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APPENDIX 1 
 
Eclipse story 
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APPENDIX 2 

Methodology: data collection - Pre-instruction questionnaire  
 
Phase 1 
 
Sample 
groups 

Instruments that 
were used 

Focus of 
analysis 

Method of 
analysis 

Presentation of results 

Pilot 
study G 
2001 
 
 
 
COS 
2002 
G 2002 

Pre-instruction 
Questionnaire 
Appendix 4.1 
 
 
 
Pre-instruction 
Questionnaire 
Appendix 4.2 

Prior 
knowledge  

Manual 
coding (also 
computer 
coded in 
Phase 2: 
see below) 

Table 5.16 showing 
conceptual change: 
responses to six content 
questions from pre- and 
post- instruction 
Questionnaires 

 
 
Phase 2 
 
Sample 
groups 

Instruments that 
were used 

Focus of 
analysis 

Method of analysis Presentation of 
results 

G 2004 
COS 
2004 
MS 2004 

Pre-instruction 
Questionnaire 
Appendix 4.3 

Prior 
knowledge 
related to 
worldview 

Computer coding of 
data from all 
sample groups, i.e. 
from Phase 1 and 
Phase 2: 
Method 1 (numbers 
of students involved 
with each issue)  
and  
Method 2 
(frequency of 
reference to the 
issues involved)  

Tables 5.1 to 5.15. 
These tables show 
numbers of 
students with 
different worldview 
positions; and 
details of the prior 
knowledge given as 
"code statements"  
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APPENDIX 3 

Methodology: data collection - Post-instruction questionnaire  
 
Phase 1 
 
Sample 
groups 

Instruments that 
were used 

Focus of 
analysis 

Method of 
analysis 

Presentation of results 

Pilot 
study G 
2001 
 
 
 
COS 
2002 
 
 
 
G 2002 

Post-instruction 
Questionnaire 
Appendix 4.4 
 
 
 
Post-instruction 
Questionnaire 
Appendix 4.5.1 
 
 
Post instruction 
Questionnaire 
Appendix 4.5.2 
 

Barriers to 
learning 
 
 
 
 
 
 
 
 
 
Conceptual 
change and 
barriers to 
learning 
 

Manual 
coding 

Table 5.16 showing 
conceptual change: 
responses to six content 
questions from pre- and post- 
instruction Questionnaires  
 
 

 
Phase 2 

 
Sample 
groups 

Instruments that 
were used 

Focus of 
analysis 

Method of analysis Presentation of 
results 

G 2004 
COS 
2004 
MS 2004 

Post-instruction 
Questionnaire 
Appendix 4.6 

Barriers to 
learning 

Computer assisted 
coding of data from 
all sample groups 
from Phase 1 and 
Phase 2; 
Method 1 (numbers 
of students involved 
in each issue) and  
Method 2 
(frequency of 
reference to each 
issue) 

Tables 5.17 to 5.37: 
numbers of students 
who responded to the 
issues in different 
ways.  
Figures 6 to 13: pie 
charts showing the 
relative frequency of 
"code statements" to 
a number of issues. 
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APPENDIX 4 

Copies of examples of pre- and post-instruction questionnaires: 
 
Pre instruction questionnaires 
4.1  2001 (used for pilot study - Geography Preliminary sample only) 
4.2  2002 (used for Geography Preliminary and College of Science samples) 
4.3  2004 (used for Geography Foundation, College of Science and Geology    
                  mainstream samples) 
 
Post instruction questionnaires 
4.4    2001 (used for pilot study - Geography Preliminary sample only) 
4.5.1 2002 (used for Geography Preliminary sample) 
4.5.2 2002 (used for College of Science sample) 
4.6    2004 (used for Geography Foundation, College of Science and Geology  
                   mainstream samples)    
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APPENDIX 4.1 
 
Pre instruction questionnaire 
2001 (used for pilot study - Geography Preliminary sample only) 
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APPENDIX 4.2 
 
Pre instruction questionnaire 
2002 (Geography Preliminary and College of Science) 
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APPENDIX 4.3 
 
Pre instruction questionnaire 
2004 (Geography Foundation, College of Science and Geology mainstream) 
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APPENDIX 4.4 
 
Post instruction questionnaire 
2001 (pilot study: Geography Preliminary group only) 
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APPENDIX 4.5.1 
 
Post instruction questionnaire 
2002 (Geography Preliminary group only) 
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APPENDIX 4.5.2 
 
Post instruction questionnaire 
2002 (College of Science only) 
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APPENDIX 4.6 
 
Post instruction questionnaire 
2004 (Geography Foundation, College of Science and Geology mainstream) 
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APPENDIX 5 
 
Record of colleague’s notes on the introduction of GEOL 122 to the course and the pre-

course questionnaire. 

(Monday 11th February 2002) 

The following points were made: 

• When you are a small child, your parents would answer your questions.  

      Maybe they would  redirect the questions; maybe answer the questions from their  

      own experience, or maybe you were snubbed “don’t ask too many questions”. 

• The questionnaire you are going to fill out is not a test at all – just wanting to 

know/hear what your understanding is – want to know what you know. What is 

presented in the ‘Earth in Space’ course is a “story” with a number of theories;  

we are wanting to know your stories (your understanding), your knowledge, not 

your neighbours! Please remember – this isn’t a test! 

 

The questionnaire was then explained in detail, question by question. Students  were 

asked to explain their ideas and where they got their ideas from and any other 

sources of information. They were told to take as much time as they liked to answer 

the questions. 

 

The students were also asked to write down their mother and father’s names on 

questionnaire so that it would be possible to identify the questionnaires if necessary 

for later discussion, perhaps interview. They were not to write their own names on 

the questionnaires, so they could remain anonymous. 
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APPENDIX 6 

Coding in Atlas.ti Method 1 
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APPENDIX 7 

Coding in Atlas.ti Method 2 
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APPENDIX 8 

Network views example from Atlas.ti 
 

 



 323



 324

APPENDIX 9 

Breakdown of results by sample groups 
 

        QUESTION 1: "What is a star?"     

Categories Total 
College of Science  

n = 55  
Geology mainstream  

n = 92 
Geography Foundation 

n = 44 
Alternative Conceptions: 
descriptions         
composition 23 9 10 4 
Light 192 48 97 47 
Location 25 6 10 9 
Shape 21 4 12 5 
Size 19 13 4 2 
source of light 34 15 12 7 
Total 314 95 145 74 
Alternative Conceptions: cultural         
IKS 37 7 18 12 
Religion 22 4 14 4 
 Total  59  11  32  16  
Western Modern Science         
composition 78 20 48 9 
Location 83 34 41 8 
Process 138 29 71 13 
 Total   299 83  160  30  
Misconceptions         
composition  42 13 18 11 
Location 9 2 6 1 
Origin 39 8 22 9 
Total 90 23 46 21 
Can't be classified 21 6 9 6 

 
 
QUESTION 2: "What causes day and night?"   

Categories Totals 
College of Science 

n = 55 
Geology Mainstream 

n = 92 
Geography Foundation 

n = 44 
Alternative conceptions         
IKS 15 2 10 3 
Religion 31 10 16 5 
 Total   46 12  26   8 
Western Modern Science         
correct ideas 259 82 112 65 
confused ideas 90 29 50 11 
 Total 349 111 162 76 
Misconceptions         
Earth goes around the sun 94 28 45 20 
Intuitive view: sun moves 45 9 22 14 
Total 139 37 67 34 
Can't be classified 10 3 3 4 
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QUESTION 3: "What causes the seasons?"    

Categories Total 
College of Science 

n = 55 
Geology mainstream 

n = 92 
Geography Foundation 

n = 44 
Alternative Conceptions         
IKS 18 8 9 1 
Religion 6 1 4 1 
Confused ideas 13 4 8 1 
 Total  37 13 21 3 
Western Modern Science         
Correct idea 170 51 93 23 
confused idea 68 20 32 16 
 Total 238 71 125 39 
Misconceptions         
position on orbit 10 3 5 2 
climate related 117 36 40 41 
confusion rotation / revolution 117 34 58 25 
distance concept 111 33 46 31 
Total 355 106 149 99 

 

 
QUESTION 4: "What happens to the stars in the day time?"   

Categories Totals
College of Science 

n = 55 
Geology Mainstream 

n = 92 
Geography Foundation 

n = 44 
Alternative conceptions         
IKS 28 3 11 14 
simple description 111 32 54 25 
position of stars 10 5 1 4 
process of shining 32 15 9 8 
 Total  181  55  75 51  
Western Modern Science         
blue sky 11 6 3 2 
stars are still there 113 34 58 21 
 Total 124 40 61 23 
Misconceptions         
sun is too bright 202 65 98 38 
environment / climate perspective 10 3 4 3 
star position 10 6 1 3 
Total 222 74 103 44 
Can't be classified 3 1 1 1 
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QUESTION 5: "Why does the moon appear to change its shape?"  

Categories Totals
College of Science  

n = 55 
Geology Mainstream 

n = 92 
Geography Foundation 

n = 44 
Alternative conceptions         
IKS 35 13 10 12 
religious 7 0 5 2 
 Total 42 13 15 14 
Western Modern Science         
correct idea 55 14 29 11 
Total 55 14 29 11 
Misconceptions         
characteristics unrelated to revolution 59 18 27 14 
ideas linked to eclipses 35 9 20 6 
position and process 103 25 53 25 
Total 197 52 100 45 

 
 
 

QUESTION 6: "What is the universe?"    

Categories Totals
College of Science 

n = 55 
Geology Mainstream 

n = 92 
Geography Foundation 

n = 44 
Alternative conceptions         
earth based perspective 47 17 26 4 
Religious 26 6 15 5 
 Total  73  23   41  9 
Western Modern Science         
galaxy and bigger perspective 149 21 89 16 
solar system perspective 123 22 82 19 
Total 272 43 171 35 
Can't explain 10 3 6 1 
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APPENDIX 10 

Ethics  clearance 
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APPENDIX 11 

The Interviews  

The interviews all took place in my office at the university during normal office hours. All 
the interviews were conducted at pre-arranged times. My office door, which was always 
left open when I was available for informal consultation, was closed during the time of 
the interview to signal to colleagues and other students that I was not available and 
should not be disturbed. This also served to give a quiet and private space for the 
interviews to be conducted. The interview questions were used as a guide to stimulate 
discussion.  
 
Interview schedule 
 
Introduction:  
(use points 1 to 5 as a reminder to myself to make sure student understands what the 
interview is about and that they are comfortable with the procedure) 
 
1. Greet the student and ask them how they are. Welcome them and thank them for 
coming to speak to me. 
 
2. Remind the student about the purpose of the interview, i.e. that we would be 
discussing the answers to their pre- and post-instruction questionnaires, and that I was 
interested in finding out what their thinking had been regarding the course; whether they 
had experienced any difficulties, what they might have done or thought to do about these 
difficulties, and how they had felt about the course. 
 
3. Show them how the tape recorder (Dictaphone) works. Get the student to switch it on 
and read a small section from one of their questionnaires, then play it back in order to let 
them hear how they sound on tape and whether they are speaking loudly enough for me 
to be able to hear what they were saying when I transcribe the tape. Explain that when I 
have done the transcription, a copy would be given to them to read to verify what they 
had said and add any further explanations if they so desired. They would also then be 
able to indicate if they were prepared to give me permission to use what they had said 
for the purpose of my research project. Explain that they could at any time ask me to 
switch off the tape recorder if there was something they wanted to discuss that they did 
not want to have recorded.  
 
4. Explain that they were not obliged to answer any questions and remind the student 
that they had written off the course. This means that nothing they say in the interview 
can be used in any way in terms of the assessment of their work.   
 
5. Ask the student if they have any questions before we begin with the interview.  
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Interview questions 

1. Some of your Geography courses (e.g. Climatology / Geomorphology / Earth in 
Space) may present information that is different to the ideas or understanding that you 
already have.This information may be  
* neutral to you - for example - how running water causes erosion 
* challenging to you - understanding how T-phi grams work 
* confusing for you, because it is different to what you already understood 
* conflicting for you, because it goes against or contradicts what you already believe.   
Is this true for you? Can you give me any examples? (use prompts if necessary: suggest 
geologic time, plate tectonics, dimensions in space, Big Bang theory…) 
 
2. When you come across information that challenges your previous beliefs, what is your 
reaction? (use prompts if necessary: do you contextualize it, reject it, be pragmatic with it 
- e.g. deal with it later, learn for exams now?) 
 
3. What are the beliefs that are being challenged? (prompt if necessary: are they related 
to religion, to culture, to tradition?) 
 
4. How do you rate yourself in terms of tradition / culture / religion? Is it very important; 
important; not important to you, or are you not sure?     
 
5. Who or what carries authority for you with regard to how you think and what you 
believe? Has this changed for you at university? How do you feel about the authority of 
your lecturers by comparison to other authority figures in your life and how will you react 
if what your lecturers are teaching you conflicts with your previous beliefs? 
 
6. If you find that what you are being taught is changing how you see things, how do you 
react? What is the personal cost that may be involved in terms of changing how you 
think? What kinds of things may make you change your mind? 
 
7. Is there somebody that you can talk to about conflict caused by theories such as Big 
Bang theory? How do you deal with confusing ideas / dilemmas? 
 
8. Are there subjects you would not carry on studying because they cause conflict for 
you? 
 
9. What knowledge do you trust and what makes you trust it? 
 
10. What knowledge matters to you? How does it matter? 
 
11. What for you is the connection between believing something and learning it? If you 
don't believe it does it make it harder to learn? 
 
12. Do you think it is possible to hold different ways of thinking, even if those ideas 
clash? 
 
13. Do you see any connection between or what do you see as the differences between 
scientific understandings and traditional understandings? And scientific and religious 
understandings? 
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APPENDIX  12 

BREAKDOWN OF RESPONSES BY STUDENTS WHO REFERRED TO IKS AND 
RELIGION 
 

PD  
What is a 
star? 

Stars in 
the day?  Rotation Revolution 

Moon 
phases Universe IKS Religion

2 IKS IKS   ABp + ABr WMS clim. Blank Blank 2 1 
3 Abp WMSc  IKS + WMSp  WMSp + ABr ABp WMSp 1 1 
6 WMSp + ABr ABe  WMSp WMSp ABr Blank   2 
15 ABe Blank  ABp + ABr WMS clim. IKS Blank 1 1 
16 Abp ABe + Abp  WMSc Blank WMSp + IKS Blank 1   
21 ABe ABe + Abp  ABp + ABr WMSp  WMSp Blank   1 
35 WMSs WMSs  WMSp WMSs WMSs + ABr WMSs    1 
37 ABp + ABr WMSs  ABe + WMSp WMSs Blank WMSc   1 
40 WMSc IKS + ABe   WMSc + IKS WMSp WMSc + ABp Blank 2   
41 WMSs + IKS ABe + WMSp  WMSp + IKS WMSs + clim.  WMSs Blank 2   
43 Abp ABe  Abp WMS clim. ABr Blank   1 
46 Blank ABe  WMSp WMS clim. IKS Blank 1   
49 ABp + WMSp IKS and ABe  WMSp WMS clim. WMSp + ABr WMSc 1 1 
51 ABe ABe  WMSp WMS clim. IKS Blank 1   
52 Blank IKS  WMSc + WMSp ABe Blank WMSs 1   
53 ABe + ABr WMSp  WMSs WMSp ABp Abp   1 
54 WMSc ABe + ABp  WMSc + ABr WMSc WMSp ABr   2 
59 Abp WMSs + ABp  WMSp IKS WMSs WMSmacro 1   
60 WMSs + IKS ABe  WMSs WMSc WMSp ABr 1 1 
61 WMSs ABe + WMSs  WMSc WMSs WMSs WMSmacro + ABr   1 
63 Abp ABe + Abp  WMSc WMSp WMSp WMSmacro + ABr   1 
69 ABp +WMSp WMSp + Abp  WMSp + IKS WMSs ABe WMS meso 1   
89 Abp ABe  WMSp WMSc ABp WMS macro + ABr   1 
90 WMSp + ABe WMSs  WMSp + IKS WMSs WMSs + ABp WMS meso 1   
91 WMSs + ABe Blank  WMSp + IKS WMSc ABe + ABp WMS micro 1   
92 WMSp + ABe WMSs  WMSc + ABr WMSc WMSs WMS macro   1 
93 WMSc ABe + WMSs  WMSc Blank WMSp+ ABr WMS macro   1 
98 ABe ABp + IKS  ABp + ABe WMSp IKS  WMS meso 2   
100 ABe Blank  WMSp + IKS WMSs ABp WMS micro 1   
130 Abp ABe  WMSp WMSc IKS WMS meso 1   
131 WMSs + ABe ABe  WMSc + ABe WMSp WMSs WMS macro + ABr   1 
133 WMSc ABe + WMSs  WMSc WMSc WMSp WMS macro + ABr   1 
146 ABe + IKS ABe   WMSc WMSs IKS  WMS meso 2   
148 ABe ABe + ABp   ABp + ABr ABr  ABp WMS macro   2 
149 ABe + IKS IKS + ABe   WMSc + IKS WMSp + ABr WMSs WMS macro 3 1 
151 WMSs + ABe ABe   WMSs ABr  Blank WMS meso   1 
162 Abp ABe + ABp   WMSp+ ABp WMSs WMSp + IKS ABp  1   
164 WMSc + ABr ABe + WMSs   WMSp + ABr WMSs + ABr   Blank WMSp   3 
169 ABe ABp   WMSc + ABr  ABp  ABr ABp + ABr    3 
170 ABe  ABe   ABp + ABr  WMSp WMSp + ABr WMS micro   2 
171 WMSp ABe + ABp   WMSc Abp ABp WMS macro + ABr    1 
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173 WMSc + ABr ABp   ABp  Abp WMSc WMS macro + ABr    2 
174 WMSs + ABe WMSs + ABe   ABe + WMSp Blank Blank WMS meso + ABr   1 
180 Abp ABp   WMSc + ABr  WMS clim. ABp WMS micro   1 
186 WMSs WMSs + Abp   WMSc + IKS WMSs  WMSs WMS meso 1   
188 WMSs + IKS ABe   WMSp WMSp ABp WMS meso 1   
192 WMSs + ABe ABe + WMSs   WMSc + ABr  WMS cl. + IKS Blank WMS macro 1 1 
198 WMSp + ABe  ABp + IKS   WMSp Blank WMSp WMS meso 1   
199 ABe ABe + ABp   WMSp + ABr  WMSp WMSp WMS micro   1 
214 WMSs + ABe ABe   WMSp WMSp IKS ABp   1   
217 WMSs + IKS WMSs  WMSp ABp ABp WMS meso 1   
220 WMSp + ABr ABp   WMSc + ABr  ABe + ABr IKS WMS micro + ABr  1 4 
222 WMSc ABe   WMSc WMSc WMSp + ABp WMS macro + ABr    1 
223 ABe ABe + ABp   WMSp WMSp  IKS  WMS meso 1   
224 ABe + ABr ABe   WMSp + ABp  WMS clim. IKS WMS micro 1 1 
225 ABe ABe   ABe  ABp  IKS  WMS meso 1   
229 ABe ABp  WMSc WMSp Blank WMS macro + ABr    1 
231 WMSs + IKS ABp + IKS  WMSp WMSp WMSp WMS meso 2   
236 ABe + IKS WMSp  WMSc WMS clim. WMSp WMS micro 1   
239 IKS WMSp  WMSc ABp ABp WMS meso 1   
240 Abp IKS + ABe   IKS + WMSs  ABp WMSc WMS meso 2   
       Total 44 47 

 
Key: 
PD = primary document number in Atlas.ti 
Western Modern Science (WMS) 
 WMSc  = correct 
 WMSs  = simple 
 WMSp  = problem 
 WMS clim. = climatology 
 WMS micro = earth based conception of the universe 
 WMS meso  = solar system conception of the universe 
 WMS macro = bigger picture – beyond the solar system – conception of the  
                                     universe 
Alternative Beliefs (AB) 
 ABp = personal 
 ABe = everyday 
 ABr  = religion 
 IKS  = indigenous knowledge systems 
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APPENDIX 13 

Comparative table different sample groups: what did you find hard to understand? 

QUESTION 1: "What was hard to understand?" 
 

Categories Total Ave (%) College of Science Geology mainstream Geography Foundation 
Issues related to content 
Big Bang 
Theory 

 
51 

 
25% 12 26 13 

Nebula 
Theory 

 
28 

 
13% 4 18 6 

Cosmic 
Body 
movement 

 
 
23 

 
 
11% 4 9 10 

Space link 7 3% 0 5 2 
Earth link 11 5% 2 6 3 
Issues related to epistemology 
Singularity 17 8% 2 12 3 
Prior 
knowledge 

 
16 

 
8% 5 10 1 

Issues related to learning 
Personal 
miscellan. 

 
14 

 
7% 2 4 8 

No 
problem 
understan
ding 

 
 
42 

 
 
20% 

12 18 12 
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APPENDIX 14 

Comparative table different sample groups: what did you find hard to believe? 
 
QUESTION 2: "What was hard to believe?" 
 

Categories Total Ave (%) College of Science Geology mainstream Geography Foundation 
Issues related to content 
Big Bang 
Theory 

 
79 

 
36% 15 28 36 

Nebula 
Theory 

 
26 

 
5% 6 12 8 

Evolution 12 5% 7 4 1 
Earth link 8 4% 0 8 0 
Issues related to epistemology 
Credibility 
of theories 

 
11 

 
5% 2 5 4 

Beginning 
of doubt 

 
3 

 
1% 1 2 0 

African 
Traditional 
Religion 

 
 
6 

 
 
3% 0 3 3 

Conflict 
with 
religion 

 
 
15 

 
 
7% 3 9 3 

Open 
minded 

 
10 

 
5% 3 7 0 

Issues related to learning 
No 
problem 
understan
ding 

 
 
49 

 
 
22% 

14 30 5 
Fatima's 
rules 

 
1 

 
0% 0 1 0 
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APPENDIX 15 
 
GLOSSARY OF TERMS 
 
Ontology  
A term which refers to the branch of metaphysics which studies, questions, analyses and 
criticizes assumptions and theories about the nature of being and existence (Pence, 
2000). In the context of this thesis, ontology is important in considering how you view 
what is important to you, what you value and how you will make judgements. Do you 
believe yourself to be a creation of God? Do you believe that you are created in the 
image of God? Is the world / universe a creation of God? Do you believe in an afterlife 
and in ancestors who play a role in your life on earth? Is individualism or community 
more important to you? These questions all relate to a religious ontology, but stand in 
contrast to a belief that denies the existence or need for a creator or spiritual force. In 
the context of this study, African ontology is religious. It is very different to a scientific 
ontology which considers only matter and the evolution of matter into the physical 
universe that we live in.  
 
Epistemology 
The branch of philosophy that studies the nature of knowledge - how it is acquired, and 
whether the knowledge is true knowledge, if that is possible (Ibid.). In the context of this 
thesis, pertinent questions that relate to epistemology include to the source of 
knowledge: does it come from a trusted Elder or parent? Is it indigenous knowledge that 
has been passed down over generations, shaping the way phenomena are viewed in 
relation to a particular culture? Is it personal knowledge - does it comes from your 
senses - the result of your own experience, viewed with your own eyes?  Or does it 
come from a 'colder' source: books, videos, the internet? Is it believable in relation to 
your experience? Does that source care whether you believe it and live by it or not?  
 
Anthropocentricism 
Regarding or viewing humans as the centre of existence. 
 
Anthropomorphism 
The representation of nonhuman creatures, for example, animals, nature, God, as 
having human characteristics - the attribution of human characteristics to non-human 
things. 
 
Animism 
The belief that inanimate objects and natural phenomena have souls. 
 
Monism 
The metaphysical view that all of nature is composed of only one substance. Monism is 
usually contrasted with dualism, which sees the universe as being made of two 
substances: mind and matter, or body and spirit. 
 
Teleology 
The study of the purpose or goal of all things. 
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GLOSSARY OF ASTRONOMY CONCEPTS 
 
Rotation (day and night) 
The rotation (spinning) of the geo-spherical earth on its axis, completing one spin in a 
period of 24 hours, progressively turns each part of the earth's surface towards and 
away from the light of the sun. Those parts of the earth turning into the light will 
experience dawn (sun rise) as they cross the circle of illumination, progress through the 
day light hours, and turn into the period of darkness or night, with dusk and 'sun set' 
experienced with the crossing again of the circle of illumination, away from the sun's 
light. 
 
Revolution (seasons) 
The revolution (orbit) of the earth refers to the movement of the earth around the sun on 
the plane of the ecliptic. The path of revolution is elliptical, with one revolution being 
completed in a period of 365 ¼ days. The axis of the earth is tilted at 23 ½ degrees to 
the perpendicular in relation to the plane of the ecliptic (constant parallelism), causing 
either the northern hemisphere or the southern hemisphere to be tipped towards the 
sun, depending on the position along the orbit. For the period that the northern 
hemisphere is tilted towards the sun, that hemisphere will experience more direct 
insolation (incoming solar radiation), resulting in increased heating of the atmosphere 
and the earth's surface, the season or period known as summer. During the same time, 
the southern hemisphere, tilted slightly away from the sun, will experience winter, with 
the sun's rays being received at more of an angle, resulting in the diffusion of the sun's 
energy through a greater volume of atmosphere and a larger surface area. This results 
in winter in the southern hemisphere. As the earth progresses along its orbit from one 
hemisphere being tilted towards the sun, to the other being tilted towards the sun, the 
seasons change, progressing through autumn, winter and spring, before returning to 
summer. 
 
Geocentric vs heliocentric models of the solar system 
'Geo' refers to the earth, while 'helios' refers to the sun: a geocentric view of the solar 
system is one in which the earth is seen as the centre of the solar system, with the sun 
and other planets orbiting around the earth, while a heliocentric view sees the sun as the 
centre of the solar system. Our human experience leads to a geocentric view, while 
science, since it was first proposed by Copernicus, has proved the heliocentric view.  
   
Stars 
Stars are balls of burning gas in space. This most commonly involves the conversion of 
hydrogen to helium. The radiant energy that is released as a result of this conversion is 
visible as star light, or in the case of our closest star, the sun, sunlight.  
 
Stars during the day 
The atmosphere that surrounds the earth scatters the sun's light on the side of the earth 
that is facing the sun. This scattering of light in the atmosphere causes the atmosphere 
to appear blue and opaque, creating a visual 'dome' of blue sky. At night, when no light 
from the sun is being scattered, the atmosphere appears transparent and it is possible to 
see stars that are outside of the solar system.  
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Moon phases 
The moon orbits the earth, and together they orbit the sun. The moon's orbit is tilted at 
5.9 degrees to the plane of the ecliptic. The side of each of these spheres facing the sun 
is lit up by the sun's light. Moon phases refer to the changing amount of lit up surface of 
the moon that can be seen from the earth as the moon orbits the earth. 'Full' moon refers 
to the entire lit up half of the moon being visible from earth, while 'new' moon is when the 
moon is situated between the earth and the sun, when none of the lit up surface of the 
moon is visible from earth. During the period from new moon to full moon, the moon is 
said to be 'waxing', as the amount of lit up surface that can be seen increases, while the 
period from full moon to new moon is known as the 'waning' of the moon.  
 
Universe 
The term universe has different meanings in different contexts. In terms of astronomy, 
the universe refers to all matter and energy in existence. In terms of a course in basic 
astronomy in Earth Science, knowledge of the composition and structure of the universe, 
including dimensions in space, the solar system, the Milky Way and other galaxies, and 
the basic scientific theories concerning the formation and evolution of the physical 
universe, would be important.   
 
Big Bang Theory 
The Big Bang model of the universe describes the universe as expanding explosively 
from a singularity, defined as an "unimaginably hot compact state which marked the 
beginning of time and space, and of all matter and its associated energy" ( Barrett, 2000, 
116). While the model "remains coherent to within a trillionth of a trillionth of a trillionth of 
a second of the Big Bang" (Ibid., 117), beyond that any account is "boldly speculative" 
and lies "outside of the realms of science" (Ibid.). The model accounts for the formation 
of stars and galaxies, and all the physical elements out of which these have been 
formed.  
 
Solar Nebula Theory 
This theory explains the formation of a star (in the case of the Solar system, the sun) out 
of a nebula (a cosmic cloud of gas and dust). Contraction and gravity feed the formation 
of a dense ball of gas, which ignites to form a star. As the gas is drawn in to the 
developing star, the cloud contracts and begins to rotate, forming a disc of gas and dust 
around the star. Planets are formed within the disc through accretion, with small, dense, 
rocky planets being able to exist at the temperatures close to the sun, and larger gas 
planets forming at sufficient distances from the sun that they do not vaporize. The 
planets so formed are held in their orbit around the sun as a result of the gravitational 
attraction between the sun and the planets.  

 


