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Students' experiences, perceptions and performance in junior secondary science: 

An intervention study involving astronomy and a remote telescope. 

Abstract 

Both national and international research raise concerns about science education in 
primary and secondary schools where a declining interest in, and less positive attitude 

towards, science are reported (e.g., Goodrum, Hackling & Rennie, 2000; Osborne & 

Collins, 2000; American Association for the Advancement of Science [ AAAS], 1990). 

An Australian national report (Goodrum et al. 2000) notes the difference between the 

intended (ideal) and the implemented (actual) science curriculum. The report contrasts 

the two pictures of science education and recommends transforming pedagogy, learning 

experiences and curriculum to reflect more the ideal picture. The clear implication is 
that the ideal will enhance the teaching and learning of science in schools. 

The research reported here investigates the impact of an educational program, based on 

astronomy that involves using a remotely controlled telescope over the Internet and 

which employs five aspects of the ideal picture of science education (Goodrum et al. 

2000), on students' perceptions of science at school and the knowledge outcomes 

generated. The program was introduced into 101 junior secondary science classes drawn 
from 30 schools located in four Australian educational jurisdictions. 

This thesis examines the impact of the educational program on: students' perceptions of 

the science they encounter at school; their knowledge of certain astronomical 
phenomena; and the relationship between the perceptions of students and their teachers 

concerning the science they experience or teach in junior secondary school. A 

concurrent nested mixed-method approach involving a quasi-experimental non

randomised pre-test/post-test design complemented by qualitative techniques is used to 

gain insights into participants' thoughts concerning their experiences in science before, 
during and after the program. Specifically, data were collected using: student and 
teacher questionnaires; an astronomy diagnostic test; and student and teacher 
interviews. 

Results show that on the pre-diagnostic test students displayed extremely low levels of 

astronomical knowledge and knew little of the content that was supposed to be covered 

in primary school or in the first year of secondary school. The post-diagnostic test data 

revealed a highly significant increase in students' knowledge of astronomical 
phenomena. Different trends were observed, however, across year levels in relation to 

students' ability to explain their answers and in the quality of their responses. 

In addition, the results indicated that students exhibited negative perceptions of science 

at school prior to the commencement of the program, demonstrating that little has 

changed since the 1999 data collection period conducted by Goodrum et al. (2000). 

Comparisons of the pre- and post-occasion responses showed that there were highly 

significant differences in students' perceptions of science and in the use of technology. 

There was considerable variation across groups of teachers and students, in their 
respective classes, in relation to their perceptions of science at school. To illuminate this 

variation, interview data were collected from participants in six schools. These data 

highlighted commonalities across groups of students and teachers in their experiences of 

junior secondary science, for example, the selection of the content to be covered, access 
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to computing facilities and the excitement generated in preparing to use the remote
telescope. Yet, the data also portrayed distinct features unique to each school associated 
with the implementation of the program, including the method of introducing the 

program, relationships between teachers, and the approaches adopted to incorporate 
technology. 

This study found that exposure to a science program incorporating five aspects of the 
ideal picture (Goodrum et al. 2000) had a highly significant impact on students' 
perceptions of, and knowledge in, science at school. The research recognises, however, 

that the way in which science is implemented is crucial to the success of teaching and 
learning experiences in science education. The findings appear to have significant 
implications for both practice and future research. Additional support for science 
teachers to employ appropriate pedagogies and assessment procedures in the 
implementation of secondary science curricula, coupled with access to high quality 
equipment that can be used for student-initiated investigations are essential if positive 

dispositions and knowledge outcomes are to be engendered. Further research on the 

impact of such approaches on the perceptions and knowledge outcomes of pupils in 

junior secondary school science is required. Specific attention needs to be devoted to the 
pedagogies employed in implementing secondary science programs that are 
characterised by the relevant features of the ideal picture and the extent to which these 
are effective in catering for the diverse learning needs and interests of the students 
whom teachers are required to teach. 
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Chapter 1 

Introduction 

... the ever-growing importance of scientific issues in our daily lives 
demands a populace who have sufficient knowledge and understanding to 
follow science and scientific debates with interest, and to engage with the 
issues science and technology poses-both for them individually, and for our 
society as a whole. Without a fundamental review and reconsideration of the 
aims and content of the science curriculum, what we offer young people is 
in danger of becoming increasingly irrelevant both to their needs and those 
of society. (Millar & Osborne, 1998, p. l ). 

The picture of the curriculum ... reveals a gap between the intended 
curriculum of today's science curriculum frameworks and the actual 
implemented.curriculum. There is concern that, in some schools, the type of 
science being taught and the learning outcomes being achieved are not those 
that prepare students for the future world in which they will work and live. 
For most lower secondary students, the science they are taught lacks 
relevance to their needs and interests, and fails to develop key aspects of 
scientific literacy. (Goodrum, Hackling & Rennie, 2000, p.152). 

1.1 Overview and Purpose 

In today's society, science plays an important role in every day life where developments 

are occurring at a rapid pace. Advances in science have had, and continue to have, a 

major impact on society and the way people live. Countries have acknowledged that a 

well educated and skilled workforce is vital for them to remain internationally 

competitive in the 2151 century. It is therefore, imperative that members of society have 

a strong grounding in science so that they can follow such advancements and have the 

capacity to make infonned decisions. Focus has been directed to the overwhelming 

importance of science education in schools and the fundamental role it must play in 

developing scientifically literate students. 

During the last two decades, several countries have expressed widespread concerns 

about the science education delivered. Alarming are the declines in student interest and 

in the number electing to pursue the sciences in the post-compulsory_years of schooling 

and at the tertiary level reported in Australia, Canada, Denmark, France, Germany, 

India, Ireland, Japan, Korea, Netherlands, New Zealand, Norway, Sweden, United 

Kingdom and the United States of America (Committee for the Review of Teaching and 

Teacher Education, 2003; Crawley III & Coe, 1990; De�ers & de Laeter, 2001; Drury 

& Allen, 2002; Goodrum, Hackling & Rennie, 2000; Hackling, Goodrum & Rennie, 



2001; Hassan & Treagust, 2003; International Bureau for Education, 2001; Lyons, 

2006; Millar & Osborne, 1998; Reddy, 2004; Sadler, 2002; Speering & Rennie, 1996). 

It seems that as students progress through school a large proportion are disappointed 

with the science they experience. Furthermore, much of the science content offered in 

schools lacks relevance and fails to engage or interest students. In essence, it appears to 

alienate many. 

There have been numerous requests and attempts from governments, science education 

bodies and relevant stakeholders to reform existing modes of science education to try 

and combat many of the concerns. Scientific literacy has been at the forefront of many 

of these reforms. Recommendations to tum away from traditional forms of instruction 

and support for adopting student-centred pedagogical approaches that focus on inquiry 

and practical investigation are generally endorsed. 

In the United States of America Science for All Americans: Project 2061 was 

established in 1985 in an endeavour to reform science education from the first through 

to the final year of schooling. The main goal of this refonn was to promote scientific 

literacy for all students (American Association for the Advancement of Science, 1990). 

Similarly, Beyond 2000: Science Education for the Future (Millar & Osborne, 1998) 

was a British report produced as a result of the many ongoing problems that were 

evident in science education in the United Kingdom. The report recognised that the 

science curriculum at the time was outdated and proposed a framework that could be 

used to shape future offerings with a major focus on enhancing the scientific literacy of 

students. 

In Australia, the Department of Education Training and Youth Affairs (DETYA) 

commissioned a report into the Status and Quality of Teaching and Leaming of Science 

in Australian Schools (Goodrum et al. 2000). The report set out to define an ideal 

picture of science education that epitomised the intended curriculum and to identify 

what was actually happening in both primary and secondary schools. The actual picture 

of teaching and learning in science was diverse but, on the whole, very disappointing. 

Many of the problems identified in science education in other countries were also 

evident in the Australian context. Several factors were identified that contributed to the 

difference between the intended and the implemented science curriculum and included 

things such as a lack of equipment and resourc_es, time constraints associated with 

covering the curriculum and few opportunities for teacher professional development. 
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In light of the findings, recommendations were proposed to assist in closing the gap 

between the ideal and actual picture of teaching and learning in science in Australian 

schools. Similar to other countries, a central goal of these recommendations was to 

develop scientifically literate students and increase their capacity to make informed 

decisions about contemporary science issues in society. The recommendations spanned 

a number of areas and in particular, called for: state and national promotion of the 

importance of science education; more professional development opportunities; 

incentives to retain and attract science educators; an increase in funding for pre-service 

science teacher education courses; pre-service science teacher education courses that 

model appropriate pedagogies; the development of professional standards for science 

teaching; access to excellent facilities and resources; improved assessment mechanisms; 

and a national focus on science education (Goodrum et al. 2000). It was advised that 

action should be taken without delay in implementing the recommendations. The final 

recommendation suggested that a review of the status and quality of science teaching 

and learning be conducted five years after the report to reflect on the implementation of 

such recommendations. 

In 2003, the Department of Education Science and Training (DEST, formerly DETY A) 

funded The Eye Observatory Remote Telescope Project: Practical Astronomy for Years 

7, 8 and 9 (McKinnon, 2005). The Eye Observatory Remote Telescope Project 

emerged, in part, from the concerns identified and recommendations made in the Status 

and Quality of Teaching and Leaming of Science in Australian Schools research report 

outlined earlier (Goodrum et al. 2000). Specifically, it related to a suggested action in 

the report that warranted the production of quality secondary science curriculum 

resources that integrated professional development (Goodrum et al. 2000). The 

suggested action stated that both the resources and program had to demonstrate how 

student-centred inquiry science could be taught in ways that achieve learning outcomes 

that contribute to scientific literacy (Goodrum et al. 2000). 

The Eye Observatory Remote Telescope Project: Practical Astronomy for Years 7, 8 

and 9 was concerned with trialling and evaluating a set of teaching and learning 

resources based on astronomy that involved the use of a remotely controlled telescope 

and fostered student-centred fonns of instruction. The learning resources include: a 

student workbook; teachers' guide; CD-ROM; access to and use of the Charles Sturt 

University Remote Telescope, website and forums. A professional development 
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program is also incorporated within the program where teachers have the opportunity to 

access ongoing support throughout the implementation of the learning materials. 

Furthermore, five aspects of the ideal picture of science education were portrayed in the 

curricula and suggested teaching and learning experiences of The Eye Observatory 

Remote Telescope Project: Practical Astronomy for Years 7, 8 and 9. 

Surprisingly, little research has been conducted on the impact of implementing science 

curricula characterised by the ideal picture of science on students' perceptions and 

knowledge outcomes in science. Given that The Eye Observatory Remote Telescope 

Project: Practical Astronomy for Years 7, 8 and 9 was created, partially, in response to 

such recommendations and considering the ideal (Goodrum et al. 2000) nature of the 

learning materials and the likely benefits of such curricula, one would anticipate that 

investigating the impact of such curricula on students is of importance. 

The purpose of this thesis is to examine students' experiences, perceptions and 

performance in junior secondary science before, during and after their involvement in 

the intervention The Eye Observatory Remote Telescope Project: Practical Astronomy 

for Years 7, 8 and 9. This thesis is concerned with students' perceptions of junior 

secondary science. It is recognised, however, that the science teacher has a major impact 

on students' perceptions. Consequently, this thesis will take into account teachers' 

perceptions of the science they teach to junior secondary students in the process of 

attempting to understand students' perceptions of junior secondary science. 

The approach employed to carry out this research was a concurrent nested mixed 

method approach that involved adopting a quasi-experimental non-randomised pre

test/post-test design complemented by qualitative data. The selection of participants was 

detennined by the larger study where opportunity sampling was employed. The research 

was conducted across four Australian jurisdictions where over 2000 students and 101 

teacher participants were drawn from 30 schools both from the public and private 

educational sectors. Four data collection techniques were employed to gather 

information from both student and teacher participants. These included: questionnaires; 

diagnostic test; semi-structured interviews; and documentation. 

This thesis is organised into seven chapters. This first chapter introduces the research 

and presents an overview of what each chapter of this thesis entails. The second chapter 

presents a review of the literature where many of the concerns in science education are 
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examined together with recommendations that have been made that suggest methods for 

addressing such concerns with the intention of improving the teaching and learning 

context within science education. 

The third chapter describes the context for this study and presents a justification for 

employing a concurrent nested mixed methodology that involves using a quasi

experimental pre-test/post-test design complemented by the collection of qualitative 

data. The threats to the validity of the research design are discussed and the research 

sample and components of the intervention are explained in detail. This chapter also 

describes the instruments and methods used to collect data and the procedures employed 

to code and analyse this data. 

The fourth chapter presents the analysis of the pre- and post-intervention Secondary 

School Science Questionnaire. This chapter comprises three major sections. The first 

section presents the pre-intervention results from the SSSQ student version and 

comparisons are made with the findings from the 1999 data collection period. The 

second section analyses the results from the pre- and post-intervention questionnaire 

that relate specifically to the seven scales that were created based on the exploratory 

factor analysis conducted on the pre-intervention version of the questionnaire. The third 

major section examines the relationship(s) between teachers' and students' perceptions 

of the science they teach or experience at school both before and during the intervention 

period. The analysis procedures in this chapter include the use of a non-parametric chi

square test, multivariate analysis of variance with repeated measures and correlation 

analysis and are predicated on the reliable and valid scales arrived at by both 

exploratory and confirmatory factor analysis extensively reported in the Appendices. 

The fifth chapter of results presents an analysis of the Astronomy Diagnostic Test pre

and post-intervention data. These analyses provide information on students' knowledge 

of certain astronomical concepts, their alternative scientific conceptions relating to 

astronomy, the number of non-responses offered, the complexity of their responses as 

measured by the Structure of the Observed Learning Outcome (SOLO) Taxonomy and 

the quality of students' responses both before and after their involvement in the 

intervention. The statistical procedures used in this chapter to analyse the data included 

the use of descriptive statistics and multivariate analysis of variance with repeated 

measures. 
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The sixth chapter presents the results from the qualitative data collected from both 

student and teacher participants that are used to investigate the quantitative findings and 

to provide further insight into the experiences of students and teachers in junior 

secondary school science during the intervention period. This chapter is split into two 

major sections. The first section reports the findings from the student and teacher 

participants' pre- and post-intervention written responses to the open-ended questions in 

the Secondary School Science Questionnaire. The second major section presents a 

thematic analysis of the interview data that were collected during the intervention period 

from a sample of student and teacher participants drawn from six schools. 

The seventh and final chapter of this thesis summaries and discusses the findings of this 

research, identifies the implications for practice and concludes with a discussion of 

directions for further research. 
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Chapter 2 

Review of Literature 

... [S]ociety of the 21st century will need not only people specifically trained 
for science- and technology-based industries, but will need all its members 
to have a reasonable grasp of science and technology to live in a 
technologically advanced world. (Lawrance & Palmer, 2003, p.viii). 

In this post-industrial age, science has a significant impact on our everyday lives and 

plays a critical role in the progress of any country. To remain globally competitive in 

the 21st century, Australia not only needs more scientists and specialists in the science 

fields, but a society that has a reasonable understanding of science and technology 

(Lawrance & Palmer, 2003). In this sense, the nation's future is dependent on the 

capacity of the education system to provide students with a strong grounding in science 

and technology education during their compulsory years at school. Both the generalist 

teaching of science in primary schools and the more specialist forms that occur in 

secondary schools are very important (Lawrance & Palmer, 2003). It is recognised that 

not everyone has the motivation or capacity to become a scientist but it is necessary to 

have a populace who are scientifically literate (Hassan & Treagust, 2003). 

Successive Australian state and federal governments have recognised, and continue to 

recognise, the importance of having a scientifically literate society if our country is to 

continue to advance, and contribute to, the technological world (Prime Minister's 

Science, Engineering and Innovation Council [PMSEIC], 2003). A report 

commissioned by the Department of Education Science and Training (DEST) entitled 

'Clever Teachers, Clever Sciences' (Lawrance & Palmer, 2003) quotes Dr Robin 

Batter ham, Australia's then Chief Scientist as saying: 

Australia's success as a knowledge economy is dependent on a highly skilled, 
informed and scientifically literate workforce who receive a strong foundation 
of SET (science, engineering and technology) knowledge throughout their 
primary and secondary schooling. (p.43). 

It is also acknowledged by researchers in the field that school-based science education 

has a vital role to play in preparing future generations to become scientifically literate 

citizens (Bybee, 1997; Goodrum, Hackling & Rennie, 2000; Lawrance & Palmer, 

2003). This role for science education is recognised in a number of international and 
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national reports, which advise that a major aim of the science curriculum in the 

compulsory years of school should be to develop and enhance the scientific literacy of 

students (e.g. Millar & Osborne, 1998). While there is some degree of variation in the 

definition of the term, "scientific literacy", it is widely described as the broad purpose of 

science education at school (Bybee, 1997). For the purpose of this thesis, scientific 

literacy is defined as: 

[T]he capacity for persons to be interested in and understand the world 
around them, to engage in the discourses of and about science, to be 
sceptical and questioning of claims made by others about scientific matters, 
to be able to identify questions and draw evidence-based conclusions, and to 
make informed decisions about the environment and their own health and 
well being (Goodrum et al. 2000, p. 15). 

Over the last two decades, relevant stakeholders have expressed concern about both the 

waning interest many students display toward science at school and the declining 

number of students pursuing science in the post-compulsory years of secondary 

education (Committee for the Review of Teaching and Teacher Education [CRTTE], 

2003; Crawley III & Coe, 1990; Dekkers & de Laeter, 2001; Drury & Allen, 2002; Garg 

& Gupta, 2003; Goodrum et al. 2000; Hackling, Goodrum & Rennie, 2001; Krogh & 

Thomsen, 2005, Hassan & Treagust, 2003; International Bureau for Education, 2001; 

Lyons; 2006; Millar & Osborne, 1998; Reddy, 2004; Sadler, 2002; Speering & Rennie, 

1996). Often, science education has focused on developing the elite students to become 

scientists and has neglected to meet the needs of the majority of students (Fensham, 

1985; Millar & Osborne, 1998). This neglect has resulted in the majority being alienated 

(Speering & Rennie, 1996). Given the new and frequent discoveries that science is 

making and the application of these to our lives, this situation can no longer be 

tolerated. Over the past 20 years, however, attempts have been made, to change the 

form of science education to meet the needs of both the society and the students. 

Bybee and DeBoer (1994) give an historical account of the science curriculum in the 

United States and describe three changes in the emphasis of the goals of student 

outcomes in science education. In the past, the main learning objective focussed on 

students acquiring scientific knowledge. The focus shifted to students learning the 

processes or methodologies of the science and more recently, emphasis has been placed 

on students understanding the applications of science, especially the relationships 

between science, technology and society. 
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Similarly, in Australia, Fensham (1992) indicates that in the past the main objectives of 

science at school focused on acquiring scientific knowledge and the development, and 

understanding of, scientific processes and skills. School science curricula were 

overloaded with content that contained many abstract scientific concepts and did not 

provide for the needs of all students (Fensham, 1985). The science education delivered 

at the time catered for only a small proportion of students who wished to pursue 

science-related careers while the large majority of students were not served as well. 

Consequently, there have been a number of movements to transform science education 

with the general purpose of making science more relevant for all students and more 

interesting for those who endeavour to pursue a career in science (American Association 

for the Advancement of Science (AAAS], 1990; Bybee, 1997; Duschl, Schweingruber 

& Shouse, 2006; Goodrum et al. 2000; Millar & Osborne, 1998). Schools and teachers 

in 21st century Australia are faced with the responsibility of offering and delivering 

science subjects that will contribute towards producing a scientifically and 

technologically literate society (Lawrance & Palmer, 2003). A major implication for the 

delivery of science curricula is that rather than simply "teach" students to learn and 

accept the scientific information that is presented, science education should empower 

students to question and challenge such information, make choices and take 

responsibility for their learning, investigate matters that they are interested in, and be 

informed about current scientific matters ( e.g. Goodrum et al. 2000; Osborne & Collins, 

2001). 

Despite changes in the objectives of science education and calls for reform there have 

not necessarily been corresponding changes in the implemented science curriculum 

(Goodrum et al. 2000). That is to say, the way science is taught at school and the 

content covered often continue to reflect traditional approaches. 

Many of the persistent problems identified in school science education appear to be 

inter-related and are all critical factors inhibiting reform. Millar and Osborne ( 1998) 

link the declining number of students pursuing science in the post-compulsory years of 

school to the lack of relevance the science curriculum has in relation to students' 

interests and real life experiences. Furthermore, students' perceptions of, and attitudes 

toward, science are shaped by prior experiences which often inform their decision to 

undertake science subjects in the post-compulsory years of school (Hackling et al. 

2000). Lyons (2006, p.606) advises that "negative school science experiences can be a 
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significant and, in some cases, decisive, influence on students' enrolment 

deliberations." Additional factors that may deter the uptake of science in the post

compulsory years include the perceived difficulty associated with science subjects and 

the stereotypical image that many students possess in relation to scientists (Cleaves, 

2005). 

For a number of students the science they experience in junior secondary school lacks 

relevance to their everyday lives (Hackling et al. 2001). This lack of relevance and 

students' waning interest have been attributed to the transmissive way science is taught 

at school (Speering & Rennie, 1996). Furthermore, the transmissive or traditional 

pedagogies that tend to dominate science instruction are often employed as a 

consequence of teachers having to cover an overcrowded science curriculum within a 

specified timeframe to ensure that students are prepared for the norm-referenced 

assessment which is generally given at the end of each topic (Goodrum et al. 2000). All 

of these problems appear to be influential factors in determining students' further 

participation in science. 

First, this chapter examines a number of concerns identified in school-based science 

education by researchers in the field and establishes the interrelated nature of these 

concerns. Second, it explores three National reports that identify concerns and suggest 

directions for school-based science education. Third, it considers the implications for 

teaching and learning in school science education. Finally, the chapter concludes with a 

summary. 

2.1 Widespread concern in relation to science education at school 

Over the past two decades, national and international research in science education has 

expressed widespread concern relating to the implemented science curriculum in 

primary and secondary schools (AAAS, 1990; Australian Academy of Technological 

Sciences and Engineering [AATSE), 2002; CRTTE, 2003; Dekkers & De Laeter, 2001; 

Gibbs & Fox, 1999; Goodrum et al. 2000; Hackling et al. 2001; Harris, Jensz & 

Baldwin, 2005; Hassan & Treagust, 2003; Lyons, 2006; Millar & Osborne, 1998; 

Osborne & Collins, 2000a; Osborne & Collins, 2000b; Rennie, Goodrum & Hackling, 

2001; Speering & Rennie 1996).A worrying issue articulated in the literature is that the 

science content offered in schools is often irrelevant to students' needs and results in the 

majority loosing interest in, and turning away from, science.· 
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In the same way, much of the research recognises similar concerns in school science 

education. Reiss, (2000) identified three main problems in German science education: 

students' decreasing interest in, and motivation toward, learning science subjects; their 

poor understanding of scientific concepts; and a growing number of uninfonned or 

scientifically "illiterate" students. A similar decline in student interest in, and attitudes 

toward, science has been reported in Australia (Lyons, 2006), the United Kingdom 

(Osborne, Driver & Simon, 1998), Denmark (Krogh, 2005) and in the United States 

(Pi burn & Baker, 1993). In Africa, a number of constraints on science education have 

been reported such as a shortage of qualified science teachers, a lack of resources and 

facilities and the poor implementation of science curricula (Akpan, 2004). Science 

education in Ireland has been described as being in "crisis" evidenced by the declining 

numbers of students selecting physics and chemistry subjects and the proportion of 

students pursuing science who received low grades in the final science examination or 

leaving certificate (Palmer, 1999). 

The sub-sections below examine many of the concerns identified in school science 

education. These include the following: 

• the declining number of students selecting science subjects; 
• the negative attitudes students display toward science at school; 
• the perceived difficulty associated with science subjects; 
• the overcrowded and irrelevant content of the science curriculum; 
• the transmissive pedagogies adopted in teaching science; 
• the norm-referenced assessment procedures employed; 
• inadequate resources and facilities to support teaching and learning; 
• insufficient use of infonnation and communication technologies (ICTs); 
• time constraints associated with the teaching of science; and, 
• the lack of specialist science teachers. 
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2.1.1 Declining numbers 

"Fewer enrolling in science and technology degrees. Why? What can be 

done? Global trend" (Sgard, 2005). "Group to tackle science enrolments" 

(0 'Keefe, 2006). "Selling science to the young" (Selling, 2002). "Saving 

science" (Reddy, 2004). "Wanted: More scientists" (Williams & Lyons, 

2004). 

A number of countries are alarmed by the declining number of students pursuing 

science subjects in the post-compulsory years of secondary school (CRTTE; 2003; 

Crawley III & Coe, 1990; Dekkers & de Laeter, 2001; Goodrum et al. 2000; Hackling et 

al. 2001; Hassan & Treagust, 2003; Williams & Lyons, 2004; Millar & Osborne, 1998; 

Selling, 2002; Reddy, 2004; Sadler, 2002; Speering & Rennie, 1996; Sydney Morning 

Herald, 2004). This alarm is publicised in the media headlines above. Specifically, 

concerns about the declining enrolment trends in school science subjects have been 

expressed in Australia, Canada, Denmark, France, Gennany, India, Ireland, Japan, 

Korea, Netherlands, New Zealand, Norway, Sweden, the United Kingdom and the 

United States of America (Drury & Allen, 2002; Garg & Gupta, 2003; Goodrum et al. 

2000; Krogh & Thomsen, 2005, International Bureau for Education, 2001; Lyons, 2006; 

Millar & Osborne, 1998). 

The concern of declining enrolments is not confined to secondary school science 

subjects. There also appears to be a lower proportion of students enrolling in physics 

and chemistry at the tertiary level (Hassan & Treagust, 2003; Selling, 2002). In recent 

years, the United Kingdom has experienced a 25% decrease in students selecting 

chemistry at the tertiary level and in France, university enrolments in physics have 

declined by 46% (Hassan & Treagust, 2003; Selling, 2002). The United States, 

Germany and Japan all face similar concerns of decreasing numbers of students 

selecting science subjects at university (Hassan & Treagust, 2003; Selling, 2002). In 

Scotland, however, the trend appears to be different where a large proportion of students 

choose to study physics in their final years of school and at the tertiary level (Reid & 

Skyabina, 2002). The key factors attracting students toward physics in Scotland appear 

to be the positive experiences students have in the lower years of secondary science as 

well as the perceived value of physics (Reid & Skyabina, 2002). 
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2.1.1.1 Senior secondary science enrolment trends in Australian schools 

In Australia, science is a compulsory subject in both the primary and the lower years of 

secondary school. As students reach the post-compulsory years of secondary education, 

they are able to choose the subjects they wish to pursue with the exception of English 

which is the only compulsory subject. Despite science being a core subject in the lower 

years of school and a valuable commodity in the post-industrial knowledge economy, 

fewer students are opting to pursue this area of study (CRTTE, 2003; Dekkers & de 

Laeter, 1997, 2001; de Laeter & Dekkers, 1996; Department of Education, Science & 

Training [DEST], 2003, Goodrum et al. 2000; Hackling et al. 2001; Reddy, 2004; 

Hassan & Treagust, 2003; Rennie et al. 2001; Sadler, 2002). 

It is important to note that the proportion of students enrolled in the post-compulsory 

years of school has increased, yet the proportion of students electing to take science 

subjects has decreased (CRTTE, 2003; Dekkers & de Laeter, 2001; DEST, 2003; 

Hassan & Treagust, 2003). For example, final year secondary school enrolments in 

1998 (177,234 students) were almost double what they were in 1980 (89,038 students) 

(Goodrum et al. 2000). Enrolments, however, in many of the science subjects decreased 

as a proportion of the total candidature (DEST, 2003; Fullarton, Walker, Ainley & 

Hillman; 2003; Goodrum et al. 2000; Hassan & Treagust, 2003). The decrease in 

participation is evident in the average percentage of final year secondary students 

enrolled in science subjects in 1993 (17.3%), 1998 (15.4%) and 2001 ( 14.1 % ) 

(Fullarton et al. 2003). 

National participation rates among students enrolled in science subjects in their final 

year of school have been examined from 1976 to 2002, where an overall decline in the 

percentage of students participating in the discipline-based science subjects such as 

biology, chemistry, geology and physics has been observed (Ainley & Underwood, 

2003; CRTTE, 2003). Fullarton et al. (2003) report that participation in biology 

declined from 3 5 % in 1990 to 25 % in 2001, chemistry participation dropped from 24 

per cent to 18% and participation in physics decreased from 22% to 17% (2003). The 

figure below, taken from a national report titled "Australia's Teachers: Australia's 

Future" (CRTTE, 2003, p. 40), clearly illustrates the decline in the proportion of 

enrolments in three of the four discipline-based science subjects. 
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Figure 2.1 National participation rates among Year 12 students in science subjects from 1976-2002. 
(Source: CRTIE, 2003, p.40). 

The declining numbers are a major concern to politicians, educators and economists if 

Australia is to remain globally competitive and contribute to the knowledge economy in 

this post-industrial age. There are concerns that the continuing decline of students 

selecting science subjects will lead to fewer students pursing university courses and 

careers in this area (CRTTE, 2003; DEST, 2003; Dekkers & de Laeter, 2001). Often, 

the science subjects offered in secondary school are a pre-requisite for most science 

courses offered at the tertiary level. It is anticipated that there will be a high demand for 

people in the workforce who have science qualifications due to the fewer number of 

students studying science at school and electing to pursue science at the tertiary level 

(DEST, 2003). 
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Many factors have been linked to the declining number of students selecting science 

subjects at school and pursuing careers in the field such as an increase in the variety of 

non-science subjects on offer, the influence of parents and teachers on subject and 

career choice, the negative attitudes students have toward science and the perceived 

difficulty associated with science subjects (Wood & de Laeter, 1986; Woolnough, 1994; 

Dobson & Calderon, 1999). Some of these factors are dealt with below in Sections 2.1.2 

and 2.1.3. 

2.1.2 Attitudes toward, and perceptions of, science at school 

Research on students' attitudes toward school science has appeared in the literature for a 

number of years (e.g. Ormerod & Duckworth, 1975; Osborne, Driver & Simon, 1998; 

Shringley, 1983; Shringley, Koballa & Simpson, 1988). The phrase "attitude toward 

science" has been interpreted in many ways. Some interpretations include: students' 

feelings about the science they encounter at school; students' interest in science at 

school; students' views of science; students' motivation to study science; and students' 

perceptions of the science they experience (Bennett, 2001). Koballa and Crawley (1985) 

indicate that there is "widespread consensus that the term attitude toward science 

should be used to refer to a general and enduring positive or negative feeling about 

science" (p. 233). For the purpose of the review and this thesis attitude toward science 

is concerned with school students' positive or negative feelings, perceptions and 

thoughts about the science they experience at school. 

Several studies have documented that many students develop negative attitudes toward 

science and become disenchanted with the subject as they progress through school 

(Baird, 1994; Baird, Gunstone, Penna, Fensham & White, 1990; Bennett, 2003; Braund 

& Driver, 2005; Ferguson 1991; Goodrum et al. 2000; Hackling et al. 2001; Krough & 

Thomsen, 2000; 2005; Millar & Osborne, 1998; Morrell & Lederman, 1998; Murphy & 

Beggs, 2003; Osborne & Collins, 2000a; 2000b; Osborne, Driver & Simon; 1998; 

Simpson & Oliver, 1985; 1990; Speering & Rennie, 1996). For many students, their 

interest in, and enjoyment of, science tends to wane and continues to do so over the first 

few years of secondary school (Baird et al. 1990; Ferguson, 1991; Rosier & Banks, 

1990; Thomson, Lokan, Lamb & Ainley, 2003). "Secondary schools put out the fire of 

desire that is lit in primary schools" (Goodrum et al. 2000, p.86). This disturbing quote 

was made by a teach_er in relation to students' enthusiasm towards science in primary 

school compared with secondary school science. It indicates that for a number of 
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students enthusiasm deteriorates dramatically as their experiences in secondary school 

science unfold. Consequently, a number of students leave secondary school with 

negative attitudes toward the subject (Simpson & Oliver, 1990). 

Shringley et al. (1988) and George and Kaplan (1998) maintain that attitudes are 

learned. Hence, the influences of outside factors such as "significant others" are key 

elements in the development of students' attitudes. This suggests that parents, teachers 

and the experiences students have in science play a significant role in influencing their 

attitudes toward science. Some of these influences are attended to below in Section 

2.1.4. The following sub-section 2.1.2.1 highlights differences between male and female 

students' attitudes toward science while sub-section 2.1.2.2 identifies the stereotypic 

attitudes many students display toward scientists and science. 

2.1.2.1 Gender differences in attitudes toward science 

Research has shown that males and females tend to display different attitudes toward, 

and interests in, science and this difference widens as they progress through school 

(Burken, Lee & Smerdon, 1997; Solomon; 1996). Typically, it has been reported that 

male students possess more positive attitudes toward science compared with their 

female peers (Millar, Blessing & Schwartz, 2006; Simpson & Oliver, 1985; 1990; 

Thomas, 1986). Catsambis (1995) examined gender differences in students' science 

attitudes during the junior years of secondary school and reported that female students 

had less positive attitudes toward science and displayed less interest in pursuing a career 

in science than male students. There have, however, been distinct variations in male and 

female attitudes toward specific science subjects (Weinburgh, 1995). 

It has been noted that males tend to have more positive dispositions toward the physical 

sciences while females are more predisposed toward the biological sciences (Dawson, 

2000; Kahle, Parker, Rennie & Riley, 1993; Jones, Howe & Rua, 2000; Ormerod & 

Duckworth, 1975; Weinburgh, 1995). Farenga and Joyce (1999) examined students' 

perceptions of gender appropriate science courses and found that a sample of 427 male 

and female students between the ages of 9 and 13 perceived the physical sciences to be 

more suitable for males to study while life sciences were more appropriate for female 

students to pursue and this is reflected in science subject enrolment data in the post 

compulsory years of schooling. 

16 



2.1.2.2 Stereotypic attitudes associated with scientists and science 

Research concerning students' perceptions of scientists has shown that many hold 

similar stereotypical perceptions (Bodzin & Gehringer, 200 I; Chambers, 1983; 

Dowling, 2001; Hadden & Johnstone, 1983; Mead & Metraux, 1957; Purbrick, 1997; 

Solomon 1993; Tuckey, 1992). Such research has asked students to describe and/or 

draw a scientist. Many students portray a stereotypical representation where generally 

the scientist is a white male who wears glasses and a white lab coat (Chambers, 1983 ). 

The scientist usually has some kind of facial hair, untidy hair or is bald and is associated 

with working in a laboratory with lots of science equipment in evidence such as test 

tubes and beakers. 

The stereotypical perceptions that students commonly portray are developed from a 

young age and are often formulated before they reach the end of primary school 

(Dowling, 200 I; Purbrick, 1997). Cleaves, (2005) suggests that such stereotypes could 

have an impact on students' attitudes toward, and interests in, science and later 

influence subject selection in the post-compulsory years of schooling as many do not 

see themselves fitting the stereotypical image they perceive a scientist to be. 

2.1.3 Difficulty associated with science 

There appears to be a common perception that science subjects, particularly the physical 

science subjects such as physics and chemistry, arc difficult in comparison to other 

school subjects (Cleaves, 2005; Kelly, 1988; Lyons, 2006; Millar, 1991; Osborne, 

Driver & Simon, 1998; Simon, 2000). Many students find the concepts covered in 

science intellectually demanding and hard to understand (CRTTE, 2003; Osborne & 

Collins, 2000a). The notion of students finding science hard or difficult to learn has 

been linked to the abstract concepts inherent in the subject, the way in which science is 

taught and the language used. Osborne and Collins (2000a) demonstrated that students 

like challenging work in science, however experiencing continual difficulty can be 

discouraging and result in many loosing their desire for the challenges they confront in 

school science. 

Johnstone (1991 ), attempted to answer the question "Why is science difficult to learn?" 

It was suggested that part of the difficulty rests with the nature of science itself, in that it 

entail� many complex concepts. The key factor, however, identified in contributing to 

the difficulty in learning science was associated with the frustration students experience 
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in relation to the approaches adopted in teaching the scientific content (Johnstone, 

1991 ). Often, traditional pedagogies are employed that emphasise the memorisation and 

recall of facts, require the learner to copy substantial amounts of information and fail to 

engage the large majority of students (Goodrum et al. 2000). 

In considering why science is hard to learn, Millar ( 1991) offers four intrinsic, and two 

extrinsic, reasons related to science, the learner and science education. The first 

intrinsic reason is that "learners cannot see any "pay off' for the effort required to learn 

science" (Millar, 1991, p.68). Before formal learning takes place most individuals 

develop their own theories to explain certain phenomena which satisfy their individual 

needs. Consequently, learning the accepted theoretical scientific explanation and adding 

this to one's current understanding will not necessarily affect one's ability to operate 

successfully in everyday life. That is to say, the learner may not see any advantage or 

"pay off' in learning about concepts for which they believe they have already developed 

adequate explanations. 

The second intrinsic reason relates to learning in science where reconstructions of 

meaning are involved, rather than simply the accumulation of knowledge (Millar, 

1991 ). It involves new information or experiences interacting with the learner's existing 

beliefs and requires the learner to reconstruct their understandings. The third intrinsic 

factor relates to the nature of science where certain aspects confuse and alienate many 

learners. The final component of intrinsic difficulty is that science is abstract and Millar 

suggests that part of the abstraction lies in the specialist language used. 

The two areas of extrinsic difficulty relate to the overcrowded science curriculum and to 

teaching science to adolescents (Millar, 1991 ). The prescribed curriculum for 

compulsory school science contains many topics that are expected to be covered within 

each school year. To cover the topics in the science curriculum teachers tend to adopt 

pedagogies that are transmissive and are not necessarily appropriate for the majority of 

students to grasp a real understanding of the concepts with which they are presented. 

Often much of the content is theory laden making it difficult for many students to relate 

to the concepts and gain a real understanding. In addition, students are not always 

interested in the topics that are covered and have little choice in determining what is 

covered. During adolescence many students are unreceptive to not only what science 

has to offer but school in general (Ainley, 1995; Millar, 1991) and as a consequence 

science may be perceived to be hard because they are not interested in it. 
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Research has suggested that the language used in science could also be a contributing 

factor to the perceived difficulty associated with the subject (Johnstone, 1991; 

Wellington, 200 I). Often students find the language used in science unfamiliar and hard 

to understand (Clerk & Rutherford, 2000). Wellington, (200 I) acknowledges that 

language is one of the main barriers to learning in science. One would anticipate that it 

is the specialised terminology with which students struggle with. According to 

Johnstone ( 1991) and Cassells and Johnstone, ( 1983) technical language does not 

present as many difficulties as the familiar non-technical language that is used in 

science, and which students think they understand but often misinterpret or misconstrue 

the meaning. 

Difficulty has also been associated with the language used in science textbooks (Clerk 

& Rutherford, 2000; Merzyn, 1987; Wellington, 200 I). The complexity of the language 

used in school science textbooks is often demanding on students' abilities and 

inappropriate for many pupils (Merzyn, 1987; Wellington, 2001 ). Such textbooks arc 

often written in an impersonal style and overloaded with text which is uninviting to 

many students. 

2.1.4 Curriculum, pedagogies and evaluation 

[T]he current curriculum retains its past, mid-twentieth-century emphasis, 
presenting science as a body of knowledge which is value-free, objective and 
detached- a succession of' facts' to be learnt, with insufficient indication of 
any overarching coherence and a lack of contextual relevance to the future 
needs of young people. (Millar & Osborne, 1998, p. 4). 

The curriculum, pedagogy and evaluation in science education often continue to operate 

in modes that were successful for the industrial age where teaching and learning were 

content and process driven. Science in secondary school remains subject-centred, 

teachers are in control and students receive extrinsic rewards on the basis of their 

performance which is given in the form of a grade or mark. Students are under pressure 

from external sources such as parents and teachers and are expected to perforrn. This 

approach encourages competition amongst students rather than collaboration. As a 

result, science education at school fails to prepare the large majority of students to be 

scientifically literate citizens in the post-industrial society. 

Bernstein ( 1971) refers to curriculum, pedagogy and evaluation as the three social 

message systems in schools. All three are critical factors in the engagement of students 
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in science subjects (Darby, 2005; Goodrum et al. 2000). In an attempt to understand the 

function that science education has in the post-industrial society, one needs to consider 

the three social message systems. 

According to Bernstein ( 1977), curricula can be classified into a spectrum the ends of 

which he described as collection code and integrated code. Collection code types ref er 

to the subject-centred curriculum where subjects are taught independently and there are 

usually specialised and non-specialised subjects. In an integrated code curriculum the 

boundaries between subjects are blurred. That is to say, there can be integration within a 

subject or across subjects. 

Similarly, pedagogy can be placed on a continuum where the two extremities are 

teacher-directed and student-centred. Teacher-directed pedagogies encompass the 

transmissive approaches to teaching, where direct-instruction dominates the method and 

the student is a non-participant in the teaching process. Student-centred pedagogies are 

situated at the opposite end and involve the learner constructing understanding and new 

knowledge based on what they already know juxtaposed with their current experiences 

in the learning context. 

In the same way, evaluation can be categorised into a spectrum with norm-referenced 

and criterion referenced at opposite ends. Norm-referenced assessment indicates how 

well a student has performed in relation to other students. Typically, it is based on the 

memorisation of facts and is administered in the fonn of a test or quiz at the end of a 

topic. Criterion referenced assessment refers to how well a student has learned 

something against a set of specified criteria. 

The following sub-sections identify concerns related to the science curriculum, 

pedagogies adopted and the evaluation procedures employed. 

2.1.4.J Curriculum 

There appears to be disparity between the science curriculum offered and the needs and 

interests of students (Darby, 2005; Goodrum et al. 2000). Findings from many studies 

have found that much of the science content offered in secondary schools is outdated 

and only caters for a minority of students who wish to specialise and pursue a career in 

science (e.g., Millar & Osborne, 1998; Osborne & Collins, 2000a). Students seem to 

have little choice in the content that is covered in the compulsory years of school 

science (Millar & Osborne, 1998) and means that many are unable to pursue areas of 
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interest. It is not until the post-compulsory years of schooling where students have a 

greater choice and at this stage many opt not to study science. Millar and Osborne 

( 1998) suggest that students should have some choice in the content that is covered in 

the early years of secondary science in order to foster their interest in, and enthusiasm 

toward, the subject. 

Prominent in a number of research reports is the apparent lack of relevance the science 

curriculum has in relation to students and the society in which they live (AAAS, 1990; 

Goodrum et al. 2000; Hackling et al. 2001; Millar & Osborne, 1998, Osborne & Collins, 

2000a; 2000b; Schreiner; 2006; Schreiner & Sj0berg, 2004; Sj0berg & Schreiner, 

2006). In the United Kingdom, Osborne and Collins (2000a) conducted a study on 

pupils' and parents' views of the school science curriculum. In relation to the content of 

the science curriculum, it was evident that a number of students felt certain topics taught 

in science classes, such as memorising the periodic table and learning about the blast 

furnace, lacked relevance to their lives and were not relevant to their future experiences. 

This lack of relevance makes it hard for students to show enthusiasm toward school 

science. It also inhibits students' ability to link and apply what was intended to be learnt 

to their experiences outside school. 

Osborne and Collins (2000a; 2000b) also report that students believe there is a great 

deal of repetition in the content which is covered in early secondary science and a lack 

of progression with certain topics taught in various science subjects. Similarly, findings 

from Braund and Driver's study (2005) show that students in their first year of 

secondary school do not always find science as challenging as they had anticipated and 

indicate that science content covered in early secondary school tend to reflect those of 

primary school. Furthermore, the students revealed that practical work in early 

secondary school was the same as what they experienced in primary school the only 

difference was that more elaborate science equipment was used (Braund & Driver, 

2005). Nott and Wellington (1999), indicate that several secondary science teachers fail 

take into consideration what students have covered in primary education as they believe 

students do not carry knowledge effectively from primary to secondary school. 

2.1.4.2 Pedagogies 

There are concerns around how science is delivered within secondary schools. The 

teacher and the pedagogies adopted are critical factors in the engagement of students in 
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science subjects (Darby, 2005; Goodrum et al. 2000). Students and parents 

acknowledge the importance of teachers and their teaching style within science lessons 

in retaining students' interest in the subject (Osborne & Collins, 2000a). Often, the 

demand of covering excessive content within the science curriculum leads to teachers 

presenting it in the same way which generally involves repetitive note taking by 

students who are expected to memorise the information presented and recall this 

infonnation when being assessed (Goodrum et al. 2000; Millar & Osborne, 1998). The 

teacher-directed approaches adopted in delivering science are often the catalyst in 

disengaging students. 

Baird ( J 994) reports that students in secondary school found science boring as a 

consequence of how it was taught (Baird, 1994 ). Students reported that the bulk of their 

science lessons consisted of writing notes and having long, monotonous discussions 

about the topic they were covering. Similar findings have been reported in other 

research where students are disappointed with the science they experience at school as a 

consequence of the teacher-directed approaches adopted in the delivery of lessons 

(Goodrum et al. 2000; Hackling et al. 2001; Osborne & Collins 2000a). Traditional 

methods of teaching science have involved the 'talk and chalk' approaches where there 

is little onus on the learner, few opportunities for interactive learning and considerable 

teaching time is directed toward preparing students for the end-of-topic test (Goodrum 

ct al. 2000; Hackling et al. 2001 ). When students arc exposed to practical work in this 

context they generally follow a series of instructions or watch the teacher demonstrate 

how to conduct the experiment before being given the opportunity to do so. The 

teacher-directed way that science is transmitted fails to engage many students. 

Certain teaching strategies are seen to be effective in the teaching and learning of 

science. Cavallo and Laubach (2001) found that students who experienced higher levels 

of inquiry-based activities in science possessed more positive attitudes toward the 

subject. Woolnough ( 1996) acknowledges, however, that students are motivated by 

different things and as a consequence there is no single teaching strategy that has been 

identified which engages all students. 

2.J.4.3 Evaluation/Assessment 

There have been a number of concerns about the traditional forms of norm-referenced, 

summative assessment that are a prominent feature of many secondary science 
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classrooms (Goodrum et al. 2000, Hackling et al. 2000; Millar & Osborne, 1998). 

Assessment in science has been dominated by end-of-topic exams that focus on the 

content covered rather than student understanding and serve the purpose of grading 

(Goodrum et al. 2000; Hackling et al. 2001 ). Often the assessment is typically based on 

students memorising facts and being able to recall these later in a pen and paper test. 

Students have indicated that the information they are expected to learn has no real 

relevance to them (Goodrum et al. 2000) and often the value to them of learning the 

information was purely instrumental in that learning it would allow them to pass the 

exam (Osborne & Collins, 2000). 

2.1.5 Concerns associated with resources, equipment and facilities 

Many teachers express concerns about the inadequacy of the resources, equipment and 

facilities provided for the teaching of school science subjects (Hackling et al. 2000; 

Harris et al. 2005). The availability of, and access to, resources, equipment and facilities 

in science classes differs across schools and can place restrictions on the types of 

teaching and learning experiences that take place (Goodrum et al. 2000; Hackling et al. 

200 I; Rennie et al. 200 I; Harris et al. 2005). Generally, in school settings, there is a 

limited amount of funding derived from the school budget allocated to science to 

purchase the necessary resources and equipment (Akpan, 2004; Harris et al. 2005; 

Rennie ct al. 2001 ). As a consequence, there are often limitations surrounding the 

quality, quantity, appropriateness and availability of the resources, the equipment and 

the facilities that support effective teaching and learning in science. 

In some secondary schools, there arc barriers in accessing science facilities because 

multiple classes are timetabled to have science at the same time (Goodrum et al. 2000). 

In other situations, the layout and size of the science laboratory is not always conducive 

to good teaching because of the number of students present in classes (Akpan, 2004 ). In 

these circumstances, teachers are constrained in the types of activities and experiences 

they can offer students during laboratory based science classes. 

Class size is an issue that concerns many teachers in all facets of education. The size of 

classes can be a limiting factor on the types of activities and experiences that are 

provided within science lessons (Goodrum et al. 2000; Sadler, 2002). Carrying out 

effective practical activities in large science classes and ensuring all pupils' safety is a 

problematic pastime for many teachers (Sadler, 2002). 
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The curriculum resources that teachers use in science classes, such as textbooks, are 

often not suitable for the students who are being taught (Wellington, 2001 ). Many are 

outdated and reflect traditional approaches toward teaching science (Hackling et al. 

200 l ). In addition, the language and vocabulary used in such texts is often poorly 

understood by students (Wellington, 200 l ). It has been reported that poor curriculum 

resources can prevent teachers from employing effective teaching practices and hinder 

students' understanding of concepts intended to be mastered (Abraham, Grzybowski, 

Renner & Marek, 1992; Stern & Roseman, 2004). 

Within primary school settings adequate facilities and equipment for science are lacking 

(AA TSE, 2002). Teachers are faced with the problem of acquiring the necessary science 

equipment for practical activities and ensuring there is enough for a class group. The 

lack of equipment may lead to certain activities being overlooked (Appleton, 1997). 

Primary schools generally do not have an extensive range of science equipment within 

the school compared with secondary science facilities. 

2.1.6 Concerns associated with the use of Information and Communications 

Technologies in science 

In today's society, information and communications technologies (ICTs) are more 

prevalent in schools compared to what they were 10 years ago (Mistler-Jackson & 

Butler Songer, 2000). This however, does not necessarily imply that ICTs arc being 

used effectively in science or, in some cases, at all (Cox, 2000). Often access to ICTs 

and their benefits is inequitably distributed both across schools and within the 

individual schools (Center for Applied Special Technology (CAST], 1996). 

Bennett (2003) and Cox (2000), maintain that only a minority of science teachers use 

ICTs on a regular basis in science lessons. A number of reasons have been linked to 

why ICTs are not regularly used by teachers including: lack of confidence and computer 

anxiety; lack of competence; limited access to the technology; poor quality hardware; 

lack of time; technical problems; resistance to change and negative attitudes; and no 

perception of benefits (Becta, 2004 ). 

Often teachers lack confidence in integrating ICTs in their science lessons as they have 

not received appropriate training or guidance on how to do this (Bennett, 2003; 

McKinsey & Company, 1997). Russell and Bradley (1997) conducted a study that 

examined teachers' anxiety to use computers and found that while teachers generally 
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supported the use of computers in the educational context, they indicated that they had 

low levels of computer competence and did not have the skills to use them effectively. 

There have been many concerns related to accessing technology within schools (Cox, 

2000). In secondary schools, computers are often networked and located within one or 

more rooms (Cox, 2000). Cox (2000) further reports that often when teachers arrange 

for their science class to frequent the computer room they are constrained by the amount 

of time that they can use the room due to the level of demand by other classes. 

Technology outdates quickly and unfortunately most schools are unable to update 

hardware every few years due to insufficient funding (Bennett, 2003). As a 

consequence, many schools have numbers of outdated computers running old operating 

systems (Bennett, 2003; McKinsey & Company 1997). A number of problems can arise 

when students use such old computers such as the speed being very slow and certain 

software not running efficiently or sometimes at all (McKinsey & Company, 1997). 

This is frustrating for the user and could deter the teacher from using such technology. 

Additional problems include the lack of technical support making it hard for teachers to 

get the much needed assistance that they require and many see themselves as being 

technologically illiterate and consequently choose not to incorporate ICTs into their 

lessons. 

2.1. 7 Time constraints and workload concerns 

Many teachers are overloaded with the teaching and non-teaching duties that they are 

required to fulfil. Harris et al. (2005) surveyed 1207 secondary school science teachers 

in Australia and identified that a large proportion are confronted with high workload 

issues that are related to the long hours required, high marking loads and administrative 

duties. Many are concerned with the number of hours they spend both in and out of 

school preparing for lessons and in marking students' work (Harris et al. 2005). One 

teacher indicated that at certain times of the year the workload is unrealistic "to the 

point where there can be no life outside school business for several weeks" (Harris et al. 

2005, p. 38). 

The amount of time given to science on the school timetable varies across schools. In 

Australia, Goodrum et al. (2000) surveyed 296 secondary school teachers and found 

that 200 minutes was the average time spent on teaching science each week. There 

were differences of 90 minutes in the amount of time devoted to science in the 
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compulsory years of schooling where some schools were dedicating a total of 240 

minutes of the school timetable to science per week while others were allocating 150 

minutes (Goodrum et al. 2000; Hackling et al. 2001). 

In primary schools, one would expect a certain amount of time being devoted to science 

each week given that it is a key learning area in the curriculum. Reports have shown, 

however, that this is not always the case. Quite often science in primary school is 

overlooked and not taught at all (CRTTE, 2003; Goodrum et al. 2000). Goodrum et al. 

(2000) report that out of the 209 primary teachers who were surveyed in their study they 

estimated that on average, science was taught for a total of 59 minutes per week. The 

authors of the report indicate that these data are probably unreliable and most likely 

overestimates. This implies that a large percentage of primary school students in 

Australia are exposed to less than 59 minutes of science per week. This is of great 

concern. 

Angus ct al. (2004) examined how primary schools allocate time for particular learning 

areas, which comprised part of a larger study concerning the sufficiency of resources for 

Australian primary schools. Of the 21 primary schools surveyed, it was estimated that 

the average time spent on science per week equated to 41 minutes. It was noted that the 

actual amount of time might be more than reported. Nonetheless, this is a worrying 

finding. 

Students have also expressed concern in relation to spending too little time on the topics 

that are being covered within the science curriculum. Osborne and Collins (2000a, p.23) 

noted that students felt as though they were being rushed through the science curriculum 

and had little time to reflect on what they had been learning: "pupils were being frog

marched across the scientific landscape, from one feature to another, with no time to 

stand and stare, or absorb what it was that they had just learnt". This constraint was 

associated with an overloaded science curriculum. Given the amount of time schools 

devote to science and the number of areas that are expected to be covered within the 

science curriculum during a school year, the topics are dealt with swiftly and often 

implemented in ways that are of little benefit to students. This makes it difficult for 

students to really grasp and understand what was intended to be learnt by curriculum 

designers. 
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2.1.8 Lack of specialist teachers 

It has been noted that there is a lack of specialist science teachers in both primary and 

secondary schools (CRTTE, 2003; Dowling, 200 I). Many primary teachers generally 

have not specialised in science in their pre-service education training. They complete 

science method subjects, that is how to teach it, but many lack the content knowledge in 

specific areas of science that they are expected to teach. 

In secondary schools, many teachers are teaching outside their area of expertise. This is 

in part due to the shortage of specialist science teachers in certain areas. For example, 

there is a reported shortage of teachers who have physics or chemistry qualifications 

within secondary schools (CRTTE, 2003). Harris et al. (2005) compiled a report that 

examined the characteristics of teachers currently teaching science in Australian 

secondary schools. It was noted that the majority of teachers who were surveyed had a 

strong grounding in biology (Harris et al. 2005) and only 17% of the teachers who were 

surveyed had specialised in physics (Harris ct al. 2005). An additional disturbing 

finding was that there was a high percentage of teachers responsible for teaching 

science in the first two years of secondary education who had not undertaken any of the 

discipline-based science subjects (biology, physics, chemistry or geology) in their 

tertiary training (Harris et al. 2005). This knowledge comprises one of the elements of 

pedagogical content knowledge (Shulman, 1986). 

Pedagogical content knowledge (PCK), conceptualised by Shulman ( 1986), refers to the 

knowledge teachers draw on that is specific to teaching certain subject matter. It 

encompasses an understanding of what makes the learning of a particular topic 

uncomplicated or complicated and knowledge of the conceptions and misconceptions 

that students of different ages might hold in relation to the specific topics taught 

(Shulman, 1986). Grossman ( 1990), extended the definition of PCK to comprise four 

central components: "knowledge and beliefs about the purposes of teaching a subject at 

different grade levels; knowledge of students' understanding, conceptions, and 

misconceptions of particular topics in a subject matter; curricular knowledge which 

includes knowledge of curriculum materials available for teaching particular subject 

matter, as well as knowledge about both the horizontal and vertical curricula for a 

subject; and, knowledge of instructional strategies and representations for teaching 

particular topics" (Grossman, 1990, pp.8-9). Science PCK applies to the te.aching of 

science and is distinct from the PCK required to teach reading or writing or other 
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curriculum subjects. Appleton and Kindt (2002) assert that for teachers to become 

effective teachers of science they need to develop science pedagogical content 

knowledge (PCK). 

Given the shortage, many schools experience difficulty in recruiting science teachers 

who have a chemistry or physics qualification (Harris et al. 2005). This difficulty is 

greater in rural and remote areas of Australia. To compensate for the lack of specialists, 

teachers are often required to teach outside their area of expertise in secondary science 

classes to cover the vacancies. There seems to be very little opportunity for science 

teachers in these situations to receive support through professional development 

experiences (Goodrum et al. 2000; Hackling et al. 2001 ). 

Of added concern is that there is a predicted shortage of science teachers over the next 

decade due to many current teachers reaching retirement age and the fact that very few 

students are opting to pursue careers as science teachers (DEST, 2003;CRTTE, 2003; 

Harris et al. 2005; Lawrance & Palmer, 2003). Lawrance and Palmer (2003) suggest 

that the probability of students who graduate from university with a science degree 

pursuing a career in teaching science is low given that there are many more financially 

viable options they could pursue. Dobson and Calderon (1999) indicate that there has 

been a considerable decrease in the number students enrolled in education co11rses who 

select science subjects at university. Furthermore, many early-career science teachers 

are uncertain as to whether or not they will still be teaching in five years time (Harris et 

al. 2005). A number of reasons have been offered for the difficulty of retaining science 

teachers in schools. These include the inadequacy of facilities and support for science 

teaching, and the behaviour of school students. 

2.2 Summary of concerns 

A number of concerns related to science education at school have been identified. 

National and international research highlights that many students become disenchanted 

with science as they progress through school. Several countries are alarmed at the 

declining number of students electing to pursue the sciences in the later years of 

secondary school and at university. Furthermore, as students advance through school 

many loose interest in, and display less positive attitudes toward, science. It seems that 

the secondary science curriculum and pedagogies adopted in the delivery, fail to engage 

the majority of students. 
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School science is confronted with a shortage of specialist teachers. Many teachers lack 

the physical and professional support that is required to help them implement the 

science curriculum effectively and the resources, equipment and facilities appear to be 

inadequate in many schools. Overall. the situation in school-based science education in 

Australia is somewhat depressing. 

As noted earlier in the chapter, many of the concerns identified arc intertwined. The 

declining numbers of students enrolling in science subjects in the post-compulsory years 

of secondary school have been linked to students· negative experiences in the 

compulsory years (Hackling ct al. 2001; Lyons, 2006 ). Students· lack of interest in 

science has been attributed to the transmissive way it is taught at school (Spcering & 

Rennie, 1996 ). Furthermore, the teacher-directed pedagogics employed to teach science 

are often selected as a consequence of having to cover the overcrowded curriculum 

(Goodrum et al. 2000; Harris ct al. 2005). 

There have been rcfonn efforts in science education across the glohe that endeavour to 

address many of the concerns identified. Many of the reports and publications released 

about the state of science education share similar recommendations or intended 

outcomes for science education (Garcia, Fernando & Gallegos, 2005; van Driel, 

Beijaard, & Yerloop, 200 I). The next section of the review of literature considers three 

influential reports concerned with the refonn of science education in the United States, 

the United Kingdom and Australia. 
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2.3 Reports and recommendations 

Science education in many countries has been under review over the last two decades 

(e.g. AAAS. 1990; Garcia. Flores & Gallegos. 2005; Millar & Osborne; 1998). As noted 

earlier in this chapter, there have been recommendations to transfonn existing modes of 

science education offered in schools. 

A number of reports raise concerns about science education in both primary and 

secondary schools and offer recommendations to address the concerns. Often. the 

importance of developing and improving the scientific literacy of students is highlighted 

and attention is devoted to the need for the re-structuring of the science curriculum to 

foster student interest, knowledge and skills for life. 

This section of the review of literature considers three national reports from the United 

States of America, United Kingdom and Australia, and the recommendations they make 

for school-based science education. Many of the concerns identified in science 

education arc common across these countries. The reports include: Science for all 

Americans: Project 2061 (AAAS, 1990); Beyond 2000: Science Education for the 

Future ( Millar & Osborne, 1998); and The Status and Quality of Teaching and Leaming 

Science in Australian schools (Goodrum ct al. 2000). 

2.3.1 Science for All Americans: Project 2061 

Initiated in 1985. Scienc<' (or A II Americans: l'micct 2061. set to reform science 

education in the United States from elementary through to the final year of high school 

(AAAS, 1990). The project considered many of the problems evident in science 

education and embarked on identifying what was most important for the next generation 

to know and be able to do not only in science but also in mathematics and technology. 

The American Association for the Advancement of Science recognised that a large 

proportion of Americans were not scientifically literate and saw the need for science 

education at school to provide the opportunity for all students to develop their scientific 

literacy so that they could later become informed members of the society. Project 2061 

made a number of recommendations for science education at school to begin to address 

many of the concerns that were identified in existing modes at the time. The overall 

objective is to foster a science education that contributes towards achieving scientific 

literacy for all students (AAAS, 1990). 
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The project acknowledged that many elementary school teachers lacked specialist 

training in science. In addition, a number of high school science teachers, teaching at 

both junior and senior levels, did not possess adequate science qualifications. There 

were issues related to teacher workloads evident in both primary and secondary schools, 

where many time constraints impacted on the effective teaching of science. 

The report recognised that the science curriculum at the time was "overstuffed" and 

"undernourished" (AAAS, 1990. p. xvi). Similarly, Schmidt, ( 1999. p. 92) indicated that 

the curriculum in America was "a mile wide and an inch deep". Science teachers were 

confronted with having to cover a vast array of topics within the curriculum in a limited 

amount of time. In most cases this engendered a surface approach to learning where 

topics were covered superficially. It was also recognised that many of the textbooks 

used in school science were more traditional in that they contained fragmented 

infonnation and promoted the memorisation of facts. 

The recommendations from the project set an agenda for the transformation of the 

science curriculum in the United States and provided the foundations and principles for 

effective teaching and learning in science subjects from the first through to the last year 

of schooling. The central goal was to have a science curriculum that achieved scientific 

literacy for all. 

The American Association for the Advancement of Science define a scientifically 

literate person as: 

[O)ne who is aware that science, mathematics, and technology arc 

interdependent human enterprises with strengths and limitations; 

understands key concepts and principles of science; is familiar with the 

natural world and recognises both its diversity and unity; and uses scientific 

knowledge and scientific ways of thinking for individual and social 

purposes."' (AAAS, 1990, p. xvii). 

The recommendations suggested that the curriculum should make connections among 

the science disciplines and with other discipline areas. One of the principles that 

underpins Project 2061 is that schools do not need to teach more and more content, but 

rather focus on what is essential to achieving scientific literacy and to teach these things 

more effectively. This has implications for the pedagogies adopted in delivering the 

science curriculum. The report advised that the curriculum and the teaching methods 
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adopted should be reorganised so that emphasis was placed on covering fewer topics in 

greater depth, and to foster deep student understanding as opposed to covering multiple 

topics. Furthermore. it was recommended that the teaching of facts and memorisation of 

information be replaced with teaching approaches that encourage students to understand 

the scientific concepts that are taught. 

The report recognises that the rcfom1 of science education will take a long time and 

advises that all aspects of science education need to be considered in the process. It is 

acknowledged that teachers play a key role in the reform of science education. however, 

they can not be held exclusively responsible for achieving this. They need to be 

supported in the process. 

More recently, the National Science Foundation in the United States has published 

Taking Science to School: Learning and Teaching Science in Grades K-8 (Dusch) ct al. 

2006) in a further attempt to influence pedagogical approaches in science and to focus 

curriculum developers' efforts at the K-8 grade levels. 

1.3.1 Beyond 2000: Science Education for the Future 

Beyond 2000: Science Education for the Future (Millar & Osborne, 1998) is a report 

that entails directions for science education in the United Kingdom. Many of the 

concerns in science education. identified earlier in the review of literature, arc noted as 

problems in science education in the United Kingdom. The report i.:onsidered the 

successes and failures of si.:ieni.:c education and proposed IO recommendations for a new 

vision of science education based on what is needed by young people in today's society. 

Science in the United Kingdom is a compulsory school subject for students aged 5-16. 

In the past, a main aim of the science curriculum was to prepare students for further 

study in science. This resulted in the curriculum being largely targeted at a minority of 

students who wished to specialise and pursue a career in science. The content of the 

curriculum relied heavily on recalling facts and the approach was reflected in the form 

and structure of the assessment tasks. 

Evident in the report were the concerns that the science curriculum did not appeal to the 

majority of students' interests and lacked relevance to their every day lives. 

Furthermore, experiences offered within science at school often neglected to create 

curiosity, inquisitiveness and interest within students. This was especially true for 

students in secondary science. Millar and Osborne ( 1998) believed that this lack of 
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relevance and interest in science was one factor that led to fewer students choosing 

science subjects in the post-compulsory years of schooling. 

This report identified that the science curriculum at the time failed to provide a clear set 

of aims of what students should be scientifically capable of doing as they progress 

through the compulsory years of science education. Teachers were faced with the 

uncertainty of knowing what students had been exposed to in the previous years of 

school and were not clear on what they should be building. 

An additional concern was that many of the teaching and learning experiences that 

students are presented with in school science lack variety and fail to cater for the diverse 

needs of students. The "routine" teaching and learning experiences evident in science 

classes tended to focus on covering the content for assessment purposes, that is, 

"teaching for the test". Students were provided with little choice of pursuing topics in 

which they were interested during the final years of compulsory school science (Millar 

& Oshorne, 1998). In addition, science and technology arc separate suhjccts within the 

United Kingdom's National Curriculum. Millar and Osborne ( 1998) suggest that the 

absence of technology in science makes it irrelevant to many students' interests. 

The authors of the report recognised that something needed to he done ahout the 

ongoing concerns and problems identified in science education and offered a set of 

recommendations that would underpin new curriculum which would empower students 

to hccomc 'scientifically literate' hut would also cater Ii.Jr those who wished to pursue 

specialist science subjects in the later years of secondary school. Millar and Osborne 

( 1998, p.8) refer to 'scientifically literate' people as those who arc "ahlc to engage with 

the ideas and views which form such a central part of our common culture." This is a 

more general definition compared with that defined in Project 2061 which was outlined 

earlier in section 2.3.1. 
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All of the IO recommendations in the report work towards a science curriculum that 

attempts to cater for all students' needs. The first of the recommendations entails an 

overall aim of providing students with the opportunity of enhancing their general 

scientific literacy. Millar and Osborne ( 1998. p.9) refer to "enhance general scientific 

literacy" as meaning: 

[S]chool science should aim to produce a populace who arc comfortable. 

competent and confident with scientific and technical matters and 

artefacts. The science curriculum should provide sufficient scientific 

knowledge and understanding to enable students to read simple 

newspaper articles about science, and to follow TV programmes on new 

advances in science education. Such an education should enable them to 

express an opinion on important social and ethical issues with which they 

will increasingly be confronted. It will also fonn a viable basis, should 

the need arise, for retraining in work related to science or technology in 

their later careers. 

This recommendation would sec compulsory school science as having an underlying 

goal of providing all students with the opportunity to participate in science, gain general 

scientific knowledge and foster a life long commitment to science by preparing students 

to become an infonncd member of society. It was recommended that a clear set of aims 

be established for the compulsory science curriculum that teachers. students and parents 

arc aware of and understand. It was suggested that these aims need to state why students 

should study science and specify what students should gain from their participation in 

school science. Millar and Osborne ( 1998) claim that the science curriculum should 

introduce students to a number of key ideas about science and indicated that the way in 

which content is presented in the science curriculum needs to be considered carefully 

but with the prime criteria that it should be presented clearly and simply, and follow on 

from the set of aims. 

A further recommendation was that the science curriculum needs to distinguish between 

the elements that contribute to the initial training of students who wish to specialise in 

science and those which contribute toward students· understanding of science in their 

future role as a "scientifically literate" member of society. These two facets of science 

education need to complement each other. Millar and Osborne ( 1998) suggest one way 

of doing this is by providing choice in the later years of compulsory school science to 
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cater for the diverse needs of students. Ideally the onus would be on the students 

selecting the science subjects in which they have a vested interest. In catering for the 

diverse needs of students. Millar and Osborne ( 1998) further suggest that both 

vocational and more academic topics should be provided to cater for those who wish to 

pursue science careers and also for those who do not intend to continue science but are 

developing an understanding which they will implement as a future infom1cd member 

of society. They also recommended that the science curriculum should incorporate a 

wide variety of teaching and learning experiences to cater for these diverse needs of 

learners. 

Research has shown that technology is something in which most students in this day 

and age are interested. Millar and Osborne ( 1998) recognise this and suggest that many 

aspects of technology could be included in the curriculum to help students formulate 

their understandings of the many concepts with which they arc presented. Science 

coupled with technology may be the vital link that could help make science more 

relevant to many students. 

It was recognised that assessment also plays a key role in the development of scientific 

literacy. When selecting items to assess more consideration should be given to things 

that are vitally important in helping students understand science. Assessment procedures 

within school science should steer away from the traditional, summative forms that have 

long been employed which focus solely on students memorising anti recalling facts. 

Developing skills to interpret. understand and evaluate scientific infonnation and 

allowing students to voice their understandings and opinions about scientific issues was 

recommended. 

Similar to Project 2061, the Beyond 2000 report acknowledged that making the 

necessary changes to the science curriculum will take time. It was suggested that the 

recommendations be trialled and evaluated in a representative sample of schools before 

making changes to the National Curriculum. In agreement with the Beyond 2000 report, 

a new syllabus was introduced called Science for Public Understanding (Northern 

Examinations and Assessment Board, 1998). The main aims of the syllabus were to 

increase students·: understanding of everyday science; confidence in reading and 

discussing media reports of issues concerning science and technology; and, appreciation 

of the impact of science on how we think and act. 
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2.3.3 The Status and Quality of Teaching and Learning of Science in Australian 

Schools 

In Australia, similar recommendations for school-based science education have been 

made. A research report, commissioned by the Commonwealth Department of 

Education, Training and Youth Affairs (DETY A) now know as the Department of 

Education, Science and Training (DEST), set out to investigate the status and quality of 

teaching and learning of science in primary and secondary schools across Australia 

(Goodrum et al. 2000). This arose from the concerns identified in the Australian 

literature with regard to the declining number of students selecting science subjects in 

the post-compulsory years of secondary school and at the tertiary level (Rennie ct al. 

200 I). Data were collected from teachers, students, administrators. scientists and 

community members to ascertain the status and quality of teaching and learning of· 

science in Australian schools. The data revealed a disappointing picture of teaching and 

learning science in Australia. 

The report established two pictures of science teaching and learning, the ideal and the 

actual. The ideal picture of science teaching and learning defined best or ideal practice 

in the teaching and learning of science while the actual picture described what was 

actually happening in the teaching and learning of science in Australian schools. 
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In the ideal picture of science teaching and learning. scientific literacy. as a high priority 

for society, is paramount. The science curriculum is relevant and meaningful to the 

needs and interests of students. Furthermore. the learning experiences in science arc 

based on inquiry and are supported by quality equipment and resources. The ideal 

picture was described in the following nine themes: 

I. The science curriculum is relevant to the needs, concerns and personal 
experiences of students. 

2. Teaching and learning of science is centred on inquiry. Students 
investigate, construct and test ideas and explanations about the natural 
world. 

3. Assessment serves the purpose of learning and is consistent with and 
complementary to good teaching. 

4. The teaching-learning environment is characterised by enjoyment. 
fulfilment, ownership of and engagement in learning, and mutual 
respect between the teacher and students. 

5. Teachers are life-Jong learners who arc supported, nurtured and 
resourced to build the understandings and competencies required of 
contemporary best practice. 

6. Teachers of science have a recognised career path based on sound 
professional standards endorsed by the profession. 

7. Excellent facilities, equipment and resources support teaching and 
learning. 

8. Class sizes make it possible to employ a range of teaching strategics 
and provide opportunities for the teacher to get to know each chilJ as a 
learner and give feedback to individuals. 

9. Science and science education arc valued by the community, have high 
priority in the school curriculum, and science teaching is perceived as 
exciting and valuable. contributing significantly to the development of 

persons and to the economic and social well-being of the nation. 

((ioodrum ct al. 2000; p. vii) 
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In contrast, the actual picture of science teaching and learning portrayed what was 

generally happening in the majority of secondary school science classrooms involved in 

the Goodrum et al. (2000) study. It seems that science in the actual context lacks 

relevance and fails to captivate the majority of students. The curriculum is overloaded 

with content and the focus is on students memorising facts. The actual picture of 

science teaching and learning is described below. 

The actual picture of science teaching and learning is one of great variability 
but, on average, the picture is disappointing. Although the curriculum 
statements in Statesff erritories generally provide a framework for a science 
curriculum focused on developing scientific literacy and helping students 
progress toward achieving the stated outcomes, the actual curriculum 
implemented in most schools is different from the intended curriculum. In 
some primary schools, often science is not taught at all. When it is taught on 
a regular basis, it is generally student-centred and activity-based, resulting in 
a high level of student satisfaction. When students move to high school, 
many experience disappointment, because the science they arc taught is 
neither relevant nor engaging and does not connect with their interests and 
experiences. Traditional chalk-and-talk teaching, copying notes, and 
"cookbook" practical lessons offer little challenge or excitement to students. 
Disenchantment with science is reflected in the declining numbers of 
students who take science subjects in the post-compulsory years of 
schooling. 

Many science teachers feel undervalued, under-resourced and overloaded 
with non-teaching duties. Education systems arc experiencing constan: 
change as they attempt to respond to the changing needs of society. Many 
teachers lack the resources and professional development support needed for 
this time uf change to be a period of personal growth; rather, it becomes a 
time of stress and feelings of inadequacy. It is, therefore, not surprising that 
up to half of our teachers of science would like a career change out of 

teaching. 

Despite a spirit of cooperation among States and Territories, there is 
wasteful duplication of effort in preparing curriculum resources and 
resources for the professional development of teachers. University science 
teacher education is under-resourced and close to crisis, with faculty staffing 
profiles much smaller (and older) than IO years ago. The profile of science 
teachers is also aging, with expected shortages in the near future due to 
retirements and the recruitment of younger teachers overseas. 

(Goodrum et al. 2000; p. vii) 

Many of the concerns outlined earlier in the review of literature correspond with the 

actual picture of science education in Australia. The findings reported in the Goodrum 

et al. (2000) study indicated that for the large majority of participants, their experiences 

in science at school reflected the actual picture. Over half of the secondary school 

students surveyed in the study felt that the science they learnt at school had no bearing 
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on their future and was not practical or did not relate to their everyday life experiences. 

The majority of secondary students in the study revealed that copying notes and 

working from textbooks was a regular occurrence in science and was something they 

disliked. Also noted was that many secondary students found the science they 

experienced in class to be boring, lacking relevance to their life and experiences and it 

was apparent that many did not always understand the scientific concepts that were 

covered. Teachers also lacked the professional development. support and resources 

needed to support their teaching. and students· learning, in science classes. 

The report highlighted the need for attention to be devoted to closing the gap between 

the actual and ideal science curriculum (Goodrum ct al. 2000). There were nine 

recommendations that provided relevant stakeholders with strategics to improve the 

status and quality of science education in schools so that it reflects more the ideal 

picture. The recommendations were founded on five premises: that the purpose of 

science education is to develop scientific literacy; the focus for change is closing the 

gap between the actual and ideal pictures of science education; teachers arc the key to 

change; change takes time and resources; and collaboration between Australian states 

and territories (jurisdictions) is essential for developing quality educational resources 

(Goodrum ct al. 2000, ix). 

The first recommendation was concerned with promoting an awareness of the 

fundamental role that science education at school has in developing scientific literacy. It 

seems that many members of the educational community and society in general, fail to 

recognise the importance of science at school and often lack an understanding of what 

scientific literacy means (Rennie ct al. 2001 ). Suggestions were made to combat this at 

a National level and devise a set of resources that would educate the Australian 

populace of what it means to be scientifically literate and to demonstrate the importance 

of science education (Goodrum et al. 2000). 

It was noted earlier in the review of literature that a large proportion of the current 

population of science teachers is nearing retirement and as a consequence it is expected 

that there will be shortages in this field in the coming years (CRITE, 2003 ). The second 

recommendation focussed on devising ways of attracting and retaining quality teachers 

in science education. 
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The third recommendation related specifically to teachers' initial teacher education. It 

called for more funding to be provided for teacher education to increase the number of 

staff and to allow pedagogies to be employed that model best practice. In Australia. 

there have been major reductions in government funding of public universities over the 

past 20 years (Winefield et al. 2003 ). Although funding has decreased. the studcnt-to

staff ratio has increased (Winefield ct al. 2003). This has resulted in large class sizes 

and limited face-to-face contact time with students making it difficult for university 

staff to employ pedagogics that reflect best practice in the delivery of subjects. 

The fourth recommendation was concerned with providing teachers with ongoing 

professional development experiences that support them in contributing to students' 

scientific literacy. Current methods of delivering professional development have been 

shown to be ineffective (Bezzina 1992; 1994; 1996 ). Generally, they involve teachers 

attending in-service sessions during or outside school hours. There is a cost associated 

with attending and travelling to and from professional development venues. In addition, 

schools have to find teacher replacements to t.:over dasses and pay for the casual staff. 

Furthermore, the professional development usually ends at the conclusion of the day 

and teachers do not receive the ongoing support that appears to be required. The fifth 

recommendation provided a framework for teacher professional development. It 

concentrated on supporting the development and implementation of professional 

standards for scient.:c teaching. This was co11<.:emcd with building the status of teachers 

and the profession in the community and improving the quality of teaching in schools. 

The sixth recommendation related to addressing the concerns around insufficient 

resources in the science curriculum. It was suggested that teachers need to be provided 

with conditions and resources that arc necessary to teach science in ways that promote 

scientific literacy. Resources refer to quality equipment, materials, curriculum resources 

and technical support required by teachers. A suggested action emanating from this 

recommendation was for the Federal Government to fund a national science project for 

the compulsory years of secondary schooling where the project would produce and trial 

quality curriculum resources and an integrated professional development program that 

fostered student-centred inquiry in science and contributed toward the scientific literacy 

of students. 

The seventh recommendation was concerned with improving assessment practices so 

that they serve the purpose of enhancing learning and focus on the learning outcomes 
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associated with scientific literacy. In this sense. assessment needs to provide both the 

teacher and learner with ongoing feedback during the teaching and learning process 

rather than solely summative feedback at the conclusion of a topic. 

Subsequent recommendations were concerned with encouraging a national focus that 

promotes collaborative approaches to research and data collection. innovation. and 

development of curriculum and professional development resources for science 

education. It was suggested that a review of the quality and status of science teaching 

and learning be undertaken after five years to assess the impact of the actions arising 

from the report. 

Many of the concerns and directions identified in the Australian national report were 

similar to those in the United States and the United Kingdom. It seems that for change 

to occur the implemented science curriculum needs to be examined from many 

perspectives and teachers need to be supported throughout the whole process. In 

addition. priority should be given to better science in the compulsory years of school so 

that all students can experience a science education that will be relevant, interesting and 

improve their scientific literacy. 

2.3.4 Implications for the teaching and learning of science in schools 

There arc a number of factors that have been identified which prevent quality teaching 

and learning experiences in science. Many similar directions for reform have been 

offered. There arc several implications for teaching and learning in school science 

which can be drawn from the similar directions and recommendations outlined in the 

three reports considered above. The science curriculum needs to be focussed so that it 

encourages a depth of understanding rather than lightly covering a breadth of topics. 

Teaching and learning experiences in science at school need to take into consideration 

students' prior experiences and understandings. Appropriate facilities, equipment and 

resources need to be made available to support science teaching and learning. Teachers 

also need to be supported professionally and have opportunities for ongoing 

professional development experiences. Furthermore, teaching and learning in science 

education needs to foster the development of scientific literacy. 

Given the concerns identified in the review of literature and the recommendations and 

directions that have been made in science education reports it is evident that multiple 

strategies are necessary to promote changes in science education so that it fosters the 
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development of scientific literacy. Many teachers need to revise current practices to 

make this possible. The National Science Education Standards (National Science 

Council. 1996 pp. 52. I 00. 113) and Goodrum. ct al. (2000. p.168) outline an approach 

that provides opportunities for the development of scientific literacy. It is suggested that 

teaching for scientific literacy requires more emphasis to be placed on: 

• learning broader concepts that can be applied in new situations; 

• studying a few fundamental concepts; 

• studying content that is meaningful to the student's experience and interest; 

• guiding students in active and extended student inquiry; 

• providing opportunities for scientific discussion among students; 

• groups working cooperatively to investigate problems or issues; 

• open-ended activities that investigate relevant science questions; 

• communicating the findings of student investigations; 

• science being interesting for all students; 

• assessing learning outcomes that arc most valued; 

• assessing understanding and its application to new situations. and skills of 
investigation, data analysis and communication; 

• ongoing assessment of work and the provision of f ecdback that assists learning; 
and, 

• learning science actively by seeking understanding from multiple sources of 
information, including books, Internet, media reports. discussion, and hands-on 
investigations. 

It was also noted that less emphasis should he placed on: 

• memorising the name and definitions of scientific tcnns; 

• covering many science topics; 

• theoretical, abstract topics; 

• presenting science by talk, text and demonstration; 

• asking for recitation of acquired knowledge; 

• individuals completing routine assignments; 

• activities that demonstrate and verify science content; 

• providing answers to teacher's questions about content; 

• science being interesting for only some students; 

• assessing what is easily measured; 

• assessing recall of scienti fie terms and facts; 

• end-of-topic multiple choice tests for grading and reporting; and, 

• learning science mainly from textbooks provided to students. 

42 



The reform efforts realise that teachers arc the key to success. howc\'er. they need to be 

supported in the process (AAAS. 1990; Goodrum et al. 2000; Millar & Osborne, 1998). 

Researchers in the field acknowledge that .. reforms call for radical changes in teachers· 

knowledge. beliefs about subject matter, teaching, children and learning" (van Oriel ct 

al. 200 I, p.140) and maintain that teachers· ideas about subject matter. teaching and 

learning will not necessarily change easily or quickly. In many cases, refonns require 

teachers to change certain aspects of their practice. Often, teachers are reluctant to 

change, as their practice has developed over the course of their career ( van Oriel et al. 

200 I). Thompson and Zeuli ( 1999) suggest that in refonn teachers will change their 

practice by incorporating aspects of the recommendations into their existing practice. 

Similarly, Nott and Wellington ( 1999) suggest that often there is a mismatch between 

the good intentions of the curriculum and its translation into classroom practice: 

"Whatever is legislated and codified by orders and documents docs not necessarily 

translate into classrooms with its intended purposes" (Nott & Wellington, 1999, p. 18). 

(ioodrum ct al. (2000) indicate that teachers and students need access to quality 

curriculum resources, equipment and facilities and should be supported with appropriate 

professional learning experiences to help them reform the actual picture. 

Much research has been conducted on identifying the concerns in science education and 

reports have been published that offer recommendations and directions on how to 

proceed with refonn. yet little seems to have happened and the situation in science 

education is far from ideal. For example, Lyons (2006) reports on research that 

examines students' experiences of school science in Australia, Sweden and the United 

Kingdom and revealed that students frequently described the pedagogy as transmissive 

and teacher-centred. Many of the students indicated that this way of teaching did not 

contribute to their understanding of scientific concepts. The science curriculum was 

overloaded and had little relevance to students' interests which resulted in science at 

school being unengaging for many. 

The nature of teaching and learning in school science must change if these problems arc 

to be rectified. Teachers need to be supported in implementing science curricula and 

pedagogies that are consistent with the ideal picture (Goodrum ct al. 2000) and which 

foster students' continued interest in the subject. 
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2.4 Summary 

It was recognised earlier in this chapter that developing and improving the scientific 

literacy of students should be a central goal of science education in the 21
st century. 

Science education, however, has been unsuccessful at delivering such curricula. This 

chapter identified many of the concerns in school-based science education that have 

been documented in the literature. On the whole, the picture of school science was 

disappointing. Recommendations to combat many of these concerns were recognised 

and the implications for teaching and learning in science considered. 

The literature indicates that the compulsory years of school are a critical period in 

engaging and maintaining students' interest in science. Too often, the science 

curriculum and the way it is presented in the compulsory years fails to engage many and 

deters students from pursuing science in the post-compulsory years of school. There 

have been recommendations to develop science curriculum resources for the 

compulsory years of school that correspond with the ideal picture (Goodrum et al. 

2000). It would also be important to investigate the impact of such resources on 

students. 

The purpose of this research, therefore, is to investigate junior secondary students' 

perceptions of the science they experience at school both before, during and after their 

engagement with a science curriculum resource targeted on one content area, 

astronomy, that incorporates five aspects of the ideal picture. The next chapter describes 

the context for this study, articulates the research questions and explains the research 

methods and procedures employed to conduct this research. 
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Chapter 3 

Methodology 

The context for this investigation is an educational program introduced into a number of 

junior secondary science classes located within four Australian educational 

jurisdictions. In 2003, a large-scale research and development project was 

commissioned by the Australian Federal Department of Education, Science and 

Training (DEST) on the use of remote telescopes in junior secondary science classes, 

The Eye Observatory Remote Telescope Project: Practical Astronomy.for Years 7, 8 

and 9 (McKinnon, 2005). This project, built on earlier work conducted in primary 

schools, was concerned with developing, implementing and evaluating a set of learning 

materials based on astronomy that involved using the Charles Sturt University Remote 

Telescope. The learning materials fostered student-centred fonns of instruction and 

encouraged the extensive use of technology and hands-on learning experiences. The 

project incorporated five core aspects of the ideal picture of science education 

(Goodrum et al. 2000; McKinnon, 2005) described in the previous chapter and taken up 

in Section 3. 1.3 below. 

This larger study set out to: 

• evaluate the learning materials through obtaining feedback from teacher and 

student questionnaires; 

• measure the learning outcomes of students by collecting pre- and post-test data 

on students' astronomical knowledge; 

• identify alternative scientific conceptions held by students; 

• provide students and teachers with access to a remote telescope; 

• provide professional development and on line support for teachers in the area of 

astronomy; and, 

• deliver a final report to the Department of Education Science and Training. 

The origins of the present study lie in this work conducted with the Charles Sturt 

University Remote Telescope. The Charles Sturt University Remote Telescope and the 

educational materials developed for junior secondary science comprise the intervention 

for the present investigation. 

45 



The first major section of this chapter describes the origins of the present study and 

begins with an overview of the Charles Sturt University Remote Telescope Project. The 

sub-sections within this section will: outline previous research conducted with the 

Charles Sturt University Remote Telescope; briefly describe the DEST funded project 

The Eye Observatory Remote Telescope Project: Practical Astronomy.for Years 7. 8 

and 9 (McKinnon, 2005) within which the current thesis is located; and, outline the five 

ideal themes incorporated in the Charles Sturt University Remote Telescope Project. 

The remaining major sections of this chapter describe and justify the research design 

used in this investigation. The threats to validity are discussed and the research 

questions and hypotheses for this research listed. The researcher's access to participants 

and ethical considerations are described. Furthermore, the location of the research and 

how participants were selected are outlined and the intervention applied to all groups 

described. The final sections explain the instruments and measures used to collect and 

code data and outline the data analyses procedures. 

3.1 Origins of the present study 

The Charles Sturt University Remote Telescope Project was conceived by a science 

teaching specialist at Charles Sturt University in 1995. He had previously completed a 

Bachelor of Science degree in physics and astronomy and worked as a secondary school 

science teacher for a period of IO years before moving into the tertiary sector and 

lecturing and researching in a number of areas such as computer education, educational 

psychology, pre-service primary teacher science education and the New South Wales 

Board of Studies Cosmology Distinction Course. His research interests Jay in a variety 

of areas concerned with science education, teacher professional development and 

information communication technologies (ICTs). These interests and background 

provided a basis for conceptualising the Charles Sturt University Remote Telescope 

Project. 

The project was in part a response to the research literature that claimed astronomy was 

poorly taught in primary schools, that many alternative conceptions persisted after 

formal teaching had taken place and many teachers held misconceptions about certain 

astronomical phenomena they were expected to teach (e.g. Dunlop, 2000; Rider, 2002; 

Skamp, 1998). It was also developed to interest students in exploring astronomy, to 
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engage them in scientific processes and to support teachers who had little specialist 

knowledge or expertise in this area. 

The project has been providing school students and their teachers with access to a 

remotely controlled scientific grade telescope accessed over the Internet since 2000 

(Section 3.9.2 below describes the telescope and control system). Primary and 

secondary students and their teachers from both Australia and many other countries 

around the world take pictures of the southern night sky and do "real science" on the 

digital images they have taken (Danaia & McKinnon, 2006 ). The main aims of the CS lJ 

Remote Telescope Project are to: make available exclusively to school students a 

telescope that they can control; provide teachers with good educational materials that 

are targeted at their level of experience; motivate both students and teachers; impact 

positively on students' attitudes toward science; and build a means for obtaining data on 

students' thinking about, and understanding of, the Universe (McKinnon & 

Mainwaring, 2000). 

3.1.1 The Project Components 

The project caters for primary and secondary science curriculum levels where each level 

has a specific learning package (McKinnon & Danaia, 2005a). Both the primary and 

secondary school packages are underpinned by a social constructivist approach toward 

teaching and learning and arc informed by both theory and practice. They contain 

practical approaches to teaching and learning astronomy that foster student-centred 

forms of instruction, encourage and require the extensive use of technology and 

involves students in inquiry-based learning experiences. In the process of the students 

learning how to control the telescope and its cameras to take the astronomical pictures 

they want, they have to learn a reasonable amount of astronomy that is tied directly to 

the science curriculum though the program does allow for extensive cross-curriculum 

integration. 

The project components include: 

• access to the CSU Remote Telescope; 

• a CD-ROM containing software and PowerPoint presentations; 

• printed teacher guides for primary and secondary teachers; 
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• student workbook for secondary level; 

• the CSU Remote Telescope Website; and, 

• a professional development program. 

These components are described below in Section 3.9. 

3.1.2 Research conducted 

Research projects in primary schools have been conducted on the impacts of using such 

technology and resources on students' perceptions of science and their learning 

outcomes (Danaia, 200 I; McKinnon, Geissinger & Danaia, 2002). The research has 

found that using the telescope in conjunction with the learning materials has a 

significant impact on students' astronomical, technical and scientific knowledge, 

stimulates students' engagement with, and engenders positive attitudes toward, science 

(Danaia, 2001; Danaia & McKinnon, 2006; McKinnon & Danaia, 2005a; McKinnon, 

Ucissinger & Danaia, 2002). The following sub-section outlines the junior secondary 

science project within which the current research is located. 

3.1.3 The Eye Observatory Remote Telescope Project: Practical astronomy for 

years 7, 8 and 9 

In February 2003, negotiations began with DEST and the chief investigator of the larger 

project to fund a Quality Teaching Project based on the use of remote telescopes in 

school science education. DEST acknowledged that they were interested hy the 

motivational impact that the control aspect of the CSU Remote Telescope had had on 

primary age students and invited the chief investigator to submit a proposal to develop, 

trial and evaluate curriculum materials for students and teachers that covered the 

astronomy content expected to be taught in the junior years of secondary school science. 

Teachers would be provided with the necessary professional development and support 

needed to implement the materials and research would be carried out on the 

effectiveness and impact of such materials. 

The researcher was informed about the intentions of the larger project towards the end 

of 2003 and was invited to take part in the project. By this stage, the research and 

development contract was finalised and signed and the project funded under the Quality 
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Teaching Program by the Australian Federal Department of Education, Science and 

Training (DEST). 

In February 2004, the researcher joined the research team at Charles Sturt University, in 

Bathurst, New South Wales. The research team consisted of the chief investigator, the 

researcher, a web-designer, a telescope control officer and three research assistants. 

Each member of the team had specific roles to fulfil in order to carry out the research. 

These roles are described below in Section 3.8. 

At the end of 2003, the chief investigator began work on producing the educational 

materials for junior secondary science students and their teachers. The educational 

materials comprised a student workbook, a teacher guide supplemented by a CD-ROM, 

an interactive website, a communication forum and a professional development program 

for teachers. Data collection occurred in the latter half of 2004. Questionnaires were 

administered to teachers and students to obtain feedback on the educational materials. In 

addition, students' learning outcomes were measured by collecting pre- and post-test 

data on their astronomical knowledge. This also provided a means to identify their 

alternative scientific conceptions of certain astronomical phenomena. All students and 

teachers were provided with the opportunity of exclusively accessing and using the 

Charles Sturt University Remote Telescope to view and image objects for which they 

had conducted research. Furthennore, teachers were provided with face-to-face 

professional development opportunities and onlinc support. 

The final report The Eye Observatory Remote Telescope Project: Practical Astronomy 

for Years 7, 8 and 9 (McKinnon, 2005) was submitted to, and published by, DEST in 

2005. 

3.1.4 The CSU Remote Telescope Project and the ideal picture of science 

education 

In the Eye Observatory Remote Telescope Project: Practical Astronomy for Years 7, 8 

and 9 DEST report, the ideal and actual pictures of science teaching and learning 

painted by Goodrum et al. (2000) were considered in relation to the components 

implemented in the Charles Sturt University Remote Telescope Project (McKinnon, 

2005). Of the nine themes describing the ideal picture of learning and teaching in 
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science by Goodrum et al. (2000) five related directly to the goals of the Charles Sturt 

University Remote Telescope Project (McKinnon, 2005). The five themes are: 

I. The science curriculum is relevant to the needs, concerns and personal 
experiences of students. 

2. Teaching and learning of science is centred on inquiry. Students 
investigate, construct and test ideas and explanations about the natural 
world. 

3. Assessment serves the purpose of learning and is consistent with and 
complementary to good teaching. 

4. The teaching-learning environment is characterised by enjoyment, 
fulfilment, ownership of and engagement in learning, and mutual respect 
between the teacher and students. 

5. Excellent facilities, equipment and resources support teaching and 
learning. 

The project and associated educational materials place emphasis on many of the features 

that have been identified as contributing toward scientific literacy and which were 

outlined earlier in Chapter 2, Section 2.3.4. Specifically, the educational materials 

provide avenues for students to select and pursue projects in which they arc interested. 

Assessment is carried out before, during and at the conclusion of the program. This 

provides feedback to the teacher on what students already know about various 

astronomical concepts and allows teachers and students to select projects that build on 

pupils' prior knowledge and address their alternative conceptions as well as monitor 

their emerging understandings of the concepts with which they arc confronted. 

The educational materials provide the means by which certain astronomical concepts 

can be covered in-depth and make connections with other disciplines. The teaching and 

learning activities are based on student inquiry and lend themselves to collaborative 

group work. In addition, the use of technology is integrated throughout the educational 

materials and the project provides individual classes with exclusive access to highly 

specialised scientific grade equipment, such as the CSU Remote Telescope. 

Furthermore, teachers are supported through an ongoing professional development 

program. 

Given the ideal (Goodrum et al. 2000) nature of the learning materials and the potential 

benefits of such curricula revealed in the review of literature, this thesis investigates the 
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impact of such curricula on students. The larger project provided the researcher with the 

opportunity to investigate the impact that a program which incorporated five aspects of 

the ideal picture had on students' perceptions of, and knowledge outcomes, in science. 

The data collected from teachers also allowed the researcher to consider their 

perceptions of the science they teach at school in relation to students' perceptions. 

Consequently, this research focuses specifically on investigating: 

• students' perceptions of junior secondary school science; 

• how the program impacts on students' perceptions; 

• students' learning outcomes; and 

• teachers' perceptions of the science they teach at school in relation to students' 

perceptions of the science they experience. 

The research employs the same questionnaire used by (,oodrum et al. (2000), described 

in Section 3.2.1. l below, to gather infonnation on students' perceptions of school 

science on two occasions. In addition, a teacher questionnaire that corresponds with the 

student questionnaire is used to collect data on teachers' perceptions of the science they 

teach at school on both the pre- and post-intervention occasions (sec Section 3.2. I. I 

below). The Astronomy Diagnostic Test is administered to students on two occasions to 

collect infonnation on their knowledge of cert am astronomical phenomena (sec Section 

3.2.1.3 below). Interviews with a sample of participants arc used to explore further their 

perceptions of science and to elucidate student and teacher accounts of wh;1t happened 

in their science class during the intervention period. 
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The remainder of this chapter will: 

1. outline the method chosen and describe the quasi-experimental design employed 

to investigate the impact of the science program on the perceptions of students 

and teachers; 

2. discuss threats to validity; 

3. list the research questions and hypotheses; 

4. describe the researcher's access to the participants and ethical considerations; 

5. describe the location of the research and how participants were selected; 

6. describe the intervention (treatment) applied to all groups; 

7. describe the instruments and procedures used to collect and code data; and 

8. outline the data analyses procedures. 

3.2 Research design 

In this section it is argued that a concurrent nested mixed method approach (Creswell, 

2003; Tashakkori & Teddlie, 2003) that involves employing a quasi-experimental non

randomised pre-test/post-test design (Bordens & Abbott, 2005; Cook & Campbell, 

1979; Shadish, Cook & Campbell; 2002) complemented by qualitative data is most 

appropriate to investigate the research problem. Concurrent nested designs involve the 

simultaneous collection of both quantitative and qualitative data where there is a 

dominant method that guides the study (Creswell, 2003; Tashakkori & Tedd lie, 2003 ). 

The method that is given less priority is nested within the dominant method and seeks 

information from a different perspective. Data collected from both methods arc mixed at 

the analysis stage of the research (Creswell, 2003; Tashakkori & Teddlie, 2003 ). This 

design is beneficial in that it collects infonnation using both quantitative and qualitative 

methods, allowing the research to elucidate a broader perspective (Creswell, 2003; 

Tashakkori & Tedd lie, 2003) of what is happening within the research. 

The dominant research method used in this study is quantitative and involves 

implementing a quasi-experimental non-randomised pre-test/post-test design (Bordens 

& Abbott, 2005; Cook & Campbell, 1979; Shadish, Cook & Campbell, 2002). Quasi

experimental research designs are suitable where random assignment of participants is 

not possible (Johnson & Christensen, 2004). Employing a pre-test/post-test design 

allows the researcher to: assess the effect of changes in an educational environment; 
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make comparisons both before and after the period of change (Bordens & Abbott, 

2005); and, make valid causal conclusions about the intervention once threats to validity 

have been taken into account. The collection of qualitative data is embedded or nested 

within the dominant method (Creswell, 2003; Tashakkori & Teddlie, 2003) and allows 

the researcher to gain further insight into participants' thoughts concerning their 

experiences throughout the intervention. 

It is, recognised that both quantitative and qualitative methods possess valuable 

attributes that are profitable in a number of research settings. Quantitative research takes 

an objective stance (Sarantakos, 2005) and is useful in detennining cause and effect 

relationships through the analysis of numerical data where the researcher is detached 

from the research setting (Wiersma, 2000). Qualitative research embraces a more 

subjective view (Sarantakos, 2005) and attempts to understand and interpret phenomena 

in terms of participants' perceptions and experiences (Thomas, 2003) in situations 

where the researcher has personal contact with participants. 

In the past there has been a great deal of conflict amongst researchers that favoured one 

research method over the other (Thomas, 2003). It has been documented that 

quantitative and qualitative research methods are based on different assumptions from 

which they can be split into two distinct research approaches (Bryman, 2004 ). Best and 

Kahn (2003), however, indicate that quantitative and qualitative research should he 

viewed as being on the same continuum rather than separate entities and suggest that 

such methods be used in association with each other. Similarly, Bums (2000) points out 

that even though quantitative and qualitative methods appear to differ they arc both 

valid tools of research that can supplement each other and provide alternate insights into 

human behaviour. Huberman and Miles (2002) suggest that both quantitative and 

qualitative approaches are both needed if one is to understand the world and suggest 

that the focus should not be on whether the two methods can exist and be linked in the 

one study but rather one should ask whether it should be done, how it will be done and 

for what purposes. Furthermore, investigations undertaken by Howe ( 1985, 1988) 

illustrate that quantitative and qualitative methods are 'inextricably intertwined' at the 

levels of specific data sets, research design and analysis. 

Many researchers view quantitative and qualitative methods as complem�ntary 

(Johnson & Christensen, 2004; Neuman, 2003; Sale, Lohfeld & Brazil, 2002; Salomon, 
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1990; Sarantakos, 2005; Thomas, 2003) and maintain that both approaches can be used 

effectively within the same study (Strauss & Corbin, 1990, Thomas, 2003). Creswell 

(1994) and Punch (2005) highlight several reasons for combining the two methods 

including: to enhance the validity of findings through the triangulation of results and 

benefit from the strengths of both methods; to use one method to help infonn the other; 

and to help the researcher better understand the concept(s) being investigated. In 

addition, Gorad and Taylor (2004) suggest that research findings are stronger when they 

are derived from more then one method. 

It is evident that there is much to gain from employing more then one method when 

conducting research. Hence, more than one method of collecting data has been 

employed in this study to achieve a higher degree of validity (Sarantakos, 2005), to 

enrich the nature of the data collected and to strengthen attempts at making a causal 

conclusion. The combined use of quantitative and qualitative measures will allow the 

researcher to draw on qualities from both research paradigms to help understand and 

address the research problem. The triangulation of data allows the researcher to look at 

the problem from different viewpoints (Neuman, 2003) and provides a means for 

corroborating findings (Bryman 2004 ). In the analysis phase of this research the 

triangulation of data will allow the quantitative results to be cross-checked against the 

results obtained from the qualitative data. 

3.2.1 Data gathering techniques 

As noted earlier, concurrent nested mixed method designs involve the simultaneous 

collection of quantitative and qualitative data, where priority is given to either the 

quantitative or qualitative method (Creswell, 2003; Tashakkori & Teddlie, 2003). 

The collection of quantitative data generally involves the administration of measuring 

instruments such as questionnaires, surveys or tests (Wiersma, 2000). Structured 

interviews are sometimes used to collect quantitative data where the interviewer has a 

list of pre-prepared questions and response categories from which the respondent 

chooses the category that best represents their response (Johnson & Christensen, 2000). 

The data collected is usually coded into numbers and analysis involves the examination 

of statistical relationships. In this research quantitative data are collected through 
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administering two instruments: the Secondary School Science Questionnaire (SSSQ) 

and the Astronomy Diagnostic Test (ADT). 

In contrast, qualitative data is typically collected through intcr,icws. ohscr,ation and 

documentation (Wiersma, 2000). The data collected arc usually in the form of words 

and analysis involves identifying themes and patterns. Se1111-structured interviews with 

students and teachers, written responses to the open-ended questions 111 the student and 

teacher SSSQ and teacher documentation arc the three fom1s of qualitatm: data 

collected in this study. The next section describes each of the quant1tatin: and 

qualitative data gathering techniques used in this research. 

In summary, four data collection techniques are employed 111 this study to gather 

information from participants: 

I. Questionnaire data are collected on students' perceptions of1t1111or secondary 
school science and on teachers· percept ions of what happens 111 the science they 
teach to students in their junior secondary sc1cnu: class. 

2. Test data arc collected on students' knowledge of astronomy. 

3. Semi-structured interviews arc held with a small numhcr of �tudcnt and teacher 
participants. 

4. Documentation is collected from teachers that n:lates to the teaching and 
learning experiences durmg the 1ntcrvcnt1on. 

Each of the data gathering techniques employed arc de�cnhcd m the suh-sections hclow. 

3.1.I.J Questionnaire.'i 

A questionnaire is often used as a tool 111 research to gather factual mfom1at1on from 

respondents (Best & Kahn, 2003 ). Questionnaires fac1Irtate the collection of substantial 

quantities of data from a range of participants (Wilkinson & B1rmmgham, 2003 ). There 

are many advantages in using questionnaires to collect data. for example: questionnaires 

are less expensive to administer compared with other forms of data collection such as 

interviews; all participants recei\ e exactly the same set of questions: questionnaires 

provide a means of collecting data from a large number of part1c1pants: and. the 

respondent is generally able to respond to questionnaires in their own time and at their 

own pace (Bums, 2000 ). For such reasons. a qucstronnaire was selected as one method 

of collecting data in this study. 
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In this study, all student participants were administered the Secondary School Science 

Questionnaire (SSSQ) by their science teacher on two occasions. This questionnaire is a 

slightly modified form of the Secondary School Science Questionnaire used in The 

Status and Quality of Teaching and Learning c!f'Scirncc in Australian Schools research 

project (Goodrum et al. 2000). The questionnaire contains 45 rating scale items. four 

open-response questions and a section at the beginning of the questionnaire that collects 

demographic information from respondents. The pre-occasion SSSQ is used to examine 

students' current perceptions of science at school. The post-occasion questionnaire is 

used to provide information on the impact of the program on students· perceptions of 

the science they experience at school during the intervention period. 

The original questionnaire was modified slightly on the post-occasion to focus 

participants' responses on their experiences within science during the intcn·ention 

period. To achieve this, a statement was introduced at the start of the questionnaire that 

asked students to concentrate on their experiences throuµhout the proµram. The ·L" 

rating scale questions were transfonncd into past tense to help students reflect. 

Three rating scale items were added to the 42 items of the C ioodrum ct al. ( 2000) study 

that tapped respondents' enjoyment of science. Three of the four open-response items 

were adapted to direct respondents to answer the questions hascd on their mvolvcmcnt 

in the science intervention. The student pn:- and post-\ers1ons of the SSSC) arc 

presented in Appendix 3a and 3b rcspcct1vcly. 

Questionnaire data were also collected from teacher part1c1pants. A pre- and post

occasion teacher version of the Secondary School Science <)ucstiunna1rc was created hy 

adapting each of the questions in the SSSQ student \·crsion so that they were directed at 

teachers and would reflect teachers· perceptions of the science they teach to junior 

secondary students. The pre-occasion questionnaire contains 42 rating scale items that 

can be directly matched to the 42 rating scale items m the SSSQ student \'ersion. An 

additional five items related to the role of a science teacher were included. which could 

later be used as independent \·ariablcs. Teachers were asked to respond to the five items 

by ranking them in order of personal importance. The quest1onna1re also contained four 

open-response items. The first three open-response items corresponded with those in 

student version of the questionnaire. The final open-response quest10n sought teachers' 

responses to an issue that has been of concern to many in the science education field and 
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was examined in the review of literature; that is, the declining number of students 

pursing sciences in the post-compulsory years of secondary education and at the tertiary 

level. The teacher version of the pre-occasion Secondary School Science Questionnaire 

is presented in Appendix 4a. 

The pre-occasion SSSQ teacher version was modified to create a post-occasion version 

of the questionnaire. Like the post-occasion student version of the SSSQ. questions 

were revised to reflect teachers' perceptions of the science they taught during the 

intervention period. A further three items were added to the five items that were to be 

ranked, where teachers were able to add additional roles that they had to perform and 

could include them in the ranking of personal importance. An additional section was 

developed for, and added to, the end of the questionnaire that specifically related to the 

evaluation of the intervention. This section contained 38 rating scale items and three 

open-response questions. 

The procedures followed in administering and collecting the student and teacher 

versions of the SSSQ are described below in Section J. l O together with the methods 

used to check the reliability and construct validity. 

3.2.1.2 Interviews 

I ntcrviews arc often used in research to obtam detailed in formation about a topic from 

another person (Wilkinson & Binningham, 2003 ). Punch (2005. p.168) points out that 

an interview is a useful tool for gaining insight into one· s "perceptions. meanings, 

definitions of situations and constructions of reality''. lJsing mterviews allows the 

researcher to question the participant in person and to probe the interviewee for more 

elaborate responses or for clarification (Wiersma, 2000 ). There arc however, two 

common setbacks with using interviews to collect data. First, interviews are very time

consuming and second, interviews can be quite costly (Tashakkori & Tcddlie, 1998). 

Such drawbacks can restrict the number of interviews conducted in a study. As a 

consequence, a small number of interviews were conducted with a selection of student 

and teacher participants to gain insight into their thoughts. personal experiences and 

feelings throughout the intervention period. 

There are many different types of interviews that can be classified into three broad 

categories; unstructured, semi-structured or structured interviews (Bums, 2000; Fontana 
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& Frey, 1994; Punch, 2005; Wilkinson & Binningham 2003). The interviews conducted 

in this study were semi-structured, that is, the interviewer employed a list of questions 

to use as a guide when questioning student and teacher participants (sec Appendix J 2a 

and 12b for the list of interview questions). This approach gave the interviewer freedom 

to change the wording and order of questions to ensure the flow of the interview. In 

addition, it gave respondents the opportunity to occasionally direct the flow of 

information to help convey their ideas. 

The sample of student and teacher participants selected for interviewing was drawn 

from six of the participating schools during the intervention period. The interviews 

varied in length but were approximately 25 minutes each and were held with students in 

groups of four. Students were interviewed in groups to minimise the risk of them feeling 

uncomfortable within the interview scenario and any reluctance to respond to the 

interviewer. There were two interview groups that had more then four students. This 

was due to time constraints when students could he released from class, which meant 

that only one group of students could be interviewed. To maximise the number and 

variety of possible responses from students within these two schools, teachers 

assembled larger interview groups; one group consisted of seven students, the other 

contained nine students. 

3.2.J.3 1'ests 

Tests are used as a fonn of data collection to measure variables such as attitude. 

personality, sci f perceptions, performance and aptitude of respondents ( Johnson & 

Christensen, 2004; Tashakkori & Tcddlie, 2003 ). An achievement test was used in this 

study to collect data on students' knowledge of certain astronomical phenomena. 

Achievement tests are generally used to measure the extent of learning that has taken 

place after a participant has been involved in a particular learning experience (Johnson 

& Christensen, 2004; Johnson & Christensen. 2000). In this research the Astronomy 

Diagnostic Test (CAER. 2004, 2002. 1999) was identified as being an appropriate 

instrument to measure students' astronomical knowledge of certain phenomena both 

before and after their involvement in the intervention. 

The Astronomy Diagnostic Test Version 2.0 (ADT) created by The Collaboration for 

Astronomy Education Research (CAER) team, based in the United States, was released 
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in June 1999 (Deming, 2002; Hufnagel, 2002). The test contained 21 multiple choice 

items based on astronomical concepts that students are expected to cover in their 

elementary (primary) and secondary school science education (Hufnagel, 2002). The 

ADT was created to provide teachers with an assessment tool that could be used at the 

start of an introductory astronomy course to collect infonnation on students' current 

astronomical understandings and which would allow teachers to mould the course to 

address the areas identified as being of most concern (Deming, 2002). The ADT could 

also be used at the conclusion of such a course to gather data on students' understanding 

and learning as a result of being involved in the course. 

The Northern Hemisphere Version of the ADT was modified by 0'1:3yrnc (2002), to 

create a version suitable to use with students in the Southern Hemisphere. The Northern 

Hemisphere Version described above was modified slightly by rewording three of the 

original 21 questions and changing certain diagrams to make them suitable to use with 

students located within the Southern Hemisphere. 

The ADT used in this study was adapted from the Southern Hemisphere version (sec 

Appendix 2a). The 21 multiple choice questions used in the original Southern 

Hemisphere ADT with one minor modification to an option remained the same for this 

rendition. It was however, recognised by the researcher that previous versions of the 

ADT failed to collect data on respondents' reasons for selecting certain answers. To 

address this, an additional section was created tu accompany each of the tick-box 

questions that asked participants to give reasons or an explanation for their tick-box 

response. Adding this section provided a means to collect information on, and gain 

insight into, students' understanding of the concepts presented in each of the questions. 

In addition, four drawing-response items taken from John Dunlop's Astronomy Survey 

(Dunlop, 2000) were added to the beginning of this version of the Astronomy 

Diagnostic Test. The reason for incorporating the drawing-based questions stemmed 

from prior research in astronomy education that provided evidence to show that 

drawing-based responses tend to elicit more correct response rates from students drawn 

from primary and junior secondary school compared with multiple-choice responses 

seeking information on the same phenomena (Dunlop, 2000). 
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The steps taken in administering and collecting the Astronomy Diagnostic Test are 

described below in Section 3.10 together with the procedures used to validate and check 

the reliability of the test. 

3.2.1.4 Teacher documentation 

Data were collected from each of the science teachers responsible for implementing 

Practical Astronomy for Years 7, 8 and 9 to obtain information about teaching and 

learning during the intervention period. Secondary school teachers in Australia arc 

required to keep a record that documents the teaching and learning program within the 

classes that they are responsible for teaching. Teachers arc expected to maintain the 

program on a regular basis. 

Prior to the commencement of the intervention, all teachers were supplied with both a 

digital and printed copy of a program template that they could use to record infonnation 

about the sequence, duration and content of lessons and the science curriculum 

outcomes that were being addressed within each of the lessons (Sec Appendix 5 to view 

the program template). The program template provided was developed hy the research 

team in conjunction with a practising secondary science teacher. The document required 

teachers to give feedback, evaluate and/or make notes on each of the science lessons 

that their class experienced. Teachers were also given the opportunity to rate each of the 

projects that had been covered hy their class basl'.d on how usdill they were in 

supporting their teaching. 

At the conclusion of the intervention period teachers were asked to provide the 

researcher with a copy of the program. Collecting these data allowed the researcher to 

gain further insight into how the teaching and learning experiences were differentiated 

amongst student participant groups and helped detennine the content covered by each of 

these. The response rate for returning the program was disappointing with only 30% of 

the teachers sending the program at the conclusion of the intervention despite many 

phone calls and emails from the researcher requesting the program. 
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3.3 Threats to validity and control 

In any quasi-experiment there are numerous factors that are not part of the treatment or 

research design that could possibly influence the outcomc(s) of the research. Such 

factors are referred to as "threats to validity". Singleton, Straits and Straits. ( 1993) 

advise that a good research design elucidates and attempts to rule out factors that may 

call into question the validity of the results. Thus. one needs to explicate the potential 

threats to validity and attempt to control the extraneous factors to allow valid causal 

conclusions to be made. In this thesis it is recognised that the quasi-experimental design 

poses many threats to the study and minimises the certainty of making valid causal 

conclusions. As a consequence, this research is interested in whether or not a difference 

in students' perceptions of junior secondary school science and their knowledge of 

certain astronomical concepts covarics with their participation in the intervention. 

There arc various threats to the validity of this quasi-experimental design that need to he 

considered before the researcher is able to confidently attribute the findings of thts study 

to the intervention. Shadish, Cook and Campbell (2002) and Cook and C'amphcll ( I <)79) 

make reference to four types of validity, "internal", "statistical conclusion", "construct" 

and "external" validity. Internal validity is concerned with the certainty with which 

inferences can be made about cause and effect relationships (Singleton ct al. 1993 ). 

Statistical conclusion validity is concerned with whether there is a relatJ011sh1p hetwce11 

the independent and dependent variables (Cook & Camphcll, I <J7<)). Construct validity 

refers to the degree to which one can infer some theoretical construct from the results of 

the measures used (Johnson & C'hristcnscn, 2000). Extcrnal validity refers to the 

approximate validity with which the results of a study can he generalised to and across 

populations beyond the study sample (Cook & Campbell. 1979). These four types of 

validity are used to assist in the evaluation of this research design. 

Shadish, Cook and Campbell (2002). identify more than 30 threats to validity. Most of 

the threats to validity do not operate to any major extent in this study. Only major 

threats to validity are dealt with in the following sections. For a discussion of those 

identified as minor threats, the reader is referred to Appendices 8a. 8b and 8c. 
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3.3.1 Threats to internal validity 

Internal validity refers to the extent with which inferences can be made from findings 

about the cause and effect relationships among variables (Burns, 2000, Shadish, Cook & 

Campbell, 2002; Creswell, 2005). Thus, to allow the findings of the research to be 

attributed to the independent variable one needs to control for other possible causes 

(Johnson & Christensen, 2004; Sarantakos, 2005). In this study, internal validity is 

concerned with the validity of a conclusion that attributes a difference in students' 

perceptions of junior secondary school science and their knowledge of certain 

astronomical concepts to their participation in the intervention. Given the potential 

threats associated with the quasi-experimental design this research is interested in 

whether or not a difference in students' perceptions of junior secondary school science 

and their knowledge of certain astronomical concepts covaries with their participation in 

the intervention. 

Shadish, Cook and Campbell (2002) identify nine threats to internal validity, which arc 

presented in Table 3.1. In the opinion of the researcher five major threats to internal 

validity exist in this study and will be discussed in the sub-sections below. The 

remaining threats to internal validity are considered in Appendix Sa. 

Table 3.1: Threats to Internal Validity 

1 hreats to Internal Validity 

Ambiguous Temporal Precedence 

Selection 

History 

Maturation 

Regression 

Attmion/Monality 

Testing 

Instrumentation 

Additive and Interactive Effects of Threats to lntemaJ Validity 
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3.3.1.1 Selection 

This threat to internal validity exists when there is a difference in the characteristics of 

participants within one group compared to another group inn1lved in the research before 

the commencement of treatment (Ary. Jacobs & Raza ,·ieh. 2002 ). This difference could 

be responsible for producing an effect at the conclusion of the research (Shadish. Cook 

& Campbell, 2002). Selection is a persistent threat in quasi-experimental designs given 

that the random assignment of participants is unrealistic (Shadish. Cook & Campbell. 

2002). Johnson and Christensen (2000) identify 26 characteristics. presented in Table 

3.2 on which research participants can differ that might he responsible for producing an 

effect. 

Table 3.2 Characteristics of Participants 

Ahility to do well on tests 

Age 

Anxiety level 

Attitudes toward research 

Coordination 

( 'urios1ty 

Ethnicity 

Ciender 

Hearing ability 

Characteristics of Participants 

l lomc environment 

Intelligence 

Language ah1hty 

Leaming style 

Maturity 

Mot1vatwn to learn 

Personality type 

Pohllcal hehefs 

Quality of l'yes1ght 
------------------· . .. 

Self-e\leem 

Sonoen>nom1c status 

Spelling ah1hty 

·11me \pent on homework 

\'oc;shulan 

In this research design selection 1s a threat to internal validity as the random assignment 

of participants was not possible due to the nature of the educat10nal settings from which 

participants were drawn where class groups were already fonned. Thus. the researcher 

had no control over the composition of groups and there was no guarantee that the 

students in each of the class groups had similar characteristics. It 1s however, important 

to note that there was no control group to which parttc1pants rece1vmg the treatment 

were compared. 

To reduce the threat of selection pre-occasion data was collected to establish group 

predispositions about science. demographic characteristics and participants' current 
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knowledge of certain astronomical concepts before they were exposed to the 

intervention. 

3.3. 1.2 History 

History is a threat to internal validity where events happen between the pre- and post

test period that are not part of the intervention or treatment and could influence the 

results (Bums, 2000, Shadish, Cook & Campbell. 2002: McBurney & White. 2004). In 

the naturalistic setting in which the research is set one would expect that there could he 

many factors that exist that could, in some way. influence students' perceptions and 

experiences during the intervention period. For instance. in tl11S research there were a 

few groups that reported parents attending the telescope evenmgs. This may well have 

had a positive or negative effect on students' engagement and motivation to learn during 

the intervention period. There was another school group that mfonned the researcher 

they had started an astronomy club which met at lunch and later was responsible for 

controlling a remote telescope at one of the local restaurants. I ht: researcher will take 

these factors into consideration but docs acknowledge that there arc many outside 

factors operating in the naturalistic setting of the research that could mtlucncc all groups 

of students during the intervention period in different ways many of which will rcmam 

unknown or out of the researcher's control. 

The internal validity of this study may also he threalctH:d hy ead1 group hemg exposed 

to a different teacher. This implies that the way m which the mtcrn:nt1on was 

implemented within each group may he different. To uphold a ccrta111 level of 

consistency in the implementation of the mtervcntmn. each science teacher was 

provided with a teacher's guide and student work hook that set out each of the activities 

in detail. Teachers were also provided with a program where they were required lo 

document aspects about the lessons covered such as: duration: sequence: description; 

and an evaluation. The researcher docs recognise that each teacher will have their own 

manner of teaching that they arc accustomed to and w111 take this mto consideration 

during the analysis of results. 
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3.3. 1.3 Maturation 

Maturation is a threat to internal validity when there is an obsen·ed effect between the 

pre- and post-test occasion that may be attributed to participants getting older. wiser or 

more experienced (Babbie, 200 I: Shadish, Cook & Campbell, 2002 ). In this research. 

maturation is a threat as there are three differing junior secondary science year lc\'els 

from which the participants are drawn. That is to say, there will be groups of students 

that differ in age. The researcher is however interested in finding out how the 

intervention affected students from the different year levels who arc of different ages. 

The data collected from groups are analysed at multiple levels to allow such 

comparisons. Pre-test data is used to dctcnninc differences among the groups of 

participants, in terms of their current level of astronomical knowledge and their existing 

perceptions of the science they experience in junior secondary school. 

Despite the potential for maturation to be a major threat it is not a likely thn:at ,,.·hen 

examining groups from the same year level as the time lapse between the pn: and posl 

occasion of testing was five to eight weeks. 

3.3.1.4 Attrition/Mortality 

This is a threat to internal validity where an observed effect may he a result of the 

different kinds of participants who dropped out of their group over the course of the 

research or who failed to complete the outcome measures (Shad1sh. ( ·ook & < ·amphcll. 

2002; Cook & Campbell, 1979). In this study there has heen an assortment of 

participants who have dropped out or who were unable to provide data on both 

occasions due to the following reasons: students heing absent on the post-test occasion; 

students moving town resulting in them leaving their current school; teachers failing to 

send data despite extensive attempts of reminding teachers; or class groups withdrawing 

from the research as a result of time constraints. Pre-test data will be used to try and 

determine if the participants who dropped out or failed to complete the final measures 

were different from others involved in the study. 

3.3.1.5 Additive and interactfre effectJ ofthreatJ to i•a/idity 

Threats to internal validity can interact and operate simultaneously m research to 

produce effects that could be mistaken as an outcome of the treatment (Shadish. Cook & 
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Campbell, 2002). Shadish, Cook and Campbell (2002) identify three possible 

interactions selection-maturation, selection-history and seb:tion-instrumentation. Each 

interaction is discussed in the sub-sections below. 

3.3.1.5.1 Selection-maturation 

The selection-maturation interaction is a threat to internal \·alidity when non-equivaknt 

groups are selected that mature at different rates o\·er the course of the research and as a 

consequence affect the outcome of the research (Shadish, Cook & Camphell, 2002). In 

this study, participants were not randomly selected and placed into groups. Furthermore, 

the groups of participants have been drawn from three different secondary school year 

levels, which means that certain groups will differ in age. Pre-intervention occasion data 

will be used to establish initial differences hetween groups. One would anticipate that 

students in a higher year level would have hcen exposed to more astronomy content and 

as a consequence may display higher levels of astronomical knov,:Jedge compared with 

participants in a lower year level. When examming the differences between and w1th111 

groups participant data are analysed hy each year level to rnmimise the threat of 

selection-maturation. 

3.3.1.5.2 Selection-history 

Selection-history is a threat when non-cqu1valcnt groups have been selected that also 

come from different settings may affect outcome variahlcs (Shad1sh. Cook & Carnphell, 

2002). This is a major threat as participants were not randomly assigned to groups and 

the majority of groups are from different school settmgs and .Jlmscl1ct10ns ll11s suggests 

that they all have unique backgrounds. Pre-intervent10n occas10n data will he examined 

to detennine participants' level of astronomical knowledge and participants· thoughts 

about the science that they experience within their science class at school. 

3.3.1.5.3 Selection-instrumentation 

Selection-instrumentation is a threat when groups in the study score at different mean 

levels on a test that has ceiling or floor effects (Cook & Campbell. 1979; Shad1sh, Cook 

& Campbell, 2002). Ceiling effects occur when a group scores a high mean level on an 

instrument making it impossible for the instrument to record any more true gain in the 

group that originally scored a high mean (Cook & Campbell. 1979; Shadish, Cook & 
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Campbell, 2002). Floor effects occur when more scores from one particular group 

compared with another are clustered at the lower end of a scale. This is considered in 

the analysis phase of the research where pre-occasion data will be examined to 

determine participants' level of astronomical knowledge. 

3.3.2 Threats to statistical conclusion validity 

Statistical conclusion validity is concerned with whether the presumed independent and 

dependent variable are related (Cook & Campbell, 1979; Shadish, Cook & Campbell, 

2002). The major threats to statistical conclusion validity in this study are identified in 

Table 3.3 and are discussed in the sub-sections below. The remaining threats to internal 

validity are considered in Appendix 8b. 

Table 3.3: Threats to Statistical Conclusion Validity 

Threats to Statistical Conclusion Validity Major Minor 
- -- - ------------ ----- ----

Low Statistical Power ./ 

Violated Assumptions ofStatistical Tests ./ 

Fishing and the Error Rate Problem ./ 

Unreliability of Measures ./ 

Unreliability of Treatment Implementation ./ 

Extraneous Variance in the Experimental Setting ./ 

Heterogeneity of Units (Respondents) ../ 

3.3.2.1 Unreliability of treatment implementation 

This is a threat to statistical conclusion validity where there are differences in the way 

treatment is implemented. The variation in the way in which treatment is implemented 

can inflate error variance and may decrease the chance of obtaining true differences 

(Cook & Campbell, 1979; Shadish, Cook & Campbell, 2002). The reliability of 

treatment implementation is a major threat to validity in this study as there are different 

teachers responsible for implementing the intervention to student participant groups. 

This threat can be reduced by trying to standardise the treatment and the way in which it 

is implemented across all groups (Cook & Campbell, 1979). Cook and Campbell ( 1979) 

indicate that in some instances variability still exists after attempts of trying to 
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standardise implementation and suggest that when this happens one should endeavour to 

understand and measure the differences. 

In this study it was not possible to control treatment implementation. Conditions were 

however, put in place to first, provide teachers with the necessary infonnation on the 

implementation of the intervention and second, to collect infonnation on how teachers 

implemented the intervention with their class group. For example, teachers attended a 

professional development day prior to the implementation period. At this day, teachers 

were involved in activities that were designed to help them with implementing the 

intervention and were provided with materials such as the teachers' guide to assist in the 

implementation. In addition, information about how the intervention was implemented 

was obtained from certain data that were collected such as the teacher program, student 

and teacher questionnaires and interview data. 

3.3.2.2 Extraneous variance in the experimental setting 

Extraneous variance comprises features other than the treatment that could affect scores 

on the dependent variables and as a consequence inflate the error variance (Shadish, 

Cook & Campbell, 2002). It was not possible to control for extraneous variance due to 

the nature of the educational settings in which the research took place. For example, 

class groups had different teachers who were responsible for implementing the 

intervention and there were also differences across classes in relation to the amount of 

time devoted to science at school. These are factors that the researcher is aware of but 

had no control over due to the naturalistic setting. 

3.3.2.3 Heterogeneity of units (Respondents) 

Heterogeneity of respondents is a threat to statistical conclusion validity when 

differences in any of the respondents in treatment groups interact with the major 

dependent variables increasing the error variance (Cook & Campbell, 1979). The 

natural variation that may exist between treatment groups is a threat in this study. That 

is to say, some individuals may be more affected by the treatment than others. 

In this study this threat is reduced as the within-subject error depends on differences in 

each respondent's pre- and post-test results as opposed to the differences between 
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respondents. Cook and Campbell (1979) advise that the higher the correlation with 

respondents' pre- and post-test scores the greater reduction in the error. 

3.3.3 Construct validity 

Construct validity is concerned with establishing that the measures used within a study 

actually measure the constructs that are being studied (Burns, 2000). In this type of 

validity agreement is sought on the operationalised forms of a construct, clarifying what 

is meant when a particular construct is used. Table 3.4 below indicates the major threats 

to construct validity in this study. The remainder are considered in Appendix 8c. 

Table 3.4: Threats to Construct Validity 

Threats to Construct Validity 

Inadequate Explication of Constructs 

Mono-Operation Bias 

Mono-Method Bias 

Confounding Constructs with Levels of Constructs 

Experimenter Expectancies 

Compensatory Equalisation 

Compensatory Rivalry 

Hypothesis-Guessing Within Experimental Conditions 

Evaluation Apprehension 

Interaction of Different Treatments 

3.3.3.1 Interaction of different treatments 

Major Minor 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

This threat exists if participants experience different treatments ( Cook & Campbell, 

1979). In this study, participants are exposed to the same intervention Practical 

Astronomy for Years 7, 8 and 9 (McKinnon, 2004a; 2004b) however varying levels of 

treatment exist amongst groups. Due to the nature of the intervention there were 14 

possible levels of treatment identified and are presented in Table 3.5 below. The levels 

of treatment were based on the chapters that were covered by participants from the 

student workbook and reported by teachers who tendered their programs. Chapters 1, 2 
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and 3 were mandatory for all groups. The remaining chapters, 4-7 were optional and 

were to be selected by the teacher in conjunction with the student participants based on 

the syllabus requirements for their year level and student interest in certain topics. 

One way in which the researcher endeavours to control this threat is by conducting 

separate analyses on groups based on the level of treatment they received. 

Table 3.5 Levels of Treatment 

Treatment Level Characteristics of Treatment 

0, X, 01 X, = Chapters 1, 2 and 3 

0, X1 01 X2 = Chapters 1, 2, 3 and 4 

0, X1 02 X1 = Chapters 1, 2, 3 and 5 

0, X4 01 X4 = Chapters 1, 2, 3 and 6 

0, X., 02 X5 = Chapters 1, 2, 3 and 7 

0, x6 02 X6 = Chapters 1, 2, 3, 4 and 5 

0, X1 02 X1 = Chapters 1, 2, 3, 4 and 6 

0, Xx 01 X8 = Chapters 1, 2, 3, 4 and 7 

0, x9 02 X9 = Chapters 1, 2, 3, 5 and 6 

0, X,o 02 X,o = Chapters 1, 2, 3, 5 and 7 

0, Xu 02 X,, = Chapters 1, 2, 3, 6 and 7 

0, X,2 02 X12 = Chapters 1, 2, 3, 4, 5 and 6 

0, Xn 02 Xn = Chapters 1, 2, 3, 4, 5 and 7 

0, x/4 02 X/4 = Chapters 1, 2, 3, 4, 5, 6 and 7 

3.3.4 External validity 

External validity refers to the extent to which the presumed causal relationship of a 

study can be generalised to and across other research contexts, that is, generalised 

across different types of persons, settings and times (Bryman, 2004; Cook & Campbell, 

1979). In relation to this study, one may be able to generalise the findings to other 

schools deemed similar within the educational sectors involved. To be able to generalise 
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the findings to and across a wider context will require further research that spans both 

national and international settings. 

Cook and Campbell, (1979) identify three threats to external validity. The major threats 

to external validity are identified in Table 3.6 and discussed in the sub-sections below. 

It is established that the results from this research should be regarded as one part of a 

larger body of research, rather than an attempt to be universally generalisable. 

Table 3.6: Threats to External Validity 

Threats to External Validity 

Interaction of Selection and Treatment 

Interaction of Setting and Treatment 

Interaction of History and Treatment 

Major Minor 

../ 

../ 

../ 

3.3.4.1 Interaction of selection and treatment 

This threat is related to whether the cause-effect relationship can be generalised to other 

groups of students (Cook & Campbell, 1979). There may have been characteristics of 

the students involved that made them respond to the treatment in the way in which they 

did or perhaps the teachers that chose to participate in the intervention were more 

disposed toward teaching astronomy. It would therefore be difficult to generalise the 

findings across other groups. 

3.3.4.2 Interaction of setting and treatment 

The schools involved in this study came from public and private educational sectors, 

drawn from four jurisdictions on the eastern side of Australia. The findings of this study 

therefore, may be generalised to other schools considered similar within the educational 

sectors and jurisdictions that were involved. It would be problematic, however to 

generalise the findings to settings that are different from those that were involved in this 

study, for instance schools in remote areas or schools in other jurisdictions or schools in 

other countries. 
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3.3.4.3 Interaction of history and treatment 

It is difficult to generalise the findings to future educational settings, as one would 

expect there to be changes in the way science is taught given the widespread concerns in 

science education both nationally and internationally. In addition, the push for schools 

and teachers to adopt and implement features that pertain to the ideal science examined 

in the review of literature and the advocacy for innovation in science education are all 

powerful change agents. It would, however, be valuable to carry out future research of 

this nature to monitor students' perceptions of science, examine the way in which 

science education is implemented and establish both the degree and effects of change. 

3.4 Research questions 

The purpose of this research is to examine students' perceptions of junior secondary 

science, both before, during and after a technology rich, student-centred science 

program based on one area of junior science; astronomy. This thesis is concerned with 

students' perceptions of junior secondary science. It is recognised, however, that the 

science teacher has a major impact on students' perceptions. Consequently, this thesis 

will take account of teachers' perceptions of the science they teach to students in junior 

secondary school in the process of investigating students' perceptions. It is also 

important to examine students' astronomical knowledge given that the intervention is 

based on astronomy. 

Thus, the main questions this research sets out to answer are: 

1. What are students' current perceptions of junior secondary science? 

2. Have students' perceptions of junior secondary science changed over the last five 

years since the research conducted in 1999 in The Status and Quality of Science and 

Science Teaching in Australian Schools Study (Goodrum et al. 2000)? 

3. What know ledge of astronomy do students have before participating in the 

intervention? 

4. Do students' perceptions of junior secondary science change after being involved in 

a technology rich, student-centred science program based on one area of science; 

astronomy? 

5. Does students' knowledge of certain astronomical concepts change _after being 

involved in the intervention? 
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6. What are teachers' perceptions of the science they teach to students in junior 

secondary school both before and after the intervention? 

7. How do teachers' perceptions of the junior secondary science they teach compare 

with their students' perceptions? 

The first research question identifies students' perceptions of science in the junior years 

of secondary school using the Secondary School Science Questionnaire originally 

developed and used by Goodrum et al. (2000). In an attempt to answer the second 

question results from the first questionnaire are compared with findings from the 

Goodrum et al. (2000) study to establish whether students' perceptions of junior 

secondary science involved in the 2004 research have changed or remain largely the 

same as those in the 1999 study. The third research question is designed to establish 

students' prior knowledge of certain astronomical concepts using the Astronomy 

Diagnostic Test. The fourth and fifth research questions investigate students' 

perceptions toward junior secondary science and their knowledge of astronomy after 

being involved in the intervention. These questions are investigated by administering 

the post-occasion Secondary School Science Questionnaire and Astronomy Diagnostic 

Test to all students involved in the study and by conducting interviews with a sample of 

students about their experiences during the science program. Comparisons between pre

and post-Secondary School Science Questionnaire data, involving statistical analysis, 

are triangulated with relevant interview data to determine whether the science program 

affected students' perceptions of junior secondary science and the extent to which 

students' perceptions of junior secondary science have changed. The pre- and post

intervention Astronomy Diagnostic Test results are compared to establish whether there 

has been a change in students' knowledge of astronomy. The final research questions 

are concerned with teachers' perceptions of the science they teach to students. These 

questions are investigated by examining the Secondary School Science Questionnaire 

(teacher version) and comparing teacher responses with student responses. 

Research from national and international studies directs us to anticipate that the 

majority of students in the study will harbour unfavourable perceptions toward junior 

secondary school science ( e.g. American Association for the Advancement of Science, 

1989; Baird, 1994; Baird, Gunstone, Penna, Fensham & White, 1990; Bennett, 2003; 

Braund & Driver, 2005; Ferguson, 1991; Goodrum et al. 2000; Hackling, et al., 2001; 

Millar & Osborne, 1998; Osborne & Collins, 2000; Speering & Rennie, 1996; Rosier & 
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Banks, 1990). Recommendations from such research suggest ways in which the science 

curriculum and the teaching and learning experiences within science could be improved 

to help transform students' negative perceptions toward school science. These 

suggestions were outlined in the review of literature and included many of the ideal 

characteristics of science education such as making the science curriculum relevant to 

students, employing an inquiry approach toward teaching and learning science and 

having access to excellent resources and equipment that support teaching and learning 

in science (Goodrum et al. 2000). It is, therefore hypothesised that in this research the 

technology rich, student-centred science program that incorporates five aspects of the 

ideal picture of science education will have an impact on students' perceptions of junior 

secondary science. Thus the null hypotheses that can be generated from the previous 

statement are as follows in Section 3.5 

3. 5 Hypotheses 

This section lists the research hypotheses and states them in null form. The key 

hypotheses of this study are: 

Ho,= There will be no change in students' perceptions of junior secondary science in 

2004 compared with the findings from the Goodrum et al. (2000) study carried out 

in 1999. 

Ho2= A technology rich, student-centred science program based on astronomy will have 

no influence or impact on: 

• students' perceptions of junior secondary science; and 

• students' astronomical knowledge. 

Ho1= There will be no relationship between students' and teachers' perceptions of 

science measured on both occasions of testing. 
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3.6 Obtaining access and defining the researcher's role 

The researcher's first task was to commence work on each of the separate ethics 

applications that were required to obtain permission to conduct the research within a 

school setting. Ethics applications were submitted to the University's Ethics in Human 

Research Committee and to each of the four relevant Departments of Education in each 

educational jurisdiction where the study was to take place. Authorisation to conduct the 

research was granted from each of these bodies (see Appendix 15 for ethics approval 

letters). Written permission was also sought and obtained from each of the school 

principals, teachers, students and the parents/guardians of the students involved in the 

study. 

The researcher had many roles within the study. Initial duties involved: contacting 

prospective schools; issuing the school principals with infonnation packages; obtaining 

signed consent from each of the school principals that indicated that they would like 

their school to participate; and organising Professional Development Days in each of 

the four jurisdictions for the secondary science teachers to attend. The first official 

personal encounter with teacher participants was at each of the Professional 

Development Days where there were three members of the research team present, the 

chief investigator, the web designer and the researcher. The researcher was introduced 

to the teachers by the chief investigator as a PhD student involved in carrying out 

research within the project. 

During each of the professional development days the purpose of the project was 

outlined to teachers and the research to be conducted was explained both verbally and 

through a letter distributed to teachers. A consent fonn accompanied the letter, which 

required teachers to give their written consent if they agreed to take part in the research. 

Teachers had numerous opportunities to ask questions of the research team whilst being 

exposed to the educational materials that they would be responsible for implementing. 

The teachers watched a PowerPoint presentation that showed the telescope and how it 

operates. There were several training sessions throughout the day that showed teachers 

how to use the planetarium and image processing software and how to take pictures 

with the CSU Remote Telescope. One of the sessions was dedicated to examining and 

explaining the content of the teachers' guide and student workbook. Discussion 
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revolved around the implementation of the materials and how to program and sequence 

science lessons. The teachers received copies of the Secondary School Science 

Questionnaire (SSSQ) and the Astronomy Diagnostic Test. Both instruments were 

explained to teachers and their role in administering the questionnaire and test on behalf 

of the research team was made explicit. 

On return to school, teachers explained the project to their students and issued them 

with explanatory letters from the research team together with two consent forms that 

were signed by the student and their parent(s)/guardian(s) agreeing to participate in the 

study. Once consent was obtained, teachers administered the Astronomy Diagnostic 

Test and Secondary School Science Questionnaire to students within their science class 

before commencing the intervention. All documentation was forwarded to the 

researcher to allow coding procedures to commence. 

Throughout the intervention period the researcher's role involved maintaining regular 

contact with teacher participants by sending out weekly email updates and asking for 

feedback on their experiences and their class's experiences within the project. On-going 

communication allowed the researcher to establish a rapport with many of the teacher 

participants. A consequence of this was that the researcher was able to negotiate a time 

to visit and interview a selection of the student participants and teachers involved in the 

study. 

On each of the school visits, student participants recognised that the researcher was 

from an outside institution wanting to find out about their experiences within science 

during the intervention period. Once students had established that the interview was 

confidential and that their responses would remain anonymous, students were willing to 

open up, share their feelings about science within their class and give honest accounts of 

what had been happening within their science lessons. The researcher was also invited 

into a number of classrooms to view students' work and hear first hand about what they 

had been doing. 
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3. 7 Settings 

This study took place in four educational jurisdictions geographically located on the 

eastern side of Australia: the Australian Capital Territory; New South Wales; 

Queensland and Victoria. The schools involved in the study were drawn from both 

public and private educational sectors. The selection of the schools was predetermined 

by the larger study, which employed convenience sampling also referred to as an 

opportunity sample (Johnson & Christensen, 2004). In this type of sampling participants 

are often accessible to the researcher and recruited through volunteering to participate in 

the research (Bums, 2000; Bryman, 2004; Johnson & Christensen, 2004). It was 

necessary to employ this type of non-randomised sampling for practical reasons; that is, 

the larger study had a limited time in which it was to be completed and the research was 

conducted within an educational setting where class groups are already formed making 

it unrealistic for participants to be randomly selected and placed into groups. 

A total of 30 schools agreed to participate in the research. The number and type of 

participating schools from each of the four jurisdictions is presented in Table 3.7 below. 

The type of school has been classified as public or private. Public represents the 

government schools that were involved while private represents the independent and 

catholic schools that chose to ta�e part in the research. 

Public 

Private 

Total 
number of 
schools 

Table 3.7: Number and type of participating schools in each jurisdiction 

Australian Capital 

Territory 

2 

3 

Jurisdiction 

New South 
Wales 

5 

7 

12 
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Queensland 

5 

3 

8 

Victoria 

5 

2 
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3.7.1 Access to participants 

The participants for this study were secondary school students in their first, second or 

third year of high school and their teacher responsible for teaching science to them. 

Before making contact with participants, the Departments of Education and Training for 

each of the four jurisdictions were notified about the research and authorisation to 

conduct the research in a school setting was obtained (see Appendix 15). 

The principals of each of the schools were contacted and mail packages were 

distributed. The mail packages contained: 

• a letter explaining the research; 

• a copy of the University's ethics clearance; 

• a copy of the applicable jurisdiction's Department of Education ethics clearance; 

• a consent form that was to be signed and returned by the principal if they agreed 
to their school's participation in the research project; 

• sample pages from the teaching and learning materials that would be 
implemented during the intervention period; and 

• copies of all of the instruments that were to be used to collect data. 

Signed permission from the principal had to be obtained before undertaking research 

within the school. Teachers were infonned about the study at each of the Professional 

Development days for which replacement funding was provided. Every teacher was 

given a letter that outlined the purpose of the research accompanied by a consent form 

and which they were asked to sign if they agreed to participate in the study. 

Teachers had the responsibility of informing their students about the research project. 

The students and their parent(s)/guardian(s) were given a letter from the research team 

explaining the research and inviting them or their child to take part. Students gave their 

own written consent to participate in the study. Written permission was also obtained 

from the students' parent(s) or guardian(s), where they acknowledged their consent for 

their child to be a participant in the study as required by the ethics committees of 

Charles Sturt University and each educational jurisdiction. 

The four sub-sections b�low describe the recruiting procedures for schools in each of 

the jurisdictions and specify the number and type of schools involved. 
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3. 7.1.1 Queensland jurisdiction 

Queensland schools were the first to be informed about the intentions of the research 

project during the Queensland Astronomy Education Conference held at the University 

of Queensland on the 20th March 2004. The Brisbane Astronomical Society was 

responsible for organising the conference and invited the chief investigator of the larger 

project to deliver a keynote address. It was during this presentation that the chief 

investigator explained the project and research intentions to the audience. Those who 

were interested in the project were invited to speak with the chief investigator and 

researcher at the conclusion of the address where they had the opportunity to ask 

questions about the proposed research. 

Teachers were asked to leave their name and school contact details with the researcher 

if they were interested in being involved in the research project so that information 

packages could be sent to their school. A total of 18 schools indicated that they were 

interested in participating in the research project. Of these, eight decided to participate 

and returned the signed Principal's Consent form. Table 3.8 displays the composition of 

schools in Queensland. 

Table 3.8 Composition of Queensland Schools 

Type Level Boys/Girls 

Public 8-12 Co-educational 

Private OP-12 Co-educational 

Public 8-12 Co-educational 

Public 8-12 Co-educational 

Public 8-12 Co-educational 

Public 8-12 Co-educational 

Public 8-12 Co-educational 

Private OP-12 Co-educational 

3. 7.1.2 New South Wales jurisdiction 

Total Years 
Region 

Population Involved 

650 7&8 Rural 

467 7 M etropo Ji tan 

1196 7 Metropolitan 

1249 8 M etropo Ii tan 

317 7&8 M etropo Ji tan 

728 7 Metropolitan 

1229 8 Metropolitan 

135 8 Metropolitan 

Schools in New South Wales were informed about the research project at a three-day 

professional development workshop for secondary science teachers held at the Parkes 

Radio Telescope in May 2004. The Australian Telescope National Facility (A TNF) was 

the organisation responsible for arranging the professional development workshop. The 
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chief investigator had been asked by the organisation to conduct a session with the 

teachers based on practical astronomy activities that could be used with secondary 

science students and a segment about remote observing which involved the Charles 

Sturt University Remote Telescope. During this session the research intentions were 

explained to teachers and they were invited to participate in the study. The contact 

details of eleven interested New South Wales schools were collected. Following the 

ATNF workshop an additional four schools made contact with the chief investigator and 

researcher expressing interest in their school being involved in the research project. 

Once ethics clearance was received from the New South Wales Department of 

Education and Training, each of the interested schools was sent an information package. 

A total of twelve schools decided to participate and returned the signed Principal's 

Consent form. Two of the schools failed to supply pre- and post-student data. Table 3 .9 

displays the composition of schools in New South Wales. 

Table 3.9 Composition of New South Wales Schools 

Type Level Boys/Girls 
Total 

Population 

Public 7-12 Co-educational 782 

Private K-12 Co-educational 940 

Private K-12 Co-educational over 600 

Public 7-12 Co-educational 253 

Private K-12 Co-educational 956 

Private 7-12 Girls 712 

Public 7-12 Co-educational 464 

Private K-12 Co-educational 620 

Private K-12 Co-educational 749 

Private K-12 Girls 1018 

Public 7-12 Co-educational 724 

Public 7-12 Co-educational 629 

3. 7.1.3 Australian Capital Territory jurisdiction 

Years 
Region 

Involved 

7 Rural 

9 Metropolitan 

8 Rural 

9 Rural 

8 Rural 

7 Metropolitan 

7&8 Metropolitan 

7 Metropolitan 

7 & 9  Metropolitan 

8 M etropo Ii tan 

7 Metropolitan 

7&9 Metropolitan 

A CSIRO Education Officer based in the Australian Capital Territory was responsible 

for contacting and identifying interested schools within that jurisdiction. The education 

officer had attended the A TNF workshop in Parkes, New South Wales. After hearing 

about the research project the CSIRO Education Officer offered to inform and locate 

schools willing to participate in the project. 
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Once ethics clearance was obtained from the ACT Department of Education and 

Training each of the interested schools was sent an information package. A total of six 

schools indicated that they were interested in participating in the research project. Of 

these, three decided to participate and returned the signed Principal's Consent form. 

Table 3.10 displays the composition of schools in the Australian Capital Territory. 

Table 3.10 Composition of Australian Capital Territory Schools 

Type Level Boys/Girls 
Total Years 

Region 
Population Involved 

Public 7-10 Co-educational 836 7 Metropolitan 

Public 11-12 Co-educational 582 II Metropolitan 

Public 7-10 Co-educational 195 7&8 Metropolitan 

The second school presented in the table withdrew their participation after the 

professional development day given that the school only comprised senior secondary 

science classes. As a consequence, teacher participant data collected at the professional 

development day was removed from the data set. 

3. 7.1.4 Victorian jurisdiction 

The Victorian schools were identified by Metropolitan Directorates of the Victorian 

Department of Education. Both the chief investigator and researcher were advised by 

the Victorian Department of Education within the letter of ethics approval that 

assistance in locating schools to participate in the research could be provided by each of 

the Metropolitan Directorates. The chief investigator contacted each of the directorates 

asking for their assistance in locating schools that would possibly be interested in 

participating in the research project. A list of school names and phone contact details 

were supplied by each of the Metropolitan Directorates. The researcher contacted the 

identified schools by telephone to explain the research project to each Head Teacher of 

the Science Department and made arrangements to send an information package to their 

school principal. A total of seven schools of which five were public and two were 

private agreed to take part in the research and returned the signed Principal's Consent 

Form. Table 3.11 displays the composition of schools in Victoria. 
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Table 3.11 Composition of Victorian Schools 

Type Level Boys/Girls 

Public 7-12 Co-educational 

Public 7-12 Co-educational 

Public 7-12 Co-educational 

Public 7-12 Co-educational 

Private K-12 Girls 

Public 7-12 Co-educational 

Public 7-12 Co-educational 

Private K-12 Boys 

Public 7-12 Co-educational 

3. 8 The research team 

Total Year(s) 
Region 

Population Involved 

633 7 Metropolitan 

670 8 Metropolitan 

551 7&8 Metropolitan 

1419 7 Metropolitan 

2150 7 Metropolitan 

1123 7&8 Metropolitan 

1290 9 Metropolitan 

1860 9 Metropolitan 

651 7 Metropolitan 

The research team consisted of the chief investigator, researcher, web-designer, 

telescope control officer and three research assistants. Each member of the research 

team had specific roles to fulfil in order to carry out the research. 

The chief investigator was the originator of the Charles Sturt University Remote 

Telescope Project, who at the time the research was being conducted an Associate 

Professor within the School of Teacher Education at Charles Stu rt University, Bathurst. 

The chief investigator was responsible for: writing the astronomy science curriculurh 

materials implemented within the intervention period; obtaining funding to carry out the 

research; giving interested schools and teachers the opportunity to use the Charles Sturt 

University Remote Telescope and invite them to be apart of the research; conducting 

professional development sessions for teachers on the various components of the 

project; carrying out research on the usefulness of the Practical Astronomy teaching and 

learning materials used in conjunction with the Charles Sturt University Remote 

Telescope; and writing a report for the Department of Education Science and Training. 

The researcher was responsible for compiling the ethics submissions required by each 

of the relevant departments; contacting schools and maintaining contact with teacher 

participants throughout the research; sending out information packages to schools; 
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supplying schools with the necessary pre- and post-occasion instruments; keeping 

records of the pre- and post-occasion data collected; coding specific parts of the student 

and teacher instruments; conducting interviews with a sample of student and teacher 

participants; and, carrying out research focussed on students' perceptions of the science 

they experienced in junior secondary school both before and during the intervention 

period. 

The web-designer was involved in creating and maintaining the Charles Sturt University 

Remote Telescope website. This required the web-designer to update the website, 

regularly monitor forum postings and provide technical support to teachers. At each of 

the professional development days the web-designer was responsible for giving teachers 

a guided tour of the Charles Sturt University Telescope website, where various 

components of the website were brought to the attention of the teachers and explained in 

detail. 

The telescope control officer was in charge of overseeing each of the schools' remote 

observation sessions. This required the telescope control officer to prepare the telescope 

so that it was ready for remote observing and involved providing online support to 

students and teachers during their remote observation session. 

The final members of the research team included three research assistants who had been 

trained by the chief investigator and researcher to code sections of the pre- and post

occasion instruments; the Astronomy Diagnostic Test and the Secondary School 

Science Questionnaire student version. Two of the research assistants had the 

responsibility of coding the alternative conceptions present in students' explanations in 

the Astronomy Diagnostic Test. The remaining research assistant was responsible for 

coding the four open-ended response questions on the Secondary School Science 

Questionnaire student version. Various procedures were put into place to ensure a high 

degree of inter-judge concordance in the coding of the alternative conceptions and of 

the open-ended responses. These included the double marking of samples of students 

responses. In all cases, a level of90% of agreement or better was achieved (see Section 

3.10.2.6; Table 3.13). 

83 



3.9 Intervention 

·The intervention, Practical Astronomy for Years 7, 8 and 9 (McKinnon, 2004a; 2004b) 

comprised a professional development program for teachers, access to the Charles Sturt 

University Remote Telescope and a set of learning materials that included: a teachers' 

guide; student workbook; CD-ROM; and website. The sub-sections below describe each 

component of the intervention. 

3.9.1 Professional development program 

The professional development program, that comprised one part of the intervention, was 

designed for the purposes of the larger DEST study (McKinnon, 2005). The program 

adopted, is considered to align with recommendations for effective professional 

development models articulated in research reports ( e.g. Council for Science and 

Technology, 2000; Dillon, Osborne, Fairbrother & Kurina, 2000; Goodrum, Cousins & 

Kinnear, 1992) that indicate such models arc centred on the needs of teachers, have 

evaluation and feedback procedures and provide ongoing support. The Council for 

Science and Technology assert that continuous professional development should be 

structured around a teacher's subject related competencies with particular reference to: 

"rasing their awareness; updating their subject knowledge; and, enhancing their subject 

related pedagogy" (2000, p.21 ). The professional development program comprises such 

features, the details of which are outlined below. 

The professional development program commenced with an initial in-service day. In 

total, there were nine of these professional development days conducted across the four 

jurisdictions. The larger project provided funding for the teacher professional 

development days where each school in attendance was covered for up to four teacher 

release replacements. 

It was the intention of the research team to hold one professional development day in 

each jurisdiction to induct teacher participants. This was feasible in the Australian 

Capital Territory, Queensland and Victorian jurisdictions where one in-service day was 

held at the outset of the program. Organising one professional development day in New 

South Wales was not possible as it was hard to find a date and location that suited the 

majority of teacher participants. As a consequence, five introductory in-service days 

were held in New South Wales, given that the research team was based in this 
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jurisdiction, which made travelling to and from the professional development day 

locations possible. 

The professional development day in each jurisdiction comprised the same content (see 

Appendix 7 for an outline of the day). The first session dealt with administrative issues 

related to claiming the teacher release days. An overview of the research project was 

presented to the teacher participants and many of the concerns identified in Chapter 2 

regarding science education in primary and secondary schools were examined. Teachers 

were issued with a letter explaining the research and were invited to sign the consent 

form if they agreed to participate. Signed consent forms were collected by the 

researcher. Teachers then completed the Secondary School Science Questionnaire 

(teacher version). 

The first session, planning for implementation, involved teachers experimenting with 

the image processing software that students would use to process their images captured 

with the CSU Remote Telescope. Teachers were given the opportunity to work through 

processing images of various types of celestial objects with guidance from the research 

team. 

During the next segment, teachers were provided with a curriculum map for their 

relevant jurisdiction. This document outlined how the Practical Astronomy content 

related to each jurisdiction's secondary science curriculum (Appendices 6a to 6d present 

the curriculum maps generated for each jurisdiction). Teachers were also supplied with 

a Teacher Program template in which they were asked to document the activities 

covered during the intervention period (see Appendix 5 for a copy of the Teacher 

Program template). That is, teachers were asked to provide information about the 

lessons taught including: a description; sequence; duration; and evaluative comments. 

Teachers could use this template for their own programming records and were also 

asked to supply the researcher with a copy of the program. This was designed to provide 

the researcher with a record of the projects covered by each class and allow further 

insight into how the projects were covered. 

The chief investigator explained how to use the teachers' guide in conjunction with the 

student workbook. The first three chapters of the book were mandatory for each of the 

classes involved as they were concerned with preparing for, and taking control of, the 
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Charles Sturt University Remote Telescope. Teachers were encouraged to select from 

the remaining projects in conjunction with their class group. 

The teachers were then involved in a session that revolved around preparing to access 

the remote telescope. Importance was placed on the locus of control resting with the 

students. That is to say, students would be responsible for selecting and researching the 

celestial objects that would be observed and photographed, controlling the telescope to 

capture the images and processing the images. In addition, teachers were exposed to the 

telescope control software used to locate the celestial objects in the night sky and were 

shown how to slew the telescope using this software. Teacher participants were 

involved in the procedures that their students would have to follow when linking to the 

telescope from their school location and controlling it to take their images. Furthennore, 

procedures for accessing and operating the two cameras attached to the telescope were 

identified. 

Teachers were given time to explore the planetarium software, SkyGlobc, located on the 

CD-ROM. A series of questions were posed to the teacher participants that related to the 

times certain phenomena would be visible in the night sky on specific dates. 

Participants had to manipulate the software to find the answers. This session modelled a 

process teachers could follow when using the software with students. In addition, 

teachers were given a guided tour of the CSU Remote Telescope website and were 

issued with usemames and passwords to access the password protected areas. 

In the final session, copies of letters and consent forms for student participants and their 

parents were distributed to teachers in conjunction with the pre-occasion student 

instruments. The teacher's role in distributing the letters and consent fonns to parents 

and students was made explicit. In addition, they were asked to collect the signed 

consent forms from students and their parents and post them to the researcher. The 

procedure for administering and returning the SSSQ and Astronomy Diagnostic Test 

was also explained. 

The professional development program continued during the intervention period 

through email contact, telephone calls and the use of the forum located on the CSU 

Remote Telescope website. Teachers were advised to use these media if they had 

questions regarding any aspect of the intervention or if they required support. In 
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addition, online support was provided when students and teachers accessed the CSU 

Remote Telescope. 

Regular updates and information were sent to teacher participants via email and 

additional resources were posted on the forum. Teachers were encouraged to 

communicate with the researcher and chief investigator regularly throughout the 

intervention period and with each other. It was also recommended that they use the 

forum to correspond with teachers from other schools who were also involved in 

implementing the program. 

3.9.2 Charles Sturt University Remote Telescope 

The Charles Sturt University Remote Telescope is housed in an observatory located in 

Bathurst, New South Wales. It is a compute r -controlled commercial 12-inch Schmidt

Cassegrain Telescope. A Schmidt-Cassegrain Telescope is a common type of 

catadioptric telescope (a telescope that has a combination of min-ors and lenses) that 

uses two mirrors and a Schmidt corrector plate. The CSU remote telescope pictured 

below in Figure 3.1 is a scientific grade device that is controlled over the internet. 

Figure 3.1 The CSU Remote Telescope 
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Two digital astronomical CCD cameras are mounted on �e telescope and are directed 

by computer software .(CCD stands for charge-coupled device). One of these cameras 

uses a 135mm telephoto lens to produce wide-angle images of the night sky. The other 

looks through the telescope and produces highly- magnified images of celestial objects 

in the night sky. Figure 3 .2 shows the wide angle electronic camera on top of the 

telescope and the prime focus camera situated at the rear of the telescope. 

Eyepiece 

Prime focus 

camera or SX 

camera. 

Wide angle camera or 

MX Camera 

Figure 3.2 The CSU Remote Telescope Cameras 
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Figure 3.3 displays a wide angle image of a galaxy called the Large Magellanic Cloud, 

obtained with the wide angle or MX camera. 

Figure 3.3 Wide angle view of the Large Magellanic Cloud and the Tarantula Nebula (arrowed) 

The object in Figure 3.4 is a highly magnified part of the galaxy called the Tarantula 

Nebula (McKinnon, Geissinger & Danaia, 2002). This image was obtained using the 

prime focus or SX camera. 

Figure 3.4: The Tarantula Nebula a magnified view. 

The software used to drive the telescope and cameras is located on the file server called 

Black Hole at the observatory. Four software systems supply the control: the file server 

and client interface, the accurate pointing capability, the focusing, and control of the 

two electronic cameras. When the teacher and students want to make contact with the 

system, the teacher only needs to download a small client program from the telescope 

website in order to do so. When the program is loaded and a link made to the file server, 

they see a 'desktop' on the computer at their school, which contains four icons that run 

the four systems. 

Control of the telescope is effected using a planetarium program. Users can find objects 

using the software databases included in the program. The CCD cameras return an 
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image to the user over the Internet within three seconds of the completion of the 

exposure. The image is then able to be saved quickly at the sever. 

Observatory CSU Network 
IBN, �tfhvty 
3000Suvu 

CSU Web Suvvl 
���� .____. 

I Innrnct 

Dul(tcp PC OUktcp Apple Portable PC 

Figure 3.5 System 

Figure 3.5 shows how the system works. Data from the telescope is sent to the file 

server Black Hole located at the observatory. This infonnation is sent over the Internet 

to the CSU web server. All image data is then distributed to users via the Internet from 

this location at the time when the class logs off. The time for the transfer of all images 

to the users' email address is typically less than five minutes. 

3.9.3 Learning materials 

All class groups involved in the research received a package of learning materials. The 

learning materials were designed to assist teachers in implementing the Practical 

Astronomy program, to support students in learning about certain astronomical 

phenomena and bow to control the CSU Remote Telescope. Specifically, the learning 

materials included: a teachers' guide; student workbook; CD-ROM; and access to the 

CSU Remote Telescope website. The learning materials were distributed to schools 

once signed consent was obtained from the principal. 

The Practical Astronomy Teachers' Guide and Student Workbook (McKinnon, 2004a; 

2004b) pictured below in Figure 3.6 are to be used in conjunction. Information 

presented in the guide makes explicit the notion of teachers working together with their 
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class to select projects to cover that are relevant to the learning needs of the students 

involved. The projects or activities within each of the chapters revolve around student 

inquiry and involve practical investigation. The chapters include: introduction to the 

program; planning to take control of the CSU remote telescope; image processing and 

telescopes; the Moon; the solar system; Stars and constellations; Galaxies and the rest of 

the universe; and suggestions for extension activities/future. 

Figure 3.6 Practical Astronomy Teacher's Guide and Student Workbook 

The CD-ROM contains a series of PowerPoint presentations, documents, software, and 

images. The PowerPoint presentations support teachers and students in preparing to take 

control of the remote telescope. The presentations outline the procedures involved in 

controlling the telescope, operating the two cameras and processing images. In addition, 

the CD-ROM includes resources that relate to specific projects witrun the student 

workbook such as an observation request form, spreadsheets for calculations and a 

planetarium software command sheet. Two pieces of computer software are also 

included for students and teachers to download and use during the intervention period. 

The first, called Star_MX5, enables the user to process images taken with the remote 

telescope. The second is planetarium software, entitled SkyGlobe, which allows 

students and teachers to check what celestial objects are visible in the night sky at the 

time they plan to take control of the system. 
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The Charles Sturt University Remote Telescope website provides links to resources that 

students and teachers can access throughout the intervention period. At each 

professional development day teachers were provided with public and private 

usernames and passwords to access password protected sections of the website. The 

public username and password is for students to use when accessing the password 

protected sections of the website. A private username and password for each teacher 

provides access to the remote telescope. Teachers connect with the telescope via the 

website. This process involves selecting the appropriate link and entering the private 

username and password to gain access. Student and teacher forums are also located 

within the password protected section of the website. 

The website contains links to the Bureau of Meteorology that provide up-to-date 

weather forecasts for the region that the telescope is located allowing students and 

teachers to conduct weather checks in the lead up to observation nights. Further, there is 

a calendar on the website that displays the times the Remote Telescope has been 

booked. Students and teachers are required to check this before planning their 

observation evenings and nominating an available time. The website also contains a 

gallery of images open for public viewing. This gallery contains a selection of images 

that have been captured by students whilst using the remote telescope. 

3.10 Data collection and procedures followed 

Quantitative data were collected from student and teacher participants on two occasions. 

The first occasion was prior to the commencement of the intervention and the second 

occasion took place at the conclusion of the intervention period. 

The pre- and post-student instruments, the Astronomy Diagnostic Test and the 

Secondary School Science Questionnaire, were administered to students by their science 

teacher during normal science periods. Class sets of the pre-occasion instruments were 

supplied to teachers at the professional development day to ensure that each participant 

had an individual copy and that no printing costs were incurred by participating schools. 

Alternatively, for those who were unable to attend the professional development day 

class sets were mailed to their school. Mid-way through the intervention period, class 

sets of the post-occasion instruments were mailed out to all teacher participants 

ensuring that they had them in advance. 
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In the administration of the instruments teachers were informed that they could read out 

the questions on both sets of instruments for the slower readers. No special instructions 

however, were given to students apart from what appeared on the instruments. Teachers 

were asked to forward all data to the researcher or chief investigator at Charles Sturt 

University. The return rate of student data on the post-intervention occasion was 60%. 

In relation to the teacher data a total of 35 questionnaires were received from those who 

had implemented the intervention which represents a return rate of 35%. The return rate 

of data is taken up in the Discussion Chapter, Section 7.3.3. 

It is important to note that on receipt of the pre-occasion data, each respondent was 

assigned a unique case number. This case number was assigned as an identifying code 

to each piece of pre/post-occasion data that had been supplied by the respondent. This 

process provided the means for matching a respondent's pre-occasion data to their post

occasion data. All data were amalgamated into an SPSS data file according to individual 

case numbers and other identifying demographics such as school, teacher, class, year 

level and gender to create the longitudinal data set. 

The pre-occasion Secondary School Science Questionnaire (teacher version) was 

administered to teachers at each of the professional development days. For teachers who 

were unable to attend the professional development day questionnaires were sent to 

their school location where they were asked to complete and return the questionnaire 

with the pre-occasion student data. The post-occasion Secondary School Science 

Questionnaire (teacher version) was mailed to all teacher participants in conjunction 

with the post-intervention student data. Once more, teachers were asked to respond to 

the questionnaire and return it together with the student post-occasion data. 

Teachers were provided with a digital and hardcopy of a program template, on which 

they were asked to document teaching and learning experiences during the intervention 

(see Appendix 5). Teachers were asked to regularly update their program and were 

instructed to return the program at the conclusion of the intervention. 

Interviews were conducted by the researcher with a sample of student and teachers 

drawn from six of the participating schools. All interviews were taped and later 

transcribed by the researcher. The following sub-sections describe the instruments, 

analytic and coding procedures used. 
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3.10.1 Dependent measures 

A quasi-experimental pre-test/post-test design has been used in this research project. 

Quasi-experimental designs are used in research where random assignment is not 

possible (Mertens, 2005). The pre- and post-occasion instruments used to collect 

information from student and teacher participants in this study are: 

• the Secondary School Science Questionnaire student pre-test version (see 

Appendix 3a); 

• the Secondary School Science Questionnaire student post-test version (see 

Appendix 3b); 

• the Secondary School Science Questionnaire teacher pre-test version (see 

Appendix 4a); 

• the Secondary School Science Questionnaire teacher post-test version (sec 

Appendix 4b ); and 

• the Astronomy Diagnostic Test pre- and post-test versions (see Appendix 2a). 

The Secondary School Science Questionnaire (student version) was used to collect 

information from students regarding their perceptions of and experiences in junior 

secondary science classes. A teacher version of the Secondary School Science 

Questionnaire was created and directly mapped to the student version of the 

questionnaire to collect information about teachers' perceptions of what happens in the 

science they teach to students in their junior secondary science class. Finally, a modified 

version of the Astronomy Diagnostic Test was used to collect information about 

students' knowledge and understanding of astronomical phenomena. 

Questionnaire and test data were examined to identify those that had been pattern

marked or consisted of clearly nonsensical responses. There were a small number of 

student respondents who had ticked the same rating scale option for every question or 

who had responded to the items by choosing option 1 through to 5 and then 5 through to 

1, which created a diagonal pattern on the questionnaire. As a result such questionnaires 

and tests were removed from the data set and were not used in the analyses. 
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Second level analyses revealed that there were additional questionnaires with 

problematic responses but no logical pattern in the way in which students responded to 

the items was found. In the problematic responses it appeared that respondents had 

either misinterpreted the question(s) or had failed to read the stem of the question. For 

instance in the SSSQ there were student respondents who had selected the rating scale 

option 5 "almost always" for item 40 "during science lessons I find science too easy" 

and had also circled option 5 "almost always" for item 42 "during science lessons I 

think science is too hard" such responses were considered inconsistent. There were also 

a small number students from different classes who had indicated that in science they go 

on excursions to the zoo, museum, science centre, or places like that nearly every 

lesson, with the rest of their class responding to this question by choosing one of the 

options at the opposite end of the scale. It was thought that such students had most 

probably misinterpreted question 12, specifically the section that mentioned "science 

centre" where it could be mistaken for the science laboratories within schools that most 

students attend "nearly every lesson" for science classes. As a consequence, such 

responses were also removed from the data set to ensure that the outcomes of the 

research were not influenced by the inconsistent responses. 

The researcher believes that the rating scale options for items 12 and 13 in all versions 

of the SSSQ are problematic. Given the nature of science in Australian schools it is 

highly unlikely that students would attend excursions or have visiting speakers "nearly 

every lesson". Options that allow respondents to select/record the actual number of 

times such things happen in a given time frame (for example a school term) would seem 

to be a more valuable means of collecting data that investigates how often such events 

take place in junior secondary school science. For the purpose of this research however, 

it was decided to retain the rating scale options for each of the items to ensure that the 

SSSQ remained consistent with the questionnaire used in the Goodrum et al. study 

(2000) and to allow comparisons to be made between the SSSQ data collected from 

junior secondary students in 1999 with the SSSQ data collected in 2004 from junior 

secondary science students in this study. 

The sub-sections below include a brief overview of each of the instruments. The coding 

procedures, reliability and construct validity of the instruments and scales are reported 

and explained. 
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3.10.1.1 The Secondary School Science Questionnaire (SSSQ) student version 

The Secondary School Science Questionnaire (Goodrum et al. 2000) was used to gather 

information on students' perceptions of the science they experience in secondary school. 

The original questionnaire comprised of 42 rating scale items and four open-ended 

response questions. A further three items were added to the original 42 rating scale 

items by the research team. These additional items related to students' enjoyment of 

science in general, in school and in their science class and were to serve as independent 

variables in an attempt to demonstrate the construct validity of any factors that emerged. 

The pre-student version of the Secondary School Science Questionnaire is presented in 

Appendix 2a. 

An exploratory factor analysis with Principal Components extraction and Direct 

Oblimin rotation using SPSS v12.0.2 was computed on the 42 rating scale items of the 

Secondary School Science Questionnaire (SSSQ). 

Details of the Factor, Reliability and Construct Validity Analyses of the scales arc 

presented in Appendix 9. Several factor solutions were investigated for the 42 items. 

The factor analysis resulting in a seven factor solution yielded the most interpretable 

scales. The seven factors that emerged accounted for 23.9%, 6.4%, 5.1 %, 4.8%, 4.0%, 

3.7% and 3.0% of the total variance. The sub-sections below report on each of the scales 

and present the reliability and construct validity analyses for the pre- and post-occasion 

respectively. The final sub-section explains the procedures used to code the four open

response questions at the conclusion of the pre- and post-Secondary School Science 

Questionnaire. 

3 .10.1.1.1 Factor 1: Perceived relevance of science at school scale 

This scale comprised seven items. This factor was interpreted as the perceived relevance 

of the science experienced by students at school. The strongest loading items on this 

factor were "the science we learn at school deals with things I am concerned about" 

(0. 775) and "the science we learn at school is useful in every day life" (0. 773 ). 

Reliability analyses were conducted on these seven items using the data from both the 

pre- and post-occasion of testing. The internal consistency of scales fonned from these 
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seven items yielded alphas of 0.851 and 0.864 respectively (Cronbach's alpha). The full 

reliability analysis is presented in Appendix 9. 

The construct validity of the scale was investigated using item 44 "I enjoy the science 

we do at this school" as the independent variable. Here it was hypothesised that those 

students who indicated that they "enjoyed the science we do at this school" would have 

significantly higher scale scores than those students who indicated that they did not. 

Consistent with the hypothesis, those students who indicated that they enjoyed the 

science they experienced at school had a significantly higher score on the perceived 

relevance of science scale on both occasions (F=l88.075, (df= 4, 1834), p < 0.001); 

(F= 120.048, ( df= 4, 1091 ), p < 0.001) than those who indicated that they did not enjoy 

the science experienced at school. 

The full analysis is reported in Appendix 9. The results indicate that this scale is likely 

to possess a high degree of construct validity and measures students' perceptions of the 

relevance of the science they experience at school in a consistent way. 

3.10.1.1.2 Factor 2: Perceived difficulty experienced by students in science at school 

scale 

This scale comprised three items. This factor was interpreted as the perceived level of 

difficulty experienced by students in science at school. The strongest loading items on 

this factor were "during science lessons I think science is too hard" (0.781) and 

"during science lessons I don't understand the science we do" (0. 716). 

Reliability analyses were conducted on these three items using the data from both the 

pre- and post-occasion SSSQ. The internal consistency of the scales formed from these 

three items yielded alphas of 0.659 and 0. 743 respectively. The full reliability analysis 

is presented in Appendix 9. 

The construct validity of the scale was investigated using question 40 "during science 

lessons I find science too easy" as the independent variable. Here it was hypothesised 

that those students who indicated that "during science lessons they found science too 

easy" would have significantly lower scale scores than those students who indicated 

that they did not. Consistent with the hypothesis, those students who disagreed or 

strongly disagreed with item 40 had a significantly higher score on the perceived 
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difficulty experienced by students in science at school scale (F = 62.301, ( df = 4, 1875), 

p < 0.001); (F = 34.147, (df= 4, 1126), p < 0.001) than those who agreed or strongly 

agreed with item 40 "during lessons I find science too easy" .. 

The full analysis is reported in Appendix 9. The results of this analysis signify that this 

scale is likely to possess a high degree of construct validity and measures students' 

perceptions of the difficulty they experience in science at school. 

3.10.1.1.3 Factor 3: Teacher-directed experiments in science scale 

This factor was initially interpreted as the learning activities experienced by students in 

science at school. Inspection of the nine items that originally fonned this scale led the 

researcher to suspect that there were perhaps two themes within the learning activities 

scale. Hence, an exploratory factor analysis was computed on the nine items which 

produced a two factor solution that could possibly result in two sub-scales being 

formed. The factor analysis is presented in Appendix 9. 

The first factor contained four items that appeared to be associated with the 

experimental work carried out in science. The interpretability of fonning the four items 

into a scale was however questioned. Exploratory reliability and construct validity 

analyses directed the researcher to form a scale out of two of the four items. The full 

reliability and construct validity analyses are presented in Appendix 9. 

This scale comprised two items. This factor was interpreted as teacher directed 

experiments in science. The strongest loading item on this factor was "in my science 

class I watch the teacher do an experiment" (0.889). 

Reliability analyses were conducted on these two items using the data from both the 

pre- and post-occasion SSSQ. The internal consistency of scales formed from these two 

items yielded alphas of 0.678 and 0.790 respectively (Cronbach's alpha). The full 

reliability analysis is presented in Appendix 9. 

The construct validity of the scale was investigated using question 7 "in my science 

class we plan and do our own experiments" as the independent variable. Here it was 

hypothesised that those students who indicated that they rarely got to plan and do their 

own experiments would have significantly higher scale scores than those who indicated 

that they do. Consistent with the hypothesis, those students who chose "never" or "once 
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a term or less" for the item "in my science class we plan and do our own experiments" 

had a significantly higher score on the "teacher directed experiments in science" scale 

on both occasions (F= 76.507, (df= 4, 1869), p < 0.001); (F= 73.011, (df= 4, 1140), p < 

0.001) than those who indicated that they plan and do their own experiments in science 

on a regular basis. 

The full analysis is reported in Appendix 9. The results indicate that this scale is likely 

to possess a high degree of construct validity and measures students' perceptions of how 

often they experience teacher-directed experiments in science. 

The second factor contained five items and proved difficult to interpret. There was a 

degree of uncertainty as to whether the items that loaded on this factor could be joined 

together to form an interpretable scale, given the distinct nature of the items. Reliability 

analyses were explored for the possible combinations of forming the items that 

appeared to relate into a scale. 

Given the low reliabilities in each of the possible scales for this factor it became clear 

that the items in this sub-scale could not be fonned into an interpretable scale. As a 

consequence, it was decided not to form these items into a scale in future analyses. 

3.10.1.1.4 Factor 4: Computer use to find information in science scale 

This scale comprised two items. This factor was interpreted as computer use to find 

information in science. The strongest loading item on this scale was "in science we use 

computers to do our science work" (-0.915). 

Reliability analyses were performed on these two items using the data from both the 

pre- and post-occasion SSSQ. The internal consistency of scales fonned on these two 

items yielded alphas of 0.873 and 0.840 respectively (Cronbach's alpha). The full 

reliability analysis is presented in Appendix 9. 

The construct validity of the scale was investigated using item 16 "in science we 

investigate to see if our ideas are right" as the independent variable. Here it was 

hypothesised that those students who indicate that they have regular opportunities in 

science to investigate to see if their ideas are right would have significantly higher scale 

scores than those students who indicated that they did not. Consistent with the 

hypothesis students who investigate to see if their ideas are right in science more 
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frequently have significantly higher scores on the computer use to find infonnation in 

science scale (F=70.665, (df= 4, 1872), p < 0.001); (F=46.386, (df= 4, 1127), p < 0.001) 

than those who investigate their ideas less frequently. 

The full analysis is reported in Appendix 9. The results indicate that this scale is likely 

to possess a high degree of construct validity and measures student's perceptions of how 

often they use computers to find information in science. 

3.10.1.1.5 Factor 5: Thoughts about what students need to be able to do in science scale 

This scale comprised four items. This factor was interpreted as thoughts about what 

students need to be able to do in science. The strongest loading items on this factor were 

"in science we need to be able to remember lots of" (0.730) and "in science we need to 

be able to understand and explain science ideas" (0.676). 

Reliability analyses were conducted on these four items using the data from both the 

pre- and post-occasion SSSQ. The internal consistency of scales formed from these four 

items yielded alphas of 0.744 and 0.848 respectively (Cronbach's alpha). The full 

reliability analysis is presented in Appendix 9. 

The construct validity of the scale was investigated using item 45 "I enjoy the science 

we do in this class" as the independent variable. Here it was hypothesised that those 

students who indicated that they "enjoyed the science we do in this class" would have 

significantly higher scale scores than those students who indicated that they did not. 

Consistent with the hypothesis, those students who indicated that they enjoyed the 

science they experience in their science class had a significantly higher score on the 

thoughts about what students need to be able to do in science scale on both occasions 

(f =70. 750, ( df= 4, 1849), p < 0.001 ); (f =34.672, ( df= 4, 1180), p < 0.001) than those 

who indicated that they don't enjoy the science they experience in their science class. 

The full analysis is reported in Appendix 9. The results indicate that this scale is likely 

to possess a high degree of construct validity and measures students' perceptions about 

what they need to be able to do in science classes. 

3.10.1.1.6 Factor 6: Teacher's role in science at school scale 

This scale comprised eight items. This factor was interpreted as the teacher's role in 

science at school. The strongest loading items on this factor were "my science teacher 
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tells me how to improve my work" (-0.758) and "my science teacher makes it clear 

what we have to do to get good marks" (-0. 720). 

Reliability analyses were conducted on these seven items using the data from both the 

pre- and post-occasion SSSQ. The internal consistency of scales formed from these 

seven items yielded alphas of 0.836 and 0.862 respectively (Cronbach 's alpha). The full 

reliability analysis is presented in Appendix 9. 

The construct validity of the scale was investigated using question 36 "during science 

lessons we have enough time to think about what we are doing" as the independent 

variable. Here it was hypothesised that those students who indicated that they have 

enough time to think about what they are doing in science lessons would have 

significantly higher scale scores than those students who indicated that they did not. 

Consistent with the hypothesis, those students who indicated that they have enough time 

to think about what they are doing in science lessons had a significantly higher score on 

the teacher's role in science scale on both occasions (F=204.499, (df 4, 1839), p < 

0.001 ); (F= 159 .312, ( df= 4, 1114), p < 0.001) than those who indicated that they did not 

have enough time to think about what they are doing in science lessons. 

The full analysis is reported in Appendix 9. The results indicate that this scale is likely 

to possess a high degree of construct validity and measures the students' perceptions of 

the teacher's role in science classes. 

3.10.1.1.7 Factor 7: Outside experiences in science at school scale 

This scale comprised two items. This factor was interpreted as the outside experiences 

in science at school. The strongest loading item on this factor was "in science we have 

visiting speakers who talk to us about science" (-0.716). 

Reliability analyses were conducted on these two items using the data from both the 

pre- and post-occasion SSSQ. The internal consistency of scales formed from these 

seven items yielded alphas of 0.513 and 0.671 respectively (Cronbach 's alpha). The full 

reliability analysis is presented in Appendix 9. 
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One explanation for the low internal consistency of the scale on the pre-occasion is that 

the outside experiences in science will more than likely differ across classrooms and 

could also be influenced by what topic is being covered in science. Students are likely 

to be responding to the pre-occasion items by reflecting on their experiences in science 

classes in general, and could therefore respond to the items in the scale in various ways 

based on their numerous experiences in science at school. The higher alpha on the post

occasion is likely to be indicative of the student respondents having similar outside 

experiences in science during the intervention period. 

The construct validity of the scale was investigated using item 45 "I enjoy the science 

we do in this class" as the independent variable. Here it was hypothesised that those 

students who indicated that they "enjoyed the science we do in this class" would have 

significantly higher scale scores than those students who indicated that they did not. 

Consistent with the hypothesis, those students who indicated that they enjoyed the 

science they experienced in their science class had a significantly higher score on the 

outside experiences in science scale on both occasions (F=l 8.495, (df= 4, 1865), p < 

0.001); (F=9.071, (df= 4, 1108), p < 0.001) than those who indicated that they did not 

enjoy the science experienced in their class. 

The full analysis is reported in Appendix 9. The results indicate that this scale is likely 

to possess a high degree of construct validity and measures students' perceptions of how 

often outside experiences happen in their science class. 

3.10.1.1.8 Coding of the four open-response questions in the SSSQ student version 

Response categories were created to facilitate the coding of the four open-response 

questions in the Secondary School Science Questionnaire. To create the initial set of 

response categories the common themes within student responses, as identified by the 

Goodrum et al. (2000) study, were selected and assigned a number so that they could be 

trialled in coding a sample of the Secondary School Science Questionnaires collected in 

this study. The researcher in conjunction with the chief investigator coded a sample of 

questionnaires to determine whether the response categories were applicable. In the 

coding of responses, adjustments were made to the response categories to render them 

more appropriate and additional response categories were created on the basis of the 
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responses offered by students. As a result, a response category coding document was 

created for each of the open-ended questions and is included in Appendix 14a. 

A response category coding document was also produced to assist in the coding of the 

four open-ended questions on the post-occasion Secondary School Science 

Questionnaire (see Appendix 14b ). Once more, a sample of the Secondary School 

Science Questionnaires was selected to test the suitability of the response categories 

against participants' responses on the post-occasion. The pre-occasion response 

categories provided the basis for the coding system and additional response categories 

were formed as a consequence of the ideas and themes evident within responses. 

A research assistant was trained to code the four open-ended responses on both 

occasions. The coding process involved the research assistant reading each response, 

referring to the appropriate coding document to apply the codes that correspond with the 

response. When confronted with a response that proved difficult to code the research 

assistant was instructed to seek the opinion of the researcher or chief investigator. This 

minimised discrepancies in the coding of ambiguous responses and allowed additional 

response categories to be created when necessary. 

To ensure that the responses were coded in a consistent fashion, the researcher and 

research assistant took part in training sessions that involved them coding the same set 

of 200 SSSQ open-response items and cross-checking results. An inter-judge 

concordance was measured from the number of agreements/disagreements on each of 

these 200 items. The inter-judge concordance achieved was better than 97% agreement 

on each of the four responses and indicates a high level of consistency. 

3.10.1.2 The Secondary School Science Questionnaire (SSSQJ teacher version 

The Secondary School Science Questionnaire teacher version was used to collect 

information from teachers about their perceptions of the science they teach to students 

in junior secondary school. This questionnaire was created by the researcher and has 

been adapted from the SSSQ Student Version. It contains 42 rating scale items, five 

items that teachers are asked to rank and four open-response items. Each of the 42 rating 

scale items correspond with the 42 rating scale items on the student version of the SSSQ 

with the only difference being that the questions on the teacher questionnaire have been 

modified to reflect the teacher's perspective of teaching. The five items asked teachers 
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to rank in terms of personal importance their role as a teacher and were incorporated so 

that they could later function as independent variables. The first three open-response 

items map directly to those in student version. The final open-response question was 

included to seek teachers' thoughts on an issue that has been of concern to many in the 

science education field and recognised in the review of literature that is, the declining 

number of students pursing sciences in the post-compulsory years of secondary 

education and at the tertiary level. The teacher version of the Secondary School Science 

Questionnaire is presented in Appendix 4a and 4b. 

The seven factor structure produced for the Secondary School Science Questionnaire 

(student version) comprising of seven scales was also used for the teacher version of the 

questionnaire to allow comparisons to be made of student and teacher responses. A 

confirmatory factor analysis using AMOS V5.0 was computed on the seven scales for 

the teacher data. Details of the confirmatory factor analyses are reported briefly below 

and presented in Appendix 10. 

A confirmatory factor analysis conducted on the perceived relevance of science taught 

at school scale revealed that a one factor model with correlated error terms was the best 

fit for the teacher data (x2 = 7.635, df = 8, p = 0.470, GFI = 0.980, AGFI = 0.930, PMR 

= 0.26). 

A confirmatory factor analysis was perfonned on the three item perceived difficulty 
·a 

experienced by students in scif!nce scale. The solution for the one factor model was not 

admissible. Subsequent analysis involved investigating a model that incorporated two 

scales. The perceived difficulty experienced by students in science scale was correlated 

with the two item outside experiences in science scale and this model proved to be the 

best fit for the data (x2 = 4.154, df = 4, p = 0.386, GFI = 0.984, AGFI = 0.940, RMR = 

0.022). 

A confirmatory factor analysis was conducted on the four-item thoughts about what 

students need to be able to do in science scale. It was hypothesised that the one factor 

model representing thoughts about what students need to be able to do in science would 

also apply to the teacher data. The single factor structure appeared to fit the data well (x2 

= 1.441, df = 2, p = 0.487, GFI = 0.993, AGFI = 0.966, RMR = 0.019). 

104 



A confirmatory factor analysis was conducted on the eight-item teacher's role in 

science scale. The one factor model with all error terms uncorrelated was a poor fit for 

the teacher data (x2 = 60.570, df= 20, p = 0.001, GFI = 0.888, AGFI = 0.799 RMR = 

0.069). Subsequent analyses involved correlating the error terms. This proved to be the 

best fit for the teacher data (x2 
= 4.894, df = 4, p = 0.298, GFI = 0.985, AGFI = 0.920 

RMR = 0.036). 

Separate confirmatory factor analyses were conducted on the teacher-directed 

experiments in science scale and the computer use to find information in science scale. 

The solutions for the one factor models were not identified, which was probably a 

consequence of the scales containing only two items. Hair, Anderson, Tatham and 

Black ( 1998) indicate that using only two variables to represent a construct increases the 

probability of reaching an infeasible solution and advise that using three variables to 

represent a construct is generally the preferred minimum number. In light of this 

recommendation, the teacher-directed experiments in science scale and the computer 

use to find information in science scale were used in the same model in an attempt to 

increase the number of parameters and produce an admissible solution. Simply 

correlating the two scales still produced an unidentified model. Item 7 was included in 

the experiment scale and the error values were correlated. The results indicated that this 

model was the best fit for the teacher data (x2 = 0.181, df = 3, p = 0.981, GFI = 0.999, 

AGFI = 0.996, RMR = 0.002). 

Reliability and construct validity analyses were also conducted on the seven scales in 

the Secondary School Science Questionnaire teacher version. Details of the reliability 

and construct validity analyses of the scales are presented in Appendix 10. The sub

sections below report on the reliability and construct validity of each of the scales on the 

teacher version of the questionnaire for the pre- and post-occasions respectively. The 

final section explains the procedures used to code the open-ended responses on the post

occasion. 

3. l 0.1.2.1 Perceived relevance of the science taught at school scale 

Reliability analysis (Cronbach 's alpha) was conducted on the seven-item scale and 

revealed that the scale was reliable on both occasions of testing (0.807; 0.895). The 

reliability analysis is included in Appendix 10. 
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The construct validity of the perceived relevance of science at school scale was tested 

using question 38 "during science lessons I feel students are bored" as the independent 

variable. The teachers' who indicate that their students are seldom bored in science have 

significantly higher mean scores on the perceived relevance of science at school scale 

compared with those who indicated that students are bored in science [(F= 3.384, (df= 

3, 103), p < 0.021); (F= 5.251, (df= 5, 29), p < 0.001)]. The construct validity analysis is 

presented in Appendix 10. 

3.10.1.2.2 Perceived difficulty experienced by students in science at school 

The reliability of the three-item scale was investigated for both occasions of testing. 

Reliability analysis indicated that the internal consistency (Cronbach's alpha) of the 

scale was low on the pre-occasion (0.335). On the post-occasion however, the reliability 

of the scale increased to an acceptable level (0. 715) indicating that respondents were 

answering the three items in the scale in an internally consistent manner. The reliability 

analysis is included in Appendix 10. 

The construct validity of the perceived difficulty experienced by students in science at 

school was tested using question 40 "during science lessons I feel students.find science 

too easy" as the independent variable. It was anticipated that the teachers who indicated 

that students rarely found science easy would score higher on the perceived difficulty 

experienced by students in science at school scale compared with those teachers who 

indicated that during science lessons students frequently found science too easy. On the 

pre-occasion the results show that there is no significant difference in the way teachers 

were responding to the independent variable and the items in the "perceived difficulty 

experienced by students in science" scale (F= 0.933, (df= 2, 104), p < 0.397). The 

results for the post-occasion however, indicate that teachers who felt their students 

experienced difficulty in science and didn't find the science they experience at school 

easy had significantly different mean scores compared with the teachers who indicated 

that their students found science too easy (F= 15.857, (df= 3, 31), p < 0.001). The 

construct validity analysis is presented in Appendix 10. 

One explanation for the low reliability and construct validity of the "perceived difficulty 

experienced by students in science" scale on the pre-occasion is that teachers were 

asked to respond to the items based on how often they were true for their science class. 
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One would therefore expect teachers' reflections on the perceived difficulty experienced 

by students in science to span many diverse content areas, some of which students 

experience difficulty in and others where they have little, if any, problem with and find 

easy. This is however, different for the post-occasion as teachers were asked to respond 

to items in the questionnaire based on their experiences throughout the intervention. By 

reflecting on a specific topic in science, teachers were responding to the items in the 

scale in a more internally consistent fashion and the scale possessed higher construct 

validity. 

3 .10.1.2.3 Teacher-directed experiments in science 

The internal consistency (Cronbach's alpha) of the two item scale teacher-directed 

experiments in science was investigated. On the pre-occasion of testing Cronbach' s 

alpha was below the acceptable level for exploratory research (0.478). The internal 

consistency of the scale on the post-occasion however was greater than 0.6 the 

acceptable lower level of Cronbach' s alpha for exploratory research (0.634 ). One 

explanation for the low internal consistency of the scale on the pre-occasion is that the 

way in which junior secondary science is implemented will more than likely differ 

across classrooms and could also be influenced by what topic is being covered in 

science. Teachers are responding to the pre-occasion items by reflecting on their 

experiences in science classes in general, and could therefore respond to the items in the 

scale in various ways based on their numerous experiences in teaching science. The 

higher alpha on the post-intervention occasion indicates that teachers were responding 

to the items in the scale in a more internally consistent way. 

The construct validity of the scale was tested using question 7 "in my science class I 

allow students to plan and do their own experiments" as the independent variable. It 

was thought that teachers who indicated that students in their science class seldom had 

opportunities to plan and do their own experiments would score significantly higher on 

the teacher directed experiments scale compared with those who claim their students are 

often presented with the opportunity to plan and do their own experiments. On the pre

occasion the results indicated that there was no significant difference in the way 

teachers were responding to question 7 and the items in the "teacher directed 

experiments" scale (F= 2.347, (df= 4, 102), p < 0.059). Once more, this could be a 

consequence of teachers responding to items in the pre-test based on the many and 
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varied experiences whilst teaching junior secondary science. The results for the post

occasion however, indicate that teachers who chose "sometimes" or "almost never" for 

the item "during science lessons I feel students find science too easy" had a 

significantly higher score on the "perceived difficulty experienced by students in 

science" scale (F= 15.536, (df= 4, 30), p < 0.001). The construct validity analysis is 

presented in Appendix 10. 

3.10.1.2.4 Computer use to find information in science 

The internal consistency (Cronbach's alpha) of forming these two items into a scale 

were investigated for the pre- and post-occasion. The reliability analysis reveal that this 

scale has high internal consistency on both occasions (0.932; 0.956). The reliability 

analysis is presented in Appendix 10. 

The construct validity of the scale was established by using item 16 "In my science 

class I plan for students to investigate to see if their ideas are right" as the independent 

variable. The results indicate that for both occasions the teachers who plan for students 

to investigate to see if their ideas are right have significantly higher scores on the 

"computer use to find information in science" scale compared with those who indicated 

in their responses that they less frequently plan for students to investigate to see if their 

ideas are right (F= 8.582, (df= 4, 102), p < 0.001); (F= 6.141, (df= 4, 30), p < 0.001). 

The construct validity analysis is presented in Appendix I 0. The results indicate that 

this scale has high construct validity and measures computer use to find information in 

science. 

3 .10.1.2.5 Thoughts about what students need to be able to do in science 

Reliability analysis was conducted on the four item thoughts about what students need 

to be able to do in science scale for both occasions of testing. The results indicate that 

the internal consistency of the scale (Cronbach's alpha) on the pre-occasion was just 

below the acceptable lower limit of 0.6 for exploratory research (0.583). On the post

occasion however, the internal consistency of the scale increased to an acceptable level 

(0.703). The reliability analysis is presented in Appendix 10. 

The construct validity of the scale was tested using item 47 "my role as a science 

teacher is to help students understand science" as the independent variable. It was 
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hypothesised that if a teacher indicated that their role as a science teacher was to help 

students understand science they would score high on the thoughts about what students 

need to be able to do in science scale compared with teachers who did not see item 47 

as a high level of personal importance. The results indicate that there is no significant 

difference in the way teachers were responding to question 4 7 and the items in the 

"thoughts about what students need to be able to do in science" scale (F= 3.063, (df= 3, 

I 03), p < 0.031 ); (F= 0.531, ( df= 4, 30), p < 0. 714). One explanation for this is that the 

teacher respondents all rated item 4 7 "my role as a science teacher is to help students 

understand science" at a high level of personal importance and were also responding in 

similar ways to the items in the "thoughts about what students need to be able to do in 

science" scale. The construct validity analysis is presented in Appendix 10. 

3.10.1.2.6 Teacher's role in science 

The reliability of the eight item teacher's role in science scale was investigated for both 

occasions of testing. The results revealed that teachers answered the 8 items in an 

internally consistent fashion on both occasions (0. 736; 0.824). The reliability analysis is 

presented in Appendix 10. 

The construct validity of this scale was established by using item 45 "my role as a 

science teacher is to facilitate students' learning" as the independent variable. It was 

thought that the teachers who placed a high level of personal importance on facilitating 

students' learning would score significantly higher on the teacher's role in science scale 

compared with those who ranked item 45 at a lower level of personal importance. The 

results however indicated that there was no significant difference in the way teachers 

were responding to question 45 and the items in the "teacher's role in science" scale 

(F= 2.458, (df= 2, 104), p < 0.091); (F= 0.695, (df= 4, 30), p < 0.602). Further 

investigation suggested that this could be a result of teachers responding in similar ways 

to the items in the "teacher's role in science" scale and all rating item 45 "my role as a 

science teacher is to facilitate students' learning" at a high level of personal 

importance. The construct validity analysis is presented in Appendix 10. 

3 .10.1.2. 7 Outside experiences in science classes 

Reliability analysis was performed on the two item scale for both occasions. The 

internal consistency (Cronbach 's alpha) of the scale on the pre-occasion was 0.650. On 
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the post-occasion however the reliability of the scale decreased below the acceptable 

lower limit of Cronbach's alpha for exploratory research (0.477). The reliability 

analysis is presented in Appendix 10. 

The construct validity of the "outside experiences in science classes" scale was tested 

using question 47 "my role as a science teacher is to help students understand science" 

as the independent variable. It was hypothesised that the teachers who placed a high 

level of personal importance on helping students understand science would be more 

likely to score higher on the outside experiences in science scale compared to those who 

did not place as much importance on helping students understand science. The results 

indicated that there was no significant difference in the way teachers were responding to 

question 4 7 and the items in the "outside experiences in science" scale [(F= 1.489, ( df= 

3, 103), p < 0.222); (F= 0.369, (df= 4, 30), p < 0.829)]. One explanation for this is that 

teachers were all rating item 4 7 at a high level of personal importance and were 

responding to items in the "outside experiences in science class" in similar ways. 

3.10.1.2.8 Coding of the open-response questions in the SSSQ teacher version 

The researcher was responsible for coding the responses to the open-ended questions in 

the teacher version of the SSSQ. Response categories were formed to assist in the 

coding of the open-ended response questions for both occasions. On the pre-occasion, 

response categories were developed by selecting a sample of the pre-teacher Secondary 

School Science Questionnaires and identifying the main themes and issues mentioned in 

the responses. Such themes and issues were classified and given a number that would 

function as the applicable code that represented a particular category identified in the 

coding document. 

The response categories created for the pre-occasion, open-ended questions were 

adopted in the coding of the corresponding questions on the post-occasion. Additional 

categories were created based on the responses offered by teachers. Supplementary 

open-ended questions were added to the post-version of the questionnaire. Hence, 

further sets of response categories were created to facilitate the coding of such 

questions. The pre- and post-occasion coding response sheets for the open-ended 

questions in the teacher questionnaire are presented in Appendices 14c and 14d. 
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3.10.2 Astronomy Diagnostic Test 

The Astronomy Diagnostic Test (ADT) was used to collect information on students' 

knowledge and understanding of astronomical phenomena. The ADT used in this 

research has been adapted from the Astronomy Diagnostic Test Version 2.0 (CAER, 

1999). The original questionnaire was developed for undergraduate introductory 

astronomy courses and comprised of 21 multiple choice items that were used to assess 

students' knowledge and understanding of certain astronomical concepts (Hufnagel, 

Slater, Deming, Adams, Adrian, Brick & Zeilik, 2000). 

It is important to assess students' knowledge and understanding of astronomical 

concepts given the large body of literature that indicates students often possess 

conceptions, which are at variance with the views currently accepted by the scientific 

community. From a very early age, children begin acquiring concepts about scientific 

phenomena through the process of their attempts to make sense of the world around 

them. Thus, it has been noted that the knowledge a learner brings to a classroom setting 

is a vital factor that needs to be considered by the teacher when planning what and how 

to teach components of the science education curriculum (Stead & Osborne, 1980). 

A usu be) (1968, p.vi) reinforces this by stating, "the most important single factor 

influencing learning is what the learner already knows. Ascertain this and teach him 

accordingly. " 

Research on students' conceptions about astronomical phenomena has appeared in the 

literature for more than fifty years ( e.g. Baxter, 1989; Haupt, 1948; I 950; Kuethc, 1963; 

Nussbaum & Novak, 1976; Sneider & Pulos, 1983; Stahly, Krockover & Shepardson, 

1999; Trundle, Atwood & Christopher, 2006). There have been many studies that have 

focussed on individuals' conceptual understanding of, and alternative conceptions 

about, various astronomical phenomena such as: the day and night cycle (Atwood & 

Atwood, 1995; Byrne, 2001; Dunlop, 2000; Vosniadou & Brewer, 1994); the Moon and 

its phases (Barnett & Morran, 2002; Baxter, 1989; Cohen & Kagan, 1979; Dunlop, 

2000; Haupt, 1948; 1950; Jones, Lynch & Reesink, 1987; Rider, 2002; Stahly, 

Krockover & Shepardson, 1999; Trundle, Atwood & Christopher, 2002; 2006); the 

seasons (Atwood & Atwood, 1996; Dunlop, 2000; Lindgren, 2003; Osborne, 

Wadsworth, Black & Meadows, 1994; Parker & Heywood, 1998; Sharp, 1996); and, the 
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shape of Earth and its position in space (Baxter, 1989; Jones, Lynch & Reesink, 1987; 

Mali & Howe, 1979; Nussbaum & Novak, 1976; Samarpungavan, Vosniadou & 

Brewer, 1996; Sneider & Ohadi, 1998; Sneider & Pulos, 1983; Vosniadou & Brewer, 

1992). Such research has ascertained that not only students, but also pre-service 

teachers and teachers hold non-scientific views about these phenomena (Dunlop, 2000; 

Finegold & Pundak, 1990; Jones, Lynch & Reesink, 1987; Lightman & Sadler, 1993; 

Nussbaum, 1985; Sharp, 1996; Skamp, 1994; 1998; Sneider & Ohadi, 1998; Stahly, 

Krockover & Shepardson, 1999; Taylor, 1996). For example, many children through to 

adults (including teachers) think day and night are caused by the Sun going around the 

Earth; the phases of the Moon are caused by a shadow from the Earth; and, seasons are 

caused by the Earth's distance from the Sun. 

Often, traditional science instruction takes no account of students' current conceptions 

and has little effect on their conceptual understanding (Zirbel, 2004 ). Knowledge of the 

alternative conceptions that students possess is, therefore, critically important to 

teachers of science education. 

The version of the Astronomy Diagnostic Test used in this research contains the 21 tick

box items used in the original version; certain items however have been adapted so that 

they are appropriate for students located in the Southern Hemisphere and for those who 

live in tropical regions. In addition, four drawing response items adopted from John 

Dunlap's Astronomy Survey (2000) have been added to the test to provide an alternate 

way of eliciting students' understanding of certain astronomical phenomena. Finally, 

space has been provided under each question where students arc asked to explain or 

give reasons for their tick-box or drawing response. The ADT used in this research is 

included in Appendix 2a. 

Deming (2002) reports that in 2000, a national project was set up to examine the 

reliability and validity of the Astronomy Diagnostic Test Version 2.0 (CAER, 1999). 

The test was administered to 5346 students on the pre-occasion and 3842 students on 

the post-occasion. The internal consistency (Cronbach's alpha) ofresponses reported for 

the pre-occasion was 0.65 and on the post-occasion a Cronbach's alpha value of 0.76 

was attained. It was argued that the lower level of internal consistency on the pre

occasion of testing was acceptable due to the guessing_and high level of difficulty 

experienced by respondents on the pre-occasion (Deming, 2002). It was concluded that 
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the ADT was a reliable measure of students' knowledge about certain astronomical 

phenomena. 

The same approach used by Deming (2000) in establishing the reliability of the 

Astronomy Diagnostic Test is used in this research. The researcher commenced the 

investigation by determining the internal consistency (Cronbach 's alpha) of the 21 tick

box items that were used in this test and were originally used in the ADT version 2.0. 

The reliability of the 21 tick-box items was at an acceptable level for both occasions 

(0.869; 0.843) and indicated that students responded to the 21 items in an internally 

consistent fashion on both occasions. 

Subsequent analysis involved checking the reliability of the drawing and tick-box 

responses which included the 25 items on the ADT. The internal consistency 

(Cronbach 's alpha) of the 25 items was high for both occasions (0.867; 0.842) and 

indicates that the items could be used to form a scale measuring students' knowledge of 

certain astronomical concepts. 

The validity of the ADT Version 2.0 was ascertained by researchers considering the 

results from participants' open-ended responses, interviews and feedback from experts 

(Deming, 2002). By doing this, it was established that participants were interpreting 

questions accurately and there was a high level of agreement about the correct responses 

(Deming, 2002). In determining the validity of the ADT used in this research it was 

decided to adopt a more methodical approach by establishing the five types of validity 

identified in Burns (2000), namely content, construct, face, predictive and concurrent 

validity. In the sub-sections below, the five types of validity are considered in relation 

to the ADT to determine how well the test measures what it is meant to measure; that is, 

students' knowledge of certain astronomical phenomena. 

3.10.2.J Content validity 

Content validity is concerned with ensuring that the content in a test is valid or 

representative of the purpose it is being used for and is usually determined on the basis 

of judgement (Bums, 2000). ln this study the Astronomy Diagnostic Test is used to 

measure junior secondary science students' knowledge of certain astronomical concepts. 

Content validity is therefore concerned with how well the items (content) in the ADT 

represent and measure junior secondary school students' knowledge of astronomical 
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concepts. To ascertain the construct validity of the Astronomy Diagnostic Test, the 

researcher has taken questions one through to 25 and mapped them directly to the 

applicable year levels in which they are supposed to be covered as identified by the 

science curriculum of the four jurisdictions in which participants are located. It is 

acknowledged that this mapping is an interpretive process and would prove more 

effective if it was repeated by other researchers. The science content that each of the 

questions relates to has been matched to the year level in which it is meant to be 

covered as specified by each of the jurisdiction's science curriculum documents and is 

presented in Table 3.12 below. 
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Table 3.12 Astronomy Diagnostic Questions Mapped to School Science Year Levels as determined of the Science Curriculum of each Jurisdiction 

Items in the Astronomy Diagnostic Test 
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Key: A or a=ACT Science Curriculum document; N or n = NSW Science Curriculum document; Q or q = Queensland Science Curriculum document; V or v= Victoria Science 

Curriculum document. 

Capital letters indicate that the concept is explicit in the Curriculum document and should be covered in the applicable year levels. Lower case letters indicate that the concept is 
implicit in the curriculum document and is likely to be embedded within the teaching and learning experiences of the relevant year levels. 



It is evident that 24 of the 25 items relate to certain areas of the content to be covered by 

the four jurisdictions. It can therefore be argued that in this research the Astronomy 

Diagnostic Test possesses high content validity. The ADT has been used extensively to 

collect information on students' knowledge of astronomy before taking part in 

astronomy courses around the world. So for the purposes of the larger study, the data 

collected are also contributing to an international body of research. It was, therefore, 

decided to use all 25 items in the ADT. 

3.10.2.2 Construct validity 

Construct validity relates to what construct is actually being measured by a test (Bums, 

2000). In relation to the Astronomy Diagnostic Test construct validity is concerned with 

how well the ADT measures students' "knowledge of certain astronomical concepts". 

Thus, the construct that is being measured is knowledge of certain astronomical 

concepts. Due to the diagnostic nature of the test, this construct spans several areas of 

astronomical knowledge. Each item in the test is measuring a different element of 

astronomical knowledge. For instance question one measures knowledge of day and 

night while question three measures knowledge of the phases of the Moon. On the basis 

of the content validity analysis it can be argued that the ADT possess high construct 

validity. 

3.10.2.3 Face validity 

Face validity is concerned with whether a test measures what the name of the test 

implies (Bums, 2000). The title "Astronomy Diagnostic Test" reflects what the test is in 

fact measuring in this research, certain concepts related to astronomy; in particular 

respondents "knowledge and understanding of various concepts related to astronomy". 

It can therefore be claimed that the Astronomy Diagnostic Test used in this research has 

high face validity. 

3.10. 2. 4 Predictive validity 

Predictive validity is concerned with wanting to use test scores to predict future 

performance on some other criterion or measure (Bums, 2000). In relation to the 

Astronomy Diagnostic Test the scores achieved on this test are not used to predict 

performance. Rather, they are used to establish students' current knowledge of the 
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astronomical concepts that are being tested. Therefore, predictive validity is not 

pertinent to the validation of the Astronomy Diagnostic Test used in this research. 

3.10.2.5 Concurrent validity 

Concurrent validity is a variation of predictive validity where the only difference is 

related to time; that is predictive validity is concerned with predictingfuture 

performance and concurrent is concerned with the present (Burns, 2000). Concurrent 

validity is associated with the test scores that are obtained on one measure being used to 

gauge a person's current behaviour or attributes (Mertens, 2005). The results from the 

Astronomy Diagnostic test are used to determine or 'gauge' students' current level of 

astronomical knowledge related to certain concepts. Thus it can be argued that the items 

in the ADT used for this project possess high concurrent validity. 

3.10.2.6 Coding of the Astronomy Diagnostic Test 

The coding procedure was conducted by the researcher, chief investigator and two 

research assistants. A manual and decision trees were created to facilitate the coding of 

the Astronomy Diagnostic Test and to ensure a high degree of consistency in the coding 

of responses. The manual can be viewed in Appendix 2b and decision tree documents in 

Appendices 2c and 2d. 

The coding process began with the researcher assigning codes to the demographic data 

collected on the front page of the ADT. This was necessary to ensure the confidentiality 

of participants' responses and assisted in mapping the post-occasion data to the pre

occasion data. 

In coding the first 25 questions in the Astronomy Diagnostic Test four codes were 

assigned to each question. The first code indicated whether the drawing or tick-box 

response was correct. The next two codes identified the alternative conceptions that 

were present in respondents' written explanations and the final code described the 

complexity ofrespondents' written explanations using the Structure of the Observed 

Learning Outcome (SOLO) Taxonomy (Biggs & Collis, 1982; Biggs, 1991; Biggs & 

Moore, 1993) described in more detail below. All non-responses were coded as a zero. 

The researcher and chief investigator were primarily responsible for assigning the first 

and last codes. On occasion, however, they were also responsible for coding the 
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alternative conceptions. The two research assistants focussed on identifying and coding 

the alternative conceptions present in students' explanations. To assist in this process all 

members of the coding team were presented with a coding manual and an alternative 

conception decision-tree (see Appendix 2b and 2c). 

The manual identified and explained 58 alternative conceptions related to astronomical 

phenomena that had been identified and included based on prior research in the area. It 

presented the alternative conceptions under each of the questions where they would 

most likely be evident. The manual also gave a list of codes to assign when there were 

no alternative conceptions present. In this case, a 99 was assigned if the explanation is 

correct and no alternative conceptions were apparent; a 70 was assigned if the 

explanation contained only part of the correct answer; a 60 was assigned if the 

explanation was unrelated to the question and didn't appear to answer the actual 

question and finally 88 could be assigned to items 5-25 if the explanation is something 

similar to the multiple choice item chosen which was "incorrect" or simply involves 

restating part or whole of option selected (see page two of the manual located in 

Appendix 2b ). 

To ensure that the responses were coded in a consistent fashion, the coding team took 

part in training sessions that involved each member coding the same set of 

questionnaires and cross-checking results. In addition, the inter-judge concordance was 

measured on several occasions throughout the coding period where a random sample of 

coded ADTs were collected and coded by a different member of the coding team. The 

inter-rater reliabilities were calculated on each of these occasions and are presented in 

Table3.13. 

Table 3.13 Inter-rater Reliabilities 

N % 

ADT Agreed 

1 42 92.06 

2 34 95.88 

3 26 93.85 

4 109 95.09 

5 55 94.38 

6 105 96.56 

7 35 96.88 

8 42 96.67 
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It is evident that there was a high level of agreement amongst the coding team on each 

of the instances. The percentage of agreement on the final three incidences of checking 

the coding was above 96% and indicates a high level of consistency amongst the coding 

team. 

The last code assigned to the responses was referred to as a SOLO code and was based 

on the Structure of the Observed Leaming Outcome taxonomy. The SOLO taxonomy 

provided a structure or classification system that helped make judgements about the 

complexity of students' written explanations. Biggs and Moore refer to the SOLO 

taxonomy as "a way of categorising levels of learning in terms of increasing cleverness" 

(1993, p.67). The SOLO taxonomy consists of five levels ranging from prestructural, at 

the least competent end, through unistructural, multistructural, and relational through to 

extended abstract at the most competent end (Biggs & Collis, 1982; Biggs, 1991; Biggs 

& Moore, 1993). Each level of the SOLO Taxonomy, as described oy Biggs and Moore 

(1993), is presented in Table 3.14 below. 

Table 3.14 Levels in the SOLO Taxonomy (adapted from Biggs & Moore, 1993, p.71) 

Structural level (SOLO) 

Prestructural The task is engaged, but the learner is distracted or misled by an 
irrelevant aspect belonging to a previous stage or mode. 

Unistructural The learning focuses on the relevant domain and picks up one aspect to 
work with. 

Multistructural The learner picks up more and more correct or relevant.features, but 
does not integrate them together 

Relational The learner now integrates the parts with each other, so that the whole 
has a coherent structure and meaning. 

Extended Abstract The learner now generalises the structure to take in new and more 
abstract features, representing a higher mode of operation. 

A decision-tree was created to assist coders in determining what SOLO level 

corresponded with participants' explanations (see Appendix 2d). The SOLO taxonomy 

provided an ordinal method of classifying students' explanations and allowed the level 

of complexity of the respondent's explanation to be recognised whether their drawing or 

tick-box response was correct or incorrect. The criteria used to determine the level of 

complexity of students' responses and the codes used to represent such responses are 

presented in Table 3.15 below. 
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Table 3.15 SOLO Coding System used for Respondents' Explanations for items in the ADT 

Code SOLO Level 

0 Blank 

1 Prestructural 

2 U nistructural 

3 Multistructural 

4 Relational 

5 Extended Abstract 

6 Guess 

9 Can not Decipher 

Criteria 

The explanation section has been left blank and no 
explanation is provided. 

The response does not appear to answer the question or 
may simply be stating the question. 

One piece of infonnation was evident in the response. 
Responses at this level contain one fact. 

More than one piece of information was provided in 
the explanation. Responses at this level contain several 
facts, but consider the facts in isolation; no clear links 
are made amongst the facts. 

Pieces of information have been presented and related 
together. Various facts are Jinked together and are 
related to a main concept, the explanation is valid only 
for the given context. 

A response of this type goes beyond what is asked in 
the question however the explanation presented by the 
respondent clearly indicates how the additional 
information relates to the question. The response 
generalises across contexts. 

The respondents indicate that they have guessed. 

Respondents have written something but their writing 
can not be deciphered. 

3.10.2. 7 Quality of Responses 

The quality of students' responses was also measured using the Astronomy Diagnostic 

Test although no code was assigned for this dependent variable. The researcher created 

a framework that measured the quality of a response. The framework is hierarchical in 

that as the levels increase they represent a higher quality response. The quality of 

response framework contains 51 levels, where zero represents the lowest possible level 

and 5 I the highest. To achieve level 51 for the quality of a response the respondent 

would have to obtain a correct drawing or tick-box response, have no alternative 

conceptions present in their answer, exhibit a correct explanation and display an 

extended abstract SOLO level in the complexity of their explanation. The lowest 

possible level in the framework is zero and indicates that the respondent has not 

responded to any parts of the question. This framework is used in the analyses of the 
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ADT to measure the quality of responses. An example of the quality of response 

framework is presented in Appendix 17. 

3.11 Interviews 

Interviews were conducted by the researcher in six schools with a selection of student 

and teacher participants. Specifically, two schools in country NSW, two in metropolitan 

Sydney and two in metropolitan Brisbane were visited. Each of these schools was 

assigned a pseudonym. The breakdown of student focus groups and teacher participants 

that were interviewed about their experiences during the intervention is presented in 

Table 3.16. 

Table 3.16 Interview sample 

Student Focus 
School State Location Groups (n) Teachers 

Country NSW Rural 5 (4) 1 

Metro NSW Metropolitan 1 (6) 3 

City NSW Metropolitan l (9) 4 

Town NSW Rural 1 (9) 

Urban QLD Metropolitan 0 (0) 2 

Beachside QLD Metropolitan 3 (4) 4 

(n) = number of students per focus group 

All interviews were semi:-structured where the researcher had a list of pre-prepared 

questions to guide the interviews. The researcher could ask the questions in any 

particular order and was able to rephrase questions to suit the context and flow of the 

interview. The interview schedules of questions that were used to guide the student and 

teacher interviews are presented in Appendix 12a and 12b respectively. 

Student interviews were conducted in small groups ranging from four to nine 

participants. It was thought that conducting interviews in group situations would be 

more conducive in providing students with a supportive and comfortable environment 

with which they would feel safe in sharing their thoughts as opposed to an interview 

situation where they were on their own. Student interviews varied in length but 

averaged approximately 25 minutes each. The student interviews were conducted during 

normal science lessons, where the researcher had permission to withdraw groups of 

students from their class and interview them in a neighbouring classroom or a nearby 

outside facility located within the school grounds, for example, in one school, 
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interviews were conducted under a pergola, situated in the playground outside the 

science laboratory. 

Teacher interviews were conducted in three possible grouping situations that is, on an 

individual basis, in pairs or in groups of three. The grouping depended upon the 

availability of teachers. For example, in some schools the only time teachers were 

available was during lunch or their free period. This gave little time to interview 

participants individually. It was decided, therefore, that in such situations it was feasible 

to interview more than one teacher at a time. The length of teacher interviews ranged 

from approximately 30 to 40 minutes. 

All interviews were taped and transcribed by the researcher. The interview data are used 

to gain insight into participants' thoughts and feelings about the experience and to 

depict student and teacher perceptions of what was happening in science during the 

intervention period. 

3.12 Data analysis 

In carrying out the analyses of the data the statistical package SPSS 12.0.2 for Windows 

is used, which contains the required procedures. For the purpose of this research the 

following statistical procedures are used to report the results of the student and teacher 

instruments used on the pre- and post-intervention occasions: descriptive statistics 

including mean, standard deviations and group size; non-parametric chi-square tests, 

Analysis of Variance (ANOVA) with repeated measures; and correlation analysis using 

the Pearson product-moment correlation coefficient. The following sub-sections explain 

the data analyses statistical procedures that are used to analyse the data and the 

outcomes of which are presented in the subsequent result chapters. 

3.12.1 The Secondary School Science Questionnaire 

The first set of analyses is concerned with the Secondary School Science Questionnaire 

data. To begin with, the pre-intervention results for the 42 rating scale items are 

compared with the findings from the 1999 sample of secondary students from the 

Goodrum et al. (2000) report. A non-parametric chi-square test is used to determine 

whether the proportion of responses obtained from the 2004 sample are significantly 

different from the proportion of responses reported in the 1999 study. The response 

patterns are expressed as percentages to represent the proportion of responses in each 
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rating scale option for the 42 items in the SSSQ. This corresponds with the way that the 

1999 findings were presented in the Goodrum et al. (2000) report as the researcher did 

not have access to the raw 1999 data set. 

The second part of the analyses involves comparing the SSSQ pre-intervention findings 

with the results from the post-intervention version of this questionnaire. Once again, a 

non-parametric chi-square test is used on each of the 42 items to determine whether the 

pattern of responses obtained from the post-intervention SSSQ are significantly 

different from the proportion of responses reported in the pre-intervention 

questionnaire. 

To reduce the likelihood of a Type I error given that 42 views are being compared in 

both sets of analyses a full Bonferroni correction is employed. That is to say, the 

generally accepted p-value of 0.05 is substituted by the more rigorous p-value of 

(0.05/42) 0.0012. 

3.12.2 The Secondary School Science Questionnaire Scale Scores 

The second set of analyses is concerned with the seven scales created from the 

Secondary School Science Questionnaire: the perceived relevance of science at school; 

the perceived difficulty in science at school; teacher-directed experiments in science at 

school; computer use to find infonnation in science at school; thoughts about what 

students need to be able to do in science at school; the teacher's role in science at 

school; and outside experiences in science at school. Descriptive statistics are presented 

for each of the seven scales where the results are presented for females and males in 

each year level. Analysis of variance with repeated measures on the occasion of testing 

are used to directly compare the results for the seven dependent variables from the pre� 

to the post-intervention occasion and explore the differences between and within 

groups. Two independent variables sex and occasion are used in the analyses to examine 

the differences between and within groups: The analysis is carried out separately for 

Year 7, 8 and 9 on each of the seven dependent variables. 

Separate analyses are conducted for each year level to overcome the problem of equal 

cell sizes and highly significant Box's M statistics that are not feasible to condition to 

meet the mathematical assumptions of the ANOV A procedure. This results in 21 

separate univariate analyses being conducted. To reduce the likelihood of a Type I error, 
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a full Bonferroni correction is employed where the generally accepted p-value of 0.05 is 

substituted by the more rigorous p-value of (0.05/21) 0.002. 

3.12.3 Teacher and Student SSSQ Data 

The third set of analyses examines the teacher SSSQ data and explores the relationships 

with the student SSSQ findings in relation to the seven scales. Correlation analysis is 

employed to examine the relationships between the perceptions of teachers and students 

in their respective classes. The student results have been compiled into class averages. 

Descriptive statistics including the mean, standard deviation and number are presented 

for the teacher and student/class data. In addition, the Pearson product-moment 

correlation coefficient is calculated for teachers' and classes' results on each of the 

seven dependent variables measured on both occasions of testing. 

3.12.4 Astronomy Diagnostic Test 

The fourth set of analyses is concerned with the five dependent variables, knowledge of 

astronomy; alternative conceptions; non-responses; complexity of written responses; 

and, the quality of responses, measured on two occasions using the Astronomy 

Diagnostic Test. Descriptive statistics are presented for the five dependent variables on 

the pre- and post-intervention occasion where the results are displayed for females and 

males in each year level. Analysis of variance with repeated measures on the occasion 

of testing are used to directly compare the results for the five dependent variables from 

the pre- to the post-intervention occasion and explore the differences between and 

within groups. Two independent variables sex and occasion are used in the analyses to 

examine the differences between and within groups. The analysis is carried out 

separately for Year 7, 8 and 9 on each of the five dependent variables. 

It is important to note that the possibility of using an Omnibus MANO VA (jurisdiction 

x year of school x sex of respondent x occasion of testing) to analyse the five dependent 

variables was considered as this would allow the data to be analysed in one possible 

computation. Using jurisdiction and year level as independent variables in the analysis, 

however, is problematic as there are a differing number of year levels in each 

jurisdiction and a differing number of students in each year level within each 

jurisdiction. This has implications for the Omnibus MANOVA analysis as there would 

be unequal cell sizes and in some cases empty cells which would produce a highly 
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significant Box's M statistic indicating that significant differences exist among the 

samples' covariance matrices making it very difficult or impossible to transform the 

variables and achieve an acceptable condition Box's M. One would, therefore, have to 

be very guarded in examining and interpreting the results from the Omnibus 

MANOVA. 

To illustrate the differences in cell sizes, Table 3.17 has been included that shows the 

number of students drawn from the four jurisdictions in each of the year levels who 

supplied ADT data on the pre-intervention occasion. It is evident that there are a 

different number of Year Levels in each jurisdiction. In New South Wales and Victoria, 

data were collected from three year levels, while in Queensland there are two year 

levels from which data were received and only one year level in the Australian Capital 

Territory. Further, there are a differing number of students in each of the year levels 

from the four jurisdictions. In Year 7, data were received from 65 students in the 

Australian Capital Territory, 366 students in New South Wales, 430 students in 

Queensland and 416 students in Victoria. 

Table 3.17 Breakdown of Students who Supplied ADT Pre-Intervention Data 

Jurisdiction Year F M Total 

ACT 7 27 38 65 

7 251 115 366 

NSW 8 201 83 284 

9 78 96 174 

7 211 219 430 
OLD 

8 92 89 181 

7 278 138 416 

VIC 8 22 31 53 

9 19 26 45 

Performing the Omnibus MANOV A using the four independent variables (jurisdiction x 

year of school x sex of respondent x occasion of testing) would mean that in the 

analysis the ACT jurisdiction would display empty cells for Year 8 and Year 9 and 

would also display a somewhat lower cell size for Year 7 compared with the remaining 

three jurisdictions. This is one example that indicates the jurisdiction sample sizes are 

unequal and will have a bearing on the way in which the results from analysis are 

interpreted. 

125 



For this reason separate analyses are carried out for each year level where a better 

conditioned Box's M statistic indicates that the output from the ANOVA with repeated 

measures can be interpreted with confidence. Hence, separate ANOV As with repeated 

measures on the occasion of testing are conducted for each of the Year levels. 

In view of the fact that 15 separate univariate analyses are conducted as opposed to one 

MANOV A, the probability of obtaining significant differences by chance increases. 

Therefore, to reduce to likelihood of a Type I error, given that 15 separate analyses are 

conducted a full Bonferroni correction is employed. This will lower the probability level 

to account for the number of comparisons being performed. The generally accepted p

value of 0.05 is replaced with a lower probability value of 0.003 (i.e., 0.05/15). 

It is important to note that analyses of the ADT data by each class's level of treatment 

were considered. This would have involved using questions in the ADT that mapped 

directly to the projects covered by students during the intervention period. 

Unfortunately, this was not possible due to a large proportion of teachers failing to send 

through the teacher program, despite numerous telephone calls and emails politely 

requesting these data. Consequently, all 25 items in the ADT were used in the analyses. 

This issue is taken up in the final chapter (Section 7.3.2). 

3.12.5 Written responses and interviews 

The final set of analyses is concerned with the qualitative data collected from students 

and teachers. Themes were identified in students and teachers written comments to the 

short responses of the SSSQ and were assigned a number. Comments were then coded 

according to the themes and applicable codes allocated to each response. The response 

category coding documents are presented in Appendices 14a to 14d. 

A similar approach that identified themes was adopted in the coding of interview 

transcripts. The researcher conducted all interviews. The interviews were tape recorded, 

listened to and transcribed by the researcher. The researcher read the interview scripts 

multiple times to identify themes. The themes were assigned a colour or symbol and 

transcripts were coded according to the themes and applicable colours or symbols. 

Vignettes were created to portray the interviews at each school and are presented in 

Appendix 13. The interview scripts were read a final time and themes were cross

checked. 
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In the final chapter of results the comments made by students and teachers in the short 

response section and during interviews are used to shed light on some of the 

quantitative findings and further illustrate the perceptions of students and teachers in 

relation to the science they experience or teach during the intervention period. 

3.13 Summary 

In this chapter an argument is presented for using a concurrent nested mixed 

methodology that involved employing a quasi-experimental pre-test/post-test design, 

complemented by qualitative data to investigate the research questions. The research 

design, recruitment of participants, methods of data collected and collection procedures 

have been described. It was identified that the quasi-experimental aspect of the design is 

susceptible to several threats of validity. Such threats were discussed and will be 

considered when conclusions are drawn from the data analyses. The subsequent 

chapters present, interpret and discuss the results of the analyses. 
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Chapter 4 

Results I: Secondary School Science Questionnaire Data 

This first chapter of results is concerned with the findings from the Secondary School 

Science Questionnaire instrument. The chapter is broken into three major sections. The 

first section presents a comparison of findings from the Goodrum et al. (2000) study 

conducted in 1999 with the pre-intervention results obtained in this research. These 

results are based on the responses obtained from the Secondary School Science 

Questionnaire (SSSQ) used in both studies. The second major section is concerned with 

the pre- and post-intervention SSSQ student data. The results are organised around the 

seven scales that were created as a result of the exploratory factor analysis outlined in 

Chapter 3. The scales are used to examine the perceptions between and within groups of 

students from the pre- to the post-intervention occasion. The third section examines the 

pre- and post-intervention SSSQ teacher data in relation to the seven scales and explores 

relationships with the student SSSQ data. 

4.1 2004 SSSQpre-intervention data compared with 1999 findings 

This first section of results relates specifically to the Secondary School Science 

Questionnaire data collected on the pre-intervention in this study and the results from 

the SSSQ presented in the 1999 Goodrum et al. study (2000) to address the research 

question: have students' perceptions of junior secondary science changed over the last 

five years since the research conducted in 1999 reported in The Status and Quality of 

Teaching and Leaming of Science in Australian Schools (Goodrum et al. 2000)? 

The 2004 results obtained from students in Year 7, 8 and 9 drawn from four 

jurisdictions located on the eastern side of Australia (Australian Capital Territory, New 

South Wales, Queensland and Victoria) are compared with findings from the entire 

sample of students in the Goodrum et al. study (2000), which included students in Years 

7 to 11 drawn from 7 of the 8 Australian jurisdictions. It was not possible to constrain 

the 1999 sample to Year 7, 8 and 9 students located in the Australian Capital Territory, 

New South Wales, Queensland and Victoria as the researcher did not have access to the 

1999 data set. Nevertheless the 2004 results are somewhat similar to the 1999 findings 

and indicate that there is little difference between the 2004 students' perceptions of 
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secondary school science compared with the 1999 students' perceptions of secondary 

school science. 

The 1999 random stratified sample comprised 2802 secondary school students in Years 

7 to 11 drawn from State, Catholic and Independent schools across Australia. 

Specifically, the 1999 sample included: 407 Year 7 students; 763 Year 8 students; 738 

Year 9 students; 641 Year 10 students; and, 253 Year 11 students. The 2004 opportunity 

sample, described in Chapter 3 includes 2016 students in Years 7 to 9, similarly from 

schools in the public and private sectors, located in four Australian jurisdictions. Table 

4.1 shows the actual number and percentage of students in each jurisdiction surveyed in 

the 1999 and 2004 study. 

Table 4.1 Breakdown of students by jurisdiction and by sector 

Jurisdiction 

ACT 

NSW 

QLD 

VIC 

WA 

SA 

TAS 

NT 

Total 

Sector 

Public 

Private 

Total 

1999 

N 

912 

443 

694 

381 

165 

121 

86 

2802 

1999 

N 

1425 

1377 

2802 

% 

32.5 

15.9 

24.8 

13.5 

5.9 

4.3 

3.1 

100.0% 

% 

50.9% 

49.1% 

100.0% 

N 

67 

824 

611 

514 

2016 

N 

1041 

975 

2016 

2004 

2004 

% 

3.3 

40.9 

30.3 

25.5 

100.0% 

% 

51.6% 

48.4% 

100.0% 

Inspection of the breakdown of students by jurisdiction reveals that there are differences 

between the two samples. The sample size of the 2004 study, however, is sufficiently 

large enough to allow comparisons to be made between the 2004 and 1999 results. The 
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breakdown of students by sector in Table 4.1 indicates that there are similar proportions 

of students from the public and private educational sectors in each sample. Furthermore, 

the results indicate that there is little difference in the pattern of responses for the 42 

items in the 2004 sample compared with the 1999 sample. Consequently, the entire 

1999 sample is used and the findings are compared with those generated from the 2004 

sample. 

The findings from both studies are presented in response tables similar to those used in 

the Goodrum et al. report (2000, p.118-123). In each of the tables the results obtained in 

this study correspond with the year 2004, whilst the Goodrum et al. (2000) response 

patterns correspond with the year 1999. The response patterns are expressed as 

percentages to represent the proportion of responses in each rating scale option for the 

42 items in the SSSQ. 

A non-parametric chi-square test is used to determine whether the proportion of 

responses obtained from the 2004 sample are significantly different from the proportion 

ofresponses reported in the 1999 study. To reduce the likelihood of a Type I error given 

that 42 items are being compared a full Bonferroni correction is employed. That is to 

say, the generally accepted p-value of 0.05 is substituted by the more rigorous p-value 

of 0.0012 (i.e., 0.05/42). Significant differences in the patterns ofresponses in the 2004 

and 1999 samples are presented in the tables below where * indicates a p-value less than 

0.0012 and * * signifies a p-value less than 0.0001. 

4.1.1 Learning activities- Content in science in the secondary school 

The results presented in Table 4.2 show that there is no significant difference in the 

pattern of responses from the 1999 and 2004 samples to the items related to learning 

activities that deal with content in secondary school science. 
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Table 4.2 Learning activities- Dealing with content in science in the secondary school 

% Reseonse 
Item Once Almost About Nearly 

a term once a once a every Sig. 
Year Never or less month week lesson I! 

In my science class: 
2004 1.7 2.1 5.7 22.7 67.8 

I. I copy notes the teacher gives me. 1999 3 3 7 26 
0.690 

61 

2. I work out explanations in science with 2004 2.6 3.2 9.5 38 46.7 
0.991 

friends or on my own. 1999 3 4 10 37 46 

2004 6.2 6.1 13.9 30.6 43.2 
3. I have opportunities to explain my ideas. 1999 II 9 15 30 

0.283 
35 

2004 10.8 8.2 16.7 31.2 33.1 
4. I read a science textbook. 1999 20 10 15 

0.133 
24 31 

8. we have class discussions. 
2004 4.7 6 12.7 27.8 48.9 

1999 8 
0.450 

7 14 31 40 

2004 3.1 7.2 19.1 42.4 28.1 
10. we do our work in groups. 1999 5 7 16 36 36 

0.380 

In science we: 
2004 15.1 17.8 24.1 28.3 14.7 

16. investigate to see if our ideas are right. 22 25 19 
0.012 

1999 25 9 

My science teacher: 

20. lets us choose our own topics to 2004 62 18.5 12.9 4.7 1.9 
0.760 

investigate. 1999 59 24 11 4 2 

*p<0.0012, •• p<0.0001. 

The majority of students in both samples reveal that copying notes is a frequent learning 

activity that occurs "nearly every lesson" or "about once a week" for 90.5 % of the 

students in the 2004 sample and 87% of students in the 1999 sample. There is no 

significant difference between samples in the pattern of responses to the item "I work 

out explanations in science with my friends or on my own" with 84.7% (2004) and 83% 

(1999) indicating that this happens at least once a week in students' science class. 

A slight increase is observed in the proportion of the 2004 pattern of responses to the 

item "J have opportunities to explain my ideas" where 43 .2% of students report that this 

happens nearly every lesson in their science class compared with 35% of students in 

1999. There appears to be a slightly higher percentage of students reading science 

textbooks on a regular basis in the 2004 sample with 73 .8% of students selecting "about 
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once a week" or "nearly every lesson" compared with 65% in 1999. Class discussions 

and group work occur often in science classes for both samples where more than 70% of 

the responses indicate that this happens "about once a week" or "nearly every lesson". 

Students in the current study appear to have more opportunities to investigate to see if 

their ideas are right: 43% report that this happens at least once a week compared with 

28% of the 1999 sample. There sti11 appears to be little opportunity for students to 

choose their own topics to investigate with over 80% of each sample selecting "once a 

term or less" or "never". 

4.1.2 Learning activities- Practical work in science in the secondary school 

The results presented in Table 4.3 show that there is a significant difference in the 

pattern of student responses to one of the items related to practical work in secondary 

school science. 

Table 4.3 Learning activities- Practical work in science in the secondary school 

% Reseonse 
Once Almost About Nearly 

a term once a once a every Sig. 
Item Year Never or less month week lesson E 

In my science class: 

5. I watch the teacher do an 2004 4.5 8.3 25.2 32.6 29.4 
o.ooou 

experiment. 1999 10 17 32 27 14 

6. we do experiments by following 2004 1.9 5.2 17.8 32.8 42.4 
0.372 

instructions. 1999 3 7 20 37 33 

7. we plan and do our own 2004 32.3 20.1 20.I 17.2 10.2 
0.412 

experiments. 1999 33 25 22 13 7 

• p < 0.0012, ** p < 0.0001. 

A highly significant difference is observed in the pattern of responses to item 5 "/ watch 

the teacher do an experiment" where 62% of the 2004 students report that they 

experience teacher-directed experiments on at least a weekly basis compared with 41 % 

of student responses in the 1999 sample. There is a slight increase in the percentage of 

students indicating that they do experiments by following instructions "nearly every 

lesson" with 42% ofresponses in the 2004 sample falling in this category compared 

with 33% of student responses in the 1999 sample. There still appears to be little 

opportunity for students to plan and do their own experiments with over 50% of 

students from each of the samples indicating that this happens once a term or less. -
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Moreover, there appears to be an increase in the incidence of teacher-led practical work 

in the 2004 sample compared with the 1999 sample. 

4.1.3 What students need to be able to do in science in the secondary school 

The results presented in Table 4.4 show that there is no significant difference in the 

pattern of student responses to the items related to thinking about science in secondary 

school science. 

Table 4.4 What students need to be able to do in science in the secondary school 

% Res2onse 
Almost Some- Very Almost Sig. 

Item Year Never times Often Often Alwa;ts 

In science we need to be able to: 

2004 2.8 9.9 21.3 27.4 38.5 
31. think and ask questions. 

1999 
0.663 

5 13 22 26 34 

2004 2.8 10.4 22.7 33.5 30.7 
32. remember lots of facts. 

1999 
0.742 

5 12 24 29 30 

2004 3.4 12.6 26.2 30 27.8 
33. understand and explain science ideas. 

1999 6 
0.705 

15 25 30 24 

34. recognise science in the world around 2004 5.6 16.1 24.2 27 27 
0.497 us. 1999 9 17 27 26 21 

• p < 0.0012, •• p < 0.0001. 

Over 59% of students in both samples indicate that they need to be able to think and ask 

questions and remember lots of facts "very often" or "almost always" in science 

classes. The results show that over 50% of students in the 2004 and 1999 samples 

understand and explain science ideas "very often" in science. There is a slight increase 

in the number of students reporting that they need to be able to recognise science in the 

world around them in most science classes with 54% selecting "very often" or "almost 

always" in 2004 compared with 47% in 1999. 

4.1.4 Teacher feedback and guidance in science in the secondary school 

The results presented in Table 4.5 show that there is a significant difference in the 

pattern of student responses to four of the nine items related to teacher feedback and 

guidance in science in the secondary school. 
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Table 4.5 Teacher feedback and guidance in science in the secondary school 

% Reseonse 
Once Almost About Nearly 

a term once a once a every Sig. 
Item Year Never or less month week lesson 
My science teacher: 

17. tells me how to improve my 2004 11 15.3 20.7 30.6 22.4 
work. 1999 16 15 24 27 

0.466 
18 

18. gives us quizzes that we mark to 2004 14.S 20.4 38.9 19.S 6.7 
see how we are going. 1999 23 22 32 16 

0.238 
7 

19. talks to me about how I am 2004 25.3 28.9 22.5 16.5 6.8 
getting on in science. 1999 33 29 21 12 

0.375 
5 

Almost Some- Very Almost 
Never times Often Often AIWB):'.S 

My science teacher: 

26. marks our work and gives it back 2004 12.1 15.4 27.1 32.6 12.8 
quickly. 1999 19 26 20 17 18 

0.000 .. 

27. makes it clear what we have to 2004 6.6 II 19.9 28.6 33.9 
do to get good marks. 1999 10 18 22 24 26 

0.118 

28. uses language that is easy to 2004 6 7.1 9.5 20.6 56.9 
0.000 .. understand. 1999 9 14 21 24 32 

29. takes notice of students' ideas. 
2004 8.4 8.3 12.7 27.5 43.2 

19 22 23 
0.000 .. 

1999 14 22 

30. shows us how new work relates 2004 9.5 11.8 20.7 33.2 24.8 

to what we have already done. 1999 25 24 21 15 
0.000• 

15 

During science class: 

36. we have enough time to think 2004 7.2 26.4 31.6 22.3 12.4 
0.220 

about what we are doing. 1999 13 31 29 17 10 

• p < 0.0012, •• p < 0.0001. 

A significantly higher percentage of students in the 2004 sample report that their teacher 

marks their work and gives it back quickly. In addition, a significantly increased 

proportion of students report that their teacher frequently uses language that is easy to 

understand, takes notice of their ideas and shows bow new work relates to what they 

have already done "very often" or "almost always" in science classes. 

There is a slight difference in the pattern of responses to item 17 "my science teacher 

tells me how to improve my work" where just over half of the students in the 2004 

sample report that teachers give them feedback on how to improve their work compared 

with 45% of the responses in 1999. A small proportion of students (less than 8%) in 

both samples report that their teacher talks to them "nearly every iesson" and gives 
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them quizzes to let them know bow they are going in science. It is evident that a slightly 

greater proportion of students in the 2004 sample indicate that their teacher makes it 

clear what they have to do to get good marks in science on a regular basis with 62.5% of 

students reporting that this happens "very often" or "almost always" compared with 

50% of the responses in 1999. There is a slight decrease in the proportion of students 

reporting that they have little time to think about what they are doing during their 

science lessons. There is still, however, over 30% of students indicating that they 

"almost never" or "sometimes" have time to think about what they are doing in 

science. 

4.1.5 Links with secondary school science outside the classroom 

The results presented in Table 4.6 show that there has been a significant difference in 

the pattern of student responses to two of the four items related to outside experiences in 

science. 

Table 4.6 Links with secondary school science outside the classroom 

% Reseonse 
Once Almost About Nearly 

a term once a once a every Sig. 

Item Year Never or less month week lesson I! 

Io my science class: 

9. we learn about scientists and what 2004 19.5 23.7 29.1 19.6 8.2 
0.000•• 

they do. 1999 35 28 24 10 3 

In science we: 
I I. do practical work outside in the 2004 SO.I 34 12.2 2.6 I .  I 

schoolyard, the beach or in the 0.564 

bush. 1999 43 37 17 2 

12. have excursions to the zoo, 2004 57 38.9 3.1 0.3 0.7 
museum, science centre, or places 0.000• 

like that. 1999 76 21 2 0 

13. we have visiting speakers who talk 2004 74 20.3 4.6 0.6 0.6 
0.065 

to us about science. 1999 84 13 2 0 

• p < 0.0012, •• p < 0.0001. 

There is a significant difference in the pattern of responses to item 9 "in my science 

class we learn about scientists and what they do" with a higher proportion of students 

in the 2004 sample (56.9%) indicating that this happens "almost once a month," "about 

once a week" or "nearly every lesson" compared with 37% of students in the 1999 

sample. Students continue to have little opportunity to do pr:actical work outside the 

classroom, with 50% of responses in the 2004 sample indicating that this never happens 
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compared with 43% of the responses in 1999. There is a significant difference in the 

pattern ofresponses to item 12 "in science we have excursions to the zoo, museum, 

science centre, or places like that" where there bas been a decrease in the percentage of 

students reporting that they never experience excursions in science. In 2004, however, 

57% of respondents maintain that they never have excursions in science. More than 

70% of students in the 2004 sample report that they never have visiting speakers, 

indicating that little has changed since 1999 (84%). 

4.1.6 Computer use in science in the secondary school 

The results presented in Table 4.7 show that there has been a highly significant 

difference in the pattern of student responses to the items related to computer use in 

secondary school science. 

Table 4.7 Computer use in science in the secondary school 

% Res2onse 
Once Almost About Nearly 

a term once a once a every Sig. 
Item Year Never or less month week lesson 2 

In science we: 

I 4. use computers to do our science 2004 29.9 24.4 22.4 IS.I 8.1 
0.000•• 

work. 1999 67 20 7 4 2 

15. look for information on the Internet 2004 23.5 23.3 26 19.4 7.9 
0.000 .. 

at school. 1999 54 27 12 5 4 

* p < 0.0012, •• p < 0.0001. 

Fewer students report that they never get to use computers to do science or look for 

information on the Internet. One would expect an increase in the use of technology in 

the five year period given that schools have more access to computers and the Internet. 

There still remains a low proportion of students who indicate that they use computers 

and access the Internet on a regular basis, where 30% of students select "about once a 

week" or "nearly every lesson" for the two items. 

4.1.7 Enjoyment and curiosity in science in the secondary school 

The results presented in Table 4.8 show that there is no significant difference in the 

pattern of student responses to the items related to enjoyment and curiosity in secondary 

school science. 
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Table 4.8 Enjoyment and curiosity in science in the secondary school 

%Reseonse 
Almost Some- Very Almost Sig. 

Item Year Never times Often Often Alwaxs 

During science class: 

2004 25.6 40.2 17.2 10.3 6.7 
35. I get excited about what we do. 0.033 

1999 39 37 14 6 4 

2004 19.2 33.5 22.3 14.8 10.2 
37. I am curious about the science we do. 

8 
0.860 

1999 23 32 22 15 

2004 16.1 40.4 13.7 12.4 17.4 
38. I am bored. 0.820 

1999 17 37 13 II 22 

• p < 0.0012, •• p < 0.0001. 

A large proportion of students are seldom curious or excited about the science they 

experience at school. In the 2004 sample 65.8% of students indicate that they "almost 

never II or only "sometimes II get excited about the science they do in their science class, 

a slight decrease compared with 76% of students in 1999. Just over half of the students 

in both samples indicate that they are "almost never" or "sometimes" curious about the 

science they experience in secondary school. A similar pattern of responses exists 

amongst the 2004 and 1999 samples for item 38 with just over 50% of students 

reporting that they are rarely bored in their science class. 

4.1.8 Perceived difficulty and challenge of science in the secondary school 

The results presented in Table 4.9 show that there is no significant difference in the 

pattern of student responses to the items related to the perceived difficulty and challenge 

of science in the secondary school. 
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Table 4.9 Perceived difficulty and challenge of science in the secondary school 

% Reseonse 
Almost Some- Very Almost Sig. 

Item Year Never times Often Often Alwa:z:s E 

During science class: 

2004 27.5 48 13.3 5.9 5.3 
39. I don't understand the science we do. 0.790 

1999 31 43 12 7 7 

2004 35.2 41 14.1 5.7 4 
40. 1 find science too easy. 

1999 39 37 13 6 
0.893 

5 

2004 9.7 35 27.9 16.8 10.6 
41. I find science challenging. 

1999 
0.961 

12 33 28 16 II 

2004 37.4 37 11.6 6.9 7.1 
42. I think science is too hard. 0.945 

1999 39 35 II 6 9 

• p < 0.0012, •• p < 0.0001. 

The 2004 response patterns are very similar to the 1999 results. Approximately three

quarters of the students in both samples indicate that they find the science they 

experience in secondary school to be neither too easy nor too hard. A worrying finding 

is that three-quarters of students still report that they rarely understand the science they 

experience in secondary school. In addition, 55% of the students in both samples find 

science challenging "often", "very often" or "almost always". 

4.1.9 Perceived relevance of science in the secondary school 

The results presented in Table 4.10 show that there is no significant difference in the 

pattern of student responses to the items related to the perceived relevance of secondary 

school science. 
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Table 4.10 Perceived relevance of science in the secondary school 

% Reseonse 
Almost Some- Very Almost Sig. 

Item Year Never times Often Often Alwa:rs e 

The science we learn at school: 

21. is relevant to my future. 
2004 19.6 39.1 22.4 10.9 8 

1999 19 
0.945 

36 23 13 9 

22. is useful in every day life. 
2004 16.7 41.2 23.2 12.2 6.7 

1999 18 40 
0.993 

24 12 6 

23. deals with things I am concerned 2004 33.7 35.4 19.4 7.2 4.3 
0.901 about. 1999 31 36 19 10 4 

24. helps me make decisions about my 2004 36 33.4 16.7 9.8 4.2 
0.996 health. 1999 35 35 17 9 4 

25. helps me understand environmental 2004 11.4 28.7 28.8 19.2 11.8 
0.968 issues. 1999 12 31 28 19 10 

• p < 0.0012, •• p < 0.0001. 

The pattern of responses for both samples are very simjlar with over 50% of students 

reporting that the science they learn at school is rarely useful in every day life nor 

relevant to their future. More than 60% of students in 2004 and 1999 report that the 

science they experience at school deals with things that they are concerned about 

"almost never" or "only sometimes". Three-quarters of student responses from both 

samples indicate that the science they learn at school hardly ever helps them make 

decisions about their health. Just over 55% of the students in both samples report that 

the science they experience in secondary school helps them understand environmental 

issues "often", "·very often" or "almost always". 

4.1.10 Summary of section one 

In this first section the pattern of student responses to the 42 items of the Secondary 

School Science Questionnaire in 2004 were compared with those reported in the 

Goodrum et al. (2000) study to determine the differences, if any, in students' 

percep6ons of science. A full Booferroni correction was employed to protect against 

Type I error given that 42 individual squares were being calculated. The 2004 and 1999 

samples have similar perceptions of science in the secondary school. For nine of the 42 

items signjficant differences were observed in the pattern of student responses. Students 

in the 2004 sample report ao·increased use of computers and the Internet in science 

compared with the 1999 sample. Despite the increase, there still remains only a small 
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proportion of students that report they use computers and access the internet in science 

on a weekly basis. 

The results suggest that in the five year time lapse teacher-directed experiments have 

become more prevalent in secondary school science classes, teachers more frequently 

use language that is easy to understand and more often than not, take notice of students' 

ideas in science. There still appears to be limited opportunity in linking science in 

secondary school to outside the classroom with a high percentage of students never 

experiencing excursions or listening to guest speakers in science. A large proportion of 

students still report that they are rarely excited or curious about the science they 

experience at secondary school and feel that it lacks relevance. 

Overall, the results obtained from the 2004 sample appear to be very similar to those 

reported in the 1999 Goodrum et al. (2000) study and indicate that very little appears to 

have changed in students' perceptions of secondary school science over the five year 

period. 

The same univariate analysis procedures were also used to compare the SSSQ pre- and 

post-intervention student responses to the 42 rating scale items. For the sake of brevity, 

this analysis is presented in Appendix 16. The results show that for 36 of the 42 items, 

statistically significant differences were observed in the pattern of student responses 

from the pre- to the post-intervention occasion indicating that students' perceptions of 

science do change after their involvement in the intervention. The next major section of 

this chapter is concerned with the SSSQ pre- and post-intervention student data. The 

seven scales created from the exploratory factor analysis are used to examine the 

differences between and within groups of students in relation to their perceptions of the 

science they experience at school both before and during the intervention period. 

4.2 SSSQ pre- and post-intervention student data 

This second major section of the chapter presents an analysis of the Secondary School 

Science Questionnaire pre- and post-intervention data. As mentioned previously 

students' responses to the 42 rating scale items on the pre- and post-intervention were 

analysed using a non-parametric chi-square test to ascertain whether there were 

statistically significant differences between the proportion of responses on the pre

intervention occasion compared with those offered on the post-intervention occasion. 

Appendix 16 presents an analysis of this comparison where statistically significant 
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differences were obtained for 36 of the 42 items in the pattern of student responses from 

the pre- to the post-intervention occasion. The results in this major section of the 

chapter are organised around the seven scales that were formed as a consequence of the 

exploratory factor analysis conducted earlier. Data collected from the seven scales are 

explored to determine whether there are differing trends between and within groups of 

students in terms of their perceptions of science from the pre- to the post-intervention 

occasion. 

An exploratory factor analysis was computed on the 42 items from the SSSQ, which 

generated seven reliable and valid scales that measure students' perceptions of the 

science they experience at school. These analyses are contained in Appendix 9 where 

the exploratory factor analysis together with the reliability and construct validity 

analyses of the scales is presented. Table 4.11 presents a summary of the reliability and 

construct validity of each of the scales. 

Table 4.11 Summary of the seven scales 

Occasion Construct 

of Cronbach's Validity 
Scale Name Items Testing aleha F Ratio Rating 

Perceived Relevance of 
7 

Pre 0.851 190.435 High 
Science Post 0.871 J 16.516 High 

Perceived Difficulty Pre 0.682 59.699 High 
Experienced by Students in 3 

Post 0.741 31.853 Moderate 
Science at School 

Teache r -Directed 
2 

Pre 0.676 78.100 High 
Experiments Post 0.795 80.472 High 

Computer Use to Find 
2 

Pre 0.871 72.617 High 
Information in Science Post 0.840 52.982 High 

Thoughts about what Pre 0.748 71.927 High 
students need to be able to 4 

Post 0.852 35.138 Moderate do in science 

Teacher's Role in Science 8 
Pre 0.838 214.026 High 

Post 0.868 168.248 High 

Outside Experiences in 
2 

Pre 0.588 18.867 Moderate 
Science at School Post 0.719 10.120 Moderate 

The first of these scales comprised 7 items that related to the perceived relevance of 

science. The second scale was interpreted as difficulty in science at school and 

contained three items from the SSSQ. The third scale consisted of two items concerned 

with teaclier-directed experiments in science. The fourth scale was interpreted �s 
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computer use to find information in science and comprised two items. The fifth scale 

contained four items that related to thoughts about what students need to be able to do 

in science. The sixth scale consisted of eight items concerned with the teacher's role in 

science. The final scale was interpreted as outside experiences in science at school and 

comprised two items. 

Before carrying out statistical analysis on each of the seven scales, a decision was made 

to standardise the scores to allow results to be interpreted in a consistent fashion. This 

involved two steps. First, the scores were reversed for the negatively worded items. 

Second, the scores for each of the scales were rendered on to a I to 5 metric so that the 

seven scales had a common minimum and maximum score. In addition, this metric 

aligned with the rating scale used in the SSSQ. Using this metric means that a scale 

score of 5 would indicate that the respondent has selected rating scale option 5 for each 

of the items that constitute the particular scale in question. As a consequence, the 

transformed scale scores are used in the analysis concerning the seven scales presented 

in this chapter. 

To explore the differences between and within groups the data are analysed using an 

analysis of variance with repeated measures on the occasion of testing. Separate 

analyses are carried out for each year level as indicated in Chapter 3 Section 3 .12.2. 

Two factors are used in the analyses to examine the differences between and within 

groups both of which have been used previously as independent variables in the 

analyses conducted on the Astronomy Diagnostic Test data. The first factor employed 

as an independent variable is the occasion of testing to allow differences in the mean 

scores for the seven scales to be examined from the pre- to the post-intervention 

occasion of testing. The second factor that is employed is sex. Research has shown that 

in the junior secondary years of schooling attitudes toward science differ by gender, 

typically favouring males, where males generally have more positive dispositions 

toward science compared with female students (Mattern & Schau, 2002; Oliver, 1990). 

For this reason sex is used as an independent variable to explore the differences between 

male and female students' perceptions of science. 

To reduce the likelihood of a Type I error given that 21 separate univariate analyses are 

conducted, a full Bonferroni correction is employed. That is to say, the generally 

accepted p-value of 0.05 is substituted by the more rigorous p-value of 0.002 (i.e., 

0.05/21 ). Significant differences presented in the ANOV A tables below are indicated 
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where* represents a p-value less than 0.002 and** signifies a p-value Jess than 

0.00048. 

Table 4.12 summarises the overall trends observed in each of the year groups for the 

seven scales from the pre- to the post-intervention occasion of testing. 

Table 4.12 Summary of resuJts for the seven scales 

Scale 

Relevance 

Difficulty 

Teacher -Directed 
Experiments 

Computer Use 

Thoughts 

Teacher's Role 

Outside Experiences 

Year 7 

** occasions � 

ns sex 

ns occasions 

ns sex 

** occasions � 
ns sex 

** occasions t 
ns sex 

•• occasions i 
ns sex 

** occasions � 
ns sex 

•• occasions t 
ns sex 

•• indicates a highly significant difference. 
• indicates a significant difference. 
ns indicates that the difference is not significant. 

Year 8 Year9 

* occasions � ns occasions 

** sex f< m * sex f< m 

ns occasions ns occasions 

**sexf>m ns sex 

**occasions� ** occasions i 
** sex f< m ns sex 

** occasions t •• occasions t 
ns sex ns sex 

* occasions � • occasions � 
ns sex ns sex 

** occasions � •• occasions i 
ns sex ns sex 

ns occasions ns occasions 
** sex f> m ns sex 

t indicates an increase from the pre- to the post-intervention occasion of testing. 
i indicates a decrease from the pre- to the post-intervention occasion of testing. 

Table 4.12 shows that students in Year 7 experience a significant decrease in their mean 

score for the perceived relevance of science scale from the pre- to the post-intervention 

occasion of testing. Second, there is little difference in students' mean scale scores for 

the perceived difficulty of science on both occasions of testing. Third, there is a highly 

significant reduction in Year 7 students' mean score for the teacher-directed 

experiments in science scale from the pre- to the post-intervention occasion of testing. 

Fourth, Year 7 students display a significantly higher mean score for the scale computer 

use in science on the post-intervention occasion of testing compared with the pre

intervention. Fifth, there is a significant decline in students' mean score for the scale 

thoughts about what students' need to be able to do in science from the pre- to the post

intervention occasion of testing. Sixth, the Year 7 students display a significant decrease 

in their mean score for the scale teacher's role in science from the pre- to the post-
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intervention occasion. Finally, Year 7 exhibit a significant increase in their mean score 

for the scale outside experiences in science from the pre- to the post-intervention 

occas10n. 

With respect to Year 8, Table 4.12 indicates that there has been a significant decline in 

students' mean score for the perceived relevance of science scale from the pre- to the 

post-intervention occasion of testing. In addition, there are significant differences 

between male and female students' mean scale scores, where male students display a 

significantly higher mean score for the perceived relevance of science scale compared 

with their female counterparts. Second, there is little difference in Year 8 students mean 

score for the scale perceived difficulty in science on both occasions of testing. Female 

students however, exhibit a significantly higher mean score for the perceived difficulty 

of science scale compared with male students in Year 8. Third, Year 8 students display a 

significant reduction in the mean score for the scale teacher-directed experiments in 

science from the pre- to the post-intervention occasion of testing and male students 

display a significantly higher mean scale score for teacher-directed experiments in 

science compared with female students. Fourth, Year 8 students exhibit a significantly 

higher mean score for the computer use in science scale on the post-intervention 

occasion compared with pre-intervention occasion of testing. Fifth, there is a significant 

decline in Year 8 students mean score for the scale thoughts about what students' need 

to be able to do in science from the pre- to the post-intervention occasion of testing. 

Sixth, Year 8 students display a highly significant reduction in their mean score for 

teacher's role in science scale on the post-intervention occasion compared with the pre

intervention occasion of testing. Finally, there is little difference in Year 8 students' 

mean scores for the outside experiences in science scale on both occasions of testing. 

There is a significant difference however, in Year 8 female and male students' mean 

scores for the outside experiences in science scale, where females display a significantly 

higher mean scale score compared with their male counterparts. 

In relation to Year 9, there is little difference in students' mean scores for the perceived 

relevance of science scale on the pre- and post-intervention occasion. Male students in 

Year 9 display a significantly higher mean score compared with female students. 

Second, Year 9 students exhibit similar mean scores for the perceived difficulty of 

science scale on both occasions of testing. Third, there is a highly significant reduction 

in Year 9 students' mean score for the scale teacher-directed experiments in science 
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from the pre- to the post-intervention occasion of testing. Fourth, Year 9 students 

display a significantly higher mean score for the computer use in science scale on the 

post-intervention occasion of testing compared with the pre-intervention occasion of 

testing. Fifth, there is a significant decline in Year 9 students' mean scores for the scale 

thoughts about what students need to be able to do in science from the pre- to the post

intervention occasion of testing. Sixth, Year 9 students exhibit a highly significant 

reduction in their mean score for the scale teacher's role in science on the post

intervention occasion compared with the pre-intervention occasion of testing. Finally, 

there is little difference in Year 9 students' mean scores for the outside experiences in 

science scale on both occasions of testing. 

This summary demonstrates that there were significant differences from the pre- to the 

post-occasion of testing on six of the seven scales for the Year 7 group of students, five 

of the scales for the Year 8 group of students and four of the seven scales for the Year 9 

groups of students. The three main subsections that follow present the detailed results 

from the analyses of the seven scales of the SSSQ for each year level. These main sub

sections are split into seven components that correspond with the seven dependent 

variables that are measured: perceived relevance of science; perceived difficulty of 

science; teacher-directed experiments in science; computer use in science; thoughts 

about what students need to be able to do in science; teacher's role in science; and, 

outside experiences in science. The section concludes with an overall summary of the 

results obtained from the analyses. 

4.2.1 Year 7 

This section presents the SSSQ results for the Year 7 group of students. The section is 

broken into seven sub-sections that present the analysis of each dependent variable. The 

first part of each sub-section that follows contains the descriptive statistics for the year 

group of students categorised by the occasion of testing and sex. The second part of 

each section presents the results of the ANOV A with repeated measures on the occasion 

of testing. Where appropriate, graphs are included to help explain and illustrate 

interaction effects. As noted previously, all scale scores have been converted to a 1 to 5 

metric so that each scale has a common maximum (5) and minimum (1) score and 

corresponds with the rating scale used in the SSSQ. 
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4.2.1.1 Year 7 perceived relevance of science 

This scale comprises seven items from the SSSQ that measure students' perceptions of 

the relevance of the science they experience in junior secondary school. Inspection of 

the means and standard deviations in Table 4.13 reveal that there is a decline in 

students' mean scores for the perceived relevance of science scale from the pre- to the 

post-intervention occasion. 

Table 4.13 Means and standard deviations for Year 7 students' perceived relevance of science 

Occasion 1 Occasion 2 

Year? M SD N M SD N 

Females 3.316 0.776 448 3.191 0.838 448 

Males 3.395 0.784 321 3.251 0.871 321 

Grand Mean 3.349 0.780 769 3.216 0.852 769 

On the pre-intervention occasion there is little difference between male and female 

students' perceptions of the relevance of science. There has been a decrease in both 

male and female mean scores on the post-intervention occasion, where male students 

stilJ display a slightly higher mean score for the perceived relevance of science scale 

compared with their female counterparts. 

Table 4.14 ANOVA with repeated measures for Year 7 students' perceived relevance of science 

Type ID Sum 
Source ofSguares df MS F 2 !12 

Between subjects 

Intercept 16174.424 16174.424 15851.830 0.000 0.954 
Sex 1.788 I 1.788 1.752 0.186 0.002 
Error 782.609 767 1.020 

Within Subjects 

Occasion 6.805 6.805 21.814•• 0.000 0.028 
Occasion • Sex 0.031 O.oJI 0.100 0.752 0.000 

Error(Occasion) 239.248 767 0.312 
•p < 0.002. Up< 0.00048. 

The results from the ANOVA with repeated measures are shown in Table 4.14. The 

within-groups analysis reveals that there is a highly significant main effect due to the 

occasion of testing (F (1, 767) = 21.814, p = 0.000004, 112 = 0.028). The between-groups 

analysis shows that while males perceive science to be more relevant than female 

students the difference is not significant. These results indicate that there is a significant 

difference in Year 7 students' mean scores for the perceived relevance of science scale 

from the pre- to the post-intervention occasion of testing but with a small effect size of 

0.028 (eta squared). 
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4.2.1.2 Year 7 perceived difficulty of science 

This scale comprises three items from the SSSQ that measure students' perceptions of 

the difficulty they experience in junior secondary science. Table 4.15 presents the 

means and standard deviations for students' perceived difficulty of science and shows 

that is a slight increase from pre- to the post-intervention occasion of testing. 

Table 4.15 Means and standard deviations for Year 7 students' perceived difficulty of science 

Occasion I Occasion 2 

Year? M SD N M SD N 

Females 2.904 0.876 448 2.995 0.903 448 

Males 2.773 0.865 321 2.892 0.973 321 
Grand Mean 2.849 0.873 769 2.952 0.933 769 

On the pre-intervention female students perceive science to be slightly more difficult 

than their male counterparts. The trend is the same for the post-intervention occasion, 

where male students display a lower mean score for the perceived difficulty of science at 

school scale compared with female students. 

Table 4.16 ANOVA with repeated measures for Year 7 students' perceived difficulty of science 

Type Ill Sum 
Source ofSguares df MS F E !11 

Between subjects 

Intercept 12501.775 12501.775 11072.531 0.000 0.935 
Sex 5.083 I 5.083 4.501 0.034 0.006 
Error 866.005 767 1.129 

Within Subjects 

Occasion 4.139 I 4.139 8.277 0.004 0.01 l 
Occasion • Sex 0.075 I 0.075 0.150 0.699 0.000 
Error(Occasion) 383.508 767 0.500 

•p < 0.002. ••p < 0.00048. 

Table 4.16 presents the results from the ANOVA with repeated measures on the 

occasion of testing. The between-groups analysis reveals that while female students 

perceive science to be slightly more difficult than male students the difference is not 

significant. Similarly, the within-groups analysis shows that there is no significant 

difference in students' mean scores for the scale perceived difficulty of science on both 

occasions of testing. These results indicate that there is little difference in Year 7 

students' mean scores for the perceived difficulty of science at school scale from the 

pre- and post-intervention occasion of testing. 
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4.2.1.3 Year 7 teacher-directed experiments 

This scale comprises two items from the SSSQ that measure students' perceptions of 

how often they experience teacher-directed experiments in science at school. Table 

4 .17 shows that there is a reduction in students' mean score for the scale teacher

directed experiments in science from the pre- to the post-intervention occasion. Female 

students exhibit the greatest reduction in their mean scores for the scale teacher-directed 

experiments from the pre- to the post-intervention occasion compared with male 

students. On the pre-intervention female students display a higher mean scale score for 

teacher-directed experiments in science compared with male students, while male 

students display a slightly higher mean scale score on the post-intervention occasion of 

testing compared with their female counterparts. 

Table 4.17 Means and standard deviations for teacher-directed experiments in Year 7 

Occasion I Occasion 2 
Year? M SD N M SD N 

Females 3.981 0.939 448 3.439 1.162 448 

Males 3.847 0.958 321 3.590 1.126 321 
Grand Mean 3.925 0.949 769 3.502 1.149 769 

Table 4.18 displays the results from the ANOVA with repeated measures. The within

groups analysis reveals that there is a highly significant within-groups main effect due 

to the occasion of testing (F (1, 767) 85.092, p << 0.00048, 112 =0.100). In addition, there 

is a significant first order interaction for occasion of testing by sex of respondent (F ( 1, 

767) l 0.846, p = 0.00 l, 112 =0.014). These results show that there is a highly significant 

reduction in Year 7 students' mean scale score for teacher-directed experiments in 

science from the pre- to the post-intervention occasion, where female students display a 

signjficant lower scale score on the post-intervention occasion compared with male 

students. 

Table 4.18 ANOV A with repeated measures for teacher-directed experiments in Year 7 

Type msurn 
Source ofSguares df MS F e !l' 

Between subjects 
Intercept 20639.952 20639.952 13659.873 0.000 0.947 
Sex 0.030 0.030 0.020 0.887 0.000 
Error 1158.931 767 J.511 

Within Subjects 
Occasion 59.755 59.755 85.092 .. 0.000 0.100 
Occasion • Sex 7.616 7.616 I 0.846• 0.001 0.014 
Error(Occasion) 538.620 767 0.702 

•p < 0.002 ... p < 0.00048. 
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The between-groups analysis shows that while there is a difference in the mean scale 

scores displayed by male and female students for teacher-directed experiments in 

science the difference is not significant. 

An investigation of the first order interaction identified in the within-groups analysis 

from the ANOV A with repeated measures analysis is carried out using a graphical 

approach. Figure 4. l presents the Year 7 mean scores for the scale teacher-directed 

experiments showing the interaction for the occasion of testing by sex of respondents. 
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Figure 4.1 Graph of mean scores showing the interaction between the occasion of testing and sex 
for teacher-directed experiments in Year 7 

The highly significant first order interaction between occasion and sex may be attributed 

to the differing mean scores on both occasions of testing, where female students display 

a significantly higher mean scale score for teacher-directed experiments in science on 

the pre-intervention occasion compared with male students, while on the post

intervention occasion display a significantly lower mean score for teacher-directed 

experiments in science compared with their male counterparts. The interaction may also 

be due to the fact that female students experience a greater reduction in the mean scale 

score for teacher-directed experiments in science from the pre- to the post-intervention 

occasion of testing compared with male students, which is evident by the steeper 

sloping line displayed for female students' mean scores from the pre- to the post

intervention occasion. 
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4.2.1.4 Year 7 computer use in science 

This scale comprises two items from the SSSQ that measure students' perceptions of 

bow often they use computers in science at school. Inspection of the means and standard 

deviations in Table 4.19 for the scale related to computer use in science shows that Year 

7 students display an increase in the use of computers from the pre- to the post

intervention occasion of testing. 

Table 4.19 Means and standard deviations for Year 7 students' computer use in science 

Occasion I Occasion 2 

Year? M SD N M SD N 

Females 2.450 1.193 448 3.449 0.955 448 

Males 2.467 J.251 321 3.413 0.990 321 

Grand Mean 2.457 1.217 769 3.434 0.969 769 

There is little difference in the mean scores for female and male students on both 

occasions of testing. Male students display a slightly higher mean scale score on the 

pre-intervention occasion compared with female students. While on the post

intervention occasion female students exhibit a slightly higher mean scale score for 

computer use in science compared with their male counterparts. 

Table 4.20 AN OVA with repeated measures for Year 7 students' computer use in science 

Type m Sum 
Source of Sguares df MS F e 

!]2 

Between subjects 

Intercept 12971.992 12971.992 9903.657 0.000 0.928 
Sex 0.032 1 0.032 0.024 0.877 0.000 
Error 1004.631 767 1.310 

Within Subjects 

Occasion 353.495 353.495 317.940° 0.000 0.293 
Occasion • Sex 0.267 1 0.267 0.240 0.624 0.000 
Error(Occasion) 852.773 767 1.112 

*p < 0.002. **p < 0.00048. 

Table 4.20 presents the results from the ANOVA with repeated measures where the 

within-groups analysis shows that there is a highly significant main effect due to the 

occasion of testing (F (1, 767) 317.940, p <<< 0.00048, 112 =0.2.93). The between

groups analysis reveals that while there is a difference in Year 7 female and male scale 

scores the difference is not significant. These results indicate that there is a highly 

significant difference from the pre- to the post-intervention occasion for the scale 

computer use in science. Year 7 students believe that there has been an increased 

computer use in science. 
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4.2.1.5 Year 7 thoughts about what students need to be able to do in science 

This scale comprises four items from the SSSQ that measure students' perceptions what 

they need to be able to do in science at school. Table 4.21 shows the means and 

standard deviations for the scale thoughts about what students need to be able to do in 

science, where Year 7 students display a lower scale score on the post-intervention 

occasion of testing compared with the pre-intervention occasion. 

Table 4.21 Means and standard deviations for Year 7 students' thoughts about what students need 
to be able to do in science 

Occasion I Occasion 2 

Year7 M SD N M SD N 

Females 3.703 0.935 448 3.592 1.002 448 

Males 3.727 0.922 321 3.529 0.989 321 

Grand Mean 3.713 0.929 769 3.565 0.997 769 

Male students exhibit a slightly higher mean scale score on the pre-intervention 

occasion of testing compared with female students. On the post-intervention occasion 

tl1e reverse is true where female students display a slightly higher mean for Lhe scale 

thoughts about what students need to be able to do in science than male students. 

Table 4.22 ANOVA with repeated measures for Year 7 students' thoughts about what students 
need to be able to do in science 

Type Til Sum 
So1Jrce ofSguares df MS F 2 

!]2 

Between subjects 

Intercept 19795.730 19795.730 15017.722 0.000 0.951 

Sex 0.134 I 0.134 0.102 0.750 0.000 

Error I 011.027 767 1.318 

Within Subjects 

Occasion 8.965 8.965 16.601 .. 0.000 0.021 

Occasion • Sex 0.717 0.717 1.327 0.250 0.002 

Error(Occasion) 414.220 767 0.540 

•p < 0.002 ... p < 0.00048. 

Inspection of the ANOV A with repeated measures results in Table 4.22 reveal that there 

is a highly significant main effect due to the occasion of testing (F (1, 767) 16.601, p = 

0.00005, 112 =0.021).The between-groups analysis indicates that there is little difference 

in female and male students mean scale score for thoughts about what they need to be 

able to do in science. These results indicate that there is a significant difference in Year 

7 students' mean scores for the scale thoughts about what they need to be able to do in 

science from the pre- to the post-intervention occasion of testing although the effect size 

is small. 
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4.2.1.6 Year 7 teacher's role in science 

This scale comprises eight items from the SSSQ that measure students' perceptions of 

their teacher's role in science. Table 4.23 reveals that Year 7 students' mean score for 

the scale teacher's role in science decreases from the pre- to the post-intervention 

occasion of testing. Female students exhibit lower mean scores on both occasions of 

testing for the scale teacher's role in science compared with their male counterparts. 

Table 4.23 Means and standard deviations for Year 7 students' perceptions of the teacher's role in 
science 

Occasion I Occasion 2 

Year? M SD N M SD N 

Females 3.381 0.859 448 3.078 0.904 448 

Males 3.485 0.850 321 3.173 0.909 321 

Grand Mean 3.424 0.856 769 3.118 0.907 769 

Table 4.24 presents the results from the ANOV A with repeated measures where the 

within-groups analysis reveals that there is a significant main effect due to the occasion 

of testing (F ( 1, 767) 89.878, p << 0.00048, TJ' =0.105). 

Table 4.24 ANOVA with repeated measures for Year 7 students' perceptions of the teacher's role io 
science 

Type m Sum 
Source ofSguares df MS F E 

!]1 

Between subjects 

Intercept 16087.431 16087.431 13882.195 0.000 0.948 

Sex 3.658 3.658 3.156 0.076 0.004 

Error 888.841 767 1.159 

Within Subjects 

Occasion 35.370 35.370 89.878 .. 0.000 0.105 

Occasion • Sex 0.009 I 0.009 0.022 0.883 0.000 

Error(Occasion) 301.840 767 0.394 

•p < 0.002 ... p < 0.00048. 

The between-groups analysis shows that there is no significant difference between 

female and male students' mean scores for the scale teacher's role in science. These 

results indicate that the Year 7 group of students as a whole display significantly lower 

mean scores for the scale teacher's role in science on the post-intervention compared 

with the pre-intervention occasion of testing. 

4.2.1.7 Year 7 outside experiences in science 

This scale comprises two items from the SSSQ that measure students' perceptions of the 

incidence of outside experiences in science at school. lospection of the means and 

standard deviations presented in Table 4.25 for Year 7 students' outside experiences in 
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science reveals that there bas been an increase in the mean scale score from the pre- to 

the post-intervention occasion. Female students display a slightly higher mean scale 

score on both occasions of testing compared with male students. 

Table 4.25 Means and standard deviations for Year 7 students' outside el.'Periences in science 

Occasion 1 Occasion 2 

Year7 M SD N M SD N 

Females 2.739 1.467 448 3.292 1.331 448 

Males 2.643 1.510 321 3.189 1.426 321 

Grand Mean 2.699 1.485 769 3.249 1.371 769 

Table 4.26 presents the results from the ANOV A with repeated measures where the 

within subjects analysis reveals that there is a significant main effect due to the occasion 

of testing (F ( 1, 767) 10 I. 797, p << 0.00048, 112 =0.117). 

Table 4.26 ANOVA with repeated measures for Year 7 students' outside experiences in science 

Type rn Sum 
Source ofSguares df MS F E !l' 

Between subjects 

Intercept 13160.309 13160.309 4423.550 0.000 0.852 

Sex 3.686 I 3.686 1.239 0.266 0.002 

Error 2281.868 767 2.975 

Within Subjects 

Occasion 113.081 113.081 101.797 .. 0 000 0.117 

Occasion • Sex 0.005 I 0.005 0.005 0.945 0.000 

Error(Occasion) 852.023 767 1.1 11 

•p < 0.002. ••p < 0.00048. 

The results of the between-groups analysis show that while female students display a 

slightly higher mean for the scale outside experiences in science compared with male 

students the difference is not significant. These results indicate that Year 7 students 

display a significantly higher mean score for the outside experiences in science scale on 

the post-intervention occasion of testing compared with the pre-intervention occasion. 

4.2.2 Year 8 

This section presents the SSSQ results for the Year 8 group of students. The section is 

broken into seven sub-sections that present the analysis of each dependent variable for 

the Year 8 group of students. The first part of each sub-section that follows contains the 

descriptive statistics for the year group categorised by the occasion of testing and sex. 

The second part of each section presents the results of the AN OVA with repeated 

measures on the occasion of testing. As mentioned earlier, scale scores have been 
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rendered on to a 1 to 5 metric so that each scale bas a common maximum (5) and 

minimum (1) score and corresponds with the rating scale used in the SSSQ. 

4.2.2.1 Year 8 perceived relevance of science 

This scale comprises seven items from the SSSQ that measure students' perceptions of 

the relevance of the science they experience in junjor secondary school. Inspection of 

the means and standard deviations in Table 4.27 reveals that Year 8 students display a 

decline in their mean score for the scale perceived relevance of science from the pre- to 

the post-intervention occasion of testing. Male students exhibit a higher mean score for 

the perceived relevance of science scale on both occasions of testing compared with 

their female counterparts. 

Table 4.27 Means and standard deviations for Year 8 students' perceived relevance of science 

Occasion I Occasion 2 

Year8 M SD N M SD N 

Females 3.130 0.716 279 3.019 0.804 279 

Males 3.371 0.639 160 3.233 0.801 160 

Grand Mean 3.218 0.698 439 3.097 0.809 439 

Table 4.28 presents the results from the ANOV A with repeated measures where the 

between-group analysis reveals that there is a highly significant main effect due to the 

sex of respondent (F (I, 437) 12.433, p = 0.0005, n1 =0.028). This result indicates that 

male students display a significantly higher mean score for the perceived relevance of 

science at school scale compared with female students. Hence, male students in Year 8 

perceive science to be more relevant than female students in Year 8. 

Table 4.28 ANOVA with repeated measures for Year 8 students' perceived relevance of science 

Type msum 
Source ofSguares df MS F e !l' 

Between subjects 

lntercept 8268.955 8268.955 9709.745 0.000 0.957 
Sex 10.588 10.588 12.433 .. 0.000 0.028 
Error 372.155 437 0.852 

Within Subjects 

Occasion 3.154 3.154 11.769* 0.001 0.026 
Occasion • Sex 0.037 I 0.037 0.138 0.711 0.000 

Error(Occasion) 117.108 437 0.268 

•p < 0.002 ... p < 0.00048. 

The within-groups analysis shows that there is a significant main effect due to the 

occasion of testing (F (1, 437) 11. 769, p = 0.001, n1 =0.026). This result shows that the 

Year 8 group of students display a significant difference in their mean scores for the 
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scale perceived relevance of science on the pre- and post-intervention occasion of 

testing. 

4.2.2.2 Year 8 perceived difficulty of science 

This scale comprises three items from the SSSQ that measure students' perceptions of 

the difficulty they experience in junior secondary science. The descriptive statistics 

presented in Table 4.29 reveal that there bas been a slight increase in Year 8 students' 

mean score for the scale perceived difficulty of science from the pre- to the post

intervention occasion of testing. Female students display a higher mean scale score on 

both occasions of testing compared with male students. 

Table 4.29 Means and standard deviations for Year 8 students' perceived difficulty of science 

Occasion I Occasion 2 

Year 8 M SD N M SD N 

Females 3.088 0.873 279 3.100 0.897 279 

Males 2.758 0.765 160 2.828 1.000 160 

Grand Mean 2.968 0.849 439 3.001 0.943 439 

Table 4.30 presents the results from the ANOV A with repeated measures where the 

between-groups analysis reveals that there is a highly significant main effect due to the 

sex of respondents (F (1, 437) 16.079, p = 0.00007, 112 =0.035). This indicates that the 

female students display a significantly higher mean score for the scale perceived 

difficulty of science compared with male students. 

Table 4.30 ANOVA with repeated measures for Year 8 students' perceived difficulty of science 

Type III Sum 
Source of Sguares df MS F E 

!)l 

Between subjects 

Intercept 7049.153 7049.153 6138.571 0.000 0.934 

Sex 18.464 18.464 16.079 .. 0.000 O.o35 

Error 501.824 437 1.148 

Within Subjects 

Occasion 0.345 0.345 0.813 0.368 0.002 

Occasion • Sex 0.176 0.176 0.414 0.520 0.001 

Error(Occasion) 185.300 437 0.424 

•p < 0.002 ... p < 0.00048. 

The within-groups analysis shows that there is no significant difference in Year 8 

students' mean score for the scale perceived difficulty of science at school. That is to 

say, there is little difference in Year 8 students' mean scores for the scale perceived 

difficulty of science from the pre- to the post-intervention occasion of testing. 
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4.2.2.3 Year 8 teacher-directed experiments 

This scale comprises two items from the SSSQ that measure students' perceptions of 

bow often they experience teacher-directed experiments in science at school. Table 

4.31 presents the means and standard deviations for Year 8 students' scores for the scale 

teacher-directed experiments in science al school. ft is evident that students experience 

a decline in their mean score for the scale teacher-directed experiments in science from 

the pre- to the post-intervention occasion. Males display a higher mean scale score for 

teacher-directed experiments in science on both occasions of testing compared with 

their female counterparts. 

Table 4.31 Means and standard deviations for teacher-directed experiments in Year 8 

Occasion I Occasion 2 

Year8 M SD N M SD N 

Females 3.939 0.743 279 3.308 1.124 279 

Males 4.097 0.719 160 3.706 0.926 160 

Grand Mean 3.997 0.738 439 3.453 1.072 439 

The results from the ANO VA with repeated measures in Table 4.32 show that there is a 

highly significant main effect due to the occasion of testing (F ( l, 43 7) 88.681, p << 

0.00048, T]2 =0.169). 

Table 4.32 ANOVA with repeated measures for teacher-directed experiments in Year 8 

Type TI1 Sum 
Source ofSguares df MS F E !l' 

Between subjects 

Intercept 11516.695 11516.695 10893.687 0.000 0.961 

Sex 15.707 I 15.707 14.857 .. 0.000 0.033 

Error 461.992 437 1.057 

Within Subjects 

Occasion 53.047 53.047 88.681 •• 0.000 0.169 

Occasion • Sex 2.933 1 2.933 4.904 0.027 0.011 

Error(Occasion) 261.405 437 0.598 

•p < 0.002 ... p < 0.00048. 

The between-groups analyses shows that there is a highly significant main effect due to 

the sex of respondents (F (l, 437) 14.857, p = 0.0001, 112 =0.033). These results show 

that Year 8 students display a significant decrease in their mean score for the scale 

teacher-directed experiments in science from the pre- to the post-intervention occasion 

of testing and that male students display a significantly higher mean score for the scale 

teacher-directed experiments in science compared with female students. Even though 
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the occasion by sex interaction displays a p-value of 0.027 this is not considered as 

significant due to the Bonferroni correction adopted earlier in this chapter. 

4.2.2.4 Year 8 computer use in science 

This scale comprises two items from the SSSQ that measure students' perceptions of 

how often they use computers in science at school. Inspection of the means and standard 

deviations in Table 4.33 show that there has been an increase Year 8 students' mean 

score for the scale computer use in science from the pre- to the post-intervention 

occasion of testing. 

Table 4.33 Means and standard deviations for Year 8 students' computer use in science 

Occasion I Occasion 2 

Year8 M SD N M SD N 

Females 2.296 0.915 279 3.292 0.973 279 

Males 2.416 0.973 160 3.278 1.099 160 

Grand Mean 2.339 0.937 439 3.287 1.020 439 

On the pre-intervention occasion male students display a slightly higher mean scale 

score for computer use in science compared with female students. While on the post

intervention occasion the reverse is true where Year 8 female students display a larger 

increase in their mean score for the computer use in science scale from the pre- to the 

post-intervention occasion of testing compared with their male counterparts. 

Table 4.34 ANOVA with repeated measures for Year 8 students' computer use in science 

Type ITI Sum 
Source ofSguares df MS F 2 !)J 

Between subjects 

Intercept 6470.953 6470.953 6426.159 0.000 0.936 

Sex 0.571 0.571 0.567 0.452 0.001 

Error 440.046 437 1.007 

Within Subjects 

Occasion 175.691 175.691 192.551 .. 0.000 0.306 

Occasion • Sex 0.912 I 0.912 0.999 0.318 0.002 

Error(Occasion) 398.736 437 0.912 

•p < 0.002 ... p < 0.00048. 

Table 4.34 presents the results from the ANOV A with repeated measures where the 

within-groups analysis reveals that there is a highly significant main effect due to the 

occasion of testing (F (1,437) 192.551, p << 0.00048, TJ2 =0.306).The between-groups 

analysis shows that there is no significant difference in Year 8 female and male 

students' mean scores for the scale computer use in science. These results indicate that 
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there is a highly significant increase in Year 8 students' mean scores for the scale 

computer use in science from the pre- to the post-intervention occasion of testing. 

4.2.2.5 Year 8 thoughts about what students need to be able to do in science 

This scale comprises four items from tbe SSSQ that measure students' perceptions what 

they need to be able to do in science at school. Table 4.35 presents the means and 

standard deviations for Year 8 students concerning the scale thoughts about what 

students need to be able to do in science. It is evident that there is a decline in students' 

mean score for the scale thoughts about what they need to be able to do in science from 

the pre- to the post-intervention occasion of testing. Female students display a slightly 

higher mean scale score on both occasions of testing compared with their male 

counterparts. 

Table 4.35 Means and standard deviations for Year 8 students' thoughts about what students need 
to be able to do in science 

Occasion I Occasion 2 

Year8 M SD N M SD N 

Females 3.803 0.843 279 3.635 0.898 279 

Males 3.770 0.792 160 3.592 0.913 160 

Grand Mean 3.791 0.824 439 3.620 0.903 439 

The results from the AN OVA with repeated measures in Table 4.36 reveal that there is a 

significant main-effect due to the occasion of testing (F (l, 437) 12.252, p = 0.001, 111 

=0.027). 

Table 4.36 ANOVA with repeated measures for Year 8 students' thoughts about what students 
need to be able to do in science 

Type fll Sum 
Source of Sguares df MS F Q 

!]2 

Between subjects 

Intercept I 1137.624 11137.624 11131.625 0.000 0.962 
Sex 0.291 I 0.291 0.291 0.590 0.001 
Error 437.235 437 1.001 

Within Subjects 

Occasion 6.076 6.076 12.252• 0.001 0.027 

Occasion • Sex 0.006 I 0.006 0.011 0.915 0.000 
Error(Occasion) 216.701 437 0.496 

•p < 0.002. **p < 0.00048. 

The between-groups analysis shows that while female students display a slightly higher 

mean score for the scale thoughts about what students need to be able to do in science 

compared with male students the difference is not significant. These results indicate that 

there is a significant difference in Year 8 students' mean score for the scale thoughts 
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about what students need to be able to do in science on the pre- to the post-intervention 

occasion of testing. 

4.2.2.6 Year 8 teacher's role in science 

This scale comprises eight items from the SSSQ that measure students' perceptions of 

their teacher's role in science. Inspection of the means and standard deviations in Table 

4.37 reveal that Year 8 students display a decrease in their mean score for the scale 

teacher's role in science from the pre- and post-intervention occasion of testing. Male 

students exhibit a higher mean score for the scale teacher's role in science on both 

occasion of testing compared with female students. 

Table 4.37 Means and standard deviations for Year 8 students' perceptions of the teacher's role in 
science 

Occasion I Occasion 2 

Year8 M SD N M SD N 

Females 3.195 0.832 279 2.906 0.877 279 

Males 3.493 0.768 160 3.023 0.798 160 

Grand Mean 3.304 0.821 439 2.948 0.850 439 

Table 4.38 presents the results from the ANOVA with repeated measures where the 

within-groups analysis reveals that there is a significant main-effect due to the occasion 

of testing (F (1,437) 98.363, p << 0.00048, Tl1 =0.184). 

Table 4.38 ANOVA with repeated measures for Year 8 students' perceptions of the teacher's role in 
science 

Type Ill Sum 
Source ofSguares df MS F E !1' 

Between subjects 

lnlercepl 8092.873 8092.873 7500.084 0.000 0.945 
Sex 8.749 8.749 8.108 0.005 0.018 

Error 471.539 437 1.079 

Within Subjects 

Occasion 29.312 29.312 98.363 .. 0.000 0.184 
Occasion • Sex 1.672 1.672 5.610 0.018 0.013 
Error(Occasion) 130.225 437 0.298 

•p < 0.002 ... p < 0.00048. 

The between-groups analysis shows that while female students display a slightly lower 

mean score for the scale teacher's role in science compared with male students the 

difference is not significant. These results indicate that there is a significant decline in 

Year 8 students' mean score for the scale teacher's role in science from the pre- to the 

post-intervention occasion of testing. 
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4.2.2. 7 Year 8 outside experiences in science 

This scale comprises two items from the SSSQ that measure students' perceptions of the 

incidence of outside experiences in science at school. Table 4.39 shows that Year 8 

students experience a decline in their mean score for the scale outside experiences in 

science from the pre- to the post-intervention occasion of testing. Male students exhibit 

an increase in their mean score for the scale outside experiences in science on the post

intervention occasion compared with the pre-intervention occasion of testing. The 

reverse is true for female students where they display a decrease in their mean scale 

score from the pre- to the post-intervention occasion of testing. Overall, female students 

display a higher mean score on both occasions of testing for the scale outside 

experiences in science compared with their male counterparts. 

Table 4.39 Means and standard deviations for Year 8 students' outside experiences in science 

Occasion I Occasion 2 

Year8 M SD N M SD N 

Females 2.766 1.426 2.766 2.595 1.519 2.595 

Males 1.858 1.365 1.858 2.019 1.443 2.019 

Grand Mean 2.435 1.469 2.435 2.385 1.516 2.385 

Table 4.40 presents the results from the ANOV A with repeated measures where the 

between-groups analysis reveals that there is a highly significant main effect due to sex 

(F (1,437) 36.257, p << 0.00048, 112 =0.077). This result indicates that female students 

display a significantly higher mean score for the scale outside experiences in science 

compared with their male counterparts. 

Table 4.40 ANOVA with repeated measures for Year 8 students' outside experiences in science 

Type III Sum 
Source of Sguares df MS F e 

!]l 

Between subjects 

Intercept 4339.314 4339.314 1404.471 0.000 .763 
Sex 112.020 1 112.020 36.257 .. 0.000 .077 
Error 1350.174 437 3.090 

Within Subjects 

Occasion 0.006 1 0.006 0.005 0.941 0.000 
Occasion • Sex 5.604 5.604 5.067 0.025 0.011 
Error{Occasion) 483.317 437 1.106 

� < 0.002. ·� < 0.00048. 

The within-groups analysis shows while Year 8 students display a slightly lower mean 

score oo the post-intervention occasion of testing the difference is not sigruficant. 

Overall; these results show that for the Year 8 group of students there is no significant 
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difference in their mean score for the scale outside experiences in science from the pre

to the post-intervention occasion. There is a significant difference however, between 

female and male students' mean scores for the scale outside experiences in science. 

4.2.3 Year 9 

This section presents the SSSQ results for the Year 9 group of students. The section is 

broken into seven sub-sections that present the analysis of each dependent variable for 

the Year 9 group of students. The first part of each sub-section that follows contains the 

descriptive statistics for the year group categorised by the occasion of testing and sex. 

The second part of each section presents the results of the ANOV A with repeated 

measures on the occasion of testing. As mentioned earlier, scale scores have been 

converted on to a 1 to 5 metric so that each scale bas a common maximum (5) and 

minimum (1) score and corresponds with the rating scale used in the SSSQ. 

4.2.3.1 Year 9 perceived relevance of science 

This scale comprises seven items from the SSSQ that measure students' perceptions of 

the relevance of the science they experience in junior secondary school. Inspection of 

the means and standard deviations in Table 4.41 reveals that Year 9 students' mean 

score for the scale perceived relevance of science is slightly lower on the on the post

occasion of testing compared to the pre-intervention occasion. Male students display 

higher mean score for the scale perceived relevance of science on the pre- and post

intervention occasion of testing compared to female students. 1n addition, male students 

display an increase in their mean scale score from the pre- to the post-intervention 

occasion of testing while the reverse is true for female students. 

Table 4.41 Means and standard deviations for Year 9 students' perceived relevance of science 

Occasion I Occasion 2 

Year9 M SD N M SD N 

Females 3.102 0.644 97 2.914 0.904 97 

Males 3.264 0.728 122 3.336 0.900 122 

Grand Mean 3.192 0.695 219 3.149 0.924 219 

Table 4.42 presents the results from the ANOV A with repeated measures where the 

between-groups analysis reveals that there is a significant main effect due to the sex of 

respondents (F (1,217) 11.231, p = 0.001112 =0.049). This result indicates that Year 9 

.male students display a significantly higher mean score for the perceived relevance of 

science scaJe compared to female students. 
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Table 4.42 ANO VA with repeated measures for Year 9 students' perceived relevance of science 

Source 

Intercept 

Sex 

Error 

Occasion 

Occasion • Sex 

Error(Occasion) 

Type In Sum 
of Squares 

4300.304 

9.221 

178.154 

0.354 

1.825 

102.082 

•p < 0.002. ••p < 0.00048. 

df MS F 
Between subjects 

4300.304 5237.971 0.000 0.960 

9.221 11.231 • 0.001 0.049 

217 0.821 

Within Subjects 

0.354 0.752 0.387 0.003 

1.825 3.879 0.050 0.018 

217 0.470 

The within-groups analysis shows that there is no significant difference in students' 

mean score for the perceived relevance of science scale from the pre- to the post

intervention occasion of testing. Even though male students experience a slight increase 

in their mean score for the perceived relevance of science scale from the pre- to the 

post-intervention occasion and female students display a decrease in their mean scale 

score the p-value of 0.05 for the interaction occasion by sex can not be regarded as 

significant due to the Bonferroni correction employed at the onset of this chapter. These 

results show that there is little difference in this group of students' mean score for the 

perceived relevance of science scale on botb occasions of testing. 

4.2.3.2 Year 9 perceived difficulty of science 

This scale comprises three items from the SSSQ that measure students' perceptions of 

the difficulty they experience in junior secondary science. Table 4.43 indicates that Year 

9 students display a slight increase in their mean score for the perceived difficulty of 

science scale from the pre- to the post-intervention occasion of testing. Female students 

exhibit higher mean scale score for the perceived difficulty of science on both occasions 

of testing compared with their male counterparts. Furthermore, female students display 

a different trend from the pre- to the post-intervention occasion of testing compared 

with male students. Specifically, female students decrease their mean score for the 

perceived difficulty of science scale from tbe pre- to the post-intervention occasion of 

testing while male students increase their mean score from the pre- to the post

intervention occasion of testing. 
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Table 4.43 Means and standard deviations for Year 9 students' perceived difficulty of science 

Occasion I Occasion 2 
Year9 M SD N M SD N 
Females 3.254 0.899 97 3.113 1.027 97 
Males 2.845 0.886 122 2.991 0.949 122 
Grand Mean 3.026 0.912 219 3.045 0.984 219 

Inspection of the between-group results from the AN OVA with repeated measures 

analyses presented in Table 4.44 shows that while there is a difference in the mean 

scores displayed by male and female students for the perceived difficulty of science 

scale the difference is not significant. 

Table 4.44 ANOVA with repeated measures for Year 9 students' perceived difficulty of science 

Type In Sum 
Source ofSguares df MS F e !l' 

Between subjects 

Intercept 4023.539 4023.539 3325.602 0.000 0.939 
Sex 7.617 7.617 6.295 0.013 0.028 
Error 262.541 217 1.210 

:Vilhin Subjects 

Occasion 0.001 0.001 0.001 0.973 0.000 
Occasion • Sex 2.229 2.229 4.024 0.046 0.018 
Error(Occasion) 120.220 217 0.554 

•p < 0.002 ... p < 0.00048. 

In addition, the within-groups analysis reveals that there is no significant difference 

between Year 9 students mean scale scores on both occasions of testing. These results 

indicate that there is little difference between female and male students' mean scale 

scores. Further, the Year 9 group of students as a whole display simjlar mean scores for 

the perceived difficulty of science scale on the pre- and post-intervention occasion of 

testing. 

4.2.3.3 Year 9 teacher-directed experiments 

This scale comprises two items from the SSSQ that measure students' perceptions of 

how often they experience teacher-directed experiments in science at school. Table 

4.45 reveals that Year 9 students display a reduction in their mean score for the scale 

teacher-directed experiments from the pre- to the post-intervention occasion of testing. 

Male students display slightly higher mean scale scores on both occasions of testing 

compared with their female counterparts. 
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Table 4.45 Means and standard deviations for teacher-directed experiments in Year 9 

Occasion I Occasion 2 
Year9 M SD N M SD N 

Females 3.474 0.956 97 2.897 1.073 97 
Males 3.570 0.969 122 3.020 1.222 122 
Grand Mean 3.527 0.962 219 2.966 1.157 219 

Table 4.46 presents the results from the ANOV A with repeated measures where the 

within-groups analysis reveals that there is a highly significant main effect due to the 

occasion of testing (F (I, 217) 51.422, p << 0.00048, 112 =0.192). 

Table 4.46 ANOV A with repeated measures for teacher-directed experiments in Year 9 

Type Ill Sum 
Source of Squares df MS F p 112 

Between subjects 
Intercept 4538.940 4538.940 2831.751 0.000 0.929 
Sex 1.296 1.296 0.809 0.370 0.004 
Error 347.824 217 1.603 

Within Subjects 
Occasion 34.286 34.286 51.422 .. 0.000 0.192 
Occasion* Sex 0.021 0.021 0.032 0.858 0.000 
Error(Occasion) 144.688 217 0.667 

*p < 0.002 ... p < 0.00048. 

The between-groups analysis indicates that while there is a difference in female and 

male students' mean scores for the scale teacher-directed experiments in science the 

difference is not significant. These results show that this group of students experience a 

highly significant decrease in their mean score for the teacher-directed experiments 

scale from the pre- to the post-intervention occasion. That is to say, Year 9 students 

report a higher incidence of teacher-directed experiments on the pre-intervention 

compared with the post-intervention occasion of testing. 

4.2.3.4 Year 9 computer use in science 

This scale comprises two items from the SSSQ that measure students' perceptions of 

bow often they use computers in science at school. Inspection of the means and standard 

deviations presented in Table 4.47 shows that Year 9 students experience an increase in 

their mean score for the computer use in science scale from the pre- to the post

intervention occasion of testing. Female students display a slightly higher mean scale 

score on the both occasions of testing compared with male students. 
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Table 4.47 Means and standard deviations for Year 9 students' computer use in science 

Occasion I Occasion 2 

Year9 M SD N M SD N 

Females 2.387 0.868 97 3.289 0.844 97 

Males 2.307 0.847 122 3.152 1.083 122 

Grand Mean 2.342 0.855 219 3.212 0.985 219 

The within-groups results from the ANOVA with repeated measures presented in Table 

4.48 reveals that there is a highly significant main effect due to the occasion of testing 

(F (1,217) 111.624, p << 0.00048, 111 =0.340). 

Table 4.48 ANOVA with repeated measures for Year 9 students' computer use in science 

TypeTil Sum 
Source of Sguares df MS F E !ll 

Between subjects 

Intercept 3349.510 3349.510 3475.096 0.000 0.941 

Sex 1.263 1.263 1.311 0.254 0.006 

Error 209.158 217 0.964 

Within Subjects 

Occasion 82.396 82.396 111.624 .. 0.000 0.340 

Occasion • Sex O.Q90 1 0.090 0.122 0.727 0.001 

Error(Occasion) 160.180 217 0.738 

*p < 0.002. ••p < 0.00048. 

The between-groups analysis shows that while male students display a slightly lower 

mean score for the computer use in science scale compared with females their female 

counterparts the difference is not significant. These results indicate that the Year 9 

students in this sample display a highly significant increase in their mean score for the 

computer use in science scale from the pre- to the post-intervention occasion of testing. 

4.2.3.5 Year 9 thoughts about what students need to be able to do in science 

This scale comprises four items from the SSSQ that measure students' perceptions what 

they need to be able to do in science at school. Table 4.49 shows that there is a decline 

in Year 9 students' mean score for the scale thoughts about what students need to be 

able to do in science from the pre- to the post-intervention occasion of testing. Male 

students display a slightly higher mean scale score on the pre-intervention occasion of 

testing compared with female students. On the post-intervention occasion the reverse is 

true, where female students exhibit a higher mean scale score than their male 

counterparts. Overall, male students display the greatest reduction in the mean score for 

the scale thoughts about what students need to be able to do in science from the pre- to 

the post-intervention occasion compared with female students. 
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Table 4.49 Means and standard deviations for Year 9 students' thoughts about what they need to 
be able to do in science 

Occasion I Occasion 2 

Year 9 M SD N M SD N 

Females 3.629 0.893 97 3.497 0.788 97 

Males 3.699 0.881 122 3.365 1.061 122 

Grand Mean 3.668 0.885 219 3.424 0.950 219 

Table 4.50 presents the results from the ANOV A with repeated measures where the 

between-groups analysis shows that there is no significant difference in female and male 

students' mean scores for the scale thoughts about what they need to be able to do in 

science. 

Table 4.50 ANOVA with repeated measures for Year 9 students' thoughts about what they need to 
be able to do in science 

Type ITI Sum 
Source ofSguares df . MS F E !l' 

Between subjects 

Intercept 5440.149 5440.149 5250.098 0.000 0.960 
Sex 0.106 I 0.106 0.103 0.749 0.000 
Error 224.855 217 1.036 

Within Subjects 

Occasion 5.854 5.854 8.986 0.003 0.040 

Occasion • Sex 1.109 1.109 1.702 0.193 0.008 

Error(Occasion) 141.356 217 0.651 

•p < 0.002 ... p < 0.00048. 

The within-groups analysis displays a p-value of 0.003 for the occasion of testing that 

cannot be regarded as significant because of the Bonferroni correction adopted io this 

chapter. Hence, there is no significant difference in this year group's mean scale score 

from the pre- and post-intervention occasion of testing. These results indicate that there 

is fatle variation in Year 9 students' mean scores for the scale thoughts about what 

students need to be able to do in science displayed on both occasions of testing. 

4.2.3.6 Year 9 teacher's role in science 

Inspection of the means and standard deviations in Table 4.51 reveals that Year 9 

students in this sample exhibit a decline in their mean score for the scale teacher's role 

in science from the pre- to the post-intervention occasion of testing. Females display a 

lower mean scale score for the teacher's role in science on both occasions of testing 

compared with their male counterparts. 
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Table 4.51 Means and standard deviations for Year 9 students' teacher's role in science 

Occasion I Occasion 2 

Year 9 M SD N M SD N 

Females 3.325 0.774 97 2.760 0.989 97 

Males 3.400 0.842 122 2.949 1.018 122 

Grand Mean 3.366 0.812 219 2.865 1.007 219 

The within-groups results from the ANOVA with repeated measures presented in Table 

4.52 reveals that there is a significant main effect due to the occasion of testing (F (I, 

217) 58.453, p <<< 0.00048, 112 =0.212). 

Table 4.52 ANOVA with repeated measures for Year 9 students' teacher's role in science 

Type msum 

Source ofSguares df MS F 2 !ll 
Between subjects 

Intercept 4176.747 4176.747 3495.056 0.000 0.942 

Sex 1.873 1.873 1.567 0.212 0.007 
Error 259.325 217 1.195 

Within Subjects 

Occasion 27.849 I 27.849 58.453** 0.000 0.212 

Occasion • Sex 0.349 I 0.349 0.732 0.393 0.003 

Error(Occasion) 103.385 217 0.476 

•p < 0.002. ••p < 0.00048. 

The between-groups analysis shows that while male students display a slightly higher 

mean score for the scale teacher's role in science compared with female students the 

difference is not significant. These results indicate that the Year 9 group of students as a 

whole experience a highly significant reduction in their mean score for the scale 

teacher's role in science from the pre- to the post-intervention occasion of testing. 

4.2.3. 7 Year 9 outside experiences in science 

This scale comprises two items from the SSSQ that measure students' perceptions of the 

incidence of outside experiences in science at school. Table 4.53 shows that the Year 9 

group of students increase their mean score for the scale outside experiences in science 

from the pre- to the post-intervention occasion of testing. Male students display a higher 

mean scale score on both occasions of testing compared with their female counterparts. 

Table 4.53 Means and standard deviations for Year 9 students' outside experiences in science 

Occasion I Occasion 2 

Year 9 M SD N M SD N 

Females 2.370 1.459 97 2.246 1.547 97 

Males 2.548 1.493 122 2.739 1.635 122 

Grand Mean 2.469 1.477 219 2.520 1.612 219 
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Table 4.54 presents the results from the ANOV A with repeated measures where the 

between-groups analysis shows that while female and male students in Year 9 display 

different mean scores for the scale outside experiences in science the difference is not 

significant. 

Table 4.54 ANOVA with repeated measures for Year 9 students' outside experiences in science 

Source 

Intercept 

Sex 

Error 

Occasion 

Occasion * Sex 

Error(Occasion) 

Type ill Sum 
of Squares 

2649.493 

12.134 

701.325 

0.121 

2.675 

326.134 

•p < 0.002 ... p < 0.00048. 

df MS 

Between subjects 

2649.493 

12.134 

217 3.232 

Within Subjects 

0.121 

2.675 

217 1.503 

F 

819.791 

3.755 

0.080 

1.780 

0.000 

0.054 

0.777 

0.184 

0.791 

0.017 

0.000 

0.008 

The within-group analysis reveals that there is no significant difference in Year 9 

students' mean scale scores for the pre- and post-intervention occasion of testing. 

Further, there is no significant first order interaction for the occasion of testing by sex of 

respondent. These results indicate that there is not a lot of difference in female and male 

students' mean scores for the outside experiences in science scale. In addition, there is 

little variation in Year 9 students' mean scores for the scale outside experiences in 

science displayed on the pre- to the post-intervention occasion of testing. 

4.2.4 Summary of second section 

Students' perceptions of science were measured on two occasions using seven reliable 

and valid scales developed from the SSSQ. In this section of the chapter separate 

analyses were conducted for each year level using an ANOV A with repeated measures 

on the occasion of testing where the sex of respondents was used as an independent 

variable. A ful) Bonferroni correction was employed to protect against Type l error 

given that 21 separate analyses were conducted. 

The results show that for the perceived relevance of science scale Year 7 students 

experienced a highly significant reduction in their mean scale score from the pre- to the 

post-intervention occasion of testing. Similarly, Year 8 students displayed a significant 

decline in their mean scale score from the pre- to the post-intervention occasion where 

male students perceived science to be significantly more relevant than their female 

counterparts. There was Little change however, in the Year 9 students' mean scores for 
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the perceived relevance of science scale from the pre- to the post-intervention occasion 

of testing. In this year group female students exhibited significantly lower mean scores 

for the scale perceived relevance of science compared with male students. 

With respect to the perceived difficulty in science scale there was little change in all 

year levels' mean scale score from the pre- to the post-intervention occasion of testing. 

That is to say, there is no significant difference in the perceived difficulty of the science 

students' experienced from the pre- to the post-intervention occasion of testing. For the 

Year 8 group of students female students perceived the science they experienced at 

school to be more difficult than their male counterparts. 

There was a highly significant reduction from the pre- to the post-intervention occasion 

in all year level's mean scores for the scale teacher-directed experiments in science. 

That is, all year levels indicated that they experienced fewer teacher-directed 

experiments in science on the post-intervention occasion compared with the pre

intervention occasion of testing. In addition, there was a highly significant sex 

difference for the Year 8 group of students, where females displayed a lower mean 

score for the teacher-directed experiments in science scale compared with male 

students. 

The analysis of the computer use in science scale revealed that all year levels 

experienced a highly significant increase in their mean scale scores from the pre- to the 

post-intervention occasion. All groups of students indicated that they used computers in 

science on a more regular basis on the post-intervention occasion than they had on with 

the pre-intervention occasion of testing. 

In relation to the scale thoughts about what students need to be able to do in science, all 

year levels experienced a significant decline in their mean scores from the pre- to the 

post-intervention occasion of testing. This shows that students' perceptions about what 

they need to be able to do in science were significantly different on the pre-intervention 

occasion of testing compared with the post-intervention occasion of testing. 

For the scale concerned with the teacher's role in science all year levels experienced a 

highly significant reduction in their mean scale scores from the pre- to the post

intervention occasion. This indicates that there was a significant difference in the level 

of support and guidance students received from teachers on the pre- compared with the 

post-intervention occasion of testing. 
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With respect to the outside experiences in science scale the Year 7 group of students 

experienced a significant increase in their mean scale score from the pre- to the post

intervention occasion of testing. For Year 8 and Year 9 there was little variation in the 

mean scale scores displayed on the pre- and post-intervention occasions of testing. 

Female students in Year 8 displayed a significantly higher mean score for the outside 

experiences in science scale compared with male students in Year 8. 

On the whole, these results indicate that there are significant differences between and 

within groups of students in relation to their perceptions of science at school on both 

occasions of testing. The Year 7 group of students displayed significant differences in 

their mean scores on six of the seven scales from the pre- to the post-intervention 

occasion of testing, where there were highly significant increases in mean scores for the 

scales computer use in science and outside experiences in science and highly significant 

reductions in mean scores for the scales perceived relevance of science, teacher

directed experiments, thoughts about what students need to be able to do in science and 

the teacher's role in science. For the Year 8 group of students significant <litrcrenccs 

were evident in their mean scores on five of the seven scales from the pre- to the post

intervention occasion of testing, where there was a significant decline in their mean 

score for the scales perceived relevance of science, teacher-directed experiments in 

science, thoughts about what students need to be able to do in science and the teacher's 

role in science and a highly significant increase in their mean scores for the computer 

use in science scale. The Year 9 group of students exhibited significant differences in 

their mean scores on four of the seven scales from the pre- to the post-intervention 

occasion of testing, where there was a significant decrease in their mean scores for the 

scales teacher-directed experiments in science, thoughts about what studen_ts need to be 

able to do in science and the teacher's role in science while they experienced a highly 

significant increase in their mean score for the scale computer use in science. 

The next major section examines the teacher SSSQ data. Specifically, teacher responses 

to the seven scales on the pre- and post-intervention occasion are compared with the 

student results to determine whether there are similarities between student and teacher 

perceptions of the science they experience or teach in secondary school. 
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4.3 Teacher pre- and post-intervention SSSQ Data and relationships 
with student data 

The third major section of this chapter investigates the Secondary School Science 

Questionnaire (SSSQ) pre- and post-intervention teacher data where relationships with 

student SSSQ data are explored. The results in this section are structured around the 

seven scales produced from the exploratory factor analysis on the student SSSQ data 

and which were tested against the teacher SSSQ data using a confinnatory factor 

analysis presented in Appendix 9 and IO respectively. Teacher and student results for 

the scale scores are explored to determine whether the two groups have similar 

perceptions of the science they teach or experience at school and to examine whether 

there is a relationship across class groups. 

To investigate the relationship between teacher and student results on each of the 

dependent variables correlation analysis is employed. The Pearson product-moment 

correlation coefficient is computed for teacher and student scores for each of the seven 

scales measured on both occasions of testing where the significance level is accepted at 

p < 0.01. It is important to note that all correlation and descriptive statistics reported in 

the following sub-sections of this chapter that involve students were computed using the 

mean score for the class group to which they belong. That is to say, individual student 

scale scores were aggregated into mean scores to represent their respective class group 

average. Student results in the following sub-sections of this chapter arc therefore, based 

on class group mean scores for the seven dependent variables. 

This section of the chapter is broken into seven sub-sections that correspond with the 

scales measured using the pre- and post-intervention versions of the SSSQ. The scales 

include: perceived relevance of science; perceived difficulty of science; teacher-directed 

experiments in science; computer use in science; thoughts about what students need to 

be able to do in science; teacher's role in science; and, outside experiences in science. 

In each of the sub-sections descriptive statistics including the mean, standard deviation 

and number of teachers/classes are presented together with the Pearson's correlation 

coefficient for both the pre- and post-intervention occasion. This section concludes 

with a summary of the findings. 

4.3.1 Perceived relevance of science at school 

The first scale contains seven items that measure teachers' perceptions-of how often the 

science they teach at school is relevant to their pupils and students' perceptions of how 
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often the science they experience at school is relevant to them. Inspection of Table 4.55 

shows that teachers exhibit lower mean scores for the scale perceived relevance of 

science at school on both occasions of testing compared with students. Specifically, 

teachers' mean response to each of the items that make up this scale is just below 3 

'often' on the rating scale on both occasions while students' mean response is slightly 

better than a 3 'often' on each of the 7 items that constitute this scale. 

Table 4.55 Descriptive and correlation statistics for the perceived relevance of science at school 
scale 

Occasion I Occasion 2 

Group M SD n p M SD n r p 

Teacher 2.953 0.545 76 2.746 0.751 40 
-0.079 0.496 -0.091 0.587 

Student 3.249 0.321 80 3.173 0.458 60 

••correlation is significant at the 0.01 level (two-tailed). •correlation is significant at the 0.05 level (two-tailed). 

Both groups display a reduction in their mean scale scores from the pre- to the post

intervention occasion of testing. Overall, the means indicate that class groups perceive 

science to be more relevant compared with their teachers' perceptions of the relevance 

of science for students at school. This implies that class groups fiod the science they 

experience at school to be more relevant than what their teachers actually perceive the 

science they teach to students at school to be. 

The correlation statistics show that there is a slight negative, non-significant correlation 

on both occasions of testing for the variables that measure teacher and student mean 

scores, in their respective classes, for the scale perceived relevance of science at school. 

The small correlation coefficients, r = -0.079 and r = - 0.091, indicate that there is a 

weak relationship across groups concerning student and teacher perceptions of the 

relevance of science they teach or experience at school. 

4.3.2 Perceived difficulty of science at school 

The second scale contains three items that measure teachers' perceptions of bow often 

the science they teach at school is ctifficult for their pupils and students' perceptions of 

how often they find the science they experience at school to be difficult. The descriptive 

statistics presented in Table 4.56 reveal that students display higher mean scores for the 

scale perceived difficulty of science at school compared with teachers on both occasions 

of testing. That is to say, students' mean response to each of the items that make up this 

scale is approximately 3 'often' on the rating scale for both occasions while teachers 
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mean response for the 3 items that constitute this scale falls between the rating scale 

option 2 'sometimes' and 3 'often'. 

Table 4.56 Descriptive and correlation statistics for the perceived difficulty of science at school scale 

Group M SD 

Teacher 2.518 0.447 

Student 2.923 0.296 

Occasion I Occasion 2 

n p M SD n 

76 2.608 0.622 40 
0.029 0.804 

80 3.004 0.320 60 

r 

0.050 0.764 

•• Correlation is significant at the 0.0 I level (2-tailed). • Correlation is significant at the 0.05 level (rwo-tai led). 

There is a slight increase in both student and teacher mean scale scores from the pre- to 

the post-intervention occasion of testing. The mean scores indicate that students in this 

sample perceive science to be more difficult compared with teachers' perceptions of the 

difficulty their pupils experience in science at school. This suggests that perhaps 

teachers are not aware of the full extent to which students experience difficulty in their 

science classes. 

The correlation analysis reveals that there is a small positive, non-significant correlation 

for teacher and student mean scores, in their respective classes, for the scale perceived 

difficulty of science at school on both occasions of testing (r = 0.029; r = 0.050). The 

very small Pearson correlation coefficients close to zero indicate that there is little 

relationship between students' and teachers' perceptions of the difficulty of science they 

experience or teach at school. 

4.3.3 Teacher-directed experiments in science at school 

The third scale contains two items that measure teachers' perceptions of how often 

teacher-directed experiments happen in the science they teach at school and students' 

perceptions of how often they experience teacher-directed experiments in science at 

school. Table 4.57 shows that teachers exhibit slightly higher mean scores for the 

teacher-directed experiments in science scale compared with students for both 

occasions of testing. 

Table 4.57 Descriptive and correlation statistics for the teacher-directed experiments in science at 
school scale 

Occasion I Occasion 2 

Group M SD n p M SD n r p 

Teacher 3.934 0.485 76 3.775 0.650 40 
0.108 0.355 0.201 0.227 

Student 3.902 0.460 80 3.41 I 0.637 60 

•• Correlation is significant at the 0.01 level (2-tailed). • Correlation is significant at the 0.05 level (two-tailed). 

On the pre-intervention occasion both groups display similar mean scale scores which 

indicates that both teachers and their classes have similar perceptions about the 
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incidence of teacher-directed experiments in science at school. The mean scores on the 

pre-intervention occasion indicate that on average teachers and students were selecting 

approximately 4 'about once a week' as the rating scale option in response to the two 

items that constitute this scale. 

The post-intervention occasion results show that both teachers and students reduce their 

mean score for the scale teacher-directed experiments in science, where students' mean 

scale scores are lower than those displayed by their teacher counterparts. The results 

indicate that both teachers and their classes report a lower number of teacher-directed 

experiments during the intervention period compared with their previous experiences in 

science at school. Specifically, the average response for students and teachers 

represented a rating scale response between 3 'almost once a month' and 4 'about once 

a week' for the two items that make up this scale, where the mean response of students 

was closer to the rating option 'almost once a month' and teachers' mean response 

nearer the 'about once a week' option. 

The correlation statistics presented in Table 4.57 indicate that there is a non-significant 

positive correlation across teacher and student groups for the teacher-directed 

experiments in science at school scale (r = 0.108). Similarly, the post-intervention 

occasion results display a low positive correlation for teacher and the mean student 

perception of teacher-directed experiments in science at school for each class (r = 

0.201 ). These results indicate that there are differences across the groups regarding 

teacher and their respective class's mean scores for the scale concerning teacher

directed experiments in science. 

4.3.4 Computer use in science at school 

The fourth scale contains two items that measure teachers' perceptions of how often 

computers are used in the science they teach at school and students' perceptions of how 

often they experience using computers in science at school. The descriptive statistics 

presented in Table 4.58 for the scale computer use in science at school show that 

teachers exhibit higher mean scale scores on both occasions of testing compared with 

students. 
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Table 4.58 Descriptive and correlation statistics for the computer use in science at school scale 
Occasion I Occasion 2 

Group M SD n r p M SD n r p 
Teacher 3.000 0.868 76 4.163 0.624 40 

0.680 .. 0.000 0.215 0.194 
Srudent 2.446 0.825 80 3.342 0.625 60 

.. Correlation is significant at the 0.01 level (2·tailed). * Correlation is significant at the 0.05 level (rwo•tailed). 

Student mean scores for the scale computer use in science at school are somewhat lower 

than those displayed by teachers. On the pre-intervention occasion teachers' mean 

response to each of the items in this scale represent rating scale option 3 'almost once a 

month' while students' mean response are closer to the rating scale option 2 'once a 

term or less'. On the post-intervention occasion teachers' mean responses are just above 

'about once a week' while the mean response from students for each of the items that 

comprise this scale is closest to a rating scale option of3 'almost once a month'. This 

suggests that there are differences in students' and teachers' perceptions of what 

constitutes computer use in science at school. Overall, the mean scores indicate that on 

the post-intervention occasion both teachers and their students acknowledge that they 

are using computers in science on a more regular basis compared with their prior 

experiences in science at school. 

The correlation statistics presented in Table 4.58 indicate that there is a significant 

positive correlation on the pre-intervention occasion for the scales that measure teacher 

and the mean student perception of computer use in science at school for each class (r = 

0.680, p < 0.001). The post-intervention results display a lower, non-significant positive 

correlation for student and teacher scale scores concerning computer use in science at 

school for each class (r = 0.215). This shows that there are different patterns across class 

groups for student and teacher average scores for the computer use in science at school 

scale on the post-intervention occasion. 

4.3.5 Thoughts about what students need to be able to do in science at 
school 

The fifth scale contains four items that measure teachers' perceptions of what their 

pupils need to be able to do in science at school and students' perceptions of what they 

feel they need to be able to do in science at school. Inspection of the descriptive 

statistics presented in Table 4.59 reveal that teachers display a higher mean score for the 

scale thoughts about what students need to be able to do in science at school on the pre

and post-intervention occasion of testing compared with students. 
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Table 4.59 Descriptive and correlation statistics for the thoughts about what students need to be 
able to do in science at school scale 

Occasion I Occasion 2 

Group M SD n r p M SD n p 

Teacher 4.141 0.433 76 4.106 0.427 40 

Student 3.678 0.351 80 
0.206 0.074 0.210 0.206 

3.555 0.457 60 

** Correlation is significant at the 0.01 level (2-tailed). • Correlation is significant at the 0.05 level (two-tailed). 

Teachers exhibit similar mean scale scores on both occasions of testing that represent a 

rating scale option just above 4 'very often'. Students display a slight reduction in their 

mean scale score from the pre- to the post-intervention occasion where their mean 

response to each of the items that constitute this scale reflects a rating scale option that 

falls between 'often' and 'very often'. The differing mean scaJe scores indicate that 

teachers have different thoughts about what students need to be able to in science al 

school compared with their pupils' thoughts. 

The correlation statistics presented in Table 4.59 display a low non-significant positive 

correlation for teacher and student mean scores in their respective classes for the scale 

thoughts about what students need to be able to do in science on both occasions of 

testing (r = 0.206; r = 0.210). These results indicate that there appears to be a Jack of 

teacher and student agreement across groups in relation to their thoughts about what 

students need to be able to do in science. 

4.3.6 Teacher's role in science at school 

The sixth scale contains eight items that measure teachers' perceptions of what their 

role is in science at school and students' perceptions of their teacher's role in science at 

school. Table 4.60 shows that teachers display a higher mean score for the scale 

teacher's role in science at school compared with students on both occasions of testing. 

Table 4.60 Descri�tive and correlation statistics for the teacher's role in science at school scale 

Occasion I Occasion 2 

Group M SD n p M SD n r p 

Teacher 3.783 0.517 76 3.484 0.447 40 
0.104 0.298 .. 0.009 0.533 

Student 3.368 0.468 80 3.025 0.538 60 

.. Correlation is significant at the 0.01 level (2-tailed). • Correlation is significant at the 0.05 level (two-tailed). 

Both groups experience a reduction in their mean scale scores from the pre- to  the post

intervention occasion of testing. The differences in mean scores indicate that teachers 

and students bold different perceptions concerning the teacher's role in science classes. 

Specifically, the teacher mean scale scores suggest that teachers perceive themselves as 

fulfilling their role in science on a more regular basis compared with students in their 

176 



classes. Further, the reduction in both teacher and student mean scores for the teacher's 

role in science suggests that teachers were not providing as much feedback and 

guidance on the post-intervention compared with the pre-intervention occasion. 

The correlation coefficient presented for the pre-intervention occasion shows that there 

is a significant positive correlation across groups for teachers' and students' mean 

scores for the scale teacher's role in science at school (r = 0.298, p < 0.0 l ). While the 

strength of the relationship is weak,. it is nonetheless significant. This indicates that 

there are similar patterns across groups for teacher and class mean scores for the scale 

teacher's role in science at school on the pre-intervention occasion. 

This relationship has weakened on the post-intervention occasion where a non

significant positive correlation across groups for their average scores for the teacher's 

role in science at school scale. exists (r = 0.104). That is to say, the patterns of mean 

scores across groups for the scale teacher's role in science at school are largely 

unrelated on the post-intervention occasion. 

4.3.7 Outside experiences in science at school 

The final scale contains two items that measure teachers' perceptions of the frequency 

of outside experiences in the science they teach to pupils at school and students' 

perceptions of how often they have outside experiences in science at school. Inspection 

of Table 4.61 reveals that teachers display a lower mean score for the scale outside 

experiences in science at school compared with students on both occasions of testing. 

Table 4.61 Descriptive and correlation statistics for outside experiences in science at school scale 

Group M SD 

Teacher 1.684 0.354 

Student 2.495 0.998 

Occasion I Occasion 2 

n r p M SD n 

0.421 

r 

76 1.450 40 
-0.096 0.410 0.421 .. 

80 2.939 1.062 60 

p 

0.008 

•• Correlation is significant at the 0.01 level (2-tailed). • Correlation is significant at the 0.05 level (two-tailed). 

Teachers exhibit a decline in their mean scale score from the pre- to the post

intervention occasion of testing. The reverse is true for students where they experience 

an increase in their mean scale score from the pre- to the post-intervention occasion of 

testing. That is to say, teachers perceive fewer outside experiences in science on the 

post-intervention occasion compared with their experiences in science before taking part 

in the intervention, while students acknowledge a rise in incidence. On both occasions 

teachers' mean response to each of the items that constitute this scale represent a rating 
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response between I 'never' and 2 'once a term or less' while students' mean response 

fall between 2 'once a term or less' and 3 'almost once a month'. 

The correlation coefficient displayed for the pre-intervention occasion reveals that there 

is a slight negative non-significant correlation (r = -0.096), which indicates that there is 

little, if any, relationship across the groups of teachers and their classes for the scale 

outside experiences in science at school on the pre-intervention occasion. On the post

intervention occasion the situation changes where there is a significant moderate 

positive correlation (r = 0.421) for the variables that measure teachers' and their classes' 

mean scores for the scale outside experiences in science at school. This indicates that 

there is a substantial relationship between teachers' and students' (in their respective 

classes) mean perceptions of the frequency of outside experiences in science at school. 

4.3.8 Summary of third section 

Teachers' and students' perceptions of science, measured on two occasions using the 

seven scales developed from the SSSQ, were examined using correlation analyses. The 

results show that teachers and students varied in their perceptions of the science that 

they teach or experience in secondary school. This was evident from the differences in 

their mean scores for the majority of the scales. Further, correlation analyses revealed 

very few significant relationships across groups for teacher and student scale scores on 

the seven dependent variables on both occasions. 

In relation to the perceived relevance of science at school scale, class groups perceived 

science to be more relevant on both occasions of testing compared with teachers' 

perceptions of how relevant science at school is for their pupils. The negative non

significant correlation coefficients close to zero showed that there was little, if any, 

relationship across groups, between teacher and student mean scale scores for the 

perceived relevance of science at school. 

The examination of teacher and student mean scores for the scale perceived difficulty 

experienced in science at school revealed that class groups perceived their experiences 

in science to be more difficult on both occasions compared with what their teachers 

believed it to be for them. The correlation analyses produced low non-significant 

positive coefficients which indicated that responses across the groups were largely 

unrelated. 

178 



With respect to the teacher-directed experiments in science scale, teachers and students 

had similar perceptions on the pre-intervention. Both groups displayed high mean 

scores, which indicated that teacher-directed experiments were a regular occurrence in 

science classrooms and this also is the perception of their students. On the post

intervention occasion both teachers and class groups acknowledged a reduction in the 

incidence of teacher-directed experiments in science. The correlation analysis revealed a 

weak, non-significant relationship across groups on both occasions of testing for the 

scale teacher-directed experiments in science. This indicates that while the means are 

similar the perceptions of teachers and students in classes are different. 

The results for the scale computer use in science at school showed that teachers in this 

sample perceived a higher incidence of computer use in science on both occasions 

compared with that reported by classes. Both groups displayed higher mean scores for 

this scale on the post-intervention occasion. This is consistent with the findings from the 

SSSQ (student version) earlier in this chapter, where students across the different year 

levels reported a highly significant increase in computer use in science at school on the 

post-intervention occasion compared with the pre-intervention. The correlation analysis 

conducted for the scale scores on the pre-intervention occasion yielded a significant 

correlation coefficient that signified a moderate association across groups between 

teacher and their class mean scores for the scale computer use in science at school. The 

post-intervention analysis produced a non-significant relationship, which indicated that 

teacher's and their class's responses to the items that comprise the computer use in 

science scale varied across groups. 

On the pre-intervention occasion, teacher and student perceptions were similar. The 

post-intervention analyses revealed, however, that teacher and student perceptions were 

different. This suggests that teachers' and their respective class's perceptions of what 

constitutes computer use in science are different. For example, in many science 

classrooms the number of technological instruments, such as computers, is often limited 

and places constraints on students' accessing such devices. This may result in teachers 

using such instruments in demonstrations to their class or perhaps the teacher might 

select a student to manipulate the device. In this situation it is possible for a teacher and 

the student who carried out the demonstration to perceive this as using computers in 

science at school, while the students who observed the demonstration and did not 

physically use the computer themselves would have a different perception concerning 
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computer use in their science class. This difference in perception is taken up in Chapter 

6 where interview data collected from students and their teacher illustrates a difference 

in their perceptions of computer use in science. 

In relation to the scale, thoughts about what students need to be able to do in science, 

teachers displayed higher mean scores on both occasions of testing compared with 

students. The results from the correlation analyses for the pre- and post-intervention 

data revealed weak, non-significant relationships across groups for teacher and class 

mean scores for the scale thoughts about what students need to be able to do in science 

at school. This indicated that on both occasions teachers and students in their respective 

classes had different perceptions about what students need to be able to do in science at 

school. 

With respect to the teacher's role in science at school scale, both teachers and students 

indicated that teacher feedback and guidance was more prevalent in science at school on 

the pre-intervention occasion compared with the post-intervention. Further, teachers 

perceived that they were carrying out the items that constitute "their role in science" on 

a more regular basis compared with students' perceptions of how often these things 

were happening. The correlation analysis on the pre-intervention occasion generated a 

significant correlation coefficient across groups for teacher and class mean scores for 

the scale teacher's role in science at school. This relationship showed that there \•;ere 

comparable perceptions amongst groups on the pre-intervention occasion concerning 

teacher and student scale scores. The post-intervention results yielded a low positive 

non-significant correlation coefficient. This indicated that there were differences 

amongst groups in relation to teachers' and their respective class's perceptions of the 

items that make up the scale teacher's role in science at school. 

The results for the scale outside experiences in science at school showed that class 

groups perceived there to be more outside experiences in science compared with their 

teachers. Further, classes reported an increase in the frequency of outside experiences in 

science from the pre- to the post-intervention occasion, while teachers' mean scores 

reflected the opposite. The correlation analysis conducted on the pre-intervention 

occasion produced a slight negative non-significant correlation coefficient, which 

indicated that there was little relationship across groups with respect to teachers' and 

their respective class's mean score for this scale. In contrast, a significant positive 

correlation coefficient was generated from the post-intervention analysis of teacher and 
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class mean scores across groups on the scale outside experiences in science at school. 

This indicated that teachers and students in their individual classes had similar 

perceptions of the incidence of outside experiences in science at school. 

The results in this section show that there are differences in student and teacher 

perceptions of what happens in science at school. Furthennore, there are few significant 

relationships across groups with respect to teacher and class scale scores for the seven 

dependent variables measured on both occasions. This indicates that there are variations 

amongst class groups in this sample on both the pre- and post-intervention occasions 

with respect to teacher and class perceptions of the science they teach or experience in 

secondary school. One would hypothesise that there are a number of factors that might 

contribute to the different patterns observed across groups, such as teacher expertise, the 

facilities and equipment that classes have access to, time allocated to science in schools, 

class size and so forth. 

4.4 Summary 

Overall, the results in this chapter revealed that there was little difference between the 

perceptions of students in the 1999 data collection period compared with the pre

intervention sample in this study regarding the science they experience at school. 

Analysis of the pre- and post-intervention data revealed that there were statistically 

significant differences in students' perceptions of science at school where some of the 

differences were anticipated while others were not. There was also variation in the 

perceptions of teachers and students in their respective classes with regard to the science 

they teach or experience in junior secondary school. The next chapter of results explores 

the Astronomy Diagnostic Test data to determine whether there are differences in 

students' knowledge of certain astronomical concepts from the pre- to the post

intervention occasion of testing. 
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Chapter 5 

Results II: Astronomy Diagnostic Test Data 

The second chapter ofresults presents an analysis of the Astronomy Diagnostic Test 

(ADT) pre- and post-intervention data. Students' level of astronomical knowledge, their 

alternative scientific conceptions related to astronomy, the number of non-responses, the 

level of complexity of their written explanations and the quality of these responses are 

examined on both occasions of testing. 

5.1 Students' prior astronomical knowledge 

This first set of analysis concentrates specifically on ascertaining students' prior 

astronomical knowledge. As a consequence, the items in the ADT that should have been 

covered in primary and/or the first year of secondary school have been included in the 

analysis. 

Table 5 .1 presents the means and standard deviations for students' level of astronomical 

knowledge on the pre-intervention occasion. In this instance, the highest possible score 

that can be obtained is 14 and would indicate that the group of students have the correct 

drawing and/or tick-box response for the 14 items in the ADT. The results in Table 5.1 

are based on the 14 items from the ADT that relate spcci fically to the primary and/or the 

Year 7 curriculum documents in each jurisdiction, as indicated in Chapter 3 Section 

3 .10.2.1. Hence, the items relate to concepts that students in Years 8 and 9 should have 

covered in either primary, in Year 7 science or both. Students arc grouped according to 

the jurisdiction, year of school and sex of respondent. One would expect that Year 7 

students should display a lower mean level of astronomical knowledge compared with 

students in Year 8 and 9 because they have only been exposed to the content once at 

most. 
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Table 5.1
. 
Mean� and standard deviatio�s for students' level of astronomical knowledge related to 

the 14 pnmary items related to content m the primary/Year 7 curriculum 

Females Males 

Jurisdiction Year M SD N M SD N 
ACT 7 2.08 1.47 27 2.08 1.86 38 

7 1.53 1.33 251 1.80 1.35 115 

NSW 8 2.57 1.80 201 3.62 1.95 83 

9 2.46 2.16 78 3.15 1.92 96 

OLD 
7 1.74 1.36 211 1.95 1.60 219 

8 2.00 1.34 92 3.19 2.10 89 

7 1.97 1.43 278 1.72 1.52 138 

VIC 8 1.77 1.63 2.2 2.03 1.43 31 

9 2.72 1.56 19 3.83 1.79 26 

Inspection of Table 5.1 reveals that in all jurisdictions Year 7 students display a lower 

mean level of astronomical knowledge with the exception of Year 7 females from 

Victoria compared with all other groups of Year 7 students. This is consistent with the 

progression of knowledge io each year of school. That is to say, Year 8 and 9 students 

should have had more exposure to the astronomy concepts being tested in their 

experiences in science at school and should therefore display a higher mean level of 

astronomical knowledge. 

Tt is evident however, in this initial exploration of the ADT results that all year groups 

display extremely low mean levels of astronomical knowledge on the pre-intervention 

occasion of testing for the 14 items related to concepts that are supposed to be covered 

in primary and Year 7 science. This could indicate two things. First that all students 

appear to have bad little exposure to the astronomy concepts in their experiences of 

science at school and which are examined by the 14 items of the ADT. Second, students 

who have been exposed to the relevant astronomy concepts in science however, have 

retained little of what they were expected to learn. In summary, this pre-intervention 

analysis serves to demonstrate the low level of knowledge about astronomical 

phenomena assumed to have been covered in primary school or in the first year of 

secondary school. 

The results in the remainder of this chapter are based on the ADT pre- and post

intervention data for the 25 items. To explore the differences_between and within groups 

the data are analysed using an analysis of variance with repeated measures on the 
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occasion of testing. Separate analyses are carried out for each year level as it was not 

possible to perform one multivariate analysis of variance, as indicated in Chapter 3, 

Section 3.12.4, given the different number of students in each year level and the 

presence of empty cells. 

Two factors are used in the analyses to examine the differences between and within 

groups. The first factor employed as an independent variable is the occasion of testing 

to allow differences from the pre - to the post-intervention occasion of testing to be 

examined. The second factor that is employed is sex. It has been noted in the literature 

that in the junior secondary years of schooling science achievement and attitudes toward 

science differ by gender, typically favouring males, where males generally outperform 

females in science subjects and have more positive dispositions toward science (Mattern 

& Schau, 2002; Oliver, 1990). Hence, sex is used as an independent variable to explore 

the differences between male and female students. 

To reduce the likelihood of a Type l error given that 15 separate univariate analyses arc 

conducted, a full Bonferroni correction is employed. That is to say, the generally 

accepted p-value of 0.05 is substituted by the more rigorous p-value of 0.003 (i.e., 

0.05/15). Significant differences presented in the ANOVA tables below are indicated 

where* represents a p-value less than 0.003 and** signifies a p-valuc less than 

0.00067. 

Table 5 .2 summarises the overall trends observed in each of the year levels for the five 

dependent variables from the pre- to the post-intervention occasion of testing. 

Table 5.2 Summary of results for the five dependent variables being measured in the ADT. 

Knowledge of Alternative 
astronomy conceptions 

Non-responses 

** occasions t ns occasions i 
Year7 

ns sex •• sex f> m 

.. occasions i 

••sexf<m 

•• occasions t .. occasions i as occasions i 

Year 8 
• sex f> m •• sex f< m ns sex 

Year9 
** occasions t • • occasions i •• occasions t 

•• indicates a highly significant difference **p < 0.00067. 
• indicates a significant difference *p < 0.003. 

ns indicates that the difference is not significant. 

Complexity of 
written 

explanations 

.. occasions t 

•• sex f> m 

ns occasions t 

ns sex 

•• occasions i 

t indicates an increase from the pre- to the post-intervention occasion of testing. 
4 indicates a decrease from the pre- to the post-intervention occasion of testing. 
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Quality of 
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•• occasions t 

ns sex 

•• occasions t 

os sex 

ns occasions � 

ns sex 



Table 5.2 shows that students in Year 7 increase their knowledge of astronomy 

significantly from the pre- to the post-intervention occasion. Second, there is a slight 

reduction, though not significant, in the number of alternative conceptions evident on 

the post-intervention occasion compared with the pre-intervention occasion. Female 

students display a significantly higher number of alternative conceptions compared with 

male students. Third, Year 7 students exhibit a significantly lower number of non

responses on the post-intervention occasion of testing compared with the pre

intervention occasion and female students display a significantly lower number of non

responses compared with their male counterparts. Fourth, Year 7 students display a 

significantly higher level of complexity in their written responses on the post

intervention compared with the pre-intervention occasion of testing and female students 

demonstrate a significantly higher level of complexity in their written responses 

compared with male students. Finally, Year 7 students offer higher quality responses on 

the post-intervention occasion compared with the pre-intervention occasion of testing. 

In relation to the Year 8, there is a significant increase in students' knowledge of 

astronomy from the pre- to the post-intervention occasion of testing with male students 

displaying a significantly higher level of astronomical knowledge compared with their 

female counterparts. Second, there is a significant reduction in the number of alternative 

conceptions evident in Year 8 students' responses from the pre- to the post-intervention 

occasion. A significantly higher number of alternative conceptions arc found in female 

student responses compared with male student responses. Third, there is a reduction, 

although not significant, in the number of non-responses obtained on the post

intervention occasion compared with the pre-intervention occasion of testing. Fourth, 

the complexity of Year 8 students' written explanations increases, though not 

significantly from the pre- to the post-intervention occasion. Finally, Year 8 students 

offer a significantly higher quality of response on the post-intervention occasion 

compared to the pre-intervention occasion of testing. 

With respect to the Year 9, there is a significant increase in students' knowledge of 

astronomy from the pre- to the post-intervention occasion. Second, there is a significant 

reduction in the number of alternative conceptions evident in Year 9 students' responses 

from the pre- to the post-intervention occasion. Third, there is a significant increase in 

the number of non-responses from the pre- to the post-intervention occasion of testing. 

Fourth, Year 9 students display a significantly lower level of complexity in their written 
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explanations on the post-intervention occasion compared with the level of complexity 

evident in their written explanations offered on the pre-intervention occasion of testing. 

Finally, there has been a slight decrease, although not significant, in the quality of 

students' responses on the post-intervention occasion compared with the quality of Year 

9 responses on the pre-intervention occasion of testing. 

This summary demonstrates that there have been significant changes across all year 

levels in regard to students' knowledge of astronomy. Some of the differences have 

been in directions that were sought after while other changes were Jess desirable. For 

example, the increasing number of non-responses with year level may indicate that 

other factors were influencing students' Jack of"motivation" to write a response. 

The following three main sections present the detailed results from the analysis of the 

ADT for each year level summarised above. These main sections are split into five sub

sections that correspond with each of the dependent variables that are being measured 

(astronomical knowledge, alternative conceptions, non-responses, complexity of written 

explanations and quality responses) and the results arc presented according to each year 

level. The final section of this chapter presents an overall summary of the results 

obtained from the analysis of the ADT. 

5.2 Year 7 students 

This section presents the ADT results for the Year 7 group of students. ADT data were 

collected from 1277 Year 7 students drawn from the four jurisdictions: Australian 

Capital Territory; New South Wales; Queensland; and, Victoria. The section is broken 

into five sub-sections that present the analysis of the five dependent variables for the 

Year 7 group of students. The first part of each sub-section that follows contains the 

descriptive statistics for the Year 7 group of students categorised by the occasion of 

testing and sex. The second part of each section presents the results of the ANOV A with 

repeated measures on the occasion of testing. Where appropriate, graphs are included to 

help explain and illustrate interaction effects. 

5.2.1 Year 7 students' level of astronomical knowledge 

Table 5 .3 presents the means and standard deviations for Year 7 students' level of 

astronomical knowledge on the pre- and post-intervention occasion. The highest 

possible score that can be obtained is_ 25 and would indicate that the group of students 

have the correct drawing and/or tick-box response for the 25 items in the ADT. 
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Table 5.3 Means and standard deviations for Year 7 students' level of astronomical knowledge 

Occasion 1 Occasion 2 

Year? M SD N M SD N 

Females 3.55 2.18 767 4.50 2.46 767 

Males 3.50 2.42 510 4.72 2.72 510 

Grand Mean 3.53 2.28 1277 4.59 2.57 1277 

Inspection of Table 5.3 reveals that the level of astronomical knowledge increases from 

the pre- to the post-intervention occasion for males and females. On the pre

intervention occasion females have a slightly higher mean level of astronomical 

knowledge compared with their male counterparts. On the post-intervention occasion 

however, males display a slightly higher mean score (4.72) compared with females 

(4.50). 

The differences between and within groups are tested using an ANOV A with repeated 

measures on the occasion of testing where sex of the respondents is used as the 

independent variable in the analysis. Table 5.4 presents the results of the ANOV A with 

repeated measures where the statistical significance is accepted at p < 0.003. 

Table 5.4 ANO VA with repeated measures for Year 7 students' level of astronomical knowledge 

Type Ill Sum 
Source of Squares df MS F p !]2 

• 

Intercept 

Sex 

Error 

Occasion 

20661.011 

2.316 

4902.482 

408.921 
Occasion• Sex 0.915 

Error(Occasion) 2621.975 

•p < 0.003. **p < 0.00067. 

Between subjects 

1 20661.011 

1 2.316 

642 7.636 

Within Subjects 

1 408.921 

1 .915 

642 4.084 

2705.644 

0.303 

100.126** 

0.224 

0.000 

0.582 

0.000 

0.636 

0.808 

0.000 

0.135 

0.000 

There is a highly significant main effect in the within subjects analysis due to the 

occasion of testing (F (1,642) =100.126, p << 0.00067, 112 = 0.135). The between

subjects analysis shows that although there is a "difference in female and male students' 

level of astronomical knowledge the difference is not significant. These results indicate 

that the Year 7 group of students experience a highly significant increase in their mean 

level of astronomical knowledge from the pre- to the post-intervention occasion but 

with a small effect size of0.135 (eta squared). 
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5.2.2 Year 7 students' alternative scientific conceptions related to 
astronomy 

Table 5.5 presents the means and standard deviations for students' alternative scientific 

conceptions related to astronomical phenomena on the pre- and post-intervention 

occasion. Students are grouped as before by year of school and sex. The maximum 

score that could be obtained is 50 and indicates that two alternative conceptions are 

present in the reasons given for each of the 25 ADT items. A zero would indicate that 

no alternative conceptions are present in a student's explanation of the astronomical 

phenomena in question. Hence, a decline in mean score from the pre- to the post

intervention occasion is desirable on this dependent variable as it would indicate that 

fewer alternative conceptions are present in students' responses. 

Table 5.5 Means and standard deviations for Year 7 students' alternative scientific conceptions 
related to astronomy 

Year7 

Females 

Males 

Grand Mean 

M 

7.26 

5.88 

6.70 

Occasion 1 

SD 

5.04 

4.88 

5.02 

N 

767 

510 

1277 

M 

6.98 

5.15 

6.21 

Occasion 2 

SD 

4.94 

5.13 

5.10 

N 

767 

510 

1277 

Inspection of Table 5.5 reveals that there has been a reduction in the number of 

alternative conceptions from the pre- to the post-intervention occasion. Overall, there 

are more alternative conceptions evident in female student responses on the pre - and 

post-intervention occasions compared with male student responses. This could be a 

result of female students having lower mean non-response rates ( see Section 5 .1.3 

below) for offering written explanations for their answers on the pre- (15.07) and post

intervention occasions (13.76) compared with male students (pre- 16.63; post- 16.35). 

That is to say, the female students were more inclined to write something that could be 

assessed compared with their male counterparts. 
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Table 5.6 ANOVA with repeated measures for Year 7 students' alternative scientific conceptions 
related to astronomy 

Source 

Intercept 

Sex 

Error 

Occasion 

Occasion • Sex 

Error( Occasion) 

Type Ill Sum 
of Squares 

48798.312 

666.378 

24240.032 

15.811 

38.727 

8157.878 

*p < 0.003. **p < 0.00067. 

df MS F 
Between subjects 

1 48798.312 1292.429 

1 

642 

666.378 17.649** 

37.757 

Within Subjects 

1 15.811 

1 38.727 

642 12.707 

1.244 

3.048 

0.000 

0.000 

0.265 

0.081 

0.668 

0.027 

0.002 

0.005 

Table 5.6 presents the results from the ANOVA with repeated measures where the 

analysis reveals that there is a highly significant between-group main effect for sex (F 

(1,642) =17.649, p < 0.00067, 112 = 0.027). This result indicates that the female students 

have significantly more alternative conceptions compared with male students. The 

within-groups analysis shows that while there is a reduction in the mean number of 

alternative conceptions from the pre- to the post-intervention occasion the decline is not 

significant. 

5.2.3 Year 7 students' non-responses . 

Table 5.7 presents the means and standard deviations for students' non-responses to the 

25 ADT items on the pre- and post-intervention occasion. fnspection of Table 5.7 

reveals that for the Year 7 group of students the mean number of non-responses on the 

pre-intervention occasion (15.70) is higher than the mean number of non-responses on 

the post-intervention occasion (14.84). That is to say, more students offered written 

responses on the post-intervention occasion compared with the pre-intervention 

occasion. Female students display fewer non-responses on both the pre- and post

intervention occasion of testing compared with male students. 

Table 5.7 Means and standard deviations for Year 7 students' non-responses 

Occasion 1 Occasion 2 

Year7 M SD N M SD N 

Females 15.07 6.32 767 13.76 7.00 767 

Males 16.63 6.41 510 16.35 7.17 510 

Grand Mean 15.70 6.40 1277 14.84 7.18 1277 

The results from the ANOVA with repeated measures presented in Table 5.8 reveal that 

there is a highly significant main effect in the between-subjects analysis due to sex (F 
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(1,642) = 16.254, p < 0.00067, 112 = 0.025). This result indicates that female students 

have a significantly lower non-response rate compared with male students. 

Table 5.8 ANOVA with repeated measures for Year 7 students' non-responses 

Source 

Intercept 

Sex 

Error 

Occasion 

Occasion • Sex 

Type Ill Sum 
of Squares 

306148.102 

1163.127 

45941.484 

451.676 

115.098 

Error(Occasion) 12433.252 

•p < 0.003. ••p < 0.00067. 

df MS F 
Between subjects 

1 306148.102 4278.205 

1163.127 16.254"" 

642 71.560 

Within Subjects 

1 451.676 23.323•• 

1 
642 

115.098 

19.366 

5.943 

p 

0.000 

0.000 

0.000 

0.015 

0.870 

0.025 

0.035 

0.009 

The within-subjects analysis reveals that there is a highly significant main effect due to 

the occasion of testing (F (1,642) = 23.323, p < 0.00067, TJ2 =0.035). There is no 

significant first order interaction for occasion of testing and sex of respondent. These 

results indicate that there are significant differences in the incidence of students' non

responses between the pre- and post-intervention occasions, that is, on the post

intervention occasion of testing they write more. 

5.2.4 Year 7 students' level of complexity of their written 

explanations 

Table 5.9 presents the means and standard deviations for students' level of complexity 

of their written explanations as determined by the Structure of the Observed Leaming 

Outcome (SOLO) Taxonomy (Biggs & Collis, 1982) on the pre- and post-intervention 

occasions. The highest possible score that can be obtained is 5 and would indicate that 

the group of students have given an extended abstract written explanation for all of the 

25 items in the ADT. 

Inspection of Table 5.9 reveals that the mean score for the complexity of students' 

written explanations increases for the Year 7 students from the pre- to the post

intervention occasion. Female students display a higher mean score for the complexity 

of their written explanations on the pre- and post-intervention occasion of testing 

compared with the male students. That is, when the females write an answer it is more 

complex than their male counterparts on both occasions. 
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Table 5.9 Means and standard deviations for Year 7 students' level of complexity of their written 
responses 

Occasion 1 Occasion 2 

Year 7 M SD N M SD N 

Females 0.83 0.52 767 1.00 0.59 767 

Males 0.72 0.54 510 0.75 0.61 510 

Grand Mean 0.79 0.53 1277 0.90 0.61 1277 

The results from the AN OVA with repeated measures displayed in Table 5.10 show that 

there is a highly significant main effect in the between-subjects analysis due to sex (F 

(1,642) = 17.782, p < 0.00067, 112 = 0.027). This result indicates that female students 

display a significantly higher overall level of complexity in their written explanations 

compared with male students. 

Table 5.10 ANOVA with repeated measures for Year 7 students' level of complexity of their written 
responses 

Type Ill Sum 
Source of Squares 

Intercept 812.425 
Sex 8.817 
Error 318.318 

Occasion 8.507 

Occasion * Sex 1.957 

Error( Occasion) 85.468 

•p < 0.003 ... p < 0.00067. 

df MS 

Between subjects 

1 812.425 

1 8.817 

642 0.496 

Within Subjects 

1 8.507 

1 1.957 

642 0.133 

F 

1638.539 

17.782·· 

63.901 .. 

14.704 .. 

p 

0.000 

0.000 

0.000 

0.000 

0.718 

0.027 

0.091 

0.022 

The within-subjects analysis reveals that there is a highly significant main effect due to 

the occasion of testing (F (1,642) = 63.901, p << 0.00067, 112 =0.091). In addition, there 

is a highly significant first order interaction for occasion by sex (F (1,642) =14.704, p < 

0.00067, 112 = 0.022). These results show that there are significant differences between 

male and female students' mean level of complexity of their written explanation 

displayed on the pre- and post-intervention occasion 

An investigation of the first order interaction identified in the within-groups analysis 

from the ANOV A with repeated measures analysis is carried out using a graphical 

approach. Figure 5.1 shows the interaction for the occasion of testing by sex of 

respondents. 
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Figure 5.1 Graph of mean scores showing the interaction between the occasion of testing and sex 
for Year 7 students' level of complexity of their written responses 

The highly significant first order main effect between occasion and sex may be 

attributed to the differing mean scores for female and male students. The main effect 

may also be due to that fact that female students display a greater gain in their mean 

score from the pre- to the post-intervention occasion compared with male students, as 

indicated by the differences in the slope of the Jines. 

5.2.5 Year 7 students' quality of their responses 

Table 5.11 presents the means and standard deviations for Year 7 students' quality of 

responses, as determined by the quality response framework described in Chapter 3 on 

the pre- and post-intervention occasion of testing. Scores have been converted to a 

percentage, thus, the highest possible score that can be obtained is 100 and would 

indicate that the group of students have displayed the highest level in the quality 

response framework in each of their responses to the 25 ADT items. That is, the group 

of students have displayed a correct answer or tick-box response, have no alternative 

conceptions and offer a correct explanation at an extended abstract level for each of the 

25 items in the ADT. 
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Table 5.11 Means and standard deviations for Year 7 students' quality of responses 

Occasion 1 Occasion 2 

Year? M SD N M SD N 

Females 38.59 13.43 767 43.94 13.70 767 

Males 35.80 15.47 510 41.02 14.81 510 

Grand Mean 37.47 14.35 1277 42.72 14.24 1277 

Inspection of Table 5.11 reveals that the quality of Year 7 students' responses increases 

from the pre - to the post-intervention occasion. Female students display a higher mean 

score for the quality of their responses for both the pre- and post-intervention occasion 

compared with their male counterparts. 

Table 5.12 ANOVA with repeated measures for Year 7 students' quality of responses 

Type Ill Sum 
Source of Sguares df MS F e 

!]2 

Between subjects 

Intercept 1953786.497 1 1953786.497 6328.520 0.000 0.908 

Sex 1687.493 1 1687.493 5.466 0.020 0.008 

Error 198202.873 642 308.727 

Within Subjects 

Occasion 12501.603 1 12501.603 121.800** 0.000 0.159 

Occasion • Sex 64.724 1 64.724 0.631 0.427 0.001 

Error(Occasion) 65895.375 642 102.641 

*p < 0.003. **p < 0.00067. 

The within-groups analysis presented in Table 5.12 shows that there is a highly 

significant main effect due to the occasion of testing (F ( 1, 642) 121.800, p << 0.00067, 

112 = 0.159). The between-groups analysis reveals that while Year 7 female students 

display higher quality responses compared with Year 7 male students the difference is 

probably not significant. These results indicate that there is a significant difference in 

the quality of responses offered by Year 7 students from the pre- to the post

intervention occasions of testing. Specifically, on the post-intervention occasion 

respondents responses are of a significantly higher quality compared with the pre

intervention occasion responses. 

193 



5.3 Year 8 students 

This section presents the ADT results for the Year 8 group of students. ADT data were 

collected from 520 Year 8 students drawn from three of the four jurisdictions: New 

South Wales; Queensland; and, Victoria. As for the Year 7 students, this section is 

broken into five sub-sections that present the analysis of the five dependent variables for 

the Year 8 group of students. The first part of each sub-section that follows contains the 

descriptive statistics for the Year 8 group of students categorised by the occasion of 

testing and sex. The second part of each section presents the results of the ANOV A with 

repeated measures on the occasion of testing. Where appropriate, graphs are included to 

help explain and illustrate interaction effects. 

5.3.1 Year 8 students' level of astronomical knowledge 

Table 5 .13 presents the means and standard deviations for Year 8 students' level of 

astronomical knowledge on the pre- and post-intervention occasion. The highest 

possible score that can be obtained is 25 and would indicate that the group of students 

have the correct drawing and/or tick-box response for the 25 items in the ADT. 

Inspection of Table 5.13 reveals that Year 8 students also experience an increase in their 

mean level of astronomical knowledge from the pre- to the post-intervention occasion. 

Male students in Year 8 display a higher mean level of astronomical knowledge on both 

the pre- and post-intervention occasion compared with females in Year 8. In addition, 

male students display a greater increase in their mean level of astronomical knowledge 

from the pre- to the post-intervention occasion compared with female students. 

Table 5.13 Means and standard deviations for Year 8 students' level of astronomical knowledge 

Occasion 1 Occasion 2 

Year8 M SD N M SD N 

Females 4.27 2.40 315 5.70 3.00 315 

Males 5.50 3.02 205 7.76 3.75 205 

Grand Mean 4.76 2.73 520 6.48 3.45 520 

An AN OVA with repeated measures on the occasion of testing is used to investigate the 

differences between and within groups. Table 5.14 presents the results where the 

between-subjects analysis shows that there is a highly significant main effect due to sex 

(F (1, 376) = 40.421, p < 0.00067, 112 
= 0.012). This result indicates that the male 

students display a significantly higher level of astronomical knowledge compared with 

the female students. 
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Table 5.14 AN OVA with repeated measures for Year 8 students' level of astronomical knowledge 

Type Ill Sum 
Source of Squares df MS F p l)2 

Intercept 

Sex 

Error 

Occasion 

Occasion • Sex 

Error(Occasion) 

24796.191 

527.821 

4909.869 

541.675 

22.363 

1891.125 

*p < 0.003. ••p < 0.00067. 

Between subjects 

1 

376 

24796.191 1898.904 

527.821 40.421° 

13.058 

Within Subjects 

1 541.675 107.698'** 

1 22.363 4.446 

376 5.030 

0.000 

0.000 

0.000 

0.036 

0.835 

0.097 

0.223 

0.012 

The within-groups analysis re�eals that there is a highly significant main effect due to 

the occasion of testing (F (1, 376) = 107.698, p < < 0.00067, TJ2 = 0.223). Although the 

occasions by sex interaction shows a p-value = 0.036 this cannot be regarded as 

significant because of the Bonferroni correction. These results show that Year 8 

students exhibit a significantly higher mean level of astronomical knowledge on the 

post-intervention occasion of testing compared with the pre-intervention occasion of 

testing. 

5.3.2 Year 8 students' alternative scientific conceptions related to 
astronomy 

Table 5 .15 presents the means and standard deviations for Year 8 students' alternative 

scientific conceptions related to astronomical phenomena on the pre- and post

intervention occasion. The maximum score that could be obtained is 50 and indicates 

that two alternative conceptions are present in the reasons given for each of the 25 ADT 

items. A zero indicates that no alternative conceptions are present in students' 

explanations. Hence, a decline in mean score from the pre- to the post-intervention 

occasion is desirable on this dependent variable as it would indicate that fewer 

alternative conceptions are present in students' responses. 

Table 5.15 Means and standard deviations for Year 8 students' aJternative scientific conceptions 
related to astronomy 

Occasion 1 Occasion 2 

YearB M SD N M SD N 

Females 7.83 4.99 315 7.03 5.07 315 

Males 6.17 4.26 205 5.75 4.22 205 

Grand Mean 7.17 4.78 520 6.55 4.80 520 

Inspection of Table 5.15 reveals that the students display a reduction in the mean level 

of alternative scientific conceptions related to astronomy from the pre- to the post-
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intervention occasion. Overall, there are more alternative conceptions evident in female 

student responses on both occasions compared with male student responses. Again, this 

could be a result of female students having lower mean non-response rates for offering 

written explanations for their answers on the pre- and post-intervention occasion) 

compared with male students (see Section 5.2.3). That is to say, the female students 

were more inclined to write something that could be assessed than their male 

counterparts. In addition, female students display the larger reduction in their mean 

alternative conception score from the pre- to the post-intervention occasion compared 

with male students. 

Table 5.16 ANOVA with repeated measures for Year 8 students' alternative scientific conceptions 

related to astronomy 

Source 

Intercept 

Sex 

Error 

Occasion 

Occasion * Sex 

Error( Occasion) 

Type Ill Sum 
of Squares 

34482.865 

377.918 

13074.892 

229.625 

18.529 

3593.005 

*p < 0.003 ... p < 0.00067. 

df MS 
Between subjects 

1 34482.865 

1 377.918 

376 34.774 

Within Subjects 

1 

1 

376 

229.625 

18.529 

9.556 

F 

991.638 

10.868. 

24.030-

1.939 

p 

0.000 

0.001 

0.000 

0.165 

0.725 

0.028 

0.060 

0.005 

The results from the ANOVA with repeated measures presented in Table 5.16 show that 

there is a significant between-groups main effect due to sex (F (1,376) = 10.868, p < 

0.003, 112 = 0.028). This result indicates that the Year 8 female students have 

significantly more alternative conceptions compared with male students. The within

groups analysis reveals that there is a highly significant main effect due to the occasion 

of testing (F (1,376) = 24.030, p < 0.00067, 112 
= 0.060). These results show that there is 

a highly significant difference in the mean number of alternative conceptions held by 

Year 8 students on the occasion of testing. 

5.3.3 Year 8 students' non-responses 

Table 5 .17 presents the means and standard deviations for students' non-responses to 

the 25 ADT items on the pre- and post-intervention occasion. Inspection of Table 5.17 

reveals that for the Year 8 group of students the mean number of non-responses on the 

pre-intervention occasion is higher than the mean number of non-responses on the post

intervention occasion. That is to say, a higher number of students offered written 

responses on the post-intervention occasion compared with the pre-intervention 
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occasion. Female students display fewer non-responses on both occasions of testing 

compared with male stud�nts. 

Table 5.17 Means and standard deviations for Year 8 students' non-responses 

Occasion 1 Occasion 2 

Year8 M SD N M SD N 

Females 13.18 6.56 315 12.73 7.34 315 

Males 14.54 6.30 205 13.23 7.23 205 

Grand Mean 13.72 6.49 520 12.92 7.29 520 

Table 5.18 presents the results from the ANOVA with repeated measures where the 

between-subjects analysis shows that while there is a difference in the mean number of 

non-responses displayed by female and male students in Year 8 the difference is not 

significant. 

Table 5.18 ANOVA with repeated measures for Year 8 students' non-responses 

Type Ill Sum 
Source of Sguares df MS F e 

!]2 

Between subjects 

Intercept 120540.953 1 120540.953 1634.950 0.000 0.813 

Sex 123.175 1 123.175 1.671 0.197 0.004 

Error 27721.581 376 73.728 

Within Subjects 

Occasion 2.015 1 2.015 0.106 0.745 0.000 

Occasion * Sex 42.967 1 42.967 2.261 0.133 0.006 

Error(Occasion) 7145.012 376 19.003 

•p < 0.003 ... p < 0.00067. 

Further, the within-subjects analysis indicates that although there are fewer non

responses offered by students on the post-intervention occasion of testing compared 

with the pre-intervention occasion the difference is not significant at the specified p

level. 

5.3.4 Year 8 students' level of complexity of their written 

explanations 

Table 5.19 presents the means and standard deviations for Year 8 students' level of 

complexity of their written explanations as determined by the Structure of the Observed 

Leaming Outcome (SOLO) Taxonomy (Biggs & Collis, 1982) on the pre- and post

intervention occasion. The highest possible score that can be obtained is 5 and would 

indicate that the group of students have given an extended abstract written explanation 

for the 25 items in the ADT. 
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Table 5.19 Means and standard deviations for Year 8 students' level of complexity of their written 
responses 

Occasion 1 Occasion 2 

Year8 M so N M so N 

Females 1.02 0.55 315 1.12 0.64 315 

Males 0.92 0.55 205 1.08 0.65 205 

Grand Mean 0.98 0.55 520 1.10 0.64 520 

Inspection of Table 5.19 reveals that the mean score for the complexity of students' 

written responses increases for the Year 8 group of students from the pre- to the post

intervention occasion. Female students in Year 8 display a higher mean score for the 

complexity of their written explanations on the pre- and post-intervention occasion 

compared with male students in Year 8. MaJe students experience a greater gain in their 

mean level of the complexity of their written responses from the pre- to the post

intervention occasion compared with female students. 

Table 5.20 ANOV A with repeated measures for Year 8 students' level of complexity of their written 
responses 

Type Ill Sum 
Source of Sguares df MS F e 

!]2 

Between subjects 

Intercept 812.902 1 812.902 1476.286 0.000 0.797 

Sex 0.518 1 0.518 0.941 0.333 0.002 
Error 207.041 376 0.551 

Within Subjects 

Occasion 0.821 1 0.821 5.409 0.021 0.014 

Occasion • Sex 0.123 1 0.123 0.814 0.368 0.002 

Error(Occasion) 57.059 376 0.152 

*p < 0.003 ... p < 0.00067. 

Table 5.20 displays the results from the ANOVA with repeated measures on the 

occasion of testing. The between-groups analysis indicates that while female students 

display a higher level of complexity in their written explanations compared with male 

students the difference is not significant at the specified p-Ievel. In addition, the within

groups analysis reveals that while Year 8 students display an increase in the complexity 

of their written explanations from the pre- to the post-intervention occasion the increase 

is not significant. 

5.3.5 Year 8 students' quality of responses 

Table 5.21 presents the means and standard deviations for Year 8 students' quality of 

responses, as determined by the quality response framework described in Chapter 3 on 

the pre- and post-intervention occasion of testing. The highest possible score that can be 
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obtained is 100% and would indicate that the group of students have displayed the 

highest level in the quality response framework in each of their responses to the 25 

ADT items. 

Table 5.21 Means and standard deviations for Year 8 students' quality of responses 

Occasion 1 Occasion 2 

Year8 M so N M so N 

Females 43.56 13.05 315 48.55 13.95 315 

Males 44.75 13.99 205 52.59 12.64 205 

Grand Mean 44.03 13.43 520 50.08 13.60 520 

Inspection of Table 5.21 reveals that the quality of Year 8 students' responses increases 

from the pre- to the post-intervention occasion of testing. Male students in Year 8 

display a higher mean score for the quality of their responses on the pre- and post

intervention occasion compared with their female counterparts. 

Table 5.22 ANOVA with repeated measures for Year 8 students' quality of responses 

Type Ill Sum 
Source of Sguares df MS F e !J2 

Between subjects 

Intercept 1655921.134 1 1655921.134 6762.708 0.000 0.947 

Sex 1910.033 1 1910.033 7.800 0.005 0.020 

Error 92067.602 376 244.861 

Within Subjects 

Occasion 4281.135 1 4281.135 43.385** 0.000 0.103 

Occasion • Sex 156.083 1 156.083 1.582 0.209 0.004 

Error( Occasion) 37102.999 376 98.678 

•p < 0.003 ... p < 0.00067. 

The analysis in Table 5.22 shows that there is a highly significant within-groups main 

effect due to the occasion of testing (F (1,376) = 43.385, p < 0.00067, 112 
= 0.103).The 

between-groups analysis reveals that while male students' responses are of a higher 

quality than the responses offered by Year 8 female students the difference is not 

significant. These results indicate that there is a significant increase in the quality of 

responses offered by the students from the pre- to the post-intervention occasion of 

testing. Specifically, on the post-intervention occasion Year 8 respondents responses are 

of a higher quality compared with their pre-intervention responses. 
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5.4 Year 9 students 

This section presents the ADT results for the Year 9 group of students. ADT data were 

collected from 219 Year 9 students drawn from two of the four jurisdictions: New South 

Wales; and, Victoria. The section is broken into five sub-sections that present the 

analysis of the five dependent variables for the Year 9 group of students. The first part 

of each sub-section that follows contains the descriptive statistics for the Year 9 group 

of students categorised by the occasion of testing and sex. The second part of each 

section presents the results of the ANOVA with repeated measures on the occasion of 

testing. Where appropriate, graphs are included to help explain and illustrate within

group interaction effects. 

5.4.1 Year 9 students' level of astronomical knowledge 

Table 5.23 presents the means and standard deviations for Year 9 students' level of 

astronomical knowledge on the pre- and post-intervention occasion. The highest 

possible score that can be obtained is 25 and would indicate that the group of students 

have the correct drawing and/or tick-box response for the 25 items in the ADT. 

Table 5.23 Means and standard deviations for Year 9 students' level of astronomical knowledge 

Occasion 1 Occasion 2 

Year9 M SD N M SD N 

Females 4.79 3.02 97 7.63 5.09 97 

Males 5.85 3.10 122 6.94 4.36 122 

Grand Mean 5.39 3.11 219 7.22 4.67 219 

Inspection of Table 5.23 reveals that Year 9 students experience an increase in their 

mean level of astronomical knowledge from the pre- to the post-intervention occasion of 

testing. Female students display a lower level of astronomical knowledge on the pre

intervention occasion compared with their male counterparts, while the reverse is true 

on the post-intervention occasion where female students display a higher mean score 

compared with male students. 
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Table 5.24 ANOVA with repeated measures for Year 9 students' level of astronomical knowledge 

Type Ill Sum 
Source of Sguares df MS F e 

!]2 

Between subjects 

Intercept 11655.742 1 11655.742 664.905 0.000 0.817 
Sex 1.199 1 1.199 0.068 0.794 0.000 
Error 2611.960 149 17.530 

Within Subjects 

Occasion 304.949 1 304.949 21.549** 0.000 0.126 
Occasion • Sex 33.425 1 33.425 2.362 0.126 0.016 
Error(Occasion) 2108.515 149 14.151 

*p < 0.003. **p < 0.00067. 

The within-groups analysis in Table 5.24 reveals that there is a highly significant main 

effect due to the occasion of testing (F (1, 149) = 21.549, p < 0.00067, 112 = 0.126). That 

is to say, the Year 9 group of students as a whole display a significantly higher mean 

level of astronomical knowledge on the post-intervention occasion. The between-groups 

analysis indicates that there is no significant main effect due to sex. This result shows 

that while there are differences in the female and male students' overall mean levels of 

astronomical knowledge, the differences are not significant. 

5.4.2 Year 9 students' alternative sdentific conceptions related to 
astronomy 

Table 5.25 presents the means and standard deviations for Year 9 students' alternative 

scientific conceptions related to astronomical phenomena on the pre- and post

intervention occasion. The maximum score that could be obtained is 50 and indicates 

that two alternative conceptions are present in the reasons given for each of the 25 ADT 

items. A zero indicates that no alternative conceptions are present in students' 

explanations. Hence, a decline in mean score from the pre- to the post-intervention 

occasion is desirable on this dependent variable as it would indicate that fewer 

alternative conceptions are present in participants' responses. 

Table 5.25 Means and standard deviations for Year 9 students' alternative scientific conceptions 
related to astronomy 

Occasion 1 Occasion 2 

Year9 M SD N M SD N 

Females 6.24 5.66 97 5.63 5.08 97 

Males 6.83 4.58 122 5.30 5.75 122 

Grand Mean 6.58 5.06 219 5.44 5.47 219 

Inspectio� of Table 5 .25 reveals that for the Year 9 group of students there is a 

reduction in the mean number of alternative conceptions evident from the pre- to the 
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post-intervention occasion. Male students exhibit a higher mean number of alternative 

conceptions on the pre-intervention occasion compared with female students. On the 

post-intervention occasion however, female students display a slightly higher mean 

alternative conception score compared with male students. 

Table 5.26 ANOVA with repeated measures for Year 9 students' alternative scientific conceptions 
related to astronomy 

Type Ill Sum 
Source of Sguares df MS F e 

!]2 

Between subjects 

Intercept 12422.447 1 12422.447 320.713 0.000 0.683 

Sex 39.996 39.996 1.033 0.311 0.007 

Error 5771.341 149 38.734 

Within Subjects 

Occasion 326.729 326.729 19.152** 0.000 0.114 

Occasion • Sex 3.643 3.643 0.214 0.645 0.001 

Error(Occasion) 2541.880 149 17.060 

•p < 0.003. **p < 0.00067. 

The results of the within-groups analysis in Table 5.26 reveal that there is a highly 

significant main effect due to the occasion of testing (F (1, 149) = 19.152, p < 0.00067, 

112 = 0.114). The between subjects analysis reveals that while there are differences in the 

mean number of alternative conceptions held by female and male students in Year 9, the 

differences are not significant at the specified p-level.These results show that there is a 

highly significant reduction in the mean number of alternative conceptions held by all 

students from the pre- to the post-intervention occasion of testing. 

5.4.3 Year 9 students' non-responses 

Table 5.27 presents the means and standard deviations for students' non-responses to 

the 25 ADT items on the pre- and post-intervention occasion. Inspection of Table 5.27 

reveals that for the Year 9 group of students the mean number of non-responses on the 

post-intervention occasion is higher than the mean number of non-responses on the pre

intervention occasion. That is to say, a larger number of Year 9 students offered written 

responses on the pre-intervention occasion compared with the post-intervention 

occasion. While male students offered fewer non-responses on the pre-occasion of 

testing the situation reverses on the post-occasion with female students displaying fewer 

non-responses compared with male students. Both female and male students however, 

display a higher mean number of non-responses on the post-intervention occasion. 
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Table 5.27 Means and standard deviations for Year 9 students' non-responses 

Occasion 1 Occasion 2 

Year 9 M SD N M SD N 

Females 14.78 7.88 97 14.96 7.83 97 

Males 13.26 7.00 122 16.14 7.82 122 

Grand Mean 13.91 7.41 219 15.65 7.82 219 

Table 5.28 presents the results from the ANOVA with repeated measures where the 

within-groups analysis reveals that there is a highly significant main effect due to the 

occasion of testing (F (1, 149) = 24.007, p < 0.00067, T)2 = 0.139). 

Table 5.28 ANOVA with repeated measures for Year 9 students' non-responses 

Type Ill Sum 
Source of Sguares df MS F e 

!]2 

Between subjects 

Intercept 56215.016 56215.016 639.535 0.000 0.811 
Sex 87.083 1 87.083 0.991 0.321 0.007 
Error 13097.070 149 87.900 

Within Subjects 

Occasion 636.674 1 636.674 24.007** 0.000 0.139 
Occasion * Sex 14.674 1 14.674 0.553 0.458 0.004 
Error(Occasion) 3951.558 149 26.521 

*p < 0.003. ••p < 0.00067. 

The between-subjects analysis shows that while there is a difference in the mean 

number of non-responses displayed by Year 9 female and male students, it is not 

significant. The results indicate, however, that there is a significant difference in Year 9 

students mean number of non-responses from the pre- to the post-intervention occasion. 

That is to say, Year 9 students in this sample display a significantly higher mean 

number of non-responses on the post-intervention occasion of testing compared with the 

pre-intervention occasion. 

5.4.4 Year 9 students' level of complexity of their written 
explanations 

Table 5.29 presents the means and standard deviations for Year 9 students' level of 

complexity of their written explanations as determined by the Structure of the Observed 

Leaming Outcome (SOLO) Taxonomy (Biggs & Collis, 1982) on the pre- and post 

intervention occasion. The highest possible score that can be obtained is 5 and would 

indicate that the group of students have given an extended abstract written explanation 

for the 25 items in the ADT. 
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Table 5.29 Means and standard deviations for Year 9 students' level of complexity of their written 
responses 

Occasion 1 Occasion 2 

Year9 M SD N M SD N 

Females 0.88 0.64 97 0.89 0.68 97 

Males 1.01 0.59 122 0.76 0.65 122 

Grand Mean 0.96 0.61 219 0.81 0.66 219 

Examination of Table 5.29 reveals that the mean score for the complexity of students' 

written responses decreases for the Year 9 group of students from the pre- to the post

intervention occasion, where female students display similar mean scores for the 

complexity of their written explanations on the pre- and post intervention occas.ions. 

While males exhibit a decrease in their mean score. These results could be a result of 

Year 9 female and male students displaying a higher mean score for the number of non

responses on the post-intervention occasion of testing compared with the pre

intervention occasion as illustrated in the previous Section 5.3.3. 

Table 5.30 ANOVA with repeated measures for Year 9 students' level of complexity of their written 
responses 

Type Il l Sum 
Source of Sguares df MS F e !12 

Between subjects 

Intercept 263.865 1 263.865 417.271 0.000 0.737 
Sex 0.692 1 0.692 1.095 0.297 0.007 
Error 94.222 149 0.632 

Within Subjects 

Occasion 3.700 1 3.700 21.715** 0.000 0.127 
Occasion • Sex 0.268 1 0.268 1.572 0.212 0.010 
Error(Occasion) 25.386 149 0.170 

*p < 0.003. **p < 0.00067. 

The within-groups analysis in Table 5.30 reveals that there is a highly significant main 

effect due to the occasion of testing (F (1, 149) = 21.715, p < 0.00067, 112 = 0.127). The 

between-groups analysis shows that while there are differences in the mean level of 

complexity of Year 9 female and male students' written explanations, it is not 

significant at the specified p-level. These results indicate that there is a significant 

difference in the mean level of complexity of Year 9 students' written explanations on 

the pre- and post-intervention occasion of testing. On the post-intervention occasion a 

significantly lower level of complexity is displayed by this Year 9 group of students. 
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5.4.5 Year 9 students' quality of responses 

Table 5.31 presents the means and standard deviations for Year 9 students' quality of 

responses, as determined by the quality response framework described in Chapter 3, on 

the pre- and post-intervention occasion of testing. The highest possible score that can be 

obtained is 100% and would indicate that the group of students have displayed the 

highest level in the quality response framework in each of their responses to the 25 

ADT items. 

Table 5.31 Means and standard deviations for Year 9 students' quality of responses 

Year9 

Females 

Males 

Grand Mean 

Occasion 1 

M SD 

41.95 16.77 

47.72 14.10 

45.25 15.53 

N 

97 

122 

219 

Occasion 2 

M SD 

46.95 14.50 

42.85 16.10 

44.53 15.55 

N 

97 

122 

219 

Inspection of Table 5.31 reveals that the overall mean score for the quality of Year 9 

students' responses decreases slightly on the post-intervention occasion compared with 

the pre-intervention occasion of testing. Male students display a higher mean score for 

the quality of their responses on the pre-intervention occasion of testing compared with 

their female counterparts, while on the post-intervention occasion the situation is 

reversed. 

Table 5.32 ANOYA with repeated measures for Year 9 students' quality of responses 

Type Ill Sum 
Source of Sguares df MS F e 

!}2 

Between subjects 

Intercept 615357.686 1 615357.686 1894.967 0.000 0.927 

Sex 98.105 98.105 0.302 0.583 0.002 

Error 48385.175 149 324.733 

Within Subjects 

Occasion 173.391 173.391 1.349 0.247 0.009 

Occasion • Sex 585.440 1 585.440 4.556 0.034 0.030 

Error(Occasion) 19144.858 149 128.489 

*p < 0.003. **p < 0.00067. 

Table 5.32 presents the results from the ANOV A with repeated measures where the 

between-groups analysis shows that-while there are differences in female and males 

students' quality ofresponses the differences are not significant at the specified p-level. 
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In addition, the within-groups analysis indicates that there is no significant difference in 

the quality of responses displayed by Year 9 students from the pre- to the post

intervention occasion of testing. These results show that while there is a difference in 

the quality of responses offered by females in Year 9 compared with male students on 

the pre- and post-intervention occasion the difference is not significant. 

5.5 Summary 

The five dependent variables, astronomical knowledge, alternative scientific 

conceptions related to astronomy, non-responses, complexity of written explanations 

and quality of responses were measured on two occasions using the Astronomy 

Diagnostic Test. The results were analysed for each year level using an ANOV A with 

repeated measures on the occasion of testing. Sex of respondents and the occasion of 

testing were used in the analyses to examine the differences between and within groups. 

A full Bonferroni correction was employed to protect against a Type I error given that 

15 separate analyses were being conducted. 

The results show that students' mean level of astronomical knowledge increased 

significantly for all year levels from the pre- to the post-intervention occasion of testing. 

For the Year 8 group of students male students exhibited a significantly higher level of 

astronomical knowledge compared with female students. 

Even though there has been a statistically significant increase in students' knowledge, 

the mean scores indicate that the average level of astronomical knowledge displayed on 

the post-intervention occasion by students is still quite low considering the maximum 

possible score that could be obtained is 25: Year 7 grand mean = 4.59 out of 25; Year 8 

grand mean = 6.48 out of 25; and Year 9 grand mean = 7.22 out of 25. One explanation 

for this is that the test is diagnostic and therefore tests a range of astronomical concepts. 

In a sense, students' marks on the ADT hinge on the areas that teachers decided to cover 

in science during the intervention period. Hence, if lessons centred on learning how to 

control the telescope and associated software, one would not expect to see an increase in 

knowledge of astronomical concepts, rather increased knowledge on how to operate the 

telescope and use the software. For example, if students focussed on one particular 

topic, such as the moon, during the intervention period then one would anticipate that 

students would be more inclined to offer a correct response to the items in the ADT that 

relate specifically to the moon, of which there are four. 
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Ideally in the analysis, the researcher would have liked to use questions in the ADT that 

mapped directly to the projects covered by students during the intervention period. This 

was not possible, however, due to a large proportion of teachers failing to send through 

the teacher program, despite numerous telephone calls and emails politely requesting 

that these data be sent through. In this document teachers were to record a list of the 

actual projects covered during the intervention period. Consequently, all 25 items in the 

ADT were used in the analysis. 

In retrospect, it might be feasible to use an instrument that specifically contains items 

that correspond with the actual content covered. Hence, a series of questions could be 

included in the teachers' guide at the end of each chapter that relate to the concepts 

covered. The content areas of focus are decided on before commencing the intervention 

and teachers administer a pre-intervention test that comprises the questions that relate 

specifically to the chapters that will be covered. The same test could then be 

administered at the conclusion of the intervention period. 

All year levels exhibited a reduction in the mean number of alternative conceptions 

evident from the pre- to the post-intervention occasion, with Year 8 and 9 students 

displaying a significant decrease in the mean number of their alternative conceptions. 

Year 7 and Year 8 female students displayed a significantly higher mean number of 

alternative conceptions compared with their male counterparts. There is a caveat related 

to the identification of alternative conceptions for the groups of students who display a 

higher number of non-responses on the pre-intervention occasion compared with the 

post-intervention occasion. Students offering fewer non-responses (that is, more 

responses on the post-intervention occasion of testing) increases the likelihood of one 

being able to identify more alternative conceptions on the particular occasion of testing. 

Hence, in an instrument such as the ADT, it is imperative to try and get students to 

respond and explain their answers so that students' alternative conceptions can be 

identified. One would therefore hypothesise that if more students chose to explain their 

written answers on the pre-intervention occasion an increased number of alternative 

conceptions may have been detected. 

The analysis of students' non-responses revealed that the Year 7 group of students 

experienced a significant reduction in the number of non-responses evident on the post

intervention occasion compared with the pre-intervention occasion. Further, Year 7 

male students displayed a significantly higher level of non-responses compared with 
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female students. The Year 8 group of students also experienced a reduction, although 

not significant, in the number of non-responses on the post-intervention occasion 

compared with the pre-intervention occasion of testing. In contrast, Year 9 students 

displayed a significant increase in the number of non-responses evident on the post

intervention occasion compared to the pre-intervention occasion. 

With respect to the level of complexity of students' written explanations, Year 7 as a 

whole significantly increased the complexity from the pre- to the post-intervention 

occasion. Further, female students in Year 7 displayed a significantly higher level of 

complexity in their written explanations compared with male students in Year 7. There 

was also an increasing trend, though not significant, for Year 8 students from the pre- to 

the post-intervention occasion. In contrast, Year 9 students exhibited a significantly 

lower level of complexity in their written responses on the post-intervention occasion 

compared with the pre-intervention occasion of testing. 

The quality of students' responses increased significantly from the pre- to the post

intervention occasion of testing for students in Year 7 and Year 8. For the Year 9 group 

of students there was a decline, although not significant, in the quality of responses 

offered by students on the post-intervention compared with the pre-intervention 

occasions of testing. 

Overall the results of these analyses indicate that there are statistically significant 

differences between and within the groups of students in terms of their level of 

astronomical knowledge, their alternative scientific conceptions related to astronomy, 

the number of non-responses evident, the level of complexity of their written 

explanations and the quality of their responses. The Year 7 and Year 8 group of students 

display similar trends from the pre- to the post-intervention occasion of testing in 

relation to the five dependent variables being measured. Specifically, students' level of 

astronomical knowledge, the complexity of students' written explanations and the 

quality of student responses increases from the pre- to the post-intervention occasion 

while there is a reduction in the number of alternative conceptions and non-responses 

from the pre- to the post-intervention occasion. Similarly, the Year 9 students exhibit an 

increase in their mean level of astronomical knowledge and a reduction in the number of 

alternative conceptions evident from the pre- to the post-intervention occasion. The 

overall trend for the Year 9 groups of students however, is different. For the three 
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remaining dependent variables the Year 9 group of students display differing trends to 

those observed for the Year 7 and Year 8 group of students. 

One possible explanation for the differing trends from the pre- to the post-intervention 

occasion for the complexity of written explanations and quality ofresponses displayed 

by the Year 9 group of students is linked to, and may be a consequence of, the increase 

in the mean number of non-responses on the post-intervention occasion of testing. The 

dependent variable that measures non-responses is directly associated to the dependent 

variables that measure the complexity of written explanations and the quality of 

responses. That is to say, the number of non-responses will affect the overall mean 

score for the complexity of written explanations and the quality ofresponses. A group 

that displays a higher mean number of non-responses would also exhibit a lower mean 

total score for the complexity of written explanations and quality ofresponses. 

The Year 9 group of students displayed a significant increase in their mean level of 

astronomical knowledge from the pre- to the post-intervention occasion of testing that 

indicates they have obviously learnt something, yet they were not willing to offer 

written explanations for their drawing responses or why they chose a particular tick-box 

option as indicated by their significantly higher number of non-responses. 

The next major section in this chapter ofresults examines the qualitative data collected 

from both students and teachers in an attempt to shed further light on their perceptions 

of, and experiences in, science at school. 
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Chapter 6 

Results III: Qualitative Data 

The final chapter of results examines the qualitative data collected from both student 

and teacher participants to shed further light on their perceptions of, and experiences in, 

science at school both before and during the intervention period. The chapter is split 

into two major sections. The first of which examines the qualitative data collected from 

participants' written responses to the open-ended questions on the pre and post-versions 

of the SSSQ. The second explores the interview data collected from a sample of 

students and teachers. 

6. 1 Responses to the open-ended questions on the SSSQ 

This first major section examines the responses to the open-ended questions on the pre 

and post-intervention SSSQ student and teacher versions. Written comments were 

collected from students and teachers who chose to respond to the open-ended questions 

on the pre and post-versions of the SSSQ. The pre and post-intervention SSSQ student 

version contained four open-response questions. The pre-intervention SSSQ teacher 

version also contained four open-response items while six open-response items were 

included on the post-intervention version. 

Comments for each of the open-ended questions were coded into common themes and 

response categories were created for each question. Appendices 14a to 14d present the 

response categories that were used to code each of the responses for the open-ended 

questions. In coding the student open-ended responses, a maximum of two codes were 

assigned to each response as some students chose to offer two reasons. A maximum of 

three codes were allocated to the teacher open-ended responses as some of the responses 

contained up to three categories. As a consequence, the average number of comments 

per participant are presented for each open-ended question together with the total 

number of responses obtained. Additional response categories were created on the post

occasion to help categorise participants' responses. Such categories were a consequence 

of participants mentioning specific aspects that related directly to their experiences 

during the intervention period. Chapter 3 Sections 3.10.1.1.8 and 3.10.1.2.8 explain the 

coding process. 
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The first major sub-section below investigates the student pre and post-intervention 

responses to each of the open-ended questions. The second major section examines 

teacher responses to the open-ended questions on the pre and post-occasion versions of 

the SSSQ while the final sub-section presents an overall summary. 

6.1.1 Student open-response questions 

This section examines student responses to the four open-ended questions on the pre 

and post-occasion versions of the SSSQ. Students were asked to respond to four open

ended questions on both versions of the SSSQ. The only difference between the 

questions was that on the first occasion students were asked to reflect on their 

experiences in science classes at school to help establish a baseline of their experiences 

in science, while on the post-intervention occasion students were asked to respond in 

relation to their experiences during the intervention period. 

The sub-sections below relate to each-open ended question where the number of 

responses, the percentage of students who responded, the percentage of responses and 

the percentage of the total number of possible responses are presented for each of the 

response categories on both occasions. The percentage of the total number of possible 

responses has been calculated by taking into consideration the total number of students 

who supplied SSSQ data on each occasion and doubling this number, given that a 

maximum of two reasons per student was acceptable for each of the open-response 

questions. 

6.1.l.1 Student responses to the first open-ended question 

With regard to the first open-ended question "What are the things that you really like 

about science in your class?" there were a total of 2330 responses on the pre-occasion 

that gave an average of 1.16 comments per student. Table 6.1 presents the response 

categories for this question. 
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Table 6.1 Pre-occasion student responses to the first open-ended question 

% of total 
What are the things that you really like %of %of possible 
about science in :your class? N students reseonses reseonses 
Doing experiments. 1194 67.2 51.2 29.6 

Name a specific activity or topic liked. 377 21.2 16.2 9.4 

Working and interacting with their friends. 200 11.2 8.6 5.0 

Comment positively about their teacher. 150 8.4 6.4 3.7 

Mention a range of aspects about general 
149 8.4 6.4 3.7 

learning in science. 

Class discussions. 124 7.0 5.3 3.1 

General negative comment. 83 4.7 3.6 2.1 

Seeing how things work. 28 1.6 1.2 0.7 

Doing things on their own. 25 1.4 1.1 0.6 

The most popular response offered by 67 .2% of the students who gave responses related 

to doing experiments which accounted for 51.2% of the responses offered and 

approximately 29.6% of the total possible number of responses. This was similar to the 

results reported for the 1999 data (Goodrum et al. 2000) where 60% of the students 

surveyed offered this response. 

Another 21.2% of students who offer a response named a specific activity or topic that 

they like and l I .2% indicate that they really like working and interacting with their 

friends in science, which made up 5% of the total number of responses possible. Around 

8.4% of comments mentioned a range of aspects about general learning in science and 

the same proportion offered positive comments about the teacher. Class discussions 

were liked by 7% of students, while 4. 7% reported general negative comments as their 

response to this question. Fewer than 2% of students indicated that they liked seeing 

how things work and I .4% liked doing things on their own. 

Table 6.2 shows the results for the post-occasion question "What are the things that you 

really liked about the science in your class over the past 6 -8 weeks". There were 1300 

responses offered, making an average of I. I comments per student. 
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Table 6.2 Post-occasion student responses to the first open-ended question 

What are the things that you really liked about % of total 
the science in your class over the past 6-8 %of %of possible 
weeks? N students reseonses reseonses 
Doing experiments. 291 28.9 22.4 
Using computers. 201 20.0 15.5 
Names a specific activity or topic they like for 

143 14.2 11.0 example: learning astronomy. 

Names specific objects they liked learning about: 
125 12.4 9.6 moon, planet, stars, and galaxies. 

General negative comment. 1 I 1 11.0 8.5 
Mention software e.g. Star MX 5, SkyGlobe. 105 10.4 8.1 
General positive comment. 86 8.5 6.6 

Image processing and obtaining pictures from 
40 4.0 3.1 using the telescope. 

Working and interacting with their friends. 32 3.2 2.5 
Comment positively about their teacher. 28 2.8 2.2 
Mention a range of aspects about general learning 

24 2.4 1.8 in science. 

Working and interacting with their friends. 19 1.9 1.5 
Researching using the internet/ Jjbrary. 18 1.8 1.4 
Class discussions. 17 1.7 1.3 

Making models. 16 1.6 l .2  
Doing things on their own. 14 1.4 I.I 

Other aspects e.g. hands-on aspects, mathematics. 12 1.2 0.9 
Interacting with the person on the telescope. 9 0.9 0.7 
Less writing and reduced textbook work. 7 0.7 0.5 
Seeing how things work. 2 0.2 0.2 

Overall, it was evident that a.large proportion of students who responded liked aspects 

of science at school that were of a "practical" nature, where the most common response 

given on both occasions related to doing experiments. This was also true for the sample 

of students in the 1999 study (Goodrum et al. 2000). Using computers in science was 

I iked by a number of students who responded on the post-occasion this was not 

mentioned, however, on the pre-intervention occasion. 

Similar to the pre-intervention occasion, doing experiments was the most common 

response for this question (28.9%) though the percentage of total possible responses that 

make reference to this has decreased by more than half. Using computers was raised by 

20% of the students who responded, which accounted for 15.5% of the responses 

offered. Over 14% of the students who commented mentioned a specific activity or 

topic that they liked for instance, learning astronomy. Another 12.4% referred to a 

celestial object that they liked, such as the Moon and 10.4% wrote positively about the 

computer software that was used during the intervention period. Around 11 % of 
. 

students who responded wrote general negative comments while another 8.5% 
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displayed general positive comments when answering this question. There were 4% of 

students who responded that spoke favourably of image processing and getting pictures, 

another 3.2% that liked working and interacting with their friends in science and 2.8% 

that commented positively about the science teacher. Another 2.4% of student responses 

mentioned aspects about general learning in science. 

A small proportion of the students who responded referred to working and interacting 

with friends (1.9%), researching information using the Internet and library (1.8%), class 

discussions (1.7%), making models (1.6%), doing things individually (1.4%), other 

aspects of the program such as links to mathematics or the hands-on approach (1.2%), 

interacting with the person on the telescope (0.9%), less writing (0.7%) and seeing how 

things work (0.2%) as things that they really like about science in their class after 

reflecting on the intervention. 

6.1.1.2 Student responses to the second open-ended question 

Table 6.3 presents the pre-occasion results to the second open-ended question "What 

are the things that you don't like about science in your class?" There were 2120 

responses obtained on the pre-intervention occasion making an average of 1.1 separate 

comments per student. 

Table 6.3 Pre-occasion student responses to the second open-ended question 

% of total 
What are the things that you don't like %of %of possible 
about science in l:'.Our class? N students reseonses reseooses 
Specific aspects e.g. electrical experiments, 

536 31.9 25.3 13.3 homework, chemistry. 

Writing notes. 523 31.2 24.7 13.0 

General negative comment e.g. I hate 249 14.8 11. 7 6.2 everything about science. 

Too much theory/insufficient depth or 
234 13.9 11.0 5.8 challenge/lack of relevance. 

Science is boring. 193 11.5 9.1 4.8 

Working from books. 166 9.9 7.8 4.1 

Dido 't understand science. 113 6.7 5.3 2.8 
Poor teaching aspects. 104 6.2 4.9 2.6 
Aspects of helping concentration e.g. not 

2 0.1 0.1 0.0 
being allowed to eat in class. 

Around 31.9% of students who responded to this question mentioned specific aspects 

about science at school that were not liked such as homework, this accounted for 25.3% 

of the responses offered. A similar proportion o� students (31.2%) indicated that they 

did not like writing notes in science which represented 13% of the total number of 
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possible responses. A further 14.8% made a general negative comment about science 

such as "I hate science" that indicated they did not like science at school. 

Approximately 14% of students who commented reported that there was too much 

theory in science and it lacked relevance, another 11.5% indicated that science was 

boring and 9.9% disliked working from books in science. Fewer than 7% of student 

comments suggested that they didn't understand the science in their class and a further 

6.2% of responses mentioned poor aspects of teaching and there were a very small 

percentage ofresponses (0.1 %) that referred to aspects related to student concentration. 

Similar responses were obtained in the Goodrum et al. (2000) study where the majority 

of students' comments from that particular sample mentioned copying notes and 

working from books as something they disliked about science at school. 

Table 6.4 shows the post-occasion results for the open-ended question "What were the 

things that you didn't like about the science in your class over the past 6-8 weeks?" A 

total of 1210 comments were received in response to this question on the post-occasion 

making an average of 1.02 comments per student. 
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Table 6.4 Post-occasion student responses to the second open-ended question 

What were the things that you didn't like % of total 
about the science in your class over the past %of %of possible 
6-8 weeks? N students reseonses res:eonses 
Writing notes. 182 18.2 15.0 

General negative comment e.g. everything, all 
143 14.3 11.8 of it. 

Too much theory/insufficient depth or 
142 14.2 11.7 challenge/Jack of relevance. 

Nothing / not very much / all good. 106 10.6 8.8 
Specific aspects. e.g. name a specific activity or 

98 9.8 8.1 
topic that they dislike. 

Science is boring. 89 8.9 7.4 

Pressure of assignments/ not enough time to do 
79 7.9 6.5 

·things. 

More writing, textbook work and homework. 77 7.7 6.4 

Poor teaching aspects. 70 7.0 5.8 
Did not understand science. 58 5.8 4.8 

Working from books. 38 3.8 3.l 

Other e.g. hands on aspects, links to 
29 2.9 2.4 

mathematics. 

Using computers/ computer lessons/ waiting for 
25 2.5 2.1 computers. 

Mention of software/book e.g. Star MX 5, 
23 2.3 1.9 

SkyGlobe. 

Specific objects: Moon, planet, stars, galaxies. 22 2.2 1.8 

The weather: bad weather at the telescope, 
20 2.0 1.7 weather patterns. 

Image processing/ pictures, getting pictures and 
8 0.8 0.7 

or processing. 

Better class behaviour, split class, smaller class. 0.1 0.1 

On the whole, writing notes in science was something that was disliked by a large 

proportion of students on both occasions. This is consistent with the findings reported in 

the 1999 study where the most common response to this question related to writing 

notes and working from books (Goodrum et al. 2000). A number of students in this 

sample also gave general negative responses that conveyed their dislike for all aspects 

of science giving the overall impression that they were disappointed and dissatisfied 

with the science they experience at school. 

The post-intervention student data for this question shows that 18.2% of the students 

who responded indicate that they do not like copying notes during science class. This 

represents a lower proportion of the total number of possible responses on the post

intervention occasion (7.6%) compared with the pre-intervention occasion (13%). A 

similar proportion oftbe total number of possible responses to that reported on the pre

intervention occasion offer general negative comments about science classes (6%). Just 
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over 14.2% of the students who responded specify that there is too much theory and that 

science lacks relevance. Another 10.6% reveal that there was nothing or very little that 

was not liked in science during the intervention period and indicate that it was all good, 

while 8.1 % of the responses name a specific activity that was not enjoyed. A smaller 

proportion of the total number of possible responses convey that science is boring 

(3.7%) on the post-intervention occasion compared with the pre-intervention (4.8%). 

Approximately 8% of students who responded indicated that they did not have enough 

time to do things, 7. 7% suggested that there was more writing, textbook work and 

homework and 7% mentioned aspects related to poor teaching. Around 5.8% of student 

responses indicated that they did not understand science in class. A small percentage of 

student comments specified that in their science class they did not like: working from 

books (3.8%); specific aspects of the program such as the mathematical calculations 

(2.9%); using computers and waiting for computers (2.5%); computer software (2.3%); 

specific celestial objects (2.2%); bad weather at the location of the telescope (2%); 

image processing (0.8%); and bad behaviour (0.1 %). 

6.1.1.3 Student responses to the third open-ended question 

In relation to the third open-ended question "How could your science class be improved 

so that you could learn more?" a total of2088 responses were obtained on the pre

intervention occasion making an average of 1.04 comments per student were received. 

Table 6.5 presents the pre-occasion results for this question. 

Table 6.5 Pre-occasion student responses to the third open-ended question 

% of total 
How could your science class be improved %of %of possible 
so that )'.OU could learn more? N students reseonses reseonses 

Requested more practical /hands-on work. 722 44.3 34.6 17.9 
Specific aspect e.g. less homework. 411 25.2 19.7 10.2 
Science could be made more fun/interesting. 292 17.9 14.0 7.2 
More excursions and similar activities. 202 12.4 9.7 5.0 

Better teaching or better explanations from 
147 9.0 7.0 3.6 

teachers. 

Depth, challenge and relevance in science. 93 5.7 4.5 2.3 

Says that science is already great and can't 
88 5.4 4.2 2.2 

be improved. 

Student put the onus on changing personal 
84 5.2 4.0 2.1 

attributes. 

Group work. 49 3.0 2.3 1.2 

Over 44% of students who responded wanted more practical or hands-on work in 

science classes, this accounted for 34.6% of the responses offered. This is similar to the 
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1999 data collection period where more than a third of student comments requested 

more practical work in science (Goodrum et al. 2000). Around 25.5% of the comments 

mentioned specific aspects such as less homework. Another 17.9% of students who 

responded suggested that science could be made more interesting and fun representing 

7.2% of the total possible number ofresponses that could be made. A further 12.4% 

requested more excursions and similar activities, while 9% desired better explanations 

and teaching from their teachers. Approximately 6% of student responses mentioned 

more depth, challenge and relevance in science, while 5.4% felt that science could not 

be improved. A small proportion ofresponses (5.2%) mentioned personal attributes that 

need to change such as listening more in science. Less than 3% of students mentioned 

more group work in science classes, which represented 1.2% of the total possible 

number of responses that could be obtained. 

The post-occasion results for this question are presented in Table 6.6. A total of 1208 

responses were obtained making an average of 1.01 comments per student. 

Table 6.6 Post-occasion student responses to the third open-ended question 

% of total 
How could your science class be improved so %of %of possible 
that _you could learn more? N students resEonses reseonses 
More practjcal and bands-on work. 357 37.4 29.6 

Science could be made more fun/interesting. 183 19.2 15.1 

Specific aspect e.g. less homework. 97 10.2 8.0 

More excursions and similar activities. 95 10.0 7.9 

Better teaching or better explanations from 
92 9.6 7.6 

teachers. 

Depth, challenge and relevance in science. 87 9.1 7.2 

Student put the onus on changing personal 
85 8.9 7.0 

attributes. 

Better class behaviour and smaller class. 64 6.7 5.3 

More computers. 50 5.2 4.1 

Science is already great and cannot be improved. 49 5.1 4.1 

More group work. 42 4.4 3.5 

More pictures in textbook, shorter textbook. 7 0.7 0.6 

Overall, the most common response offered by students on both occasions suggested 

that science at school could be improved by incorporating more practical work. This 

was also true for the 1999 sample of students where more than a third of students who 

responded asked for more practical and bands-on work in science (Goodrum et al. 

2000). A number of students on the pre- and post-intervention occasion also requested 

that science at school be made more fun and interesting. 
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Close to 40% of the students who responded suggested that their science class could be 

improved by having more practical and hands-on work. This represented a slightly 

lower proportion of the total number of possible responses ( 15%) on the post

intervention occasion, compared with the pre-intervention (17.9%). Approximately 20% 

of students who responded indicated that their science class could be improved by 

making it more fun and interesting. This accounted for 15.1 % of the responses obtained 

and 7.7% of the total number of possible responses a similar percentage to that reported 

earlier for the pre-intervention occasion (7.2%). Another 10% of the students who 

responded suggested that their science class could be improved by having more 

excursions or similar activities, while 9.6% of the student comments indicated that they 

required better explanations from teachers and "better teaching" so that they could learn 

more. 

Comments associated with the depth, challenge and relevance of science were raised in 

3.6% of the total number of possible responses on the post-intervention occasion 

compared with 2.3% on the pre-intervention occasion. Around 9% of the students who 

responded mentioned personal attributes that they need to change such as paying 

attention and listening to the teacher. Less than 3% of the total number of possible 

responses made reference to improved behaviour by their class as a whole as being one 

factor that would improve their learning. A small proportion of students mentioned the 

need for more computers (5.2%), more group work (4.4%) and suggested that additional 

pictures were placed in the student textbook (0. 7%). Approximately 2% of the total 

number of possible responses indicated that science was already great and could not be 

improved. 

6.1.1.4 Student responses to the fourth open-ended question 

A total of 2139 responses were obtained on the final open-ended question "Based on my 

experience in science lessons I believe the purpose of learning science is ... " This made 

an average of 1.06 individual responses from students. The pre-occasion results are 

presented in Table 6. 7. 
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Table 6.7 Pre-occasion student responses to the fourth open-ended question 

Based on my experience in science lessons, % of total 
I believe the purpose of learning science %of % of possible 
is .... N students resEonses res2onses 

Help learn about the world around and 
971 59.4 45.4 24.1 

everyday issues. 

Other. 257 15.7 12.0 6.4 

Find out how things work. 232 14.2 10.8 5.8 

Get knowledge in science. 186 11.4 8.7 4.6 

The practical applications of science. 148 9.1 6.9 3.7 

Science was pointless and bored them. 128 7.8 6.0 3.2 

Preparation for later science education or 
94 5.7 4.4 2.3 

career in science. 

Get a job. 82 5.0 3.8 2.0 

Get a good education. 41 2.5 1.9 

Of the students who responded to this question, 59.4% indicated that the purpose of 

science is to help them learn about the world around them and everyday issues that are 

happening which accounted for 24 .1 % of the total possible number of responses. This 

was also the most common response made by students surveyed in the 1999 study 

(Goodrum et al. 2000). 

Around 16 % of students mentioned specific aspects that were not otherwise classifiable 

and 14% indicated that the purpose of science was to find out how things work. Just 

over 9% of students who offered responses focussed on the practical applications of 

science while 7.8% indicated that science was pointless and bored them. Approximately 

2% of the total possible number of responses indicated that the purpose of science was 

to prepare them for science in the later years of high school or for a career in science 

and a similar proportion of the total number of possible responses indicated that the 

purpose of learning science was to help them get a job (2%). A small proportion of 

students (2.5%) responded by saying that the purpose of science was to get a good 

education this accounted for only 1 % of the total possible number of responses. 

Table 6.8 presents the post-occasion results for the fourth open-ended question "Based 

on my experience in the science lessons on astronomy, I now believe the purpose of 

learning science is ... " A total of 1127 responses were obtained that made an average of 

0.95 comments per student. 
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Table 6.8 Post-occasion student responses to the fourth open-ended question 

Based on my experience in the science % of total 
lessons on astronomy, I now believe the %of %of possible 
EUrEose of learning science is .... N students reseonses reseonses 

Help learn about the world around and 
588 62.9 52.2 24.7 

everyday issues. 

Science was pointless and bored them. 123 13.2 10.9 

Get knowledge in science. 118 12.6 10.5 

Find out how things work. 81 8.7 7.2 

Other 69 7.4 6.1 

The practical applications of science. 41 4.4 3.6 

Make it fun, more enjoyable. 39 4.2 3.5 

Get a job. 34 3.6 3.0 

Preparation for later science education or 
21 2.2 1.9 

career in science. 

Get a good education. 13 1.4 1.2 

On the whole, a large proportion of students in this sample believe that the purpose of 

science at school is to help them learn about the world around them and everyday 

issues. This was also the most common response offered by the majority of students in 

the 1999 sample (Goodrum et al. 2000). 

The most common response made by 62.9% of the students who responded was that the 

purpose of science was to help learn about the world around them and everyday issues. 

Trus represented a similar proportion (24. 7%) of the total number of possible responses 

to that reported on the pre-intervention occasion (24.1 %). 

Just over 13% of the students who responded indicated that science was pointless and 

bored them, which accounted for a slightly higher number of the total possible number 

ofresponses on the post-intervention occasion (5.2%) compared with the pre

intervention (3.2%). Around 12.6% indicated that the purpose was to get knowledge in 

science and a further 8.7% of the students who responded suggested that based on their 

experiences in science lessons on astronomy the purpose of learning science is to find 

out how things work. Trus represented a slightly smaller proportion of the total number 

of possible responses (3.4%) compared with the pre-intervention occasion (5.8%). 

Approximately 7.4% of the students made comments that were not otherwise 

classifiable while 4.4% referred to the practical application of science. A small 

percentage of students who responded indicated that the purpose of science was to get a 

job (3 .6% ), prepare them for science in the later years of high school or for a career in 

science (2.2%), or to get a good education (1.4%). 
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6.1.2 Teacher Responses 

This section examines teachers' responses to the four open-ended questions on the pre

intervention occasion and to the six open-ended questions on the post-intervention 

occasion. The first three open-response questions on the pre and post-intervention SSSQ 

teacher versions are consistent and correspond with the first three asked in the student 

version of the SSSQ. The final open-response item on the pre-intervention teacher 

questionnaire asks for their thoughts on the declining numbers of students pursuing the 

sciences which is a widespread concern in science education that was discussed in the 

review of literature. The additional three questions asked on the post-intervention 

version of the questionnaire were evaluative questions about the program and gave 

teachers the opportunity to make additional comments. On the post-intervention 

occasion teachers were asked to respond to all questions in relation to their experiences 

during the intervention period. 

The sub-sections below relate to each open-ended question where the number of 

responses, the percentage of teachers who responded, the percentage ofresponses and 

the percentage of the total number of possible responses are presented for each of the 

response categories on both occasions. 

6.1.2.1 Teacher Responses to the first open-ended question 

With regard to the first teacher open-ended question "What are the things that you 

really like about the way you teach and the way students learn in your science class?" a 

total of 200 responses were received on the pre-intervention occasion making an 

average of 2.06 comments per teacher. Table 6.9 presents the pre-intervention teacher 

results for this question. 
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Table 6.9 Pre-occasion teacher responses to the first open-ended question 

What are the things that you really like % of total 
about the way you teach and the way %of %of possible 
students learn in·rour science class? N teachers reseonses reseonses 
Focus on science being student-centred. 47 49.0 15.9 16.2 
Relevance to students' lives/world. 43 44.8 14.5 14.8 
Practical work/experiments/bands-on work. 39 40.6 13.2 13.4 
Students asking questions and initiating 

27 28.l 9.1 9.3 
discussion. 
Individualising learning/ catering for 

17 17.7 5.7 5.8 individual difference. 
Mentions positive attitudes ( enthusiasm). 12 12.5 4. 1 4.1 
Students working in groups and interacting 10 10.4 3.4 3.4 with their friends. 
Having access to Internet in the classroom. 4 4.2 1.4 1.4 
Time to discuss ideas and theories. 1.0 0.3 0.3 

Just under half of the teachers who responded to this question indicated that they liked 

the fact that their science class focused on involving students and was student centered. 

Another 44.8% indicated that the science they taught was relevant to students' lives and 

the world around them, representing 14.8% of the total possible number ofresponses. 

Approximately 40% indicated that they liked the practical, experimental and hands-on 

work offered in their science classes. Around 28% of the teachers who answered this 

question revealed that they liked students asking questions and initiating discussions 

during science classes, which made up 9.3% of the total possible responses. About 5.7% 

of the responses mentioned aspects of individualising learning and catering for 

individual differences within science classes. Another 4.1 % of the responses liked the 

positive attitudes and enthusiasm that is present in their science class. Just over 10% of 

the teachers who responded indicated that they liked the way students worked in groups 

and interacted with friends during the science lessons that they taught. A small 

proportion of the responses mentioned that they liked having access to the Internet in 

their science class (1.4%) and having time to discuss theories and ideas (0.3%). 

Table 6.10 presents the post-occasion teacher responses to this question. A total of 73 

responses were obtained on the post-intervention occasion making an average of 1.8 

comments per teacher. 
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Table 6.10 Post-occasion teacher responses to the first open-ended question 

What were the things, if any, that you really 
liked about the way you taught science over % of total 
the past few weeks and the way students %of %of possible 
learned in rour science class? N teachers resEonses reseonses 

Aspects related to technology. 11 28.9 15.1 

Practical work, experiments, hands-on work. 10 26.3 13.7 

Mentions positive attitudes (eotbusiasi;n). 10 26.3 13.7 

Focus on science being student-centred. JO 26.3 13.7 

Aspects related to teachers' guide and student 
8 21.0 11.0 

workbook. Practical nature and format of lessons. 

Individualising learning/ catering for individual 
5 13.2 6.8 

difference. 

Using computers in science. 5 13.2 6.8 

Having access to and using the CSU Remote 
5 13.2 6.8 

Telescope to take pictures. 

Relevance to students' lives/world. 4 10.5 5.5 

Mentions negative aspects. 2 5.3 2.7 

Students asking questions and initiating 
1 2.6 1.4 

discussions. 

Students working in groups and interacting with 
2.6 1.4 

their friends. 

Being involved in using a new program Practical 
2.6 I .4 

Astronomy. 

The most popular response offered by 28.9% of the teachers who responded mentioned 

general aspects related to technology that they liked such as having access to the 

Internet in their classroom. Another 26.3 % related to the practical work offered, 

positive attitudes and enthusiasm evident in students and the fact that science lessons 

were student-centred 

Around 11 % of the responses referred to features of the Teachers' Guide and Student 

Workbook such as the format and the hands-on nature of the activities. Approximately 

13 % of the teachers who responded indicated that they liked using computers in science 

classes, having access to and using the remote telescope to capture images .and the fact 

that the teaching and learning experiences catered for individual differences. Another 

10.5% liked how the science they taught was relevant to students' lives. 

Just over 5% of the teachers who responded mentioned negative aspects that they did 

not like. The remaining responses which made up less than I% of the total number of 

possible responses identified aspects such as: students asking questions and initiating 

discussion; students working in groups and interacting with their friends; and being 

involved in a new program. 
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Overall, a large proportion of the teachers who responded on both occasions liked the 

practical work that they offered in S(?ience lessons and science being student-centred. 

The most common response on the post-intervention occasion that was not mentioned 

on the pre-intervention occasion refe1Ted to the technology employed in science lessons. 

6.1.2.2 Teacher responses to the second open-ended question 

A total of 193 responses were received from the second open-response question "What 

are the things, if any, that you don't really like about the way you teach and the way 

students learn in your science class? " This gave an average of 2 separate comments per 

teacher. Table 6.11 presents the pre-intervention teacher responses to the second open

ended question. 

Table 6.11 Pre-occasion teacher responses to the second open-ended question 

What are the things, if any, that you don't really % of total 
like about the way you teach and the way %of %of possible 
students learn in l'.our science class? N teachers resEonses reseonses 
Time constraints. 43 45.3 22.3 

Teacher-centred approaches. 36 37.9 18.7 

Demands of covering the curriculum. 28 29.5 14.5 

Student behaviour and discipline issues/ lack of 
22 23.2 11.4 

student interest. 

Content and theory driven. 18 18.9 9.3 

Lack of resources/ guest speakers/ excursions. 14 14.7 7.3 

Lack of confidence/knowledge on using technology. 13 13.7 6.7 

Focus on assessment and meeting assessment 
12 12.6 6.2 

deadlines. 

Prescribed reading from textbooks. 7 7.4 3.6 

The most common response offered by 45.3% of the teachers who responded referred to 

time constraints. Another 37.9% indicated that they did not like the teacher-centred 

approaches that they adopt when teaching science. Approximately 30% of the teachers 

who responded mentioned that they disliked the demands of covering the curriculum 

and focusing on achieving outcomes in their science class. Student behaviour and 

discipline issues were raised in 11.4% of the responses while in 9.3% of the responses 

teachers did not like the theory and content driven nature of the science they were 

teaching. Fewer than 5% of the total number of possible responses revealed that they 

did not like the lack ofresources and limited opportunities for guest speakers and 

excursions. Around 13.7% of the teachers who responded indicated that they lacked 

confidence and had limited knowledge in using technology. About 6% of the comments 

mentioned that they disliked continually focusing on assessment and meeting 
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assessment deadlines in science classes. A small proportion of the total number of 

possible responses did not like the prescribed reading from textbooks in science classes. 

Table 6.12 presents the post-occasion teacher results for the second open-ended 

question. There were 57 responses received that make an average of 1.4 comments per 

teacher. 

Table 6.12 Post-occasion teacher responses to the second open-ended question 

What were the things, if any, that you don't like 
about the way you taught science over the past % of total 
few weeks and the way students learned in your %of %of possible 
science class? N teachers reseonses reseonses 
Difficultly accessing technology, firewall issues, 

12 31.6 21.1 lack computers. 

Time constraints. 12 31.6 21.1 

Preparation time required before and during lessons. 6 15.8 10.6 

Students having a workbook. 4 10.5 7.1 

Student behaviour and discipline issues. 3 7.9 5.3 

Went for too long. 3 7.9 5.3 

Did not like SkyGiobe- prefer WinStars. 3 7.9 5.3 

Lack confidence when using technology. 3 7.9 5.3 

Language in Student Workbook too difficuJt. 3 7.9 5.3 

Too student centred/felt like I was not teaching 
2 5.3 3.5 

students. 

Aspects about their teaching e.g. teacher-directed. 2 5.3 3.5 

Content and theory driven. 1 2.6 1.8 

Hard to assess/grade students. 2.6 1.8 

Too much time on students' learning bow to use 
2.6 1.8 

software not enough time on astronomy. 

Difficulties in booking telescope time l 2.6 1.8 

The most common responses made by a large proportion of the teachers who offered a 

response referred to problems that they had accessing technology (31.6%) and time 

constraints (31.6%) such as having little time prior to commencing the program. 

Another 15.8% of teachers who responded disliked the amount of time they spent on 

preparation before and during lessons while 7 .1 % of the responses indicated that they 

did not like students having a workbook. 
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Approximately 8% of the teachers who responded to this question made reference to the 

discipline issues and behaviour problems that they were confronted with in science 

classes. A similar proportion of teachers who responded felt that the program went for 

too long in their science class (7.9%), the language in the Student Workbook was too 

difficult for some of the students (7.9%) and that they lacked confidence and knowledge 

when using technology. A: further 5.3% of responses revealed that they were not in 
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favour of the computer software program SkyGlobe and would prefer a Windows based 

program called WinStars. 

About 5.3% of the teachers who responded felt that the program was too student

centred making comments such as "it felt as though I wasn't teaching them [students}". 

Another 5.3% mentioned aspects about their teaching that they did not like such as the 

teacher-centred approaches adopted. The remaining comments made by a small 

proportion of teachers referred to specific aspects of the program such as booking time 

on the telescope. 

Overall, the most common response offered by teachers on both occasions related to the 

time constraints placed on the science they teach. In addition, a large proportion of 

teachers on the post-intervention occasion referred to difficulties that they experienced 

associated with accessing technology. 

6.1.2.3 Teacher Responses to the third open-ended question 

In relation to the third open-ended question "How could your science class be improved 

(if any) so that students could learn more?" 184 responses were obtained making an 

average of 1.9 comments per teacher. Table 6.13 presents pre-intervention teacher 

responses to this question. 

Table 6.13 Pre-occasion teacher responses to the third open-ended question 

% of total 
How could your science class be improved (if %of %of possible 
an:,::} so that students could learn more? N teachers reseonses reseonses 
Improved resources and equipment/access to/use of 

39 40.6 21.2 13.4 
technology. 

Make science more student-centred/foster 
35 36.5 19.0 12.0 

investigations. 

Make the content interesting, challenging and 
34 35.4 18.5 11.7 

relevant. 
More preparation time for lessons/ time for science. 28 29.2 15.2 9.6 
More practical work, experiments, bands-on work. 16 16.7 8.7 5.5 
Smaller classes/minimise behaviour 

16 16.7 8.7 5.5 
problems/streamed classes. 
Engage students/make science more fun/interesting. 8 8.3 4.3 2.7 

Students working in groups more often. 4 4.2 2.2 1.4 

More opportunities for professional development. 4 4.2 2.2 1.4 

The most popular response offered by 40.6% of the teachers who responded suggested 

that they required better equipment and access to technology during science classes. Just 

over 36% of the teachers who commented indicated that they need to make science 

more student-centred and promote investigations in science and 35.4% recommend 

227 



making the science content interesting, challenging and relevant. Approximately 15% of 

the responses desired more preparation time for lessons and more time spent on science. 

The inclusion of more practical work in science lessons was referred to in 8.7% of 

responses and another 8.7% mentioned the need for smaller class sizes to reduce the 

incidence of behaviour problems. Less than 3% of the total number of responses 

suggested that science needed to be made more fun and interesting to engage students. 

A small proportion of the responses (2.2%) referred to providing more group work 

experiences for students and another 2.2% mentioned the need for more professional 

development opportunities. 

The post-intervention results for this question are displayed in Table 6.14. Note that the 

question asked teachers to reflect on how the astronomy materials could be improved so 

that students learn more. A total of 52 responses were received making an average of 

1.3 separate comments per teacher. 

Table 6.14 Post-occasion teacher responses to the third open-ended question 

% of total 
How could we improve the astronomy materials %of %of possible 
{if an:y} so that students could learn more? N teachers reseonses reseonses 
Cut down on reading in student workbook. 9 23.7 17.3 

Need simpler projects that include day/night. 8 21.1 15.4 

More opportunities for professional development. 4 10.5 7.7 

Separate student workbooks for the different year 
4 10.5 7.7 

levels/ or put all projects onto CD-ROM. 

Provide more areas in Student Workbook for 
4 10.5 7.7 

students to write/record. 

Layout of workbooks e.g. all student material to be 
3 7.9 5.8 

placed in teacher guide. 

Simplify computer software. 3 7.9 5.8 

Additional resources for teachers to use e.g. 
3 7.9 5.8 

overhead transparencies and worksheets. 

Nothing should be changed. 3 7.9 5.8 

More preparation time for lessons. 2 5.3 3.8 

Technological support from Departments of 
2 5.3 3.8 

Education. 

Shorter PowerPoint presentations. 2 5.3 3.8 

Reduce student writing. 2 5.3 3.8 

Improved resources and access to technology within 
2.6 1.9 

the school. 

More time on astronomy and less time on students 
2.6 1.9 

learning how to use software. 

More demonstrations on how to make devices 
2.6 l.9 

needed for practical activities. 

About 17 .3 % of the responses related to reducing the student reading time in the 

workbook: Another 15.4% of the responses suggested the need for "simpler" projects 
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and worksheets to be included in the student workbook. Just over 10% of the teachers 

who offered responses commented on the need for more professional development 

opportunities. Around 8% of the responses recommended that the student workbook be 

split into separate year levels, 

About 8% of the responses requested additional space in the student workbook for 

writing and recording. In contrast, 3.8% of the responses or 5.3% of the teachers who 

responded suggested that the time spent on student writing needs to be reduced, while 

another 7.9% of teachers who responded assert that nothing should be changed in the 

materials. 

Approximately 6% of the responses suggest that the materials and computer software is 

simplified with the goal of making it more user-friendly. Another 5.8% of the responses 

suggested that additional resources such as overhead transparencies could be provided 

to use when teaching the projects and 3.8% of responses wanted more preparation time 

for science. 

A small proportion of the teachers who responded felt that the relevant Departments of 

Education should provide support for technical difficulties related to accessing the 

telescope over the Internet and in particular the firewall issues that many experienced 

during the program (5.3%). 

The remaining comments made suggestions that related to specific aspects of the 

program. One response suggested that all of the material in the student workbook be 

placed into the teachers' guide and the teacher would be responsible for distributing 

material to students. 

Overall, the most popular response offered by teachers on the pre-intervention occasion, 

in relation to how their science class could be improved, mentioned obtaining access to 

technology and improved resources. On the post-intervention teachers were asked to 

make suggestions on how the astronomy materials could be improved. The most 

common responses referred to modifications that could be made to aspects of the 

student workbook. 

6.1.2.4 Teacher Responses to the remaining open-ended questions 

Table 6.15 presents teachers' responses to the fourth and final open-ended question on 

the pre-intervention occasion. A total of 211 responses were obtained making an 

average of 2.2 comments per teacher. 
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Table 6.15 Pre-occasion teacher responses to the fourth open-ended question 

What are your thoughts on the declining 
number of students pursuing the sciences in % of total 
Year 11 and 12 and at University? Why do you %of % of possible 
think this is so? N teachers reseonses reseonses 
Lack of well-paid jobs in science. 42 45.7 19.9 
Perceived difficulty (science is too hard). 41 44.6 19.4 
Lack of relevance, boring content. 37 40.2 17.5 
Low profile in society. 24 26.1 11.4 
More options for students in subject selection. 23 25.0 10.9 
Negative experiences in junior science (boring). 22 23.9 10.4 
A worrying point/ sad/ disappointing. 15 16.3 7.1 
Stereotypes associated with science and scientists. 6 6.5 2.8 
Gender differences. 1.1 0.5 

Just over 45% of the teachers who offered responses believed that a lack of well paid 

jobs in science was one reason why students choose not to pursue the sciences in the 

non-compulsory years of schooling and at the university level. Another reason given by 

44.6% of the teachers who responded was that students perceive science as being too 

difficult and as a consequence decide not to select this option. Approximately 40% of 

the teachers who commented indicated that science lacks relevance and many students 

find the content boring and thus choose other subjects, while 26.1 % suggest that it is 

because science bas a low profile in society. Nearly 11 % of the responses make 

reference to the additional subjects that students have the option of selecting. Another 

l 0.4% ofresponses link the declining numbers to negative expe1iences that students 

may have had in the junior secondary years of science. In 7.1 % of the responses 

teachers reveal their concern and disappointment regrading the declining numbers of 

students pursing the sciences. A small proportion of the total number of responses 

(2.1 %) refer to certain stereotypes that are associated with scientists and science 

subjects, and one of the responses mentioned gender differences. 

On the post-intervention version of the SSSQ teachers were asked to respond to three 

final open-ended questions that asked them to comment on aspects of the program. The 

first of these questions asked for teachers for their opinion on what the main benefits of 

the program were first for students and then for them as a teacher. Table 6.16 presents 

teachers' responses to the first component of this question (benefits for students). A 

total of 76 comments were obtained making an average of 1.9 comments per teacher. 
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Table 6.16 Post-occasion teacher responses to the open-ended question concerning the main 
benefits of the program for students. 

In your opinion, what were the main benefits of The 
Eye Observatory Remote Telescope Project: % of total 
Practical Astronomy for Years 7, 8 and 9 ... for %of %of possible 
students? N teachers res.eonses reseonses 
Practical and hands-on activities. 13 33.4 17.15 
Motivated students to learn astronomy concepts. 12 30.8 15.8 
Having access to and using technology/ICTs. 12 30.8 15.8 
Created interest and enthusiasm in students. 9 23.1 11.8 
Gave students varied learning experiences. 8 20.5 10.5 
Taking pictures with and controlling the telescope. 7 17.9 9.2 
Student-centred learning. 3 7.7 3.9 

Provided more opportunities for student questioning. 3 7.7 3.9 

Teachers gained astronomical content knowledge. 3 7.7 3.9 
Relevant to students. 2 5.1 2.6 
Gave students an interest in astronomy. 2.6 1.3 

Enabled students to research specific topics. 2.6 1.3 
The website and internet links were worthwhile. 2.6 1.3 

Mentions negative aspects e.g. students not easily 
2.6 1.3 motivated. 

Just over 33% of the teachers who chose to respond to this question indicated that one 

of the main benefits of the program was the practical and bands-on activities. Around 

30% said that it motivated students to learri astronomical concepts and another 30.8% 

indicated that having access to and using technology in science benefited students. 

Nearly 12% of the responses revealed that being involved in the program created 

interest and enthusiasm in students and 10.5% of the comments indicated that the 

program provided students with more options and learning experiences to what they 

would normally have in science. Almost 18% of the teachers who offered responses felt 

that controlling and taking pictures with the CSU Remote Telescope was one of the 

main benefits for students. The remaining responses accounted for a small proportion of 

the total number (ofresponses) and mentioned aspects related to the student-centred 

learning experiences, the relevance of the program and resources that students had 

access to. 

Table 6.17 displays teachers' responses to the second section of this question 

concerning the main benefits of the program for teachers. A total of 75 responses were 

offered. This made an average of 1.9 comments per teacher. 
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Table 6.17 Post-occasion teacher responses to the open-ended question concerning the main 
benefits of the program for teachers. 

Jn your opinion, what were the main benefits of The 
% of total 

Eye Observatory Remote Telescope Project: 
%of %of possible 

Practical Astronomy for Years 7, 8 and 9 ... for you? 
teachers resEonses reseonses 

Improved teacher content knowledge and confidence. 11 28.2 14.6 

Seeing the enthusiasm of students learning. 8 20.5 10.7 

Additional resources and infonnation provided. 7 17.9 9.3 

Using technology/ integration of technology. 6 15.4 8.0 

Experience of employing a different teaching style. 5 12.8 6.7 

Practical ideas. 5 12.8 6.7 

Teacher motivation. 5 12.8 6.7 

Teachers' guide reduced planning time. 4 10.3 5.3 

Having access to the CSU Remote Telescope. 4 10.3 5.3 

Teaching something new/a different experience. 4 10.3 5.3 

Having the professional development opportunity. 3 7.7 4.0 

Gave new ideas on how to explain complex concepts. 3 7.7 4.0 

Increased knowledge of computers/technology. 3 7.7 4.0 

Links to outcomes in syllabus and other subjects. 3 7.7 4.0 

Taking pictures with the CSU Remote Telescope. 2 5.1 2.7 

Involved students in more independent work. I 2.6 1.3 

The observation night allowed for teacher/parent 
2.6 1.3 

communication 

More than 28% of the teachers who responded indicated that one of the main benefits 

from participating in the program was that it improved their content knowledge of, and 

confidence in, teaching astronomy. Around 20% of teachers identified the enthusiasm 

displayed by students about what they were learning as one of the key benefits and 

another 17 .9% reported that the resources and additional information provided 

throughout the program were helpful. Integrating and using technology throughout the 

program was referred to in 8% of the responses. Nearly 13% of teachers who responded 

revealed that the experience of employing a different teaching style was a major benefit 

to them and suggests that the way in which these teachers would no�ally teach science 

djffers to the approaches and pedagogies encouraged by the practical astronomy 

program. 

Approximately 7% of the responses mentioned the practical ideas integral to the 

program and another 6.7% of the teacher responses indicated that the program increased 

their motivation and interest toward the topic astronomy. Just over 10% of the teachers 

who responded identify that having a teachers' guide and student workbook was 

beneficial as it reduced planning time required for each of the lessons. An additional 

10.3% of the teachers who offered responses mentioned that having access to the CSU 
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Remote Telescope was a major benefit of the program. Another 5.3% of the responses 

indicated that teaching something new in science provided a different experience in 

science. The remaining responses offered by a small proportion of teachers referred to 

specific aspects of the program, such as the professional development opportunities 

provided and being able to take pictures using the CSU Remote Telescope or mentioned 

specific gains for teachers such as increased knowledge on how to use computers and 

technology during science lessons. 

Table 6.18 presents teachers' responses to the post-intervention open-ended question 

that asked them to comment on particular aspects of the program that should have been 

handled differently or that could be improved. A total of 46 responses were obtained 

making an average of 1.2 comments per teacher. 

Table 6.18 Post-occasion teacher responses to the open-ended question related to aspects of the 
program that should be handled differently or could be improved. 

Were there any particular aspects of The Eye 
Observatory Remote Telescope Project: Practical 
Astronomy for Years 7, 8 and 9 experience that you 

%of 
total 

feel should have been handled differently or could be 
%of %of possible 

improved? 
N teachers resQonses resQonses 

Simplify student workbook for lower year levels. 8 23.5 17.4 

Technical aspects e.g. firewall problems. 5 14.7 10.9 

Organisation of observation night. 5 14.7 10.9 

Clearer instructions on how to use image processing 
4 11.8 8.7 

software. 

Additional professional development days. 4 11.8 8.7 

More options for booking telescope time. 3 8.8 6.5 

Having more access to computers within the school. 3 8.8 6.5 

Nothing/no change. 3 8.8 6.5 

Too long. 2 5.9 4.3 

PowerPoint presentations are too long. 2 5.9 4.3 

Cancellation of observation nights- notifying the school 
2 5.9 4.3 

as early as possible. 

Questionnaires were too long. 2 5.9 4.3 

Clearly identify the outcomes. 1 2.9 2.2 

Having all student material in the teachers' guide. 1 2.9 2.2 

Teacher related factors e.g. sequenced lessons differently. 2.9 2.2 

Many of the comments made by teachers in response to this question were similar to 

those made in the third post-intervention open-response question that asked teachers to 

comment on aspects of the program that could be improved. Approximately 23% of 

teachers who offered responses mentioned aspects related to the student workbook and 

made suggestions such as having a separate workbook for each year level. 
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Nearly 15% of the teachers who offered a response to this question mentioned technical 

aspects that could be improved related to the speed of Internet connections and 

Departmental firewalls. Another 14.7% commented on how they would organise the 

observation night(s) differently such as only having one class at an observation night. 

Around 11.8% of the teachers who responded indicated that they would have liked 

additional professional development days and another 11.8% felt that they needed 

clearer instructions on how to use the computer software. 

The remaining responses offered by a small proportion of teachers referred to specific 

aspects of the program that they had experienced problems with or made suggestions on 

how certain things could be improved. One of these comments reiterated a suggestion 

made in response to an earlier open-ended question that suggested the information in the 

student workbook be placed in the teachers' guide. 

Table 6.19 presents the analysis of the final open-ended question on the post-occasion 

that asked teachers to share any additional comments. A total of 42 responses were 

obtained, with an average of 1.05 comments from each teacher. 

Table 6.19 Po.st-occasion teacher responses to the open-ended question concerning additional 
comments 

If you have an additional comments about your 
experiences with The Eye Observatory Remote 
Telescope Project: Practical Astronomy for Years 7, 8 

%of 
total 

& 9, which you think would be important for us to %of %of possible 
know

1 
Elease write them in the SEace below. N teachers resEonses reseonses 

Positive comment(s) made- e.g. very worthwhile. 10 45.5 23.8 
Indicate future involvement in program. 5 22.7 11.9 

Program was flexible/ could be adapted. 3 13.6 7.1 
Would like more spaces for students to write. 3 13.6 7.1 
Needed ongoing support from other staff members. 3 13.6 7.1 
Comments about observation night e.g. enjoyable. 3 13.6 7.1 

Too long/condense the course. 2 9.1 4.8 
Technical difficulties with computers/network. 2 9.1 4.8 
Difficulties engaging their class. 2 9.1 4.8 
Good support for teachers with little content knowledge. 2 9.1 4.8 
Simplify language in the student workbo_ok. 2 9.1 4.8 
Too much teacher preparation required. 2 9.1 4.8 
Printed version of bow to control the telescope. 4.5 2.4 

Would like physical access to telescopes. 4.5 2.4 
Program does not match Year 8 or 10 outcomes for QLD. 1 4.5 2.4 

The most common type of response offered by the teachers who chose to respond to this 

question were positive comments about t?eir experience with the program (45.5%). 

Another 22.7% indicated that they would like to be involved in the program again. 
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A selection of the responses from teachers mentioned specific aspects of the program 

that they thought were worthwhile. For example, 13.6% of the teachers who commented 

felt the program was flexible and could be adapted and two responses mentioned that 

the support offered throughout the program was helpful for teachers with little 

astronomical knowledge. 

Some of the responses identified problems that arose during the program such as 

technical difficulties with computers and school networks when accessing the telescope 

(4.8%). A comment made by 9.1 % of the teachers who responded was that the program 

was too long and should be condensed, while two responses indicated that there was too 

much teacher preparation required before lessons. 

The remaining comments offered by teachers were suggestions on how to improve 

certain aspects of the program. For example, 13.6% of the teachers who responded 

suggested that more space for students to write should be provided in the student 

workbook; a suggestion that seems to be at odds with what students want. 

6.1.3 Summary of student and teacher responses to open-ended questions 

This section of the chapter has presented an analysis of the responses to each of the 

open-ended questions in the pre and post-intervention student and teacher versions of 

the SSSQ. 

In relation to the first open-ended question on the pre-intervention student version of the 

SSSQ that asked students to comment on things that they really like about their science 

class doing experiments was the most common response offered. This was also true for 

the post-intervention occasion though the proportion of students who offered this 

response was much lower. Using computers in science was also popular amongst 

students on the post-intervention occasion. 

The second open-ended question on the student version of the SSSQ asked respondents 

to comment on the things they did not like about science. The most common response 

on the pre-intervention occasion saw students mention specific aspects of science that 

they disliked closely followed by writing notes in science which seemed a "chore" for 

many of the students. On the post-occasion the most common response referred to 

writing notes in science though the percentage of total possible responses that 

mentioned this has almost halve4 from the pre-intervention occasion. 
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With regard to the third open-ended question that asked students how their science class 

could be improved so that they learn more, resulted in the majority of responses on both 

occasions requesting more practical and hands-on work in science. The final open

response question on the student questionnaire asked students to comment on what they 

thought the purpose of science was based on their experience in science lessons the 

most common response on both occasions was to help learn about the world around 

them and everyday issues. 

The first open-ended question on the pre and post-versions of the SSSQ asked teachers 

to comment on the things that they liked about the way they teach and the way students 

learn in their science class. The most common three responses encountered on the pre

intervention occasion mentioned science as being student-centred, relevant to students 

and involving practical work and hands-on experiences. On the post-intervention 

occasion the most common response referred to the technology used in science lessons. 

A number of teachers also mentioned practical work and the student-centred approaches 

in science, as well as the positive attitudes and enthusiasm that students displayed 

during the intervention. 

The second open-ended question asked teachers to comment on the things that they do 

not like about the way they teach and the way students learn in their science class. On 

the pre-intervention occasion, the prime concern that the majority of teachers who 

responded shared were the time constraints that they were confronted with in the day-to

day teaching of science. This was also a main concern raised in a number of post

intervention responses. Technology difficulties that were experienced during the 

intervention, in particular accessing computers in science classes, was also a common 

response offered on the post-intervention occasion. 

The third open-response question asked teachers how their science class could be 

improved, if at all. The most common response related to improved resources and 

access to, and use of, technology. The post-occasion question asked teachers to 

comment on how the astronomy materials could be improved. The main response 

referred to reducing the reading time required by students in the student workbook. 

The fourth and final open-ended question on the pre-intervention SSSQ for teachers 

asked them to share their thoughts on the declining numbers of students pursuing 

science in the non-compulsory years of secondary school and at the tertiary level and to 
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give their perspective of why this is the case. The main three responses offered by 

teachers included a lack of well-paid jobs in science, perceived difficulty associated 

with science and that the science content appears boring and lacks relevance to students. 

On the post-intervention occasion, teachers were asked an additional three evaluative 

open-response questions that asked them to comment on the benefits of the program for 

students and teachers, offer suggestions on what could be improved or handled 

differently and finally to provide any additional comments. With regard to the first of 

these questions the majority of teachers felt that the main benefit for their students was 

that the program seemed to motivate them [students] to find out about astronomical 

concepts and ideas. The most common response in relation to the main benefits for 

teachers was that the program improved teacher content knowledge of and confidence in 

teaching astronomy. 

The second of these evaluative open-response questions asked teachers to comment on 

any aspects of the program that could be improved or handled differently. 

Improvements to technical aspects within their school such as the speed of Internet 

connections, comments on how they would conduct future observation nights and 

suggestions on condensing and simplifying the student workbook were the main 

responses offered by teachers. 

The final open-ended question invited respondents to offer additional comments about 

the program. This resulted in teachers making further suggestions on what could be 

changed and commenting on aspects of the program that they liked or disliked. The 

majority ofresponses to this question were general positive comments about the 

program being worthwhile. 

Overall, it is evident that there were many common responses amongst participants in 

relation to the open-ended questions. For example, practical work in science proved 

popular amongst a large proportion of students who offered responses and a number of 

teachers also indicated that this was something that they liked in science lessons. Yet, 

there were still differences amongst the responses offered by participants such as 

students' dislike for copying notes in science and teachers wanting additional space in 

student workbooks for note-taking. The next section examines the interview data to 

further illuminate students' and teachers' perceptions of, and experiences in, science 

both before and during the intervention. 
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6.2 Interview Data 

The second major section explores the interview data collected from a sample of student 

and teacher participants to illustrate further the differences in perceptions and provide 

examples of their experience(s) in science during the intervention period. Semi

structured interviews were conducted with a sample of students and teachers, drawn 

from six participating schools referred to as Country, Metro, City, Town, Urban and 

Beachside High Schools. The interview sample, process and coding procedure is 

discussed in Chapter 3, Section 3.11 and the list of semi-structured questions used to 

guide the interview are presented in Appendices 12a and 12b. 

The sub-sections below compare and contrast student and teacher perceptions across the 

six schools that were interviewed. The headings used for each of the sections represent 

the areas that were discussed in interviews. Direct comments from the interview scripts 

are presented to illustrate student and teacher perceptions of, and experiences in, science 

during the intervention period and where appropriate connections are made with the 

findings thus far. Appendix 13 presents six vignettes that capture the individual 

situation that was portrayed in each of the school settings visited. 

6.2.1 Teaching and Learning Experiences in Science 

There appeared to be differences amongst the groups of students and teachers 

interviewed in relation to their learning and teaching experiences in science during the 

intervention period. Students and teachers from Country and City High Schools 

indicated that they had been involved in a combination of both practical and technology 

focussed teaching and learning experiences. Beachside and one class from Urban High 

School focused on the projects that involved the technology components. Students and 

the teachers at Metro High School and the remaining classes from Urban High School 

spent a large proportion of time working through the projects that related directly to 

using the Remote Telescope, the image processing software and incorporated a small 

number of practical activities that related to the solar system. Town High School 

focused predominately on the practical activities where the technology components 

were incorporated into the latter part of the program. The sub-sections below present 

various aspects related to the teaching and learning experiences in science. 
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6.2.1.1 Implementation 

There appeared to be variation in relation to how the astronomy program �as 

implemented in all of the schools where interviews were conducted and in the way that 

teachers chose to implement the program. The variation seemed to affect students in 

different ways. 

Students at Beachside High School indicated that there were differences in bow science 

was taught during the astronomy program compared to how it is nonnally taught. It 

appeared that science before the program was characterised by prolonged periods of 

writing, while during the intervention students indicated that they completed a great 

deal of their work on the computers. Teachers would direct students in the initial stages 

of using the computer software, not giving too much information away. Once students 

bad an idea of how the software worked, teachers gave them autonomy to explore and 

manipulate the software for themselves. Many students at Beachside High favoured this 

"different" way of experiencing science and revealed that there were more students 

interested in science lessons at school. The following comments extracted from 

interviews with students at Beachside High School illustrate some of the differences in 

science and their thoughts of this "new" approach. 

Claire: 

Dan: 

Girls: 

Dan: 

Interviewer: 

Group: 

Girls: 

Interviewer: 

Claire: 

Chris: 

Dan: 

Chris: 

Yeah and with normal classes ..... like with our normal science class, we would never 
be in the computer room. We would always be in like a room writing down stuff. 

As Claire just said . . . . . . um the ...... all these lessons have been more computer 
orientated ...... like all ...... like there were only two lessons in the whole term that we 
didn't use the computers so it was like ...... I think more people were interested in this 
unit cause we were actually using the computers and ... 

(interrupted) We were actually doing something that was fun. 

Yeah that we'd all enjoy. 

Okay, so it's a change from your other ... 

(interrupted) Yeah. 

A big change. 

And you like that change? 

Yeah because when you're in a classroom you just sit there and look at the wall but 
when you're in the computer room like you ...... what we did was it was like sort of fun 
cause we could look at what we were learning and see bow it changes and everything. 

It was different, like more exciting getting into it and stuff like that. 

Yeah the teachers basically just told us how to do basic things and then from there we 
used it and then we like discovered new things to do by ourselves and like it just made 
things a whole lot easier using the textbook as well. 

Um yeah well like we all really liked work on the computers because like we could 
choose what images we wanted to do and um ...... like yeah we just like learnt stuff um 
about it and then yeah. 
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Claire: When we were like doing the processed images ...... like we'd keep on going and then 
like we'd make it brighter and then we were like ob my God it can do this and it did it 
and yeah. It was pretty cool. 

It seems that using technology in the implementation of components of the program was 

a contentious point with students from Beachside. This approach appeared more 

favourable than "typical" science lessons that involved them sitting in the classroom 

copying notes. These experiences reflect the results presented in Chapter 6 where a 

highly significant increase in the use of computers was reported. Students from this 

particular group indicated that they experienced little if any opportunity to use 

computers in science before the astronomy program, while the reverse appeared true for 

science during the intervention period. 

In contrast, activities were approached somewhat differently at both Country and Metro 

High Schools. Mr Master and Mr Science Teacher in their respective schools seemed to 

follow a similar pattern of lesson implementation, which appeared very teacher

directed. At the start of a lesson students were told to open their books at the appropriate 

page and waited for teacher directions before commencing the next stage of the activity. 

Students sat in groups, yet tended to work individually in these groups. The following 

comments were extracted from the interviews with students to illustrate the manner in 

which lessons were conducted. 

Ann: 

Donna: 

Adam: 

Ab just say at the beginning of every lesson like you open up books and tben ab ..... . 
exercise books ....... and then Mr Science Teacher just says turn to project I don't know 
today we're doing project 18 so he just said tum to page 18 it's on page blah blah blah 
but we don't have any control over ....... um obviously what project we are doing. 

Mr Science Teacher he just like tells us what we're doing and like he just he's got 
everything worked out and then we just copy it out or like copy out the information and 

talk about it and ..... . 

Normally its just ...... yeah um ...... we just do a whole pile of theory and then like on 
Friday we might do like a smaJJ experiment based on what we've learnt but like you 
know we'll be following what he's doing and he'll set it all up and he'll tell us what to 
do. 

Science before the intervention appeared to follow a weekly routine of lessons that 

consisted of theory and writing and concluded with a "recipe" type experiment, 

intended to encapsulate the week's work. The prescriptive nature of experiments reflect 

the findings presented in Chapter 6 where students report a significantly higher number 

of teacher-directed experiments on the pre-intervention occasion compared with the 

post-intervention. 

The comments made by students in interviews at these schools are similar to those 

conveyed earlier by students from Beachside High School, where they indicate that they 

240 



spent a great deal of time copying notes in science prior to the intervention. Students 

from Country High School revealed that this was not happening as often during the 

intervention period. These comments are consistent with the SSSQ results presented in 

Chapter 4 Section 4.2.1 where the majority of students reported that they copied notes 

nearly every lesson while on the post-intervention there was a reduction in the 

percentage of students who chose "nearly every lesson" as their response to this 

question. Nonetheless, students from Metro High School maintained that copying notes 

was still a regular occurrence throughout the intervention period and indicated that the 

reason for this was that they still had to write something in their science exercise books. 

Perhaps teachers at this school were judged by supervising staff members and parents 

on the amount of work students recorded in their exercise books. 

There is evidence to suggest that teachers from City High School also wanted students 

to copy notes down in their science books. One of the teachers suggested that the 

student workbook have blank spaces to allow students to copy the information down 

and the infonnation that was present in student workbook could be placed in the 

teachers' guide. The teacher offered the reason that this would mean that the students 

would not be presented with too much information and become overwhelmed with 

some of the concepts presented. The teacher's suggestions are presented in the 

following comments. 

MrsK: Like this sort of thing (pointing to tables in the student workbook) the tables there's sort of 
too much in the one. Then you've got masses of the planets. Maybe some empty tables 
where when you're doing scale models the students can put their scale in because we ended 
up having a table on the board ...... that we then put our scale in and they copied that 
down. So make the student book empty but put that resource material with the teacher's 
book ... and then that takes away the look of that mathematics. No the other one was the 
sun ... ah we didn't actually do it but I know that you use a program on the internet to 
calculate (searching through student workbook) ...... I can't find it but some of this could 
be put in the extension at the end of the chapter. And then a blank table for them (students) 
to fill out and put in what they think ... in their book and then the explanation of the 
mathematics at the end of the section of their book where the more able kids can then refer 
to that. Just a thought. 

By suggesting that the additional information be placed in the teachers' guide one could 

also infer that this teacher felt more comfortable with directing students in science 

lessons. For example, if students were presented with blank pages and the teachers 

possessed all of the information, it is highly likely that the teacher would be revealing 

this information to the students. Reflection on the results from the SSSQ thus far 

indicates that this was probably done through copying notes. 
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Students at Country High School were exposed to a range of practical and 

technology focused activities. One of the students from Country High School 

acknowledged that the practical activities facilitated her understanding as opposed 

to lessons that required her to write a great deal. 

Ann: Well I don't really (pause) well I'm not really a science girl (pause) I don't really 
understand science at all. I can't get the gist (pause) I just don't get the gist (pause) but 
um (pause) so any topic that we've been doing in science I just can't understand it what 
so ever. It just goes through one ear and out the other. It just doesn't go in my brain but 
um (pause) but I think using the experiments that we have done I have been able to 
learn it and take it in a bit more because it's, you know, using experiments and stuff and 
it's a visual not just writing down notes because I find if you see it you can remember 
the picture more than you can writing down all the notes and stuff. 

This practical aspect was consistent with the suggestions made by a large proportion of 

students in their written comments to the SSSQ open-response questions where they 

indicated that they wanted more practical work and experiments in science lessons. 

Teacher and student comments from Country High School suggest that the activities 

were implemented in a highly prescriptive way where the teacher seemed to be in 

control. The following comment made by the teacher at Country High School highlight 

one way in which he exercised control in the teaching and learning context. 

Mr Science Teacher: I got the technics teacher to help me araldite the 5 cent piece onto the um ... onto 
the tape measure and he did things like file it down a little bit and file down the tape 
measure a bit so ... things that I wouldn't have thought of doing ... got the araldite and 
warmed it up to make it set to make sure it stays there and it's there now for future and I 
can still use it as a tape measure. I asked some of the kids if they wanted to bring in a 
cheap tape measure that we could do that but no one took me up on that. 

It is not surprising that students chose not to bring in a tape measure as it appeared that 

they would only watch their teachers make the device and not have any input in the 

process themselves. The students also indicated that they had little opportunity to pursue 

things that they were interested in and suggested that the science teacher failed to take 

into consideration students' background knowledge and start at a level that they were 

comfortable with. Instead, it seems that Mr Science Teacher chose activities that were 

pitched too far above the level that students were at. 

Betty: Um it's a bit bad but um ...... yes just the way that we work from the text book and 
they have really good um ... experiments but the ones that we would be interested in ... 
you know the ones that we know a bit about, like the theory behind them um they'd be 
really good to do but he presumes that well of course we know them so he doesn't do 
them. So he'll do more complicated ones and that's where we get a bit lost cause we 
don't understand like the theory behind them and the way that we don't have any control 
over, you know, what we do. Like instead of doing something like that we know a little 
bit about and then expanding on that he'll choose one that we don't have any knowledge 
over and then he'll set it up like Dan said and we just follow him but we're sort of only 
learning what he's teaching us not what we know so we don't really understand it. 

242 



It was evident that students from Country High School wanted more control over their 

learning in science. This desire for control and choice is illustrated in the following 

comment made by a student with regard to a science lesson that they would like to 

experience. 

Adam: Like ifwe um ...... like you know choose like something and then we get to go into 
groups and we do it ourselves and you know don't have any um ... you know ... um 
you know going along with the teacher but just our own little set up and stuff like that 
for just like one lesson. 

Similar to the other schools, the teacher at Town High exercised control over the topics 

that were to be covered and based the decision on those that aligned with the content in 

the science curriculum document. The teacher at this school, however, appeared to 

adopt a different approach in the implementation of the program and chose to 

commence it with a novel activity that appeared to spark students' interest. This 

involved students conducting research on rockets and space travel. After watching 

excerpts from the film Apollo 13, students had the opportunity to launch water

propelled rockets on the school oval. It was evident that the teacher wanted to make 

connections with students' existing knowledge and find a way to make the leap from 

Earth to the Moon, which was the next focus of the unit. When it came time to execute 

the activities students were given responsibility for their own learning where they were 

allowed the freedom to work through these in a group situation. Problem-based 

scenarios were also incorporated into lessons by the teacher in an attempt to engender 

student engagement and make connections with their experiences and surroundings. 

Both the teacher and students from Town High School acknowledged that they had not 

been involved in any of the activities that required computers but intended on doing this 

in the second half of the school term. 

Students at City High School were also involved in a combination of practical and 

technology focused activities that were selected by their teachers. Students spoke of 

how they built equipment to measure things such as the diameter of the sun, calculated 

distances to scale, carried out experiments and were allowed to explore the computer 

software for themselves. The onus seemed to be on the students doing things as 

illustrated in the following comment made by a pupil at City High School. 

Nicholas: Um how we did ...... um we put a coin on 2 metre rulers joined together by blue tac 
and we put the coin up the top to see if it would cover the Moon and it did. 

· It seemed that students were given certain responsibility for their learning and that they 

had not been exposed to everything in a prescribed nature that was apparent in Country 
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High School. Students and teachers appeared to be working in partnership where the 

teachers would guide students during practical activities and students supported teachers 

to a certain extent in setting up the technology. Overall, the students were very 

interested in the astronomy work that they had been involved in and were very 

inquisitive during the interview where they had several questions for the researcher 

about certain phenomena and aspects of what they had been focusing on during their 

science lessons. 

Teachers at Urban High School gave the impression that students had total control 

at the beginning of the intervention when they focused on the activities that 

involved the computer software as students were more adept at working out how 

to use the software compared with their teachers. The roles of teacher and student 

were somewhat reversed where teachers were learning various aspects of how to 

use the software from their students as illustrated by the following comments. 

,Mr A: So using the technology and that sort of thing um ... Sky Globe was a great toy for 
them for a while. Yeah so you just sort of put them in front of the computer and let 
them sort of work it out and then, you know, we learnt a lot off them and what they 
could sort of do with it. 

It was evident from the comments made by teachers in interviews that students had been 

involved in some of the practical activities that required measuring distances to scale. 

The focus, however, appeared to be on the activities that involved using the computer 

software and preparing to take images with the telescope. Unfortunately, the researcher 

was unable to interview students at this school as it meant withdrawing them from other 

subjects. It would have been valuable to gain further insights into students' perceptions 

and recollections of what happened during the program and to see how they aligned 

with those held by their teachers. 

Interviewing both teachers and students, in their respective classes, was an invaluable 

tool. It revealed that in one of the school settings the students interviewed had different 

perceptions to their teacher with respect to how certain components of the program were 

implemented. Specifically, students at Country High School appear to have conflicting 

perceptions compared with their teacher about what constitutes computer use in science. 

Analysis conducted earlier in Chapter 4, Section 4.3.4 concerning the two item scale 

"computer-use in science'.' showed that teachers perceived this to be happening in 

science more often compared with students. As a result it was hypothesised that perhaps 

students' and teachers' perceptions of what constitutes computer-use in science are 
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different. There is evidence from comments made in student and teacher interviews at 

Country High School that suggest this is the case. 

Ann: Um I'll just say that up to ...... um for the last couple of like ... well last whole term of 
science lessons we've just been looking at Mr Science Teacher's lap top in the middle of the 
room for a whole hour and um just looking at these slide shows and Mr Science Teacher 
would read through the slide shows. But it's just so hard to sit there and watch these, one 
letter at a time appear on this screen because it's you know ... words just mean ... you know, 
nothing to you at the time. I was just hoping that ... you know um ... because I know that 
obviously the software is only like on or his lap top or whatever but I just thought like ... 
thought of a suggestion that you know we could go to ... um ... the computer rooms for one 
of the lessons and actually ... um see it um ... do it ourselves and actually fiddle around with 
it before the actual night because we were just sitting there with his little lap top in the 
middle of the room, all of us just watching this slide show go on and on for the whole hour 
and stuff. 

The students do not see observing slideshows on a laptop as "them" using the 

computers in science, a fact that is reflected in the comment made by Ann where she 

suggests that perhaps they could go to the computer room and actually do it for 

themselves. It was evident from both student and teacher comments, however, that 

students in Country High School covered the projects that involved computers in their 

technology lessons. Perhaps this could also contribute to the differing perceptions held 

by students and their teacher about computer use in science. For instance, the students 

may not consider their experiences in computing classes as being part of science, while 

the science teacher who was responsible for programming this in conjunction with the 

technology teacher in preparation for the lessons, classifies this as computer use in 

science. 

6.2.1.2 Observation Nights 

It was evident that using the Charles Sturt University Remote Telescope generated great 

excitement for the majority of students and their teachers who were interviewed. There 

were similarities across schools in the proceedings of the observation nights. Certain 

events unfolded, however, in individual scenarios that had an impact on students, and in 

particular, their enthusiasm, in different ways. 

In the lead up to the observation night at Country High School the emphasis appeared to 

be on the students controlling the telescope to take their pictures, yet when it came time 

students found themselves standing watching their teacher capture the images on their 

behalf. During interviews students shared the initial excitement that they experienced in 

the lead up to the observation night followed by the disappointment they experienced 

after watching their teacher take what was meant to be "their" photographs. The 
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following comments, extracted from interviews with pupils at Country High School, 

depict students' sentiments towards their observation night. 

Fran: 

Gretel: 

Bob: 

Betty: 

Yeah well like the ...... when we looked at the telescope or we ...... like Mr Science 
Teacher did the telescope thing and like that was pretty pointless. Like I mean the oval that 
was good but just take like ... yeah you know I thought it- was going to be actually us, you 
know, doing it kind of thing but ... um ... yes I'd just like change that so um ... so we were 
actually um ... like we were there and we didn't like get at the computer. 

Or at least watching over his shoulder or something whereas we were just sitting in the other 
room you know on paint or something (student laughs). 

Um well on the astronomy night ... um we were inside he was the actual ... he was the one 
who's like, you know, putting all the data in and actually taking the pictures and for two 
hours we had to sit there and just like practice doing this processing which was not the 
greatest of fun but yeah. And then also for the past, I don't know, week or two we've been 
... we still had to do that in computers as well. 

We got there and he did it all and we were like ... we chose what he took photos of but we 
didn't do anything. We just watched him do it so it was a bit disappointing. 

Students at Country High School were very disappointed and annoyed with not 

being allowed to assume responsibility to take their photos with the telescope. 

This had consequences for the activities that were to be conducted in class time 

after the observation night and that involved processing the images that they were 

suppose to take. One of the students (Andrew) indicated that after the observation 

night their teacher kept referring to the images as images that they ( the students) 

had captured with the telescope and found this particularly irritating as it was the 

teacher who had assumed responsibility and taken the photographs as the students 

looked on as bystanders. 

Andrew: Um yeah with the slideshows we've been like ... I don't know three weeks of just sitting there 
learning how to take these pictures and so we were all expecting yeah we're going to do it 
and then it turns out that he was the one taking the pictures and so that was all kind of useless 
to us. Yeah and then after that he's like ... kept on saying okay with the pictures you took and 
just kept on ... really annoying. 

Situations within schools where teachers chose to have individual classes attend 

different observation evenings seemed to make the night more manageable and gave 

individual groups additional time to capture their images using the remote telescope. 

Metro High School chose to conduct the observation sessions in this fashion. Interviews 

with students and teachers revealed that the experience was worthwhile and very 

exciting. The teachers said that a number of parents attended the observation nights and 

acknowledged that they were very proud of their children. There was one class, 

however, that experienced disappointment on the eve of what was to be their 

observation night and in the corning weeks at schools. Students in this class missed out 

on their initial observation evening due to bad weather. The night had to be rescheduled 
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to the next available date that was not until the following school tenn. Teachers 

indicated that this seemed to put a damper on this particular class's excitement, 

especially when students from other classes commented on the success of their 

observation nights and were able to start work on processing their images. 

Two of the schools, Beachside and City High, decided to have a pizza dinner in 

conjunction with the telescope night. This appeared to generate additional enthusiasm 

amongst students about the night. Comments from both students and teachers indicated 

that students at these schools were responsible for controlling the telescope to take their 

own photographs; something that the students at Country High School had longed for. 

City High School 

Edward: 

Fred: 

We came to school and like we waited for everyone to arrive. Then we had pizza and 
drink. Then we went up to the computer labs and we ... and like 7 red chose what they 
were looking at as um ...... while 7 white were taking the pictures. 

Um I like driving the telescope cause it was really cool and like um ...... just um 
watching the stars and everything was really beautiful. 

Beachside High School 

David: 

Harriet: 

Yeah it was good. Like especially because there's this little chat room type thing that 
like it pops up on the screen and then the guy down there says yeah we're ready to go 
and like the two computers are linked so whatever we do he can see. It was like kind of 

fun and stuff. 

Yeah I went and then urn we had the man over in Bathurst helping us. So we had 

teachers and stuff as well and they lead us through it and I took a picture of Neptune. It 
was this small (indicating with fingers the size of Neptune) ...... tiny but um yeah it was 
just a quiet night and we just ...... yeah it was really good. 

Teachers from Urban High School also indicated that students were excited to use the 

remote telescope and thrilled as seeing their images displayed on the computer screen in 

front of them. The teachers reflected on the observation night and indicated that for 

future sessions they would also try and set up a telescope(s) outside the classroom and 

encourage students to use this to give them a sense of what it is like physically looking 

through a telescope. 

Overall, it seems that when students were given the opportunity to control the telescope 

and capture their own photographs of the celestial object(s) that they had conducted 

research on and chose to image the experience was worthwhile and meaningful, while 

the opposite was true for those situations that saw the students miss out. 

6.2.1.3 Classroom Surroundings 

The researcher had the opportunity of seeing a science classroom in three of the 

schools that were visited: Beachside; Country; and, Metro High Schools. There 
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were similarities in the Beachside and Country classrooms where tables were set 

up in rows, benches at the side of the room displayed certain science equipment 

and there was no evidence of any students' work around the room. In contrast, the 

classroom at Metro High School had tables that had been placed into groups. The 

side benches displayed scale models of the planets that had been made by the 

students and display boards were covered in students' research work. 

Students at Metro High School showed the researcher around their science 

classroom and shared some of the things that they had been doing. A handful of 

students picked up their models or pointed to their mobiles hanging from the 

ceiling and began recalling the process of how they made them, while others went 

to their research projects and pointed out information or pictures that they felt 

important to share. It was evident that having students' work on display gave 

them a sense of ownership and pride. 

The ambiance was different in the Country High School classroom. Students were 

confined to their seats during the researcher's visit unless they had been selected 

to hand out equipment or were given permission to leave the room for interviews. 

The only evidence of students' work in the classroom lay on the pages in their 

science exercise books open in front of them. 

The researcher did not observe a class in their science classroom at Beachside 

High School but was permitted to look at the science classrooms and computer 

laboratories that students had been working in during their involvement in the 

program. The picture replicated the milieu at Country High School. The tables 

were surrounded by bare brick walls and side benches that housed science 

equipment. There was no sign of students' work or any indication of what they 

had been doing in science. 

6.2.1.4 Access to Facilities and Equipment 

There were issues related to accessing computer-room facilities that arose across a 

number of schools where interviews were conducted. Teachers indicated that they had a 

limited number of computer laboratories that serviced the entire school, yet the way in 

which they chose to deal with these access problems differed across school settings. 

At Beachside High School it was a case of "first in best dressed" so to speak. \hat is to 

say, those teachers who were first to book the computer laboratories were given priority 
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over other groups. Judging from the comments made by teachers in interviews it 

seemed that certain teachers involved in the program were quick to book the computer 

room in advance for their science lessons for the whole school term. This created 

problems as four of the seven classes involved in the program from this school were 

timetabled to have science at the same time and the school had three computer rooms. 

Two of these computer rooms seemed to function with few problems while the third 

computer room comprised the older, much slower computers. To solve the problem of 

one class missing out on using the computer facilities, teachers decided to split one of 

the science classes where they were to join the students who had access to the two 

newer computer labs. The researcher sensed that this had solved the access issue but had 

caused friction amongst certain teachers involved in implementing the science program 

as the teacher responsible for the class that had been split chose to occupy himself by 

doing things such as reading the paper instead of team teaching with the two teachers 

who had offered to share the computer facilities with his class. 

In addition to these issues, the teacher who was located in the older computer laboratory 

experienced problems with the computers and network operating very slowly. This left 

both the teacher and students frustrated and placed constraints on what they were able to 

get through during a lesson. One of the teachers in the newer computing facilities 

indicated that in the larger classes there were not enough computers for each student and 

this was problematic when students were individually working on their images. Perhaps 

teachers at Beachside High should have employed a roster based on a rotating system 

for accessing the computer facilities to overcome some of the problems they 

experienced. 

The teacher at Country High School teamed up with the computing teacher to overcome 

the problems associated with accessing computing facilities. They worked in 

conjunction with each other and devised a way of devoting a certain number of 

computing lessons to the technology activities inherent in the science program that 

involved using applications such as the planetarium software and the image processing 

software. 

Teachers at Metro High School found themselves negotiating and swapping rooms with 

teachers from other subjects that had been timetabled to use the computer facilities. At 

City High School teachers had to be flexible in their teaching and make decisions based 

on the availability of the computer rooms. When the opportunity for students to use the 
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computer laboratories arose, teachers made the most of it and used the facilities where 

occasionally this involved squashing two classes into the one computer room and 

dividing students into pairs or small groups to use the computers. When teachers were 

unable to access the computing facilities they would delay the activities that involved 

using the computers and concentrate on the practical activities that they were able to 

carry out within the confines of the science laboratory or school grounds. 

At Urban High School one of the classes involved in the program were part of a special 

technology class running in the· school that gave them access to laptops the entire time 

they were at school. This resulted in the class focusing on image processing. The 

remaining classes involved in the program had to contend with timetabling issues 

concerning the computer facilities. Teachers commented that when they had their whole 

class accessing the computers it resulted in the network operating very slowly and left 

both the students and teachers frustrated. 

The teacher at Town High School had a number of problems related to accessing 

computers that were common across many of the scenarios. The following comment 

made by Mr D at Town High School illustrates the sorts of technology problems they 

were experiencing and encapsulate the issues raised by teachers from the other schools 

that were interviewed. 

Mr D: Um ...... eventually to put the kids ...... put them all on the computer and look at the 
slideshow I needed a room with enough computers. So that leaves us with ...... ah we've got 
three computer labs in the library. Um to try and get into a computer lab on a regular basis is 
nearly impossible, maybe one period here and one period there . ... Um the library is a little bit 
better than that but the trouble is the library is really slow compared to the rooms which means 
when we first ....... Mr P our Tech guy ...... one of the tech guys put the a disk on the server 

and put it in the library to start with and 1 said well we'll put it up there cause the access is 
better but um we found that like the server ... we've got two servers and one serves the library 
or the library is on one of the servers and what we've got just to get in we took them up one day 

and put them on and when all the kids tried to get onto the CSU telescope sight it took ... well 
it was still rolling around and circling 15 minutes later. No one could get on it's just so slow so 
we gave up. So I saw Mr P and said we'll need to stick it somewhere else so we put it in one of 

the computer labs which means the access is really poor so it's hard to get in there. 

To combat the computing problems the science teacher at Town High School decided to 

delay the activities that involved using computers until later in the term. This gave the 

science teacher and computer technician staff time to work through some of the 

technical problems and provided additional opportunity and flexibility in accessing the 

computer facilities as students in the more senior years at this school were involved in 

exams, hence did not require such facilities. 
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6.2.1.5 Time Constraints 

There appeared to be issues related to time that were raised in both teacher and student 

interviews across many of the schools. Teachers at Beachside High School indicated 

that they felt rushed in preparing for the program. It seemed that teachers at this school 

had little warning from the Head Teacher of their Science Department about being 

involved in the program. Some of the teachers had already prepared units of work to be 

covered, only to be told that they were participating in the astronomy program and 

would be covering this instead of what they had planned. As illustrated in the comment 

below made by a teacher from Beachside High School it was obvious that this created a 

barrier at the onset of the program and suggests that perhaps teachers at this school were 

not as enthusiastic about the program as they might have been. 

MrN: So um I thought that was okay um in terms of taking the course on board. Obviously we were 
sprung with it no fault of your own of course. I'd just prepared a month's worth of Chemistry 
for example and we were set to role with Chemistry for a month ...... and then we had to do 
this ...... personally I'm the type that likes to be organised ahead of time and so it was a bit 
...... a bit too quick and that wasn't too bad except for the fact that then the computer 
systems didn't work properly um so I guess my enthusiasm waned a little bit but I, you know, 
we carried on. 

Teachers from the same school also indicated that they didn't have enough time to 

complete everything that they intended to do in the program. One of the teachers said 

that they had planned to carry out star trail photography with the students though ran out 

of time. The teachers indicated that they had students for two lessons a week where the 

duration of a lesson was 70 minutes, providing there were no interruptions. It was not 

only the teachers who felt rushed for time at Beachside High School some of the 

students at this school shared similar perspectives as identified in the following 

comment made by a student during one of the interviews. 

Caitlin: I thought the whole unit was a bit rushed. It was just quickly ... like we didn't get a proper .. . 
learning about it. It was just a quick run through of most of the stuff. 

Students from Country High School had similar thoughts about not having enough time 

as they covered the activities. They felt as though they had moved rapidly through the 

program which left some feeling confused and grasping for understanding as illustrated 

in the following comment. 

Ellie: Like one lesson we're doing ... I mean I don't know what these numbers are but like 
Chapter 3 page 17 or something and then the next time we're doing Chapter 10 and then 
you go back to Chapter 4 and then like that and yeah it's just kind of ... you're starting 
to get something and then you have to move onto something else so it just floats away 
over there, before you really have time to catch it. 

251 



Teachers from Urban High School indicated that they had little time for teacher 

preparation. One of the teachers made the comment that they felt they had been thrown 

into the deep end and had little time to get their thoughts together before implementing 

the program. Towards the end of term the teachers indicated that they ran out of time to 

get through everything that they had planned to complete. In retrospect of their 

experiences, they suggested that in the future they would cover this topic in the winter 

months so that they could plan earlier observation evenings as the sky would be darker 

much earlier during this period. 

The teacher at Town High School shared similar thoughts about completing this topic in 

the middle of the year for two reasons. The first was that it would allow them to 

commence their observation evenings earlier and the second was that the middle of the 

year did not seem to have as many interruptions compared with what they had 

experienced conducting the program in the final school term. Town high school had 

limited time to get through the program as the teacher revealed that they had other 

topics to get through before the end of the term. This meant that the teacher was unable 

to devote the time that he would have liked towards the program. The teacher indicated 

that when you take into consideration the time to build equipment, carry out activities 

and the disruptions that they experience during class time, he felt that you would need 

at least a term to get through everything that he wanted to get through. 

Teachers at Metro High School indicated that they normally spend four to five weeks on 

one topic during science, this typically involved two lessons of science a week. All of 

the teachers indicated that they had to spend extra time on this topic where it ran for 

approximately eight weeks. It seemed that this program covered concepts in greater 

detail and spanned many areas that required the use of technology and practical 

experiences in science. 

City High School implemented the program towards end of the final school tenn. This 

resulted in many interruptions during science due to students being withdrawn from 

class to attend rehearsals and end of year presentations. The Year 9 teachers indicated 

that in previous years they had typically devoted two weeks to the topic astronomy. 

After experiencing the Practical Astronomy program they now realise that two weeks 

was insufficient and timetabling this topic close to the end of term made the teachers 

feel as though they did not have enough lessons to accomplish everything. 
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6.2.2 Teacher Expertise 

Something that became apparent in a number of the interviews was that there were 

differences in teacher expertise that had implications for the implementation of the 

program and for relationships amongst teachers. 

At Beachside High School there were five teachers involved in implementing the 

program to classes in the same year level. Of the five teachers, two had been teaching 

secondary school science for over 20 years, another for over 10 years, one was first year 

out of university and the final a casual teacher who had been working in schools for a 

period of two years. It was evident that the teacher's background influenced how they 

implemented the program and the way in which they worked with other teachers. The 

older teachers appeared dependent on the younger teachers to set up and facilitate the 

remote telescope nights and support them when using the image processing and 

planetarium software in class, while the younger teachers were reliant on the older 

teachers to give them ideas and support in programming and sequencing the activities 

and in assessing students. 

Mr N one of the older teachers that had been teaching science in secondary schools for 

over 20 years indicated that he was very selective in what he chose to cover with the 

students. Mr N's background was in Chemistry and he acknowledged that he would 

have liked more professional development and training before commencing the 

program. The comments made below highlight that Mr N selected activities that he felt 

comfortable with before considering the needs and interests of the students. 

MrN: Yeah, so I would rather pick the eyes out of the stuff I could cope with, because let's face it 
most of us aren't up on astronomy like others. So I'd like to pick out the stuff I could handle 
really well or the stuff I'd be interested in pursing and in negotiation with the kids decide on 

which ones we'd do, kind of thing. 

Mr N went on to talk about whether he would participate in the program again. In doing 

so he shared a perspective that he had formed based on his experiences where he 

suggests that the typical science teacher knows little about astronomy. 

MrN: Would I do it again? Yeah, I wished this time and I know that's probably the best time of 
year, it sounds like the best time of year, ah it would have been great to get it a few months 
earlier and have the rooms all set up and we'd have the literature to study over the holidays. 
Um ... cause there was a lot in those books you know and ah your typical science teacher, 

lets be honest, doesn't know a lot about astronomy, you know. 

The first year teacher indicated that he possessed little of the astronomy content 

knowledge that was addressed in this P:ogram and he used the materials provided as a 

support mechanism to combat his lack of prior knowledge in this area. Instead of 
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following the approach adopted by Mr N in selecting activities that he felt comfortable 

in teaching, Mr First prepared himself by reading up on activities in advance and 

appeared to be learning in conjunction with his students. 

Mr First: Yep, oh the Teachers' Guide has been a blessing for me. Like being a first year I don't know a 

lot about astronomy since I did it in grade 9 and 10 so that's been good for me. Just to read up 

and get a little bit of a head start on the kids. 

A teacher from Urban High School made similar comments about not having a 

background in this area and revealed that he was not science trained. This teacher 

expressed that at times he personally struggled with some of the concepts and with 

certain terminology that was used. This highlights some of the problems that can arise 

when teachers are required to teach outside their area of expertise. 

The teacher involved at Town High School indicated that there were times during the 

program where he had to make arrangements for a substitute teacher to cover his class 

as he had to take on the role of Deputy Principal. Mr D and the students acknowledged 

that this was problematic as the teacher covering the class had little knowledge of the 

content and of what had been happening during science lessons. This resulted in the 

substitute teacher opting to teach a different topic area during the time that they had 

with the class. 

There appeared to be a number of teachers not accustomed to using technology in the 

science classroom. Teachers from City High School admitted that they were limited in 

their technological skills and this worried them. They felt there were too many barriers 

that they would have to cross if they were to incorporate technology in their teaching 

and this had previously resulted in them avoiding it altogether. One of the teachers 

confessed that until being involved in this program they did not know how to set up and 

use a data projector. 

MrsE: 

MrsG: 

Mrs E: 

MrsG: 

Well I feel the most technologically incompetent right. No I didn't have any trouble with 
the software itself. I had more troubles getting over the barrier of learning to operate a data 
projector and all of those simple things. 

And that was my missing one too. 

All of the things that we are supposed to do as science teachers and stuff but yes I need a 
lesson on and one I lined up a Year 9 student to do that for me. But yeah, so that was more 
a mental thing in my head that I was a bit anti and a bit sort of stressed by the whole 
procedure. Actually I was stressed by it all. 

I was very wary, very worried until we had the simulation session and then I realised hey 
Chris (telescope control officer at CSU) is going to do what David (chief investigator) did 
and he just takes over -if there's a problem. 
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It seemed that lacking the knowledge about how to use certain technology made 

teachers anxious and had previously resulted in them avoiding the use of technology. 

Being confronted with a program that required them to use certain technologies placed 

them outside their comfort zone and made them cross some of the barriers that had 

obstructed them previously. In the process, some teachers sought help from their 

students and each other and realised that there were external supports that could assist 

them in their quest of using and incorporating technology in their teaching. 

The two teachers that were interviewed from Urban High School indicated that they 

lacked the know-how when using the image processing software even after the training 

they received at the professional development day and had little time to experiment with 

the software themselves before using it with their class. They did acknowledge, 

however, that Mrs C, another teacher in their school responsible for implementing the 

program in the "laptop" class, spent a large proportion of the time on image processing 

and was proficient at using the program. There was no indication that Mrs C had 

supported the teachers in using the programs. Perhaps Mr A and Mr B should have 

approached Mrs C and asked for her guidance and support in using the software. It may 

have been worth their while having Mrs C conduct an in-school training program. 

6.2.3 Summary 

This section has examined the qualitative data collected from interviews conducted with 

students and teachers in six schools. The data revealed that there were both similarities 

and differences across the schools in relation to the teaching and learning experiences, 

in particular, the way in which the program was implemented, the planning for and 

proceedings of observation evenings , the classroom surroundings, access to facilities 

and equipment, time constraints and teacher expertise. 

The data revealed that teachers from all of the schools interviewed were very 

controlling in terms of selecting the activities that students were to cover. Teachers from 

Beachside and Urban High schools indicated that they tried to take students' interest 

into account from the outset of the program when making decisions about what topics to 

focus on. The final decision, however, was made by the teachers. Some of the classes 

focused solely on the projects that involved using computers and preparing to control 

the remote telescope while others incorporated both the practical and technology based 

activities. 
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There were different levels of teacher negotiation with students and variations in how 

the program was implemented across the schools. Country High School appeared to be 

at one end of the continuum in relation to the teacher-directed nature of how the 

program was implemented. It seemed that the teacher at this school governed the 

teaching and learning experiences where he conducted lessons in a very prescriptive 

way, captured images of the celestial objects using the remote telescope that students 

had planned to image and assumed responsibility for constructing the equipment 

students would need for their investigations in class. The only time that the teacher 

seemed to relinquish some control and give students a choice in what they were doing 

was in deciding the objects that they would like to image using the remote telescope. 

This teacher-directed approach toward implementing the program left students 

disappointed and wanting more autonomy during science lessons. 

Students from Metro, City and Town High School had different reactions toward their 

experiences in science. It seemed that they were involved in constructing the devices 

and carrying out the practical activities themselves with guidance from their teachers at 

varying levels. This seemed to give them ownership and a sense of control over their 

learning which was evident in their comments when they referred to themselves as 

making things and doing the activities. Further evidence of this was apparent when 

students from Metro and Town High School proudly showed the researcher some of the 

work that they had been involved in during the program and that included research 

projects, scale models and some of the devices that they had made. 

Some of the students from Beachside High commented on how their experiences in 

science were "different" during the practical astronomy program compared with what 

they typically experienced in science. It seemed that students were not required to sit 

and take notes for the majority of science lessons. Instead they appeared to be engaged 

in using computers nearly every lesson and were provided with the opportunity to be 

involved in more practical experiences. Their experiences were consistent with the 

SSSQ results presented in Chapter 6 where there was a highly significant increase in the 

items that constitute computer-use in science and a highly significant reduction in 

copying notes from the pre- to the post-intervention occasion. It was evident from the 

comments made by students that experiencing science in this "different" way resulted in 

them being interested and excited about what they were doing and science lessons were 

no longer boring. 
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There were common problems encountered with accessing computer facilities that were 

raised by all of the teachers interviewed. The approaches adopted, however, in dealing 

with such problems varied across schools. It seemed that computer laboratories had to 

service the entire school which made problems with timetabling inevitable. In addition, 

there were obstacles to contend with when classes actually received access to the 

computer facilities such as slow internet access, problems with the network and limited 

time in the computer laboratory. The teacher at Country High School seemed to adopt 

the most feasible and effective approach in dealing with such problems where he 

worked in conjunction with the computing teacher to implement the activities. This 

approach overcame many of the access problems that appeared to be ongoing for certain 

schools. Perhaps schools such as Town High School who seemed to experience ongoing 

computer access problems could do something similar to what happened at Country 

High School. 

It was evident that there were varying levels of teacher expertise in technology use. In 

addition, there were differences in the way teachers worked together, or in some cases 

chose not to work together, in their school situation. Comments made by teachers 

suggested that few science teachers had backgrounds in astronomy. A number of 

teachers acknowledged that the students were more proficient at using the technology. 

There were few teachers who were interviewed that conveyed they were skilled or 

experienced in using technology during science. In this program many of the teachers 

who were interviewed indicated that they had encouraged students to explore the 

computer software. This seemed to result in not only the students learning but in 

teachers learning from their students. Teachers from City High School confessed to 

avoiding using technology previously during science as they had great fear in regard to 

using the technology which had resulted in them forming many barriers and choosing 

not to use it. Many of the teachers expressed their desire for further professional 

development both in using technology and in this content area. 

The teachers from City High School acknowledged that in previous years they had 

covered the astronomy topic in two weeks. Perhaps this was a result of them not having 

a background in this area and chose to devote small amounts of time to this topic. It also 

raises questions about what was covered previously and how it was covered given the 

restricted timeframe. Teachers indicated that they typically had science for two lessons 

a week. The topic was previously covered in four lessons which leaves little time for 
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practical activities and suggests that there was little depth in the content covered. There 

were time constraints placed on the number of weeks that could be spent on the program 

which resulted in a limited number of projects being covered. 

Using the Charles Sturt University Remote Telescope to take images of their very own 

appeared to generate great excitement amongst the majority of students who were 

interviewed. It was evident that when students were themselves given the opportunity to 

control the telescope to capture the images it did motivate and enthuse them. Students at 

Country High School illustrated the reverse situation where they watched their teacher 

control the telescope to take what was meant to be their photographs. This quashed the 

excitement that they had had about using the remote telescope and was damaging in the 

sense that students could see little value in the whole experience. 

It seemed that students' enthusiasm or lack of it in science was a consequence of their 

experiences during lessons. In settings such as Country High School where they were 

exposed to more practical work and were copying fewer notes in science lessons, they 

still conveyed their disappointment as the lessons seemed to revolve around their 

teacher doing things. Students wanted the opportunity to try things out for themselves. 

Conversely, when students had the freedom to explore and conduct activities 

themselves they appeared to thrive on the opportunity. 

Previous chapters of results have revealed similar trends amongst groups of students in 

terms of their perceptions of, and performance in, science. The results in this chapter 

suggest that teacher and their class's perceptions of science at school vary across groups 

and reveal that to a certain extent the situation is different for every class even though 

they had access to the same set of learning materials, the remote telescope and teachers 

had been exposed to the same level of professional development. The difference in part 

was due to the varying degrees of how the program was implemented and the 

experiences of students and teachers during the program. 
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Chapter 7 

Discussion 

The main purposes of this final chapter are to summarise, interpret and explain the 

findings of this research and to identify the limitations of this study. In addition, 

implications for practice and suggestions for further research are discussed. 

Over the last two decades, several countries have expressed alarming concerns in 

relation to science education (AAAS, 1990; AATSE 2002; CRTTE, 2003; Dekkers & 

de Laeter, 2001; Gibbs & Fox, 1999; Goodrum et al. 2000; Hackling, Goodrum & 

Rennie, 2001; Harris, Jensz & Baldwin, 2005; Hassan & Treagust, 2003; Lyons, 2006; 

Millar & Osborne, 1998; Osborne & Collins, 2000a; Palmer, 1999; Rennie, Goodrum & 

Hackling, 2001; Speering & Rennie, 1996; van Oriel, Beijaard & Verloop, 2001). It 

seems that for a large proportion of students the science they are exposed to at school is 

fraught with problems. The second chapter, the review of literature, examined many of 

these concerns which included: the declining number of students pursuing the sciences 

in the post-compulsory years of secondary schooling; the lack of interest and less 

positive attitudes displayed by many students toward the science they experience at 

secondary school; the science that is currently offered at school is perceived by students 

to be irrelevant; traditional teaching methods employed are not engaging students; and, 

teachers appear to have limited opportunities for professional development, lack 

resources and many are teaching outside their area of specialisation. 

Many students experience a growing disenchantment with, and less positive attitudes 

toward, science as they progress through school (Baird, Gunstone, Penna, Fensham & 

White, 1990; Baird, 1994; Dekkers & de Laeter, 2001; Goodrum et al. 2000; Simpson 

& Oliver, 1990; Speering & Rennie, 1996). This is reflected in the declining numbers of 

students pursing science in the post-compulsory years of schooling (Darby, 2005; 

Dekkers & de Laeter, 2001). There have been many recommendations made on how 

science education could be improved to enhance the teaching and learning experiences 

and in tum foster more positive dispositions toward school science. Such 

recommendations appear to have a common goal related to transforming science 

education so that it provides opportunities for the majority of students to become 

scientifically literate. 
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One major Australian study conducted in 1999 generated a series ofrecommendations 

for teaching and learning in science and was discussed at length in the review of 

literature (Goodrum et al. 2000). This research report contrasted two pictures of 

teaching and learning in science; the ideal with the actual. The ideal picture of science 

education related to the intended curriculum and was characterised by nine themes 

identified in Chapter 2. Fundamental to this picture was that scientific literacy is a high 

priority for all students (Goodrum et al. 2000; Rennie et al. 2001 ). In particular, 

teaching and learning in this context is based on inquiry, the science curriculum is 

relevant to students' needs and students and teachers have access to excellent facilities, 

equipment and resources (Goodrum et al. 2000). In contrast, the actual picture of 

teaching and learning in science represented the implemented curriculum, that is, what 

was actually happening in the teaching and learning of science in classrooms across 

Australia. The actual picture reflected many of the concerns about science education 

that were identified in the Review of Literature. 

The Charles Sturt University Remote Telescope Practical Astronomy for Years 7, 8 and 

9 Project (McKinnon, 2004) was created, in part, in response to the widespread 

problems examined in the review of literature chapter and was concerned with 

developing and implementing a set of learning materials based on astronomy that 

involved using a remote telescope. The program was identified as incorporating five 

aspects of the ideal picture of teaching and learning in science education detailed in 

Chapter 3, Section 3.1.4. These included: 

1. The science curriculum is relevant to the needs, concerns and personal 
experiences of students. 

2. Teaching and learning of science is centred on inquiry. Students investigate, 
construct and test ideas and explanations about the natural world. 

3. Assessment serves the purpose of learning and is consistent with and 
complementary to good teaching. 

4. The teaching-learning environment is characterised by enjoyment, fulfilment, 
ownership of and engagement in learning, and mutual respect between the 
teacher and students. 

5. Excellent facilities, equipment and resources support teaching and learning. 

(Goodrum et al. 2000, p. vii). 
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7.1 Overview of the Research and Data Collection 

This research project was conducted in four Australian educational jurisdictions: the 

Australian Capital Territory; New South Wales; Queensland and Victoria. A total of 30 

schools drawn from both public and private educational sectors were involved in the 

study. The project included a set of leaming materials that covered the science content 

related to astronomy that is expected to be covered in the junior years of secondary 

schooling in these four Australian educational jurisdictions. The learning materials 

comprised a Teachers' Guide, Student Workbook, CD-ROM, access to the Charles Sturt 

University Remote Telescope and an Internet website. These learning materials 

encouraged student investigation, the extensive use of technology, practical learning 

experiences and fostered student-centred forms of instruction to be used in the 

implementation of the projects. In addition, a professional development program was 

built into the project that commenced with a face-to-face professional development day 

and continued via email, the forums located within the website, online telescope 

sessions and telephone calls. 

A concurrent nested mixed method approach (Creswell, 2003; Tashakkori & Teddlie, 

2003) was selected to investigate students' perceptions of junior secondary science, 

both before, during and after their involvement in the science program that incorporated 

the five aspects of the ideal picture of science and which was based on one area of 

junior science; astronomy. This involved employing a quasi-experimental non

randomised pre-test/post-test design (Bordens & Abbott, 2005; Cook & Campbell, 

1979; Shadish, Cook & Campbell; 2002) complemented by qualitative data. 

Specifically, the study set out to first investigate students' perceptions of junior 

secondary science and their knowledge of certain astronomical phenomena, determine 

whether students' perceptions of junior secondary science had changed over the last five 

years since the research conducted in 1999 by Goodrum et al. (2000) and examine 

whether students' perceptions of junior secondary science and knowledge of certain 

astronomical phenomena changed after being involved in the Practical Astronomy 

Program. It was recognised that the science teacher has a major impact on students' 

perceptions. Consequently, this thesis also considered teachers' perceptions of the 

science they teach to students in junior secondary school in relation to students' 

perceptions of the science they experience. Four data collection techniques were 
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employed to gather information from participants: questionnaires, diagnostic test, semi

structured interviews and teacher documentation. 

7.2 Summary of Results and Discussion 

The perceptions of students and teachers about the science they experience or teach in 

junior secondary school were measured using the Secondary School Science 

Questionnaire (SSSQ) (Goodrum et al. 2000) administered on two occasions. The pre

intervention questionnaire asked students to reflect on the science they experience in 

junior secondary school to establish a baseline of their perceptions and to allow the data 

to be compared with data from the 1999 sample. The SSSQ (Goodrum et al. 2000) was 

modified slightly to create a post-intervention version that required students to respond 

in relation to their experiences in junior secondary science classes during their 

involvement in the Practical Astronomy Program. Furthermore, the SSSQ (Goodrum et 

al. 2000) student pre- and post-versions were reverse mapped and adapted to produce 

pre- and post-teacher versions of the SSSQ. The purpose ofthis process was to ensure 

the teacher questions corresponded with student questions. These instruments were used 

to elicit data from teachers in relation to their perceptions of the science they teach in 

junior secondary school. The post-intervention student and teacher questionnaires and 

the results have related predominately to participants' experiences in junior secondary 

science during their involvement with the Practical Astronomy Program and the impact 

of the intervention. 

The knowledge outcomes of students were measured using the Astronomy Diagnostic 

Test on both occasions of testing. This instrument served three purposes; first, it 

allowed students' prior knowledge of astronomical phenomena, alternative conceptions 

and complexity of reasoning to be identified; second, identified changes in students' 

knowledge and alternative conceptions after their involvement with the intervention; 

and third, further analysis provided information on the number of non-responses and the 

quality of responses offered on both occasions of testing. In addition, interviews were 

held with a sample of students and teachers drawn from six of the participating schools 

to gain further insight into participants' experiences during the intervention period. 
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7.2.1 Pre-intervention SSSQ student results 

The Secondary School Science Questionnaire (Goodrum et al. 2000) student version 

was employed to gauge students' perceptions of the science they experienced in junior 

secondary school before participating in the program and to allow comparisons to be 

made with the sample of students in the 1999 data collection period conducted by 

Goodrum et al. (2000). The results showed that students displayed similar perceptions 

of science in junior secondary school to those reported in the 1999 study (Goodrum et 

al. 2000). Consistent with the secondary school findings from the 1999 sample, students 

in the 2004 study perceived there to be a high incidence of copying notes, few 

opportunities to investigate topics in which they were interested and indicated that they 

were rarely excited or curious about the science they were involved in doing at school. 

It was evident that many of the concerns identified five years previously still existed. 

The most notable difference in the pattern of students' responses was in relation to the 

two items concerned with using computers in science where there was a highly 

significant increase in the incidence compared with that reported in 1999. There were 

still very few students, however, who indicated that they used computers in science on a 

regular basis. Perhaps the increase in the use of computers was a consequence of such 

technology being more common in schools in 2004 compared with 1999. Nonetheless, 

the majority of respondents in the 2004 sample still revealed that they only occasionally 

had the opportunity to use computers and suggests that such technology is not being 

used to its full potential. Several teacher participants indicated, in the qualitative data 

that were collected, that they did not feel competent or confident in using technology 

within science classes and that often students were more adept in this area than them. 

One could infer that computers were not used on a regular basis as teachers did not 

possess adequate skills and perhaps felt threatened by students being more 

knowledgeable in this area. 

Another highly significant difference was observed in the pattern of responses to the 

items concerned with teacher-directed experiments in science. It was apparent that 

teacher-directed experiments happened more frequently in science at school for students 

in this study on the pre-intervention occasion compared with those in the 1999 sample. 

Even though experimental work happened more often in science classes for the 2004 

sample of students, they did not appear to be directly involved. Instead, they watched 
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their teacher carry out experiments. It would seem that teachers see the importance of 

incorporating practical work in science, such as experiments, though fail to realise the 

benefits of students being in control when carrying them out. This very traditional, 

teacher-directed approach toward conducting experiments appears to be an approach 

that many teachers adopt in executing practical work in science. 

The teacher-directed nature of experimental work could also be a consequence of the 

many time constraints that teachers appear to be confronted with such as the demands of 

covering the curriculum (Harris et al. 2005). It could also be aiiticipated that having 

students execute experiments would consume extra time within science lessons, not to 

mention the additional teacher or laboratory technician preparation time that would be 

required prior to such practical sessions. Another limiting factor might be related to the 

quality and quantity of resources and equipment that is available within a secondary 

school science classroom. The findings of this study and previous research reported in 

the literature suggest that access to resources and equipment within schools vary and are 

often limited (Goodrum et al. 2000; Hackling et al. 2001; Rennie et al. 2001; Harris et 

al. 2005). In Australia, science departments within schools are allocated a budget at the 

start of each school year that can be used for the purchasing of resources and equipment 

while the amount varies markedly across schools, it would seem that budgets are 

minimal given the lack of up-to-date equipment and limited resources. It is evident that 

additional funding is required. 

There was also a significant difference in the pattern of responses to four of the items 

related to teacher feedback and guidance in science. These were concerned with the 

teacher: marking work and giving it back quickly; using language that is easy to 

understand; showing how new work relates to what students have already done; and 

taking notice of students' ideas. A larger proportion of students in the present study 

report these things to be happening in their science class on a more regular basis 

compared with the students in the 1999 sample. 

Overall, with the exceptions noted above, the results from the pre-intervention SSSQ 

collected from students in this sample indicate that little has changed since the 1999 

data collection period conducted by Goodrum et al. (2000). These results suggest that 

the science students experienced at school prior to the intervention period still seemed 

to reflect the actual picture of teaching and learning in science described in the 
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Goodrum et al. (2000) report. This is of concern considering that five years have passed 

since recommendations were released in the 2000 report. It would seem that little has 

been done in enacting such recommendations. 

7.2.2 Pre- and post-intervention student results 

The Secondary School Science Questionnaire was also administered to students by their 

teacher at the conclusion of the intervention period. The SSSQ pre-intervention 

questionnaire was modified slightly on the post-intervention occasion so that students 

would respond to the questionnaire in relation to their experiences of science at school 

during their involvement in the Practical Astronomy Program. Comparisons of the pre

and post-intervention occasion SSSQ student responses showed that there were highly 

significant differences in students' perceptions of science after their involvement in the 

intervention. Specifically, there were statistically significant differences in the pattern of 

students' responses for 36 of the 42 items in the SSSQ. 

In addition to the univariate analyses, an exploratory factor analysis was conducted on 

the student SSSQ. This yielded seven reliable and valid scales. The scales were 

interpreted as: the perceived relevance of science at school; difficulty in science at 

school; teacher-directed experiments in science; computer-use to find information in 

science; thoughts about what students need to be able to do in science; teacher's role in 

science; and outside experiences in science at school. Significant differences were 

observed on six of the seven scales. Some of the differences were in directions that were 

hoped for while others were less favourable. 

The most notable difference related to students' perceptions concerning the use of 

computers in science classes. The pattern of responses to the two items concerned with 

using computers in science indicated that there had been a highly significant increase in 

the incidence of using computers and accessing the Internet compared with their 

previous experiences for all year levels. This is not surprising given the content of the 

Practical Astronomy learning materials that required the extensive use of computers. 

Many of the activities within the Practical Astronomy resources integrate the use of 

technology. Students were also required to use computers to control the telescope and to 

process the images they had captured. 

During the program, teachers received ongoing support and professional development, 

part of which involved using computers and operating the necessary software. Perhaps 
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teachers were more at ease with using and incorporating such technology into their 

science classes given the extra support that they had received and the fact that the 

control supposedly remained with the students. Many teachers had expressed their 

concerns in regard to using computers and incorporating such technology in science 

lessons in the qualitative data that were collected. Having additional support coupled 

with access to the learning materials may have reduced teachers' reluctance to 

incorporate such technology. For example, during online telescope sessions students 

and teachers received instant support and feedback from the telescope control 

technician. Perhaps this made teachers feel "safe" in using such technology, knowing 

that someone was online to offer guidance and support when required. 

Analysis of the "teachers' role in science scale" revealed that each year level perceived 

there to be a highly significant reduction in the level of support and guidance that they 

were receiving from their teachers on the post-intervention occasion compared with that 

reported on the pre-intervention occasion of testing. This could be attributed to the fact 

that teachers were perhaps preoccupied with implementing a "new" program in science 

that required them to make changes to how they normally planned and conducted 

science lessons. As a consequence, more of their time may have been channelled into 

implementing the program. There is qualitative evidence that suggests some of the 

teachers felt that they were doing more preparation both before and during lessons 

compared with what they would normally do in science. This was counterbalanced by 

some teachers who said that the materials allowed them to "pick it up and run with it". 

Perhaps this was associated with the pedagogies that teachers employed prior to the 

intervention period and the level of expertise they had in this curriculum area. For 

example, one would hypothesise that teachers who were accustomed to using student

centred forms of instruction and/or had a background in physics or were familiar with 

the concepts that were to be covered were most probably able to implement the program 

without too much preparation. 

Students from all year levels indicated that there were significantly fewer teacher

directed experiments in science during the intervention period compared with what they 

had experienced in science beforehand. Once again, this is probably a reflection of the 

learning materials as the projects require students to be involved in several practical 

activities where the focus is on student inquiry and investigation rather than on teacher 

exposition. Many students, however, still indicated that there was little opportunity for 
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them to choose their own topics to investigate or for them to plan and do their own 

experiments in science during the intervention period. This was despite the fact that 

practical work in the learning materials was constructed with the intention that it would 

be driven by students and that teachers would assume the role of facilitator, a point that 

was repeatedly made during the PD session and online. 

It is interesting to note that the Year 7 group of students perceived there to be a higher 

incidence of outside experiences in science at school during the intervention period 

compared with the science that they had previously experienced at school. There was 

little difference, however, in Years 8 and 9 students' perceptions of how often outside 

experiences (such as going on excursions and listening to guest speakers) in science at 

school occurred. There are a number of factors that need to be considered that may limit 

the incidence of outside experiences in science at school. More often than not there is a 

cost involved with students attending excursions. The cost of excursions is largely 

covered by the parents or guardians of students and therefore places restrictions on the 

frequency and type of excursions offered. Organising excursions expands teachers' 

workload by giving them additional administrative duties such as organising transport 

and undertaking the necessary paper work such as permission notes and risk assessment. 

Furthermore, taking students on excursions often requires more time than a typical 

science lesson and this generally involves withdrawing students from other subjects. 

Such factors would obviously limit the frequency of such experiences in science. One 

would assume that online experiences, such as the remote-telescope project, would be 

regarded more favourably considering the convenience and high impact of the activity. 

This, however, does not rule out the importance of providing opportunities for students 

to have outside experiences in science such as, excursions. 

There were differences across year levels in relation to the perceived relevance of 

science at school. The Year 7 and 8 students perceived science to be less relevant on the 

post- intervention, compared with the pre-intervention, occasion of testing. There was 

little change, however, in the Year 9 students' perceptions of the relevance of the 

science they experience at school. Comments made by a sample of Year 7 and 8 

students in interviews suggested that they were not necessarily given such freedom to 

pursue areas of personal interest. Instead, they were informed of what they would be 

doing in each science lesson and in some cases specifically told what page to tum to in 

their student workbook and directed through each activity. Perhaps, this was one reason 
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why students in Year 7 and 8 exhibited a reduction in their mean score for this scale. 

That is, they were presented with their very own student workbook that contained a 

variety of projects only to be told by their teacher what they were to cover. In general, 

people are interested and enthused by different things. This is also true for students. The 

learning materials contained many different areas related to astronomy and provided 

students with several choices and opportunities for self-directed investigations, few of 

which seemed to be undertaken. 

Analysis of the scale related to the perceived difficulty of science revealed that students 

displayed similar perceptions on the pre- and post-occasion of testing. In contrast, open

re.sponses offered by some teachers on the post-intervention occasion indicated that they 

felt the learning materials were pitched at too high a level for students in Year 7. 

Nonetheless, the perceptions of students suggest that they experienced a similar level of 

difficulty in science on both occasions of testing. Perhaps teachers were uncomfortable 

or unfamiliar with the terminology used and the concepts presented in the workbooks 

compared with topics they had previously taught in science. As a consequence perhaps, 

they also believed the astronomy to be more difficult for their students. 

Students from all year levels displayed a significant decline in their mean scores in 

relation to the scale "thoughts about what students need to be able to do in science" at 

school from the pre- to the post-intervention occasion of testing. This is probably a 

result of the different experiences that students had in science during the intervention 

period compared to what they had previously experienced. Activities within the 

Practical Astronomy Program included a range of individual and group work situations 

and did not require students to memorise and regurgitate facts. Qualitative data 

suggested that science during the intervention period was different for a number of 

students compared with their previous experiences in science at school. Traditional 

forms of instruction tend focus on preparing students for the test (Rennie, Goodrum & 

Hackling, 2001 ), which often involves students learning a series of facts. For many 

students, there had been different activities that they were exposed to that did not 

necessarily require them to copy or recall reams of information. 

An interesting finding was that there was little difference between the perceptions of 

male and female students in each of the year levels that were involved in this research. 

Previous research has reported gender differences in relation to students' interests, 

experiences in, and attitudes toward, science (Jones, Howe & Rua, 2000; Keeves & 
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Kotte, 1992; Kotte, 1992). Specifically, the only significant differences observed 

between male and female students were in Year 8 for the scales concerned with the 

perceived relevance, difficulty and outside experiences in science and in Year 9 in 

relation to the perceived relevance of science at school. The differences for the 

"perceived relevance of science at school" in relation to the Year 8 and Year 9 groups, 

male students indicated that it was more relevant than their female counterparts. This 

appears to be consistent with prior research that suggests males tend to favour the 

physical sciences such as astronomy over females (Fullarton, Walker, Ainley & 

Hillman, 2003). Year 8 females perceived science to be more difficult than males. 

Perhaps this was related to females not finding science as relevant as male students and 

thus perceived it to be more difficult. Females in Year 8 perceived there to be a higher 

incidence of outside experiences in science at school compared with males. Perhaps 

males and females had different perceptions on what constituted "outside experiences" 

in science at school. 

Overall then, the pre- and post-intervention analysis of students' scale scores revealed 

that there were significant differences in relation to their perceptions of science at 

school after their involvement with the Practical Astronomy Program that incorporated 

five aspects of the ideal picture of teaching and learning in science. 

7.2.3 Student and Teacher Perceptions 

Teachers' and students' perceptions of science, measured on two occasions using the 

seven scales developed from the SSSQ, were examined using correlation analyses. The 

results showed that teachers and students differed in their perceptions of the science that 

they teach or experience in junior secondary school. The correlation analyses yielded 

very few significant relationships across groups for teachers' and their classes' scale 

scores on the seven dependent variables on both occasions. 

It was evident that students in their class groups perceived science at school to be more 

relevant on both occasions of testing compared with teachers' perceptions of how 

relevant it is for their pupils. One explanation for this might be that teachers may have 

presumed that students' less favourable dispositions were a consequence of the science 

topic covered and therefore believed the science to be not as relevant. Data collected in 

this study implies, however, that it is the way in which science content is taught that 

appears to be irrelevant for many students. For example, here the context is students 
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copying notes from a blackboard/whiteboard or overhead projector and following 

teacher directions to complete experiments. 

Student and teacher perceptions for the perceived difficulty of science scale were 

largely unrelated. Specifically, students perceived their experiences in science to be 

more difficult on both occasions compared with what their teachers believed it to be for 

them. This suggests that perhaps teachers were not aware of the full extent of the 

difficultly that a number of students experienced in their science classes. One could 

hypothesise that the way science was taught may have contributed to the difficulty 

students experienced. There was one student (Ann) who indicated in an interview that 

when she was overloaded with information to copy which more often than not, she did 

not understand. This student suggested that carrying out practical work and visually see 

what was happening for herself might make it easier for her to understand the concepts 

covered and science would not be as difficult. This way of teaching science while 

perhaps not as difficult for the teacher in terms of preparation, however, proved to be 

difficult for students. The content specific terminology used could also make science 

seem difficult for some. As Clerk and Rutherford (2000) found, students can have 

trouble understanding the language used in science. 

There were differences in the perceptions of teachers and students across groups with 

regard to the "teacher-directed experiments in science" scale. Overall, there was a 

decrease in the frequency of teacher-directed experiments in science reported on the 

post-intervention occasion compared with science before the Practical Astronomy 

Program. The decline in teacher-directed experiments is more than likely an outcome of 

the learning materials that encompassed student-centred practical work. The variation in 

perception across groups might be a consequence of the diverse teaching and learning 

environments to which students were exposed. This was reflected in the interview data 

where students' experiences could be situated along varying points of a continuum that 

had teacher-directed experiences at one end and student-centred experiences at the 

opposite end. 

Teachers perceived a higher incidence of computer use in science on both occasions 

compared with that reported by students in their class groups. The pre-intervention 

correlation analysis indicated that student and teacher perceptions of computer use in 

science were similar amongst groups. The post-intervention analysis revealed that there 

was little relationship across groups in relation to computer-use in science. The 
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difference in perception was highlighted in the teacher and student interview data 

collected from Country High School where the teacher using a laptop to show students a 

PowerPoint presentation in science was perceived to be students using computers while 

the students appeared to lack enthusiasm toward this approach and suggested that it 

would have been better if they each had a computer to view and manipulate such 

presentations. In contrast, students' from Beachside High School reported using 

computers nearly every lesson during the intervention period. There seems to be many 

impediments in relation to accessing and using computers in science. In addition, the 

technology skills that teachers display vary in each situation. Such factors have 

implications for how computers are used and how often they are accessed. 

The perceptions of teachers and students in their respective classes in relation to their 

thoughts about what pupils need to be able to do in science varied across groups. 

Teachers displayed higher mean scores for this scale on both occasions compared with 

students. It would seem that there are diverse views on what students need to be able to 

do in science. There are those teachers who place high importance on memorising facts 

while others require students to think and ask questions in science lessons. The situation 

is different across a range of classes and most probably reflects the instructional 

strategies that are implemented. 

Teachers perceived themselves as carrying out their role in science on a more regular 

basis compared with the perceptions of their students. Both teachers and students in 

their respective classes indicated that teacher feedback and guidance was more 

prevalent in science at school on the pre-intervention occasion compared with the post

intervention. The post-intervention results indicated that there were differences amongst 

groups in relation to teachers' and their respective class' perceptions of the teacher's 

role in science at school. One explanation as to why teacher feedback was lacking on 

the post-intervention occasion might be that teachers were confronted with 

implementing the Practical Astronomy Program. For a number of teachers, this involved 

adopting different instructional approaches in teaching science that they were not 

accustomed to using. As a consequence, were not spending as much time giving 

feedback in science, instead were consumed with implementing the new program. 

Perhaps teachers thought they had provided feedback to students in their class but in 

essence only covered a handful of students with the remainder missing out. 
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Students' perceptions of the frequency of outside experiences in science increased from 

the pre- to the post-intervention occasion while teachers' perceptions decreased. 

Perhaps students saw the telescope observation evenings as an "excursion". Teachers on 

the other hand may not have considered these as an outside experience given that the 

evenings were conducted within the confines of the school and that the students were 

involved in a great deal of planning for the evening compared with "typical" excursions 

where teachers assume responsibility. 

By and large, these results indicate that there was considerable variation across the 

groups of teachers and students, in their respective classes, in relation to their 

perceptions of the science that they taught or experienced in junior secondary school 

both before and during the intervention period. The mismatch between perceptions 

indicates that overall the situation in science at school was different across all groups of 

participants. Teachers may perceive certain things to be happening within the science 

classes that they teach. When students' perceptions are considered, however, this may 

not necessarily be the case. It is therefore, important to continually reflect and evaluate 

what is happening within the teaching and learning context. Obtaining ongoing 

feedback from students with regard to their thoughts about what they perceive to be 

happening and their experiences in science at school is a necessity for all teachers so 

that appropriate educational decisions about pacing, assessment and direction can be 

made. 

7.2.4 ADT pre- and post-intervention results 

The Astronomy Diagnostic Test was administered to students by their science teacher 

prior to commencing the Practical Astronomy Program to ascertain their knowledge of 

certain astronomical concepts and to help identify any alternative conceptions that 

students may have possessed. Analysis of the ADT delivered information on the number 

of non-responses, the level of complexity of written explanations and the quality of 

responses. 

The results of the pre-intervention Astronomy Diagnostic Test revealed that student 

participants displayed extremely low levels of astronomical knowledge on such things 

as day and night, phases of the Moon, the seasons. That is to say, what they were 

supposed to have learnt in primary, or in the first year of junior secondary, school did 

not happen. One could hypothesise that students were not exposed to such content in 
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primary school or in the first year of high school, or that perhaps the way in which the 

content was covered had failed to engage students. In addition, a number of alternative 

astronomical scientific conceptions were identified such as the Sun moves around the 

Earth which was an indication of the mental models that students had constructed based 

on their experiences. In relation to this particular alternative conception, it is probably a 

reflection of their observations of the Sun each day where it appears to move across the 

sky and hence around Earth. Identifying such naive conceptions also suggest that 

students had not previously been exposed to activities in science that had challenged 

their personal mental models and resulted in them reconstructing their notions to the 

scientifically accepted beliefs. 

Analysis of the Astronomy Diagnostic Test data revealed that all year levels 

experienced a highly significant increase in their knowledge of astronomical phenomena 

from the pre- to the post-intervention occasion. This was probably an outcome of their 

involvement in the Practical Astronomy Program. Even though the increase in students' 

scores was statistically significant, inspection of their mean scores revealed that they 

were still quite low considering the test was out of 25. This was most likely a result of 

the test covering a number of astronomical concepts to cater for the range of topics that 

could have been covered during the intervention period. Consequently, if groups 

focussed on the solar system during the intervention then one would expect to see an 

improvement in their responses to the questions in the ADT that related to the solar 

system. Unfortunately, in this study it was not possible to perform this level of analysis 

given the small number of teachers who supplied feedback infonnation that indicated 

the actual projects covered during the intervention period. 

Students displayed significantly fewer alternative conceptions on the post-intervention 

occasion of testing compared with the pre-intervention. This was probably also related 

to their interaction with the teaching and learning experiences. It also implies that for a 

large proportion of students their learning experiences during the intervention period 

were successful at challenging their alternative conceptions. 

Different trends were observed in relation to the number of non-responses obtained, 

students' ability to explain their answers and the quality of responses. Students in Year 

7 and 8 were more inclined to offer a written response on the post-occasion of testing 

compared with the pre-intervention occasion and there was also an increase in the 
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complexity and quality of the responses offered. Conversely, the Year 9 group of 

students displayed contrasting trends. The decline for the variables that measure the 

complexity and quality ofresponses was most probably a reflection of the increase in 

the number of non-responses offered by the Year 9 group of students. This suggests 

that it is extremely important to get respondents to offer a written explanation for the 

drawing or tick-box response items when responding to the ADT. This will not only 

allow the complexity and quality of students' responses to be more accurately measured 

but also enable alternative conceptions to be identified. Perhaps the higher number of 

non-responses offered was a consequence of the amount of time students were given to 

complete the ADT. Many of the classes involved in the study completed the post

intervention questionnaires toward the end of the school year. This is normally a time 

where there are many interruptions to the daily routine of classes and a rush to cover the 

remaining curriculum content expected to be completed by the end of the year. 

The ADT will be discussed further in the sections below where limitations are identified 

and suggestions are made for future versions of the ADT. 

7.2.5 Student and Teacher Qualitative Data 

Data were collected from participants' responses to the open-ended questions on the 

pre- and post-intervention versions of the Secondary School Science Questionnaire. In 

addition, interview data were collected from a sample of student and teacher 

participants drawn from six schools to obtain further information on their perceptions 

and experiences. These data highlighted commonalities across groups of students and 

teachers in their experiences and perceptions of junior secondary science, yet, also 

portrayed differences in perception and the implementation of the program. 

A number of students and teachers chose to respond to the open-ended questions on 

both occasions of testing and their responses were coded according to the thematic 

response categories that were developed for each question (see Appendices 14a-14d). 

On the pre-intervention occasion participants were asked to respond to the questions 

based on their experiences in junior secondary science classes thus far, while on the 

post-intervention occasion participants were instructed to reflect on their experiences in 

science during their involvement with the Practical Astronomy Program. 

The first open-response item revealed that students liked practical work in science, in 

particular, "doing experiments". This was something that was consistent on both 
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occasions. Using computers in science was also a common response amongst students 

on the post-intervention occasion, yet had not been mentioned on the pre-intervention 

occasion. This was almost certainly a reflection of students' experiences during the 

Practical Astronomy Program. For many, it seems that the teaching and learning process 

in science is very teacher-directed. The pre-intervention SSSQ data suggests that 

students appear to spend a great deal of time copying notes and watching teachers 

carrying out experiments in science classes. One explanation for why students like 

practical work and using computers in science may be that it is not a regular occurrence 

and therefore seen as a "treat" when they do get to experience it. Interview data also 

suggests that students experience a great deal of self-satisfaction when they do things 

themselves and feel a sense of ownership over what they are doing. 

On the pre-intervention occasion a number of teachers indicated that they favoured 

science classes that were student-centred, relevant to students and involved practical 

work. The perceptions of a large proportion of students suggest that these things rarely 

happened in their science classes prior to the intervention. On the post-intervention 

occasion, using technology in science lessons was the most common response offered 

by teacher participants. In addition, practical work, student-centred approaches and the 

positive attitudes and enthusiasm that students displayed during the intervention were 

aspects of science that proved to be popular. It would seem that a large proportion of the 

teachers on both occasions prefer student-centred approaches toward teaching, however 

the student data reveals that the teachers are not necessarily practicing what they value. 

The second open-ended question asked students and teachers respectively to comment 

on the things they did not like about their science class or the things that they do not like 

about the way they teach and the way students learn in their science class. On the pre

intervention occasion, the most common responses offered by students tended to refer to 

specific topics or activities that they did not like in science such as chemistry or 

conducting electrical experiments or writing notes. This was also true for the post

intervention occasion, though the proportion of students who mentioned writing notes 

had almost halved. The most common response offered by teachers on both occasions 

related to the time constraints that they were confronted with in the day-to-day teaching 

of science. On the post-intervention occasion, a large proportion of the responses also 

mentioned problems associated with technology, such as accessing computers. One 
. -

could hypothesise that time constraints and access problems associated with facilities 
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and equipment impact on the methods of instruction that teachers adopt. For example, if 

teachers have restrictions on time and limited access to facilities and resources than 

perhaps they would be more inclined to adopt instructional strategies that allow them to 

cover the content at a faster pace, such as students copying notes rather than carrying 

out practical activities based on inquiry. 

The third open-ended question asked students how their science class could be 

improved so that they could learn more. Similarly, on the pre-intervention occasion 

teachers were asked how their science class could be improved so that students could 

learn more while the post-intervention question asked teachers to comment on how the 

astronomy materials could be improved. The most popular comment offered by students 

on both occasions requested more practical work in science at school. Teachers' pre

intervention responses indicated that improving resources and accessing and using 

technology in their science classes would make a difference to students' learning. The 

most common response offered by teachers on the post-intervention occasion related to 

reducing the reading time required by students in the student workbook. Perhaps the 

requests made by teachers are some of the obstacles that limit the amount of practical 

work offered in science classes. One could postulate that if teachers had access to 

improved resources and technology then perhaps students would be exposed to more 

practical work in science, though this simplistic relationship begs many other factors. 

It is interesting to note that on the post-intervention occasion a small proportion of 

teachers suggested that there should be more space provided in the student workbook 

for writing notes. This comment appears to be at odds with the perceptions and requests 

of students in this study who revealed that they disliked continually having to copy 

notes and would like to be involved in more practical work during science lessons. 

Perhaps the lack of practical work offered in science is simply a reflection of the 

teacher-directed approaches that many teachers implement. 

The final open-response question in the pre- and post-intervention SSSQ student version 

asked students to comment on what they thought the purpose of science was, based on 

their experience in science lessons. The most common response on both occasions was 

to help learn about the world around them and everyday issues. This was consistent with 

the findings reported in the 1999 study (Goodrum et al. 2000) and with the 

recommendations that suggest science at school should provide students with 

opportunities to develop their scientific literacy. 
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The final open-ended question on the pre-intervention SSSQ teacher version asked 

participants to share their thoughts on the declining numbers of students pursuing 

science in the post-compulsory years of secondary school and at the tertiary level, which 

was a major concern identified in the review of literature and to give their perspective of 

why this is the case. The most common reasons offered related to a lack of well-paid 

jobs in science, perceived difficulty associated with science and that the science content 

appears boring and lacks relevance to students. For example, one teacher said that 

"students perceive science as a hard slog. They feel the subjects are to (sic) hard so they 

opt for easier subjects which require less work. Poorly paid compared with business 

executives, lawyers etc. Few students have acquisition of knowledge and a passion for 

science." 

The lack of well paid jobs in science appears to be an alternative conception amongst 

the responding science teachers. In Australia, science graduates have experienced and 

will continue to experience the best job outcomes with over 90% obtaining full time 

employment (MyCareer, 2006). Many of these will also experience the highest starting 

salaries amongst Bachelor degree graduates (MyCareer, 2006). Perhaps teachers were 

reflecting on their salaries as a science teacher, which are somewhat lower than other 

careers in the field of science. 

The notion of science being difficult is a common perception held by many. There are 

many scientific concepts and phenomena which are hard to understand and explain. The 

data in this study suggests that science at school may be difficult because of the 

approaches used to teach it. As Millar (1991) states, "In considering whether science is 

'hard', one is aware of the truism that anything can be hard to learn if it is badly taught." 

Johnstone, (1991) also suggested that the claims of science being hard to learn might 

indicate that it is not being successfully taught. A number of studies have shown the 

dissatisfaction students have toward science in the compulsory years of school to a large 

extent appear to be related to the way in which the curriculum is implemented. 

Teachers are in a peculiar position in Australia where new syllabuses in each 

jurisdiction over the past few years (ACT, 2001; NSW 2003; QLD 1999; VIC 2000) 

dictate content and outcomes. The generalist science teacher in years 7-10, the first four 

years of high school, is required to teach in topic areas outside their degree field. For 

example, of the 16 respondents from Victoria, 13 had a background in health related 

fields such as a Bachelor of Human Movement Science. In teaching material that they 
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do not know, it may not be surprising that they cannot enthuse their students about the 

content and confuse the interaction of their lack of expertise and student lack of 

response with a perceived lack of relevance. It seems clear that the science to be taught 

should be delivered by teachers with a clear expertise and passion for the content in 

question. The involvement of students in the curriculum construction process should not 

be decided on the basis of the prescribed curricula. Instead, students' current beliefs, 

interests and understandings need to be considered. 

On the post-intervention administration of the SSSQ, teachers were also asked to make 

evaluative comments regarding the program. The majority of teachers who offered 

feedback suggested that one of the main benefits of the program was that it motivated 

and enthused students to learn about astronomical concepts. This was probably a 

reflection of the sorts of activities that students were involved in throughout the 

intervention period such as the practical work and choice that was built into the 

program. Teachers also acknowledged that the program improved their (teachers') 

astronomical content knowledge and confidence in teaching the astronomy topic. This 

could be explained by the ongoing support that teachers received through the 

professional development program and having access to teaching materials such as the 

teachers' guide. A number of teachers recognised the need to improve technological 

aspects within their school such as the speed of Internet connections and access to 

computers to make implementation of such programs viable. For many schools, this will 

require additional funding and support. 

The interview data collected from a sample of students and teachers further illustrated 

the similarities and differences across schools in relation to the teaching and learning 

experiences in science during the intervention period. The students that were 

interviewed revealed that they had little say in the topics that were covered. Teachers 

were very controlling in that they selected the activities that students were to cover. In 

addition, there was variety in the projects that classes covered. Some focused solely on 

the projects that involved using computers and preparing to control the remote telescope 

while others incorporated both the practical and technology based activities. 

While some of the teachers adopted and implemented student-centred approaches to 

varying degrees, many others appeared to exhibit teacher-directed pedagogies where 

they conducted lessons in a prescriptive fashion. There were students who indicated that 

they were involved in constructing materials and conducting practical activities 
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themselves where they received varying levels of teacher guidance. When students were 

allowed to make and do things for themselves it appeared to give them a sense of 

ownership over what they had been doing. In contrast, there was one school where 

students seemed to have little ownership over what they were doing during the 

intervention as the teacher assumed responsibility for carrying out a number of things 

that students thought they would be doing such as controlling the telescope and 

constructing equipment for investigations during class time. Students appeared 

frustrated and dissatisfied with this type of implementation and were left craving more 

autonomy during science lessons. 

There was also evidence to suggest that in some of the schools, the way in which the 

program was implemented during the intervention period differed to how science was 

typically taught. Students from one of the schools indicated that during the Practical 

Astronomy Program they were using computers nearly every lesson and were involved 

in many practical activities and contrasted this with science before the intervention 

where they spent most of the time copying notes. Students who experienced these 

"different" approaches indicated that as a result they were more interested in what they 

were doing in science. 

Teachers, and the way in which they teach, appear to have a major influence on 

students' perceptions of science at school. As Osborne and Collins (2000a) found, 

teachers and their sty le of teaching are very important determinants of pupil interest in 

school science. Methods of teaching science in secondary school have typically 

reflected traditional approaches of instruction that are based on teacher-directed 

pedagogies (Bolhuis & Voeten, 2001; Goodrum et al. 2000; Smith, 2003). It seems that 

the implementation of student-centred pedagogies in science will result in a large 

proportion of teachers having to move away from how they have previously taught 

science. A number of teachers in this study exercised teacher-directed pedagogical 

approaches both before and during the intervention. There is qualitative data that 

suggests a number of teachers found it hard to relinquish control and implement the 

learning materials using student-centred forms of instruction. Smith (2003) advises that 

changing one's pedagogy is not just a matter of adopting and implementing a different 

set of skills. Teaching practice is a reflection of one's beliefs and experiences. Changing 

one's method of instruction can be confronting and requires a great deal of self-
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reflection on current beliefs and practices (Smith, 2003). For many teachers such a shift 

will take considerable time and require ongoing support. 

There appeared to be different extremes in relation to students' engagement with the 

curriculum materials. These were illustrated in interview data where students in one 

school enjoyed the experience so much that they formed an astronomy club that met 

during lunch time to carry out investigations and to plan observation sessions with a 

telescope (computer controlled) at a local restaurant for the benefit of the customers. 

There was another group from a different school who were at the opposite end of the 

continuum where they appeared disappointed about the whole experience as a result of 

them not being able to control the online telescope but simply having to watch their 

teacher do this. These data suggest that student engagement or disengagement was 

perhaps a more general reflection of the way in which they were exposed to the science 

content. There appears to be a link with students doing things for themselves and 

experiencing satisfaction with the program while students who are continually told or 

shown what to do seem to be dissatisfied with their experiences. 

It seemed that the observation nights where students had the opportunity to control the 

Charles Sturt University Remote Telescope to capture images of celestial objects on 

which they had carried out research, generated great enthusiasm and excitement 

amongst students. There was a group of students, however, from one school that 

indicated that they did not have the opportunity to control the telescope during the 

observation night and instead watched their teacher control the telescope and capture 

their images one by one. This situation deflated the students' sense of excitement and 

resulted in the whole experience being meaningless for them. 

A large proportion of the teachers surveyed and interviewed experienced many 

problems in accessing and using certain facilities and equipment within their school. 

Furthermore, when classes gained access to such facilities there appeared to be 

additional obstacles to contend with such as slow Internet access, problems with the 

network and limited time in the computer laboratory. This may be one explanation as to 

why computers were rarely used in science prior to the intervention period. Many of the 

projects in the Practical Astronomy learning materials required students to access 

computers. As a consequence teachers adopted different approaches in attempting to 

overcome the difficulties they experienced. One of the teachers dealt with the access 
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issue by collaborating with the computing teacher to implement all computer-based 

activities. 

In the secondary school context, it seems that computer laboratories tend to service the 

entire school population and computing classes generally have priority over other 

subjects. It seems that a number of schools require improved access to computers and 

computing facilities. It was also apparent that many teachers appear to have little 

knowledge or feel competent in integrating such technology into the teaching and 

learning context and suggests that further professional development and support is 

needed in this area. 

The issue of time constraints on delivering any one topic in the science program 

appeared to be an issue for many teachers. One group of teachers in the interview 

revealed that in previous years they were only able to devote two weeks to the 

astronomy content which comprised a total of four lessons. This particular problem of 

an over-crowed curriculum almost guarantees that coverage of the content will be facile 

and teacher directed offering students little opportunity to investigate in depth 

something that interests them. There are, however, attempts to change this in the NSW 

Stage 5 Syllabus where students are required to undertake at least one individual 

investigation in an area of personal interest over an extended period of time and to 

report their findings (NSW Board of Studies, 2003). The evidence provided by this 

thesis would suggest that by this stage it is almost too late to engage students in such 

investigations other than for the few already motivated to pursue a career in science. For 

the majority, the imposition of such an onerous task may lead to further alienation from 

science and result in even lower chances of achieving the scientific literacy described by 

Goodrum et al. (2000) and Millar and Osborne (1998) as being a deliverable outcome of 

the compulsory years of studying science. 

It was evident that there were varying levels of teacher expertise both within and across 

the schools involved in this research. There were differences in teachers' science 

qualifications, competence in using technology and in the methods of instruction that 

they employed. Generally speaking, the most common science qualification that 

participants in this study possessed was in the health or sports sciences. Comments 

made by teachers in interviews suggested that there also appeared to be a number of 

teachers who were not skilled or confident in using technology during science lessons. 

Some of the teachers acknowledged that their students were more proficient at using the 
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technology and as a consequence they had previously avoided implementing it in 

science lessons as a result of their fear and limited skills. It is clear that ongoing support 

and professional development is needed to counteract such problems. Teachers should 

also be encouraged to work collaboratively in the junior years of secondary school 

science and pool their expertise. 

The key to engaging students seems to lie in adopting student-centred approaches in 

implementing science curricula. When students were exposed to what seemed 

transmissive forms of instruction that revolved around the teacher doing things, it was 

evident that they were dissatisfied with science lessons and were not motivated. It 

seemed a number of science teachers were not accustomed to employing the pedagogies 

engendered by the learning materials and to a certain extent were threatened by such 

approaches. This was highlighted by one of the comments made by a female teacher in 

the open-response section of the SSSQ where she indicated that the program was too 

student-centred and it felt as though she was not teaching the students. Perhaps if 

teachers were provided with additional support in implementing and maintaining 

student-centred approaches they would feel more at ease and willing to adopt such 

pedagogies and in tum the perceptions and learning outcomes of students may be more 

favourable. 

The comments and responses offered by student participants on both occasions of 

testing suggest that practical work in science does not occur as often as they would like 

it to happen. One explanation for this is that perhaps teachers are reluctant to implement 

practical work on a regular basis as it requires additional preparation time and takes 

longer to complete during lessons which has implications for getting through the 

curriculum content. In addition, it seems that some teachers do not necessarily have the 

pedagogical skills necessary to implement practical work effectively. Perhaps if 

teachers had access to better resources and equipment during science lessons, more time 

and support for lesson preparation and if less importance was placed on the demands of 

getting through the curriculum, they might incorporate more practical activities 

(Goodrum et al. 2000). 

The results suggest that teachers need to reflect on the type and frequency of certain 

activities that are offered in science lessons and the impact that such activities have on 

students. For example, copying notes in science was a regular and boring "chore" for 

many students in this sample and did not appear to engage or enthuse them. Comments 
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made by teachers in the open-response section of the questionnaire that suggested more 

space be provided in student workbooks for them to write indicates that perhaps 

teachers were not aware of the full extent to which students disliked this activity and 

were not engaged by continually having to copy notes. It highlights the importance of 

taking students' perceptions into account when determining what and how content is to 

be covered. 

It would seem that the scientific processes of predicting, observing, reporting, 

investigating are not being co-located within the scientific "process" in an attempt to 

engender deeper levels of understanding and generate the conditions for the emergence 

of a greater level of scientific literacy as defined by Goodrum et al. (2000) and Millar 

and Osborne (1998). It would seem that the prime goal of current pedagogical 

approaches is to "dump" the content on students with the expectation that they "learn" 

it. This further seems to be evidence that many science teachers have little 

understanding of the interaction amongst educational design, pedagogical approach and 

learning outcomes. 

In Chapter 3, Methodology, a null hypothesis was put forward that involvement in the 

Practical Astronomy Program would not affect the perceptions or knowledge outcomes 

of student participants. The results have indicated that exposure to a science program 

that incorporates five aspects of the ideal picture of science teaching and learning 

(Goodrum et al. 2000) does co-vary with highly significant differences in students' 

perceptions and knowledge outcomes. The results suggest that even although all 

participants had access to the same set of Practical Astronomy learning materials and 

there were common responses offered on the questionnaire data, there still seemed to be 

unique features happening within classes that suggested teaching and learning 

experiences in science during the intervention period, to a certain extent, were different 

for each of the classes involved. It seems that this was a consequence of a combination 

of factors such as the varying degrees of how the program was implemented, the 

expertise of the teacher and the experiences of students and teachers during the 

program. Perhaps if additional focus had been placed on supporting teachers in 

employing and maintaining appropriate pedagogies that foster student-centred learning, 

the impacts on students might have been more substantial when compared with the 

outcomes of how science is actually being taught. 
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7.3 Limitations of the study 

This section identifies and discusses the limitations of this research. These include 

limitations due to: design; instrumentation; return rate of data; and, time. 

7.3.1 Design 

The first limitation is concerned with the quasi-experimental design of the study given 

the number of threats to validity identified and discussed in Chapter 3. The quasi

experimental design was necessary and the most appropriate as the random assignment 

of participants to control and treatment groups was not possible due to the educational 

settings from which participants were drawn. Student participants were already in class 

groups at different schools which made it impossible to employ random assignment in 

such a setting. In addition, the selection of the schools that were involved in the study 

was beyond the control of the researcher as it was governed by the larger study. 

There were contractual time constraints placed on the larger study in relation to when 

the research had to be completed. Thus, the planning and data collection period of this 

research adhered to the confines of the larger study. A consequence of this was that 

there was little lead time for the researcher to create and trial instruments, hence 

instruments that had been used in other research were adopted and modifications were 

made where necessary. 

7.3.2 Instrumentation 

The Astronomy Diagnostic Test (CAER, 2001) was employed to measure students' 

knowledge of certain astronomical phenomena. Such an instrument seemed appropriate 

given that the Practical Astronomy learning materials spanned a number of astronomical 

topics and concepts covered by the test. In addition, there were 14 items in the test that 

related directly to concepts that should have been covered in science during primary 

school and/or the first year of junior secondary school and the remaining 11 items 

related to concepts covered in the first three years of junior secondary school. 

Furthermore, the ADT has been used extensively to collect information on students' 

knowledge of astronomy before taking part in astronomy courses around the world. So 

for the purposes of the larger study, the data collected are also contributing to an 

international body of research. 

Using the ADT on the post-intervention occasion to measure how students' knowledge 

had changed had certain drawbacks. The low pre-test results revealed that students had 
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retained little of what they should have learnt within primary or the first year of 

secondary school. During the program, control over the selection of what content was to 

be covered was assumed by teachers but it was suggested that this be done in 

conjunction with their students. The only stipulation was that the first three chapters that 

related specifically to planning for and controlling the telescope were to be covered. 

One would therefore anticipate an increase in the items that mapped directly to the 

content covered by students during the intervention period. For example, if a class 

focused on the projects associated with the Moon, one would expect that students in this 

class would perform well with respect to the items that related specifically to the Moon, 

of which there are four, and no-change to the remaining 21 items. This level of analysis 

was not possible given the low return rate of teacher feedback programs that indicated 

what projects classes were actually involved in doing. As a consequence, it was deemed 

necessary to use all of the items of the ADT in the analyses. 

No such difficulties existed with the SSSQ student and teacher versions though the 

return rate was 60% for students and only 30% for teachers. Rather, the issues that arose 

related to the metric employed by Goodrum et al. (2000) for certain items. For example, 

there were two particular items that related to excursions and visiting speakers in 

science. Respondents were asked to select the option that represented how often these 

things happened in their science classes. The options for these questions are consistent 

with others used in the questionnaire, where respondents are presented with five options 

"never" through to "nearly every lesson". In relation to these particular questions it 

would seem highly unlikely that students would be going on "excursions" nearly every 

science lesson. As a consequence, the majority ofresponses were located toward the 

lower end of the scale resulting in a highly skewed distribution ofresponses. It is 

acknowledged that these scales were probably not the most appropriate ones that could 

be used for such items. Providing respondents with space to record the actual number of 

excursions they attend or the number of visiting speakers they had listened to in science 

lessons within a specified time frame would seem to be a more feasible response option 

as it would provide a clearer indication of the frequency of these events. 

In addition to these questions, there were certain items in the SSSQ that appeared to be 

asking more than one thing and were perhaps ambiguous to the respondent. For 

example, item two on the student version of the SSSQ asked respondents to reflect on 

how often they work out explanations in science with friends or on their own. In 
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essence, this question asks students to reflect on two things: working out explanations in 

science with friends; and working out explanations in science on their own. Questions 

such as this would perhaps be better split into two to eliminate any ambiguity that 

respondents may experience in answering the question. 

7 .3.3 Return rate of data and time constraints 

In this research, teacher participants were responsible for collecting and returning all 

pre- and post-intervention data to the researcher upon completion. The return rate for 

the post-intervention data was disappointing and is a major limitation of this study as far 

as teachers' responses are concerned. At the conclusion of the intervention period, 

teachers were asked to return student questionnaire and ADT data, together with teacher 

questionnaires and the completed teacher program on which they had been asked to 

document the projects covered and include information about the sequence and duration 

of lessons as well as provide feedback and evaluative comments about lessons and the 

way in which they were implemented. See Appendix 5 for a copy of the program 

template. 

Numerous emails were sent to teachers both on a global scale and individually 

reminding them to return the data. Furthermore, several telephone calls were made 

where the researcher spoke to teachers personally or left messages for the science 

teachers concerned. Teachers offered many reasons as to why they had not sent the data. 

A common excuse was that they had not had time to package the data and post it but 

would "get round to it" as soon as possible. Even so, a number of these teachers still 

failed to send through the data. In particular, teacher questionnaire data and the program 

documents that teachers had been asked to keep during the intervention period were 

missing from a number of packages. This resulted in a response rate of 30% for the 

teachers and 60% for student data. 

Perhaps a lack of time was one of the reasons why many teachers failed to send through 

all data. Many classes were involved in the program during the second half of term 3 or 

in the final school term. During this period, teachers indicated that they were busy 

writing reports, trying to get through the content that was supposed to be covered by the 

end of the year for each of the classes they taught and had to contend with many of the 

outside activities that tend to happen toward the end of a school year such as, exams, 

presentation days and rehearsals for school productions. There were some teachers 
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(approximately 30%) who managed to send through student data yet failed to return 

their own data. Perhaps they did not have the "time" to document what had happened in 

the teacher program document supplied to them prior to commencing the program. This 

was also available for them to download from the website should they have "lost" it. 

· It was evident, however, that time constraints were not the only reasons as to why 

teachers failed to return data. There was one school that participated in and completed 

the intervention mid-way through Term 3, yet the post-intervention data failed to reach 

the researcher until the end of that school year. The researcher had contacted teachers at 

the school on a number of occasions in an attempt to get all data returned. The teachers 

indicated that they had packaged the data so that it was ready to send and had simply 

left it sitting in one of the classrooms waiting to be mailed. It took until the end of that 

year before the package was sent. It seemed that returning the data was not a high 

priority for some of the teachers on the post-intervention occasion: they had finished the 

topic and simply moved on to the next area that had to be covered. 

In essence, the 60% return rate for student data in the pre-post test design allows some 

conclusions to be made that relate to the intervention. The lower 30% return rate by 

teachers mean that any conclusions should be treated with some caution. What the 

remaining 70% of teachers would have said must forever remain unknown though some 

speculation could be undertaken but is beyond the purpose of this thesis. 

7.4 Implications for practice 

The results of this research suggest a number of major implications for teaching practice 

in junior secondary science classes. The findings indicate that the implementation of the 

program that has been the subject of this research and which incorporated five aspects 

of the ideal picture of science teaching and learning has co-varied with a change in 

students' perceptions of science at school, knowledge outcomes, alternative conceptions 

related to certain astronomical phenomena, complexity of explanations, non-responses 

and quality of responses. 

The research recognises that the way in which science is implemented is crucial to the 

success of teaching and learning experiences in science education. It was evident from 

the findings that students sought more practical work and wanted more control over 

their learning in science at school. The promotion of student-centred approaches appears 

to be vital if students are to have meaningful and relevant experiences in science lessons 
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at school. Furthermore, science teachers need additional support to employ pedagogies 

that foster student-centred approaches toward learning in science lessons. Ongoing 

professional development experiences are essential to support teachers in adopting and 

sustaining such practices in their teaching. Moreover, the professional development 

experiences should address the pedagogical content knowledge (Schulman, 1986; 1987) 

and skills required to implement such curricula in which many teachers appear to be 

lacking. 

This research showed that having access to and controlling the Remote Telescope co

varied with an increased motivation by many students to engage with the astronomy 

content covered during the intervention period in science at school. Similarly, using 

computers in science was welcomed by many of the students in this study and was 

something to which they had little exposure in previous science experiences. Providing 

students and teachers with access to high quality equipment in science lessons, such as 

the CSU Remote Telescope, is essential, as such instruments can be used to support and 

enhance teaching and learning experiences in science. In addition, having access to up

to-date technology such as computers in science classrooms or having more opportunity 

to access computing facilities within schools is necessary if teachers are to incorporate 

the use of such technology into their science lessons. Additional funding is required in 

many schools to allow more computers, equipment and resources to be purchased to 

support teaching and learning not only in science but in all curriculum areas. 

It was evident in some of the schools visited that the time and computer access issues 

were overcome by flexible approaches to implementation where science teachers 

worked in conjunction with computing teachers. A number of teachers in this study 

acknowledged that they were reluctant to incorporate technology in science lessons due 

to their feelings of inadequacy and fear associated with using it. This is a worrying 

finding consistent with other research (Becta, 2004, Dawes, 2000; Lamer & 

Timberlake, 1995; Russell & Bradley, 1997; Webb, 2001). Hence, additional support 

and opportunities for professional development programs that focus on how to use and 

implement certain technologies within a teaching and learning context should be made 

available for teachers. 

There may be a caveat here: that it is unreasonable for teachers or individual schools, to 

install and maintain such equipment, given the expertise needed and the time required to 

do this. A useful first step might be to use facilities such as the Charles Sturt University 
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Remote Telescope Project on a time-share basis or newly emerging facilities such as the 

Faulkes' Telescopes, two 2-metre class telescopes in Australia and Hawaii developed 

specifically for senior school use, or the Las Cumbres Observatories which is installing 

a global network of small, medium and larger aperture telescopes for educational use. 

Access to the educational programs that accompany these facilities will provide some 

relief for schools and systems from massive investment in science educational 

infrastructure and allow students to do real science, science that interests them while 

using telescopes that seem to provide students with, at least initially, a high degree of 

motivation to engage in and pursue science. 

Departments of Education need to work with schools in providing access to remote 

telescopes. In this research, Internet firewalls set up by the Departments of Education 

initially prevented students and teachers accessing the CSU Remote Telescope. 

Permission was sought and obtained from Departments to allow the necessary ports to 

be opened in firewalls so that the telescope could be accessed. It was also necessary for 

teachers to open the port in the firewall at their school and many schools did not possess 

the personnel who knew how to effect this. In a sense, it was taken for granted by 

Departmental officials that teachers in each of the schools had the technical expertise to 

do this but more often than not this was not the case. Further support and training is 

needed to allow teachers and students to access such resources over the Internet. Clear 

lines of communication need to be established so that science teachers, and others, 

know what to do to have the necessary access to Internet resources. Indeed, only one 

jurisdiction had established such procedures. 

Adopting assessment processes that identify students' current knowledge and 

understandings of the science concepts being covered are very important in the success 

of teaching and learning experiences in science. Assessment in the ideal picture of 

teaching and learning in science was described as "serving the purpose of learning and 

is consistent with, and complementary to, good teaching" (Goodrum et al. 2000, p. vii). 

This is consistent with the components of pedagogical content knowledge with the 

major components of "knowledge of students' current conceptions" (Grossman, 1990; 

McKinnon & Danaia, 2005b ). 

In this research, assessment was carried out before, during and after the intervention 

period. Assessing students' knowledge before the commencement of a science unit 

provides the teacher with information on what students already know about the topic 
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they intend to cover and allows the teacher to ascertain any alternative conceptions that 

the students may hold. This process helps identify areas that need to be addressed when 

covering the content and the learning experiences that are required to challenge 

students' alternative conceptions and assist them in the process of reconstructing their 

current conceptions and understandings to be more closely aligned with the currently 

accepted scientific beliefs. Thus, it is imperative to employ assessment procedures that 

will inform teachers of students' background knowledge and alternative conceptions so 

that appropriate learning activities can be planned and implemented. Assessment needs 

to be ongoing throughout the learning context to ensure understanding and to inform the 

content of teaching and learning. 

Teachers need to reflect on their current practices and science curricula and examine 

whether the teaching and learning experiences they currently offer reflect the ideal 

picture of science education and which in turn will help foster the development of 

scientific literacy. The adoption of curricula that incorporate aspects of the ideal picture 

of science education in conjunction with appropriate teaching practices are necessary if 

positive dispositions and knowledge outcomes are to be engendered. 

Consistent with the ideal picture of science, assessment procedures need to serve the 

purpose of learning in the implementation of secondary science curricula ( Goodrum et 

al. 2000). It is therefore important to identify students' existing knowledge and beliefs 

at the outset to infonn the planning of teaching and learning experiences to ensure 

opportunities are provided for students to reconstruct their conceptions to the more 

scientifically accepted beliefs. In addition, students' interests need to be taken into 

consideration by building in choice and giving them a sense of ownership throughout 

the teaching and learning context. 

In junior secondary science teachers are expected to teach many areas of the science 

curriculum that are diverse in nature. Hence, they need to be able to teach areas of 

science which are outside their particular area of expertise. It is suggested that teachers 

work together to pool both their knowledge and expertise by working collaboratively. 

This has implications for pre-service teacher education courses, specifically, the content 

of science curriculum subjects. These subjects need to equip pre-service teachers with 

the skills of knowing how to prepare, plan and execute teaching the content of the 

science curriculum so that it is consistent with the ideal picture of teaching ·and learning 

290 



in science. McKinnon and Danaia (2005b ), describe an approach used in a pre-service 

teacher education science curriculum subject that tackles the integrated skills required 

by pre-service teachers to address problems identified in various national and 

international science education reports. A problem-based learning approach is adopted 

where pre-service teachers develop and demonstrate their content knowledge, 

collaborative skills and pedagogical content knowledge in relation to one area of the 

science curriculum within a criterion referenced assessment framework. Students' 

development as teachers of science and technology is presented in an integrated 

assessment portfolio record of their experiences. This research showed that such an 

approach resulted in significant increases to the pre-service teachers' content knowledge 

and complexity of cognitive reasoning, reductions in alternative scientific conceptions, 

and high levels of satisfaction with the approach (McKinnon & Danaia, 2005b ). It 

would seem that such approaches are necessary to prepare pre-service teachers to adopt 

appropriate instructional strategies in the implementation of more effective science 

education. 

Current methods of delivering professional development also need to be examined and 

reworked to allow all teachers access to such opportunities so that ongoing support is 

available for teachers in implementing science curricula. It seems that many teachers are 

confronted with a number of limitations that prevent them from attending many of the 

professional development sessions that are currently offered. For example, teachers 

have to find a teacher replacement for their class, there is generally a cost associated 

with attending the professional development day, not to mention the cost of the teacher 

replacement and travelling to and from venues. This study involved the use online 

technologies to provide ongoing support to teachers. Further professional development 

opportunities need to be made available that are continuous, developmental and 

accessible for all teachers. 
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7.5 Suggestions for further research 

In this research, all participants had access to the same set of learning materials and 

teachers were advised of the student-centred approaches that should be adopted when 

implementing such curricula. Analysis of the data and comments made by students and 

teachers revealed that differences in student impact co-varied with differences in 

implementation patterns. Implementation integrity was an area of concern in this study 

as it was difficult to gauge how the program was being implemented across all 

classrooms given the large number of classes involved in the project and the fact that 

only a small proportion of teacher feedback programs were returned by teachers. 

It is suggested that additional research be conducted on the impact of the Practical 

Astronomy Program on the perceptions and knowledge outcomes of pupils in junior 

secondary school science where specific attention is devoted to the pedagogies 

employed by teachers to implement such curricula. Careful consideration needs to be 

given to how data are collected on the pedagogies that teachers adopt in implementing 

such curricula and the way in which the instructional approaches are monitored. In 

addition, teachers will require support in sustaining approaches that foster student

centred models of instruction and which are consistent with the ideal picture of teaching 

and learning in science. This research will allow relationships between the content 

covered and the methods of instructions employed to be examined to determine how 

effective certain approaches are in relation to student outcomes. 

This research has shown that curriculum materials that are underpinned by elements of 

the ideal picture of science education co-vary with students' perceptions, knowledge 

outcomes and experiences. Further research needs to develop science curriculum 

materials and programs that are characterised by the ideal picture of teaching and 

learning in science and that relate to other components of the science curriculum 

documents and to assess how effective they are in the teaching and learning context in 

terms of catering for the diverse learning needs and interests of the students and to 

determine the impact they have on students in terms of their perceptions of the science 

they experience at school and the knowledge outcomes generated. 

The findings in this research have indicated that giving students access to, and use of, 

the Charles Sturt University Remote Telescope in science at_school generated great 

excitement and motivated a large proportion of students to engage with the astronomy 
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content. Additional research needs to be carried out on the impact and benefits of 

having access to and using scientific grade equipment, such as the Charles Sturt 

University Remote Telescope, in science lessons both in the compulsory and post

compulsory years of secondary schooling. There are many highly sophisticated world 

class astronomical facilities, instruments and personnel in Australia. Australian school 

students have been given the opportunity to access sophisticated scientific equipment 

such as the Faulkes Telescope, referred to earlier, in the senior years of high school. 

Students need to be prepared to access and use such instruments in their later years of 

schooling to make effective scientific use of such instruments. As a consequence, 

continued research on the impact of using both remote and robotically controlled 

telescopes in science education is extremely important. 

Additional research is needed to determine the most appropriate way(s) of providing 

professional development that is ongoing and accessible to all teachers. Such 

professional development programs need to support teachers in employing pedagogies 

that are consistent with the ideal picture of teaching and learning in science and help 

them maintain such practices. In addition, teachers need assistance in developing the 

necessary competence and confidence to use and integrate technology successfully in 

science. 

Comments made by a number of teachers at the outset of this research suggested that 

they have had little opportunity to be involved in professional development programs 

largely due to not being able to find a teacher replacement to cover their classes and the 

costs associated with both covering that replacement and attending the professional 

development day. It seems that professional development programs that are currently 

offered usually involve teachers attending a day where they are presented with a great 

deal of information. The "professional development" ends at the conclusion of the day 

where teachers are expected to have the necessary skills to implement or train others at 

their school in whatever was covered during the day. This one off or "hypodermic" 

approach has been shown to be ineffective (Bezzina 1992; 1994; 1996). Other, more 

effective, models need to be implemented. 

The professional development program adopted in this study and described in Chapter 

3, Section 3.9.1 overcame problems of cost as funding for teacher release days were 

covered by the larger study. The program commenced with a face-to-face professional 

development day where teachers were presented with an overview of the Practical 
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Astronomy learning materials and research intentions. The professional development 

program continued throughout the intervention during online telescope sessions and 

through forum, email and telephone communications. As a result of the variation in 

implementation of the program across the groups it is suggested that further research be 

carried out on the development of professional development programs that model for 

teachers the way(s) in which such science curricula can be implemented in junior 

secondary science classes. In essence, this will attempt to put into practice the 

instructional approaches teachers need to use when implementing the Practical 

Astronomy Program. Any professional development program also needs to support 

teachers in maintaining such practices. 

The quasi-experimental approach adopted as part of the methodology for this study 

generated many threats to the validity of this research that have been identified and 

discussed earlier. This, however, was the most appropriate design for this research. The 

questionnaires and tests used to collect data in this study provided a wealth of 

information and were complemented by the qualitative measures that gave further 

insight into participants' experiences. It is suggested that future research in this area 

continues to use both quantitative and qualitative methods and employ additional data 

collection techniques, such as classroom observation and video recording of a selection 

of lessons throughout the intervention period to assist in providing evidence on how the 

program was implemented and address, in part, the issue of implementation integrity. If 

such procedures were to be adopted, it is recommended that a smaller number of 

schools or participants be involved in the research to facilitate the collection of such 

data and so that attention can be devoted to the pedagogies employed and in supporting 

teachers in adopting and maintaining such approaches. 

It is evident that a large proportion of students experienced an increase in their 

knowledge of certain astronomical concepts and reduced the number of alternative 

conceptions that they possessed after being involved in some of the activities and 

learning experiences provided in the Practical Astronomy materials. Further research is 

required on the effectiveness of such approaches on reducing students' alternative 

conceptions and non-responses and increasing knowledge, and both complexity and 

quality of responses when additional attention is devoted to supporting teachers in 

employing appropriate pedagogies that are congruent with the ideal picture of teaching 

and learning in science. In addition, future research may involve the development of an 
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instrument or series of instruments that map directly to the content covered in each of 

the chapters of the Practical Astronomy learning materials. For example, Chapter 4 in 

the Practical Astronomy Teachers' Guide and Student Workbook relates directly to the 

Moon. Instead of administering a diagnostic test on the post-intervention occasion that 

spans several areas, it might be appropriate for students to complete an assessment that 

relates specifically to the content covered, in this case the Moon. 

7. 6 Conclusions 

This thesis has investigated students' perceptions of the science they experience in 

junior secondary school and their knowledge outcomes both before during and after 

their involvement in an astronomy program that incorporated five elements of the ideal 

picture of science teaching and learning as identified by Goodrum, Hackling and Rennie 

(2000) in their major Australian investigation The Status and Quality of Teaching and 

Learning of Science in Australian Schools and provided participants with access to and 

use of the Charles Sturt University Remote Telescope. In addition, teacher perceptions 

of the science they teach to students in junior secondary school were compared with 

student perceptions of the science they experience. The results of this study have shown 

that involvement in such a program co-varies with significant differences in students' 

perceptions of the science they experience at school and in their knowledge outcomes. 

The differences in perception, however, were in some cases desirable while others were 

in a less favourable direction. There was variation in the perceptions of teachers and 

students in their respective classes with regard to the science they teach or experience in 

junior secondary school. In addition, the use of the Charles Sturt University Telescope 

proved to be highly motivating for students provided they were given the opportunity to 

control the telescope. 

A concurrent nested mixed method approach (Creswell, 2003; Tashakkori & Teddlie, 

2003) was selected to carry out this research. Multiple data sources were used to 

investigate the impact of the projecton students' perceptions and knowledge and on 

teachers' perceptions. The sources included: questionnaires, test, interviews and teacher 

documentation. Within this approach a quasi-experimental design was used to compare 

students' perceptions and knowledge outcomes before and after their involvement with 

the program Practical Astronomy for Years 7, 8 and 9. 
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The Secondary School Science Questionnaire pre-intervention student data provided a 

snapshot of the picture of teaching and learning in science five years after the 1999 data 

collection period of the research Status and Quality of Teaching and Learning of 

Science in Australian Schools (Goodrum et al. 2000). These results revealed that there 

were very little differences in the perceptions of students and suggested that very little 

had changed in the teaching and learning of science during the five year interval. 

Research participants in this study were given access to the same set of Practical 

Astronomy learning materials. Teachers were invited to negotiate with students the 

projects that would be covered and were advised on how such activities should be 

implemented. The qualitative data revealed that there was great variability in the 

implementation of the program across the classes involved and this impacted on 

students in different ways. When students were involved in carrying out the practical 

activities, and instruction centred more on the student-centred approaches that were 

encouraged by this intervention, the qualitative data suggested that students were more 

enthusiastic about science at school and appeared to be engaged. In contrast, students 

who appeared to be exposed to teacher-directed practices where they were continually 

told or shown what to do by the teacher were disappointed by their experiences. The 

differences in implementation suggest that there is still a gap between the ideal or 

intended curriculum and the actual or implemented curriculum in junior secondary 

school science (Goodrum et al. 2000). 

The teacher and the learning environment have a significant influence and impact on 

students' perceptions and knowledge outcomes. It is evident that teachers cannot just 

change the fonns of instruction that they have been accustomed to using and simply 

move on to implement student-centred approaches in science in effective ways. The 

Practical Astronomy Program seemed to empower some of the teachers involved to 

employ pedagogies that fostered student-centred approaches. It is important to 

recognise, however, that change takes time and to sustain such practice, ongoing 

support for teachers is necessary. 

There appear to be certain barriers within the school context such as access to facilities 

and equipment that place restrictions on the way in which science curricula is 

implemented. This research has revealed that accessing technology such as computers in 

schools can be problematic. Often, there is not enough equipment for all students to 

access. When computers are accessible it seems that there are other problems that tend 
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to confront users such as the network being too slow or Departmental firewalls 

preventing schools from accessing certain resources such as the telescope. Furthermore, 

it seems that technology becoming more prevalent in schools does not necessarily mean 

that it is being used effectively or integrated into the teaching and learning context in 

pedagogically appropriate ways. Many teachers lack confidence and in some cases the 

competence to use and implement such technology. It is evident that facilities and 

equipment within many schools need to be improved and additional support and 

training needs to be available for teachers. 

It has been acknowledged in the literature that developing scientific literacy should be a 

main goal of science education. In order to prepare students to become scientifically 

literate citizens and to combat the declining number of students selecting sciences in the 

post-compulsory years of schooling, it is necessary that the science offered in the 

compulsory years of schooling both engages and has a positive impact upon students. 

Consequently, curriculum materials need to be developed that are consistent with the 

science curricula of each jurisdiction and that reflect the ideal picture of teaching and 

learning in science. Teachers and the approaches that they adopt in implementing 

science curricula are fundamental in ensuring that the learning experience is meaningful 

and relevant to students. 

This research has shown that the picture of teaching and learning in science is still one 

of great variability. The delivery of science appears to be a critical factor in determining 

whether students are engaged and enthused by the science they experience at school. To 

continue to improve teaching and learning in junior secondary science, it is necessary to 

adopt approaches and programs that are characterised by the ideal picture. Attention 

needs be placed on supporting teachers in employing and maintaining pedagogies that 

foster student-centred learning. In addition, it is necessary to continue to investigate the 

effectiveness of science programs and examine how the content is taught to ensure the 

learning and teaching experience is worthwhile and fosters in students a life-long 

interest in science. 
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