast between the transmitted and reflected light.  
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Figure 9.22:  Comparing the transmitted and reflected light between two filters, Lily. This 

excerpt taken from Lily’s journal demonstrates her understanding of filters. She used all the 

filters available but put the two images that demonstrated the most difference together.  

 

Lily consistently demonstrated an ability to evaluate her choices. Figure 9.23 is an excerpt 

from her journal. In it, Lily discussed the choices she made when deciding on filters. Her 

reasoning supported her decisions. Following her evaluation of the filters she used, Lily 

decided to try using the blue filter to more clearly define the band of Jupiter. When working 

with Stellarium with her small group, Lily realised that Jupiter would not be visible at the 

time she wanted to request some images. A further check found that Saturn was visible and 

high in the sky making it a better option. She then decided to try using the blue filter to better 

define the rings on Saturn (Recorded Class Observation #40).  
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Figure 9.23: An excerpt from a journal in which filter selection is discussed, Lily. Lily 

attended to her main goal, to find an asteroid, before investigating other filters. She explained 

the importance of using a clear filter when imaging asteroids. Her evaluation of the use of 

other filters is accurate. Lily understood the connection between wavelengths and the 

coloured filters. She also discussed the difference and uses of the narrowband H-a filter. 

 

9.4.5  Communication 

Many examples of Lily’s communication skills have already been provided. Lily consistently 

and readily shared information and findings during whole class and small group discussions. 

Previous evidence also supports her ability to share evidence based solutions to challenges, 

for example, when determining her area of research, planetary defence. The use of scientific 

language is expected at Glencoe Primary School. Lily’s accurate use of scientific language in 

general discussions, during informal interviews and when making a formal report was 

exceptional. For example, she easily explained the difference between absolute magnitude, 

apparent magnitude and albedo. Her detailed responses indicated that she realised that the 

terms were not interchangeable. Lily’s  journal entries, some of which have been used in this 

case study as supporting evidence demonstrate her ability to communicate in the written form. 

Her answers to questions during individual teacher/student assessment interviews explained 

her choices and the process she used clearly and effectively. She elaborated points and 

supported her ideas without being prompted. 
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The evidence provided supports Assertion 3, about thinking and working like a scientist. Lily 

asked questions that demonstrated high order thinking and made predictions based on 

scientific evidence. She successfully planned and conducted a major independent research 

activity and several small independent research activities such as using the blue filter to more 

clearly define the rings on Saturn. Lily was working in Year 9 mathematics and she 

consistently used her knowledge to read and analyse data from many sources. Her journal 

entries and general class work provided supporting evidence of her ability to analyse patterns 

and relationships in the data she obtained from her independent research and data she 

collected from other sources. Her quality evaluation of the processes she used provided her 

with data she could use to direct other projects. Lily communicated her findings in a range of 

different situations. 

 

 

9.5  Conclusion 

The data given in this chapter provide the reader with significant evidence that an authentic 

astronomy programme provides different opportunities for primary school students to achieve 

at levels higher than would be expected for their year level. The work completed by Lily 

consistently demonstrated the application of higher order thinking to a range of astronomy 

challenges. She was motivated to explore other areas in astronomy. Her research into 

asteroids, encouraged her to challenge current thinking, particularly in relation to the 

importance of the size of an asteroid and its potential to cause a localised disaster. The 

evidence from the case studies supported the three assertions related to improved conceptual 

understanding, enhanced attitude toward science and capacity to think and work like a 

scientist. 

 

The next chapter, Chapter 10, is the final chapter of this thesis and provides the discussion of 

the findings and the conclusion. 

  

Assertion 3 - Thinking and Working like a Scientist 

Participating in an authentic science program, enabled the students to think and work like 

scientists. 
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CHAPTER 10 

Discussion and Conclusion 

 

10.0  Introduction 

This chapter is presented in two sections, the discussion of the results and the conclusion. The 

first section provides the reader with an analysis of the way in which the authentic astronomy 

programme with its emphasis on asteroid research provided the platform on which students 

improved their conceptual understanding, their attitude toward science and their capacity to 

think and work like a scientist. The conclusion reports the limitations of the study and 

includes recommendations for further study.  

 

10.1  Discussion of the Results 

The results of data collected for this doctoral research suggested a strong link between the 

authentic astronomy programme with an emphasis on asteroid research and improved student 

conceptual understanding and enhanced attitude towards science. The data collected also 

provided convincing evidence of the students’ ability to think and work effectively as a 

scientist. Three broad research questions were formulated to drive the aim of the research: 

1. In what ways does participating in an authentic astronomy programme affect students’ 

conceptual understanding of science? 

2. In what ways does participating in an authentic astronomy programme affect students’ 

attitude towards science? 

3. In what ways does participating in an authentic astronomy programme enable students 

to work as a scientist? 

 

These three questions are used as the basis for the discussion. This study contributed to our 

understanding of the opportunities we need to provide our students if we are to develop 

science literate students who are both willing and able to tackle the scientific challenges 

which will drive future Australia in the global domain.  
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10.1.1  Students’ Conceptual Understanding 

Achievement levels and expected outcomes are terms that commonly appear in mandated 

curriculums. What became increasing clear from the data collected in this study, was that 

these external expectations were not an intrinsic part of the students’ expectations.  Many 

students from all levels of achievement (below, at and above expected levels) were proactive 

in determining the direction of their independent project. Their results provided evidence of 

an ability to understand complex concepts. Further, the students consistently demonstrated 

higher order thinking and the willingness to apply newly developed knowledge to their 

independent projects. Specific examples can be found in the four case studies presented in 

previous chapters. Beyond the case studies, evidence of student engagement continued to 

become apparent, for example, the high school students requested a more detailed discussion 

on reasons for selecting their area for investigation following a reflective thinking session.  

 

The analysis of the quantitative data as well as the qualitative data generated from the 

students concept maps and the interviews provided significant evidence of improvement in 

the conceptual understanding for all the participating students. Though all students improved 

their conceptual understanding, the level of understanding and the degree to which new 

knowledge was applied, varied. This was to be expected, but what was significant was the 

depth of the students’ knowledge that was demonstrated, for example, all students were able 

to select the image processing software that best met their needs. This was particularly 

interesting for the primary school students because astronomy concepts are often thought to 

be beyond primary school students’ conceptual development. An analysis of the primary 

school students’ results revealed a significant growth in conceptual knowledge which 

suggested they are capable of tackling challenging yet achievable learning activities 

successfully. These results supported the contention presented in Chapter 2.0, that primary 

students are capable of understanding astronomy concepts at an earlier age and significantly 

more complex concepts across all year levels. They could argue their case for selecting a 

particular location to request images and support it using a range of conceptual 

understandings. Similar results were reported in different scientific domains by Donovan and 

Venville, (2012); Kaur et al., (2017) and Pitts, Venville, Blair & Zadnik, (2013).  

 

The data presented from recorded informal interviews and general class and individual 

student observations further supported the idea that students across all year levels were 

capable of learning and understanding complex astronomy concepts. The fine grained data 
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obtained through the informal interviews provided detailed evidence of the students’ ability to 

explain concepts demonstrating a deep level of understanding, for example, they were able to 

make intricate links between the processes involved in splitting water to make fuel, the 

difficulties that could be encountered and the need to find alternative, cheaper fuel sources. 

 

Defining the focus statement, asteroids, helped the students to centre their responses. Though 

the high school students originally changed the focus statement to transient objects, they 

quickly refocussed their responses to asteroids in the second session. The way in which the 

students were able to structure their knowledge was evident in the hierarchical links they 

made, for example, when making links between origins of our Universe and different asteroid 

types. Compelling evidence of the depth of their knowledge was provided in the cross links 

used to separate concepts and information within groups, for example, the students provided 

hierarchical links to group asteroids according to composition then demonstrated the depth of 

their understanding by using cross links to detail the physical and chemical characteristics 

used to define each of the categories.  

 

The cross links included in the concept maps communicated not only the deep understanding 

the students had developed but also the comprehensive interconnections the students had 

made when learning and researching new concepts about asteroids. Again, these 

improvements in conceptual understanding were represented in all stages of achievement 

(below, at and above expected levels) with some high achieving students in both the high 

school and the primary school groups constructing complex concept map systems with clear 

distinctions between knowledge structures. The use of concept maps to determine the depth of 

students’ conceptual understanding is supported in the literature, for example, by Bak Kibar 

Yaman and Ayas (2013), Gouli, Gogoulou and Grigoriadou (2003), and Rice, Ryan and 

Samson (1998). The case studies also provided  evidence of the independent research students 

undertook to improve their understanding of asteroids.  

 

Higher order thinking and the ability to verbalise the connection between nodes presented in 

the students’ concept maps was clearly demonstrated during general class discussion. In an 

open forum situation, such as a student initiated general class discussion, the students’ 

willingness to use creative and flexible thought processes became obvious. Discussions on the 

redirect programme, being designed to move potentially hazardous asteroids out of Earth’s 
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path, elicited the intricate connections the students had made between composition, chemistry, 

time and size of the asteroid and the possible approaches that could be used to redirect one.  

 

Evidence of the continuous nature of conceptual knowledge development was also 

demonstrated in the students’ concept maps. Incorrect knowledge was occasionally recorded 

but this was almost always self-corrected in later sessions. In keeping with the conventions of 

action research, a reflective analysis of incorrect knowledge also determined changes to the 

programme. The flexibility inherent in action research better reflects the ordinary classroom 

situation where changes are continuously made to address the changing needs of the students.   

 

Embedding the authentic astronomy programme with an emphasis on asteroid research into 

the primary curriculum was not an essential element of this research. It could have also been 

delivered as an extra-curricular activity similar to the high school programme. Embedding 

the programme in the classroom curriculum, however, provided many opportunities for the 

students to build a platform upon which to structure their knowledge from a number of 

disciplines. Though most primary students made significant progress in the first three weeks 

when Concept Maps 1 and 2 were completed, some did not. By the end of the fifth week, 

however, after completing a variety of activities as part of their ordinary class, all 

participating primary students were making significant progress.  Including the astronomy 

programme as part of their normal school curriculum allowed time for all students, rather 

than just the high achievers, to develop their conceptual understanding unhampered by the 

external pressures of expected levels of achievement.  

 

Having knowledge and being able to use that knowledge when solving a challenge requires 

students to use higher order thinking skills. The concept maps and interviews provided 

convincing evidence that the authentic astronomy programme produced conceptual structure 

upon which the students were able to build a significant body of understanding. The work 

presented in their journals included detailed evidence supporting the students’ willingness and 

ability to apply their knowledge. They recorded the discussions they had with themselves 

when deciding on an independent project. These records demonstrated the imagination the 

students used when applying their conceptual understanding, research and advanced thinking 

strategies to determine an independent project.  Further, the same high level of thought and 

conceptual understanding was evidenced when the students were recording information 

they’d learnt. The work in many of the students’ journals as described in the four case studies, 
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provided compelling evidence of critical and creative thinking, for example, rather than just 

listing what they knew about asteroids. The students explained how this knowledge impacted 

the decisions they  made in a similar way to scientists.  

 

10.1.2  Enhanced Attitude Towards Science 

The data collected for this doctoral research produced a significant body of evidence 

supporting the idea that the authentic astronomy programme improved the participating 

students’ attitude towards science. Students’ attitude towards science was defined in Chapter 

2 as their attitude towards school science and learning science. The students used their 

journals to reflect, experiment and record their thoughts and activities. These reflections often 

proved to be  most revealing regarding student’ attitudes towards science.  As expected, all 

the students referred to specific software programmes as being their favourite. What was not 

expected, however, was the degree to which many of the students from all achievement levels 

(below, at and above expected levels) were able to differentiate between those programmes 

they selected for fun. For example, the case studies showed that some students selected 

Stellarium to help them find new and interesting objects they could use to request images and 

those programmes they found exciting because they could help them achieve success with the 

independent project. Many students in both the high school and the primary school discussed 

the various image processing programmes available to them with reference to the strengths 

and weaknesses of the programmes in processing their images. 

 

The fun aspect of student decision making provided an excellent source of data for 

determining the way in which this authentic astronomy programme contributed to students’ 

attitudes towards science. I readily acknowledge that just being fun is not a reliable guide to 

student engagement or their attitude towards science. Abrahams (2016) contended that 

practical work could be of fleeting interest to the students merely because it was different. All 

the activities used in this authentic astronomy programme were selected because they had 

depth and fully supported the learning and teaching aspects of the programme. The 

importance of activities that supported a deep understanding of the topic was highlighted by 

Dillon (2008). 

 

The evidence for enhanced attitudes towards science was particularly strong in students 

previously identified as low achievers and/or passive resistant learners. They found some 

programmes more engaging than others and went on to select their favourites, but in doing so, 



221 
 

gained more knowledge which encouraged them to continue with their learning. The case 

study of Jeremy was one example of the way in which using a fun but relevant programme 

which supported a deep understanding of the concepts being taught, motivated him to engage 

in learning about astronomy. Once engaged, the students were motivated to continue learning 

and could be guided towards the key topic, asteroid research. They were excited about sharing 

their latest findings. The evidence gathered from student initiated class discussions was 

significant because it showed that the students were sharing knowledge on a deep level. They 

were discussing objects such as globular clusters in terms of their identifying features and the 

latest research by scientists. These discussions provided considerable evidence that the 

authentic astronomy programme was instrumental in enhancing participating students’ 

attitudes towards science.  

 

As mentioned above, students’ attitudes towards science presented in two different ways. The 

most unexpected outcome of the programme was the degree to which many of the students 

from all achievement levels were motivated and engaged by what the programmes could 

offer. Again both the students’ journals and general class discussions offered a wealth of data. 

Though Dyment and O’Connell (2010) reported mixed reviews on the value of journals, the 

reflective journals produced by these students included their thoughts as they worked through 

the course. Supporting information was included to explain their statements. The students 

were able to articulate their thoughts, consolidate their ideas and formulate thoughtful 

questions to enhance their knowledge or clarify their understanding. For example, Lily’s case 

study (see 9.2), included a section from her journal in which she asked for more information 

on Lagrangian points. Lily added that she understood gravity and angles and had researched 

the topic but needed more information to understand how they worked and why they were 

described as useful in the articles she’d read. With this level of information, evidence 

supporting the premise that an authentic astronomy programme improves the students’ 

attitude towards school science becomes apparent. Many of the reflections referred directly to 

their end goal which was to find a previously undiscovered asteroid. The enhanced attitude 

towards school science was evident from the beginning when the students were deciding 

which of the three reasons for studying asteroids most interested them. They were aware that 

the Southern Hemisphere was the area least covered by big sky scans and that mining for 

water would one day be viable. They wrote about asteroids and the possible clues they may 

hold about the origins of our Solar System. Before the students selected an area for their 

image requests, their journal entries show that they investigate many ideas before arriving at a 
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decision. For example, Peta’s case study (see 5.4) included a section from her journal in 

which she argued for and against the case for searching for asteroids both inside and outside 

the asteroid belt before arriving at a decision.  

 

A significant body of supporting evidence was also obtained from the student interviews and 

general class discussions. The students enjoyed debating which programme was the best in 

terms of how useful it was. Their discussions were detailed and they were able to provide 

supporting evidence, for example, the Minor Planet Center could provide ephemerides and the 

Skyscan which was useful for finding a part of the sky which not often scanned by big sky 

surveys. The students reasoned that this gave them a better chance of finding a new asteroid. 

The depth of reasoning used by the students also supported the premise that primary school 

students are capable of understanding concepts not generally presented at this level. Further, 

these discussions provided clear evidence that presenting challenging but achievable activities 

motivated and engaged students in school science.  

 

The motivational aspect of the opportunity to use scientific level equipment such as the Zadko 

Robotic Telescope (ZRT) was clearly evident in the results from this research. For most of the 

time the students were engaged with this project, the ZRT was either under repair, or could 

only be used with a limited range. The students were very excited to be able to use the same 

telescope used to track space junk and that was linked with a space based telescope SWIFT to 

respond quickly to gamma ray outbursts. This excitement never changed even though their 

opportunities were significantly reduced. When available with a limited range, the students 

just changed their requests to match the range available. They were always given the same 

information I had regarding when the ZRT would be operational. Even so, every lesson 

started with questions regarding its status. Danaia, McKinnon and Fitzgerald (2017) also 

found that students in classes where they were allowed to control the telescope themselves 

rather than watching their teacher take control, reported improved attitudes towards science.   

 

Participating students were given the opportunity to use four different scientific level 

telescopes. Though their favourite was the ZRT, they were nonetheless happy to use the 

alternatives when the ZRT was not available. All students were able to use all the telescopes 

efficiently but of particular interest was the way in which even the Year 6 students were able 

to switch between telescopes using three different ephemerides input systems, seamlessly. 

The opportunity to use the telescopes helped drive the motivation to learn about the different 
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night sky objects whilst completing their independent project on asteroids. For example, 

Jeremy worked on asteroid research but his first love was galaxies. He often used Stellarium 

to find interesting galaxies to image. Jeremy’s case study (see 8.3) included an informal 

interview in which he is asked about Galaxy NGC 5128, the Hamburger Galaxy. His 

responses were detailed and accurate.  

 

Data gathered through observations provided a convincing map of student engagement in 

science. Excited voices reflected motivated students when they were experimenting and 

developing skills with new programmes. Laughter at errors made and ideas shared provided 

evidence that even the most passive child in the room had clearly improved attitudes towards 

learning science. 

 

The students viewed the role they could potentially play in improving our understanding of 

asteroids if they found an undiscovered asteroid as important and this was a very motivating 

and exciting prospect. When recording decisions in their journals, many of the students in 

both the high school and the primary school groups referred to the positive impact discovering 

a new asteroid could have on society in general. They were also keen to help make a 

difference to our understanding of the way in which primary school students could tackle 

challenging but achievable activities. A similar outcome was reported by Silva (2016) who 

found that the opportunity to contribute to important research was a motivating factor for 

students participating in the cell-spotting programme. 

 

Finally, an unexpected aspect of the journal entries was the students’ willingness to share 

their thoughts and ideas. This provided an excellent platform for in-depth discussion, 

particularly on the three reasons for studying asteroids.  Each discussion motivated the 

students to learn more about their chosen area. Using higher order thinking skills, students 

would pose ethical questions, for example, the polluting of another body in space such as the 

Moon when we crash objects into it. The discussion was ongoing and enlightening, providing 

rich and diverse examples of students’ enhanced attitudes towards science. Examples of the 

discussions are provided in the case studies of Peta, Mark, Jeremy and Lily.  

 

10.1.3  Thinking and Working like a Scientist  

Providing students with many opportunities to work like a scientist is an important aspect of 

authentic science. It helps them to develop a solid framework on which to build the skills 
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needed to complete relevant and challenging science based activities such as those presented 

in this authentic astronomy programme. Working as a scientist also develops the students 

creative and analytical thought processes. Pierret et al. (2012) reported a programme in which 

students participated in cutting edge science using zebrafish. They found that the programme 

facilitated the students’ opportunities to develop sound science research skills.  The evidence 

obtained from the data collected in this doctoral research were consistent with Pierret et al’s 

findings.  

 

The asteroid research component of this authentic astronomy programme provided the 

students with many opportunities to think and work as a scientist. Portas, Barnard and Scott 

(2016) reported on the usefulness of technology as a means to help primary and secondary 

students develop the skills needed to collect and analyse raw data and investigate trends. The 

use of advanced technology tools to develop scientific inquiry skills in students was also 

supported by Scogin (2016).  

 

The evidence presented in this thesis both supports and adds to this literature. The range of 

skills demonstrated by both the high school and the primary school students was significant 

and encompassed many of the skills required to think and work like a scientist. Rich data on 

the students’ ability to formulate relevant questions and predict future trends based on their 

research were presented. Participating students made decisions based on current research and 

their perceived importance of their area research to society. For example, the case study of  

Lily showed that she placed greater emphasis on the need to protect Earth compared with 

other students and therefore, worked on planetary defence and finding potentially hazardous 

asteroids. Silva et al. (2016) also reported the opportunity to engage in training in cell spotting 

developed students’ observation skills. The training also led to a greater understanding of the 

problem and was something that students considered in their decision making.  

 

Some students thought that exploring the Solar System was more important than looking for 

asteroids and therefore looked at the potential for mining water. For example, the case study 

of Mark included his intention to focus on asteroid mining. The students’ final decisions for 

their independent project were considered and based on research as a result of their 

questioning. When planning their independent project, the students continued to improve their 

observational skills. Their references to the number and size of stars in chosen parts of the sky 

and their link to image quality were evidence of highly developed observational skills. For 
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example, the case study of Peta reported on the way in which the students used blinking to 

locate a moving object against a background of stars (See 5.3) and the case study of Lily 

described her decision to change her location based on the number of bright stars in her 

requested images (See 9.4.2). 

 

Further evidence of students’ capacity to think and work like scientists was found when the 

students began analysing their images for asteroids. The general class observations, 

interviews, check lists and journals all provided rich data on the students’ ability to use 

correct scientific language throughout the authentic astronomy programme. When 

downloading their images they referred to the Flexible Image Transport System (FITS 

Header) discussing its application to image retrieval and the way in which it could be used to 

analyse scientific image information. For example, the case study of Lily showed the way in 

which she used the FITS Header to obtain information about one of her 

images (See 9.4.2). Trautmann et al. (2013) similarly discussed the importance of teaching 

students to follow scientific protocols when reporting on a frog project in which students 

collected data then added their findings to a data base.  

 

The authentic astronomy programme also provided rich data supporting Scogin’s (2016) 

notion that advanced technology tools developed scientific inquiry process in students. A 

significant body of evidence supporting the idea that both primary and high school students 

can think and work like a scientist at a consistently high level was found in the way in which 

they used the various programmes such as the image processing programme Subaru Makali i 

and the Minor Planet Center to find relevant ephemerides. For example, the case study of 

Mark showed his ability to use image processing programmes such as Subaru Makali i 

efficiently. His decision making process when choosing an image processing programme is 

also discussed (See 6.3).  Examples of the students’ use of ephemerides can be found in the 

case studies of Lily (See 9.3), Mark (See 6.3) and Jeremy (See 8.4).  As mentioned 

previously, the students demonstrated clear evidence of their ability to use a range of 

instruments and move freely between scientific level telescopes. The last stage of requesting 

an image was to enter the request then later download the image for analysis. Coupled with 

this was the evidence provided in students’ journals which suggested they could analyse 

relevant software and hardware then combine this with newly learnt concepts to make 

decisions. This level of thought is essential if they are to work as scientists potentially 

contributing to real world science. 
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Successfully managing a project is a required skill if students are to be successful whilst 

working as a scientist. When managing their individual projects, the students’ practical work 

provided significant evidence of their ability to manage their project as a whole and to break it 

down into workable parts. Examples can be seen in the way in which the participating 

students implemented the programmes. For example, they could plan for an evening of 

requested images which included at least three exposures with a further three exposures of the 

same section of the night sky being taken every hour.  

 

Processing and analysing data and information are higher order thinking skills that the 

students demonstrated continuously. The evidence provided in their journals showed the 

students’ ability to continually monitor new astronomy events and to analyse them in terms of 

their usefulness to their final project. Their practical work in downloading and analysing their 

images supported the idea that students could follow procedure to obtain their desired 

outcomes. The evidence provided from their practical work also showed the students ability to 

evaluate their work, for example, Lily was able to evaluate the images she had taken using 

different filters before determining which filters to use (See 9.4.4).. Their choices continued 

to reflect an ability to analyse and evaluate their work in the light of the software and 

hardware they were using. For example, the students would experiment with filters before 

deciding on those that best suited their needs.  

 

Finally, scientists need to have strong communication skills if they are to share their findings 

and participate in scientific discussions effectively. The general class observations provided 

significant evidence of the students’ willingness to communicate their findings. Their 

discussions included evidence based solutions to challenges and they elaborated points 

effectively. The importance of discussions, collaboration and problem solving was reported 

by Nugent (2017).  

 

10.2  Conclusion 

There has to be a better way to teach science in schools; a way that translates into students 

wanting to be scientists of the future. The issues are complex but not insurmountable. The 

purpose of this doctoral research was to investigate the impact of an authentic astronomy 

programme on school students’ conceptual understanding of and attitudes towards science as 

well as the students’ capacity to think and work like a scientist. I explored the means by 

which an authentic astronomy programme with asteroid research as it key component could 
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be used to teach primary school and high school students with a range of aptitudes for and 

attitudes to learning. I examined the significance of an authentic astronomy programme as an 

extracurricular activity in a high school and when it was embedded in the curriculum and 

taught as part of a normal school day in a general class in a primary school.  

 

The data were collected using mixed methodology and analysed using three assertions. The 

assertions encompassed improved  conceptual understanding, enhance attitudes towards 

science and the capacity to think and work as a scientist. These were underpinned with the 

mastery of a number of skills and computer programmes.  

 

10.2.1  A Summary of the Findings 

The findings supported the premise that the authentic astronomy programme has a positive 

impact on school students’ conceptual understanding of and attitudes towards science and 

their capacity to think and work like a scientist. I summarise the findings below: 

1. The teacher designed the authentic astronomy programme that catered for students 

with a range of aptitudes for and attitudes towards science. 

2. Embedding the programme in the curriculum for the primary school participants 

facilitated many learning opportunities for the students to develop a range of skills 

including higher order thinking.   

3. There was a marked difference in the progress of the students’ conceptual 

development. The rate at which the students developed conceptual understanding of 

asteroids varied, but all the students made improvement not only in their entries on 

their concept maps but also in the depth of their journal entries and the ideas shared in 

class and small group discussions.  

4. The programme had a significant, positive impact on the students’ attitudes towards 

learning science. This was not only evident with those students who were identified as 

low achievers or passive resistant. The self-motivated, high achieving students 

explored issues to gain a deep understanding of a range of complex questions before 

embarking on their individual projects.  

5. This programme facilitated the skills and knowledge necessary for the students to 

think and work like a scientist using quality data and scientific level telescopes. Their 

work showed the depth of critical thinking necessary to work effectively as a scientist. 
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6. The programme provided many opportunities for students to broaden their horizons. 

When given the freedom to explore the night sky, they became experts on their 

favourite object and readily shared their findings with others. 

 

10.2.2  Implications for the Teaching of Science in Schools 

There are several implications for the teaching of science in schools. Embedding the authentic 

astronomy programme into the mandated primary curriculum allowed for the development of 

activities that provided the students with challenging but achievable activities. The cross-

curricula connections facilitated opportunities for creative and original thought. The authentic 

astronomy programme provided all students with dynamic learning opportunities that 

motivated and engaged them in their learning. The mandated curriculum can tell us what to 

teach, but teachers still have the freedom to decide how to teach it. Though embedding the 

programme into the mandated curriculum is not essential as evidenced by the results 

presented by the high school students, it does facilitate time management in that the 

programme can be implemented in several subjects and within a longer time frame. In the 

case of this research, the primary students had the time to investigate the topic and complete 

the activities in more depth.   An authentic programme is less likely to degenerate into a series 

of low level activities requiring little effort or thought on the part of the students. 

 

Another significant implication arising from this research was the role an authentic astronomy 

programme played in engaging all students in their science learning. If this programme had 

been offered as an extension programme in the primary school, only six of the thirty students 

would have had the opportunity to participate. That would have left twenty-four students 

without the opportunity to engage in thought provoking astronomy activities which facilitated 

higher order thinking, motivated students with varying attitudes towards science to achieve 

and allowed them to think and work as a scientist at a deep level. Both primary school and 

high school students were able to think and work at levels above what was expected for their 

year level and engage in complex, abstract thought. 

 

Finally, this research found that primary school students were able to use scientific level 

instruments, specifically telescopes used by scientists to carry out independent research. 

Simple instruments are adequate for some activities, but in this increasingly complex world 

and with the significant changes in technology, we should be providing our primary students 

with scientific level instruments where appropriate and possible. They enhance the students’ 
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understanding of the protocols required to think and work as a scientist. The use of scientific 

level telescopes provided all students with the opportunity to realise their potential 

demonstrating their skills and general knowledge. It provoked deeper thought on complex 

issues such as the ethics of bringing potentially harmful samples back to Earth.   

 

10.2.3  Limitations of this Study and Suggestions for Further Research. 

There are two main limitations to this study which suggest areas for future research. The first 

is that the study involved two small groups of students one each from a high school and a 

primary school. Education was generally valued in the families at both schools. The findings, 

therefore, are not representative of the broad range of students. Care was taken to ensure that 

the primary school class was of mixed aptitude for and attitude to school work in general. The 

full range of academic achievement from low achieving to high achieving students were 

represented in the class with no one group dominating the range. Because of the nature of the 

authentic astronomy programme, there is potential for the same research to be replicated 

locally, nationally and internationally.  

 

The second limitation is that the authentic astronomy activities were designed and taught by a 

teacher with a background in astronomy, geology and robotics. I was, however, careful to 

design it in a way that it could be taught by any interested teacher. I suggest that background 

information sheets with links to the latest findings in the field of asteroid research would need 

to accompany the programme should teachers without a background in these areas decide to 

implement it. Issues that teachers may see as a challenge are often perceived as an opportunity 

to try something new by the students. Although providing all students, not just those in 

extension classes with dynamic, authentic science programmes, specifically a programme 

based in asteroid research, may not be common practice, they have the potential to be very 

successful in a range of situations.  
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APPENDIX A 

Glossary Week 1 

 

Glossary Week 1 

 

Arcmin: Arc minute = An angular measurement equal to 1/60th of a degree 

Arcsec:  Arc second = An angular measurement equal to 1/60th of an arc minute or 1/3600th of 

a degree 

Astronomical Unit (AU): 149 597 870 km (≈ 150 M km); the average distance from the 

Earth to the Sun 

Binning: is the process of combinning (sic) pixels together to make 'super pixels'.  

Coupled charged device (CCD: [camera]) process to create the ability to transport a charge 

across the chip without distortion.  

Declination (Dec):  measured in degrees (°), arc-minutes (') and arc-seconds ("), and is 

similar to latitude on Earth. 60 arc-minutes = a degree and 60 arc-seconds = arc-minute. 

Declination measures how far overhead an object will rise in the sky. It is measured as 0° at 

the equator, +90° at the North Pole and -90° at the South Pole. 

Ephemerides: Table of values that give the positions of astronomical objects in the sky at a 

given time.  

Light Years (ly):  Unit used to measure distance in space. 1 ly = 9.5 trillion km (300 000 km 

per sec) 

µ:  micro 

Parsec 

:Unit of a light year. ≈3.3 ly 

Right ascension (RA): is measured in hours (h), minutes (m) and seconds (s) and is similar to 

longitude on Earth 

Signal to noise ratio (SNR): A measure in astronomy to determine how much of the signal 

has been corrupted by noise (any unwanted noise e.g. electronic signals from robotic 

telescopes.) 

Universal Time (UT): Standard time taken from 0° longitude. Also called World Time and 

Greenwich Mean Time.  
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APPENDIX B 

Asteroid Fast Facts 

 

Asteroid Fast Facts (http://www.jpl.nasa.gov/asteroidwatch/fastfacts.cfm) 

What Are The Differences Between An Asteroid, Comet, Meteoroid, Meteor and Meteorite? 

Asteroid A relatively small, inactive, rocky body orbiting the Sun.  

Comet  

A relatively small, at times active, object whose ices can vaporize in 

sunlight forming an atmosphere (coma) of dust and gas and, sometimes, a 

tail of dust and/or gas.  

Meteoroid  A small particle from a comet or asteroid orbiting the Sun.  

Meteor  
The light phenomena which results when a meteoroid enters the Earth's 

atmosphere and vaporises; a shooting star.  

Meteorite  
A meteoroid that survives its passage through the Earth's atmosphere and 

lands upon the Earth's surface.  

Size and Frequency  

Every day, Earth is bombarded with more than 90 tonnes of dust and sand-sized particles.  

About once a year, an automobile-sized asteroid hits Earth's atmosphere, creates an 

impressive fireball, and burns up before reaching the surface.  

 

Every 2,000 years or so, a meteoroid the size of a Gridiron football field hits Earth and causes 

significant damage to the area.  

 

Finally, only once every few million years, an object large enough to threaten Earth's 

civilization comes along. Impact craters on Earth, the moon and other planetary bodies are 

evidence of these occurrences.  

 

Space rocks smaller than about 25 metres will most likely burn up as they enter the Earth's 

atmosphere and cause little or no damage.  
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If a rocky meteoroid larger than 25 meters but smaller than one kilometre was to hit Earth, it 

would likely cause local damage to the impact area.  

 

We believe anything larger than one to two kilometres could have worldwide effects. At 5.4 

kilometres in diameter, the largest known potentially hazardous asteroid is Toutatis.  

 

By comparison, asteroids that populate the main asteroid belt between Mars and Jupiter, and 

pose no threat to Earth, can be as big as 950 kilometres across. 

 

Ceres is the largest asteroid at about 950 kilometres in diameter. It is also identified as a dwarf 

planet.  

 

Composition: 

The asteroid belt is divided into an inner belt and an outer belt.  

• The inner belt includes asteroids that are made of metals, mainly iron/nickel. 

• The outer belt includes asteroids that are rich in carbon. 

Reasons for Studying Asteroids 

• Find out about how our solar system formed. Comets and asteroids are the left-overs 

from that time 

• The bombardment of Earth by asteroids and comets contributed to the condition out 

of which life evolved. They bought water and material necessary to start carbon-based 

life 

• Our position at the top of the food chain is partly due to an enormous asteroid impact 

65 MYA that contributed to the demise of the dinosaurs 

• Need to search for all the near Earth objects bigger than 140 m which are on course to 

collide with Earth. Finding 90% of them will reduce the risk of extinction by 99% 

 

Is finding them enough? 

No. Their composition will determine how we deal with it. Some objects can absorb a missile 

which others will have to the tractored out of Earth-trajectory. The tractor solution would take 

many years so the sooner we find them, the better. Asteroid 2008 TC3 was found just 19 

hours before it exploded above Sudan.  
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How is an Asteroid Orbit Calculated?  

An asteroid's orbit is computed by finding the elliptical path about the sun that best fits the 

available observations of the object. That is, the object's computed path about the sun is 

adjusted until the predictions of where the asteroid should have appeared in the sky at several 

observed times match the positions where the object was actually observed to be at those 

same times. As more and more observations are used to further improve an object's orbit, we 

become more and more confident in our knowledge of where the object will be in the future.  

 

What is NASA doing to find and learn more about potentially hazardous asteroids and 

comets? 

NASA has established a Planetary Defense Co-ordination Office (PDCO), at NASA 

Headquarters in Washington, D.C. 

The PDCO ensures the early detection of potentially hazardous objects (PHOs) - asteroids and 

comets whose orbits are predicted to bring them within 0.05 Astronomical Units of Earth (8 

million kilometres) and of a size large enough to reach Earth's surface - that is, greater than 

approximately 30 to 50 meters. NASA tracks and characterises these objects and issues 

warnings about potential impacts, providing timely and accurate information. NASA also 

leads the coordination of U.S. Government planning for response to an actual impact threat. 
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APPENDIX C 

Informal Interview # 2, Mark  

 

Mark: Using asteroids as fuel stations. 

 

Question 1. 

In class, you were talking about using asteroids as fuel stations. Can you elaborate on how 

you think this will work please? 

 

Response to Question 1. 

They’re (referring to scientists) pretty certain that our water came from asteroids and I read 

that there is a lot of water on asteroids in the asteroid belt. There is probably water in other 

asteroids (referring to outside the asteroid belt) but we don’t know where they are. The water 

can be split in hydrogen and oxygen. The hydrogen could be used for fuel. So could oxygen 

but I think hydrogen fuel cells are more developed. We could also just use the water as water. 

I read on NASA (referring to the NASA website) that water is very expensive to transport. So 

is fuel. That means that we need to be able to find water that we can access in space. We’ll 

have to build petrol stations in space but instead of petrol, they would have water. SpaceX 

will probably provide the transport. They’ll probably do the same thing on Mars because they 

think they’ve found ice on Mars.  

 

Question 2. 

What do you mean by SpaceX will probably provide the transport? 

SpaceX has already said that it’s not going to mine. It’s designing transport to get equipment 

and people around in space. I think companies like Planetary Resources and that other you 

said had opened on the stock exchange will organise the mining. SpaceX will organise the 

transport. They’re planning to develop small spacecraft that can do a range of different things. 

They said that they’re going to set up the equipment on asteroids and so space craft can access 

them. Planetary Resources wants to mine for precious metal too.  
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APPENDIX D 

Informal Interview #1, Jeremy 

 

Jeremy, Interview #1. Location and size of asteroids. 

The first question was deliberately broad. Jeremy preferred to let his answers flow until he ran 

out of information. I asked Question 2 for clarification. 

 

Question 1. 

“It was interesting to hear you discuss the importance of size and location of asteroids. Can 

you tell me any more size and location?”  

 

Response to Question1. 

They’re both important. We need to learn about size because if we find one that might hit us 

we need to know how much damage it will do. The big ones can land in one place and still 

cause problems on the other side of the world like the Chicxulub one. A really big one could 

destroy the world. But we only have to worry about the ones outside the asteroid belt. If 

they’re in the asteroid belt they’re not going to get out so we don’t have to worry about them. 

We haven’t found all the asteroids in the asteroid belt yet but it’s more important to find the 

others. They could be anywhere, even right round the corner.  

 

Question 2 

There is a name that has been given to asteroids that could hit us. Do you know what it is? 

Response to Question 2. 

Potentially Hazardous Asteroids and they can be hard to see if they come out of the sun like 

you said before about the photo in the Sun (Jeremy is referring to an example which discussed 

the result of taking a photo of a person with the sun behind them). And also NASA is looking 

for small NEA’s so they can land on it and bring it closer to the Moon. If it’s near us it can’t 

be in the asteroid belt. We haven’t found all the asteroids in the asteroid belt yet but it’s more 

important to find the ones not there. There could be one for NASA to trap or a big one ready 

to hit us. We need to find them.  

 

Noted points: 

1. Defending the planet is important. 
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2. Asteroids coming out of the Sun can very difficult to see early enough. 

3. NASA has a redirect project which is designed to trap and bring an asteroid to the 

Moon’s orbit for further study. 

4. NASA hopes to land on an asteroid 

5. NEA stands for Near Earth Asteroids. 
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APPENDIX E 

Terminology Quiz 1 

 

 

Name:         

 

Label each part 

Use the boxes to add information to your labels 
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Highlight the headings of the columns you need to decide whether or not you could take an 

image of the asteroid. 

 

Use this chart to record which asteroid/s you’d image together with supporting evidence. 

 

   Other 
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APPENDIX F 

Ephemerides Quiz #1 

 

Name: 

1. Goal: Take a series of images at half hour intervals of two of the following asteroids. 

2. Focus Question: Which of the following asteroids would you choose? Use the data 

from the MPC to support your answer. 

Reading Ephemerides 

Asteroid Yes/No Why? UT/Local Time 

473    

475    

487    

495    

496    

499    

 

3. Asteroid 446 can be imaged using SPIRIT. At what time would you be able to take an 

image? 

_____________________________________________________________________ 

4. Given your goal, why would you not bother with this one? 

_____________________________________________________________________ 

_____________________________________________________________________ 

_____________________________________________________________________ 
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APPENDIX G 

Ephemerides Quiz #2 

Name: 

5. Use asteroids 460 to 468 to complete the chart for 7 August 2012. Under UT, include the start and finish times if it is suitable for 

requesting an image. 

6. Select the asteroid you think will provide the best results for 7 August 2012 and complete Part 2. 

Reading Ephemerides 

Asteroid UT Local Time RA Decl. Object Alt Moon Phase Yes/No Why? 
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I would select asteroid _______________ as the most suitable for requesting images because _________________________________________ 

____________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________
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APPENDIX H 

Ephemerides Quiz #3 

 

Name: 

 

What type of information would you expect to find on an ephemerides table? 

 

 

 

 

 

When would you find an ephemerides table useful? 

 

 

 

 

How would you locate an ephemerides table? 

 

 

 

Give the following for asteroid 406 for 3 November at 2100 Perth time. Use Zadko (D20) as 

your telescope. 

RA:                                                                                                             

Dec:                                                                                                            

Suitable for imaging at this time:                                                                                 

Why/why not:                                                                                                              
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APPENDIX I 

Sample Class and Student Observation Notes 

 

Barton College Class Observation Notes 
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Barton College Class Observation Notes 
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Glencoe Primary School Class Observaation Notes. 
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Student Observation Notes, Jeremy 
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APPENDIX J 

Permission Forms 

 

(Insert School of Physics Letterhead) 

 

29 October 2009 

 

The Impact of Authentic Astronomy Classes on High School Student Attitudes Towards 

and Understanding of Science 

 

Project information and permission form. 

The premise of this research is that changes to the science curriculum need to include relevant 

and authentic science work that becomes part of the real world body of knowledge.  This 

research project aims to develop a better understanding of the impact of astronomy 

enrichment programmes on the attitude towards and understanding of science. The project is 

being conducted with Professor David Blair and Associate Professor David Coward of the 

School of Physics and Professor Grady Venville of the Graduate School of Education as part 

of my Doctor of Philosophy at UWA. 

 

(Insert name of school), a Government School in Western Australia, has been approached to 

participate. The Principal, (insert name) and your child’s science teacher have agreed to 

participate in the research. Your child has also been provided with a letter that we encourage 

you to discuss with him/her. 

 

The astronomy programme has been written by SPICE, a secondary school enrichment 

programme, and will be studied by all Year 9 students at (insert school’s name) as part of 

their normal science programme. 

 

As part of the data gathering process, your child will participate in a short written survey 

using the agree/disagree format both before and after the “Life in the Solar System” 

programme. For the duration of the astronomy programme, “Life in the Solar System” 

participating students will be asked to keep an informal journal and/or participate in a 

monitored blog. An in depth interview will be conducted with selected students. Ten students 

from Year 9 will be asked about their attitude towards and understanding of the astronomy 

programme. The interview will take approximately 15 minutes and will be conducted by an 

experienced and trained teacher. We will be recording the interview using a digital audio 

recorder to ensure your child’s comments are accurately recorded.  We will not record this 

interview without your permission.  

 

All data will be consolidated and no individual child, school or teacher will be identified or 

identifiable. The data will only be used for this project and will not be used in any extended or 

future research without first obtaining explicit written consent from both you and your child. 

The child may withdraw from the project at any time without any consequences. 

 



263 
 

It is intended that the findings of this study will be published in my thesis and in scholarly 

journals. A summary of the research findings may be requested on completion of the process. 

You can access this by contacting the School Principal. 

 

All persons undertaking research activities on Department sites must complete a confidential 

Declaration. Also under the Working With Children Act 2004, people undertaking research 

that involves contact with children must undergo a Working with Children check. Evidence 

that these checks are current for each member of the research team has been provided to the 

Principal of your school. 

 

If needed, verification of approval can be obtained either by contacting Ms Kate Kirk, the 

Executive Officer of Human Research Ethics Committee of the University of Western 

Australia at kkirk@admin.uwa.edu.au or call 6488 3703 or Professor David Blair at 

dgb@physics.com.au or call 6488 2736.   

 

The research has been approved by the Human Ethics Research Committee of the University 

of Western Australia (approval number [insert number]) and has met the policy requirements 

of the Department of Education and Training.  

 

Ms Auriol Heary 

PhD Candidate 

School of Physics (M013) 

The University of Western Australia 

hearya01@student.uwa.edu.au 

mailto:kkirk@admin.uwa.edu.au
mailto:dgb@physics.com.au
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(Insert School of Physics letterhead) 

The Impact of Authentic Astronomy Classes on High School Student Attitudes Towards 

and Understanding of Science 

 

Consent form for Parent/Carers 

 

I give permission for my child         

 

to take part in the project — The Impact of Authentic Astronomy Classes on High School 

Student Attitudes Towards and Understanding of Science 

• I have been provided with the Project information and permission form. 

• I have been informed of and understand the purposes of the research and I am willing 

for my child to become involved in the project as described 

• I understand that my child may be selected to be interviewed and that the interview 

will be audio recorded 

• I understand that my child’s involvement is voluntary and they can withdraw at any 

time without problem. 

• I understand that no personal identifying information such as name and address will be 

used and that all information will be securely stored for 5 years before being 

destroyed.  

• I have been given the opportunity to ask questions. 

• I give permission for the contribution that my child makes to this research to be 

published in Ms Heary’s thesis and in scholarly journals, provided that my child or the 

school is not identified in any way. 

• I understand that I can request a summary of findings after the research has been 

completed. 

 

I am happy for my child to participate in this project (please circle)     YES         NO 

 

Name of child: (printed): ________________________________________ 

 

Name of Parent/Carer (printed): ___________________________________ 

 

Signature of Parent/Carer:  ________________________________________ 

 

Date: ___________________ 

 

Please return this sheet to your child’s class teacher. 

 

Thank you 
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The Impact of Authentic Astronomy Classes on High School Student Attitudes Towards 

and Understanding of Science 

 

Information Sheet for Year 9 Students 

 

Dear Student, 

 

My name is Ms Auriol Heary and I am from the University of Western Australia. I am also a 

teacher at Ardross Primary School. I would like to invite you to take part in a research project 

about the attitudes towards and understanding of science by Year 9 students. I am asking for 

your help with the project because I’m interested in finding out about both your attitude to 

science and your understanding of science concepts before and after an astronomy enrichment 

programme. The programme “Life in Our Solar System” has been written specifically for 

Year 9 students with their interest astronomy in mind and we would like to know if it is 

meeting your needs in science education.  

 

What will I be asked to do? 

All Year 9 students will complete the programme regardless of whether or not they participate 

in the study because it is part of your general science programme. You will be asked to keep a 

journal about your attitude and understandings and participate in a monitored blog. About 10 

of you will also be asked to complete a 15 minute interview which I will audio record if you 

are happy for that to happen.  

 

Do I have to take part? 

No. The choice whether or not to participate is voluntary. If you elect to participate but later 

change your mind, you may withdraw at any time without consequence. 

 

How do I participate? 

Please discuss this project with your parent/carer and if you are happy to participate please 

complete the form and return it to your class teacher. 

 

Thank you 

Ms Auriol Heary 

PhD Candidate 

School of Physics 

The University of Western Australia 

Telephone: 6488 8025 

ms.heary@iinet.net.au 

 

mailto:ms.heary@iinet.net.au
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The Impact of Authentic Astronomy Classes on High School Student Attitudes Towards 

and Understanding of Science 

 

Consent Form for Year 9 Students 

 

 

• I know that I don’t have to be involved in this project, but I am happy to participate. 

• I know that I will be completing a normal class programme, a survey before and after 

the programme, an informal journal and a blog.  

• I know that I may be one of about 10 students selected to complete an interview 

• I know that I can withdraw from the project at any time 

 

 

 

YES I would like to participate in the project 

 

 

NO I do not want to participate in the project 

 

 

Name: ____________________________________ 

 

 

Date: _____________________________________ 

 

 

Please return this sheet to your teacher 

 

Thank you. 
 
 

 

 




