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ABSTRACT  
 
This research report is based on a study that investigated South African Grade-10 

learners’ conceptions about day and night, and the seasons, after instruction in these 

topics.  The study was motivated by examiners’ reports that learners perform poorly in 

physical science, and by alternative conceptions that learners have about scientific 

concepts, as reported in the literature.  A motive for conducting the study in South Africa 

is that relatively little has been published about South African learners’ conceptions about 

day and night, and the seasons.         

 

An open-ended diagnostic questionnaire was used to probe learners’ conceptions about 

day and night, and the seasons.  The validity and reliability of the questionnaire were 

checked by the researchers’ supervisor and colleagues.    The questionnaire was piloted in 

a secondary school in the same township as the school that was later used to collect the 

main study data.  Learners in the pilot study were asked to state problems encountered 

while answering the questionnaire.  This resulted in minor modifications on the 

questionnaire.    

 

The modified questionnaire was then administered to the main study group, and open 

coding was used to analyze the results.  The results show that the majority of learners 

lacked scientifically acceptable conceptions about day and night, and the seasons, e.g. 

they did not understand the combined rotation of the Earth about its axis, and the 

revolution of the Earth about the Sun.  The results also show that learners could not 

properly interpret diagrams, and to effectively use diagrams to clarify their answers.  

Learners lack scientifically acceptable conceptions despite detailed explanations given in 

their textbooks, which imply that the books were not used effectively in the learning 

process.  Some recommendations made, following these results, are that learners’ 

attention should be drawn to rich information presented in their textbooks, and that some 

3-dimensional objects should be used when teaching the topic. 

 

 



 ii 

DECLARATION      
 
I declare that apart from the assistance acknowledged, this report entitled 

  

LEARNERS’ CONCEPTIONS ABOUT ASTRONOMICAL CONCEPTS RELATED 

TO THE SUN AN THE EARTH 

 

is my own unaided work. All sources that I have used or quoted have been acknowledged 

by means of complete citation and referencing.  This report is being submitted in partial 

fulfillment of the requirements for the degree of MSc in Science Education at the 

University of the Witwatersrand.  It has not been previously submitted for any degree or 

examination at any other university.  

 

 

…………………….. 
Retselisitsoe Mosoloane 

28 February 2005 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 iii 

ACKNOWLEDGEMENTS  
 
The researcher would like to thank all people who helped to make the project a success.  

Special thanks are due to principals and teachers of the schools from which the data was 

collected, and to the teacher who made arrangements for the researcher to conduct 

research in the schools.  The researcher would also like to thank learners who answered a 

diagnostic questionnaire, which was not necessarily related to the topic they were doing 

at that moment.  Thanks also to the Gauteng Department of Education (GDE) for 

allowing the researcher to conduct research in GDE schools.  Finally, the researcher 

would like to thank Mr. Mike Stanton of the School of Physics for his supervision and 

guidance on this research project.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 iv 

TABLE OF CONTENTS 
 
ABSTRACT………………………………...………………………………….…………i 

DECLARATION……………………………………………………………………..….ii 

ACKNOWLEDGEMENTS…………………………………………………………….iii 

 

CHAPTER 1: INTRODUCTION……………………………………………….………1 

1.1 Statement of the Problem…………………...……………...………..……………1 

1.1.1 Day and Night…………...……………………………………………...………...1 

1.1.2 Seasons…………………………………………………………………...……….2 

1.2 Aim of the Study……………...…………………………………..…………...…..3 

1.3 Research Questions………………...…………………………………....………..3 

1.4 Context of the Study……………………………………………..…………...…...3 

1.5 Theoretical Framework of the Study…………………….……………...…….....4 

1.6 Methods……………………….……………………………………………...…...4 

1.6.1 The Sample…...…………………………………………...……………………...4 

1.6.2 The Diagnostic Questionnaire………..…………………………………...……...5 

1.6.3 Piloting the Instrument…………………………………………..……………….5 

1.7 Analysis of Results……………………………..……………….……...…………6 

1.8 Importance of the Study……………………..……………..…………………….6 

1.9 Ethical Considerations…………………….………………………….……….....6 

1.10   Outline of the Report………………………………………………...….…..…..7 

 
CHAPTER 2: LITERATURE REVIEW……………………….……………………...8 

2.1 Day and Night…………………………………..…………….………….…...…..8 

2.1.1 The Scientific Conception……………..………………………………..….…….8 

2.1.2 Animate or Anthropomorphic Conceptions………….……………….....……….9 

2.1.3 The Moon Obscures the Sun at Night………………………………...….……...10 

2.1.4 Daily Revolution of the Earth about a Stationary Sun…………………...…..….11 

2.1.5 Daily Revolution of the Sun……………..…………………………...…………12 

2.1.6 Day-side and Night-side of the Universe………………………………….…….13 

2.1.7 The Sun Moves Up-and-Down and the Earth Spins…………………...………..13 

 



 v 

 

2.2 The Seasons………….……………………………………………………….….14 

2.2.1 The Scientific Explanation……………...………………..……………………..14 

2.2.2 The Naïve Conceptions………………..………………………………..………15 

2.2.3 The Distance Model………...……………………………………..……………16 

2.2.4 The Wobbly Earth Model………………..…………………………...…………17 

2.2.5 Uneven Radiation From the Sun………………………………………………...18 

2.2.6 Different Heating Capacities of the Sun………………………………...….…...19 

2.2.7 Effects of Seasonal Change on Position of the Sun…………………...…..…….20 

2.3 Theoretical Framework…………………..………………………….………….22 

2.3.1 Meaningful Learning…………..…………………………………...……….…..22 

2.3.2 Learners’ Worldviews…………...……………………………..……………….22 

2.3.3 Border-Crossing and Collateral Learning…………………...….……………….24 

 

CHAPTER 3: METHODS AND APPROACH……………………………………….27 

3.1 Research Paradigm……………..…………………………………...…….…….27 

3.2 The Approach……………………..…………………………….………..….…..28 

3.3 The Instrument…………………...………………………………………….…..28 
3.3.1 Defining the Content………..………………………….…………………...…...29 

3.3.2 Information about Documented Misconceptions……….………………….……32 

3.3.3 Developing the Diagnostic Questionnaire……………………...……..………...33 

3.3.4 Designing the Questionnaire Layout…….…………………...…………………34 

3.3.5 Piloting the Questionnaire………………………………………..……………..35 

3.3.6 Questionnaire Modification……...……………………………...………………36 

 

CHAPTER 4: RESULTS ANALYSIS………………………….……………………..39 

4.1 Pilot Results………...……………………………………………………………39 
4.1.1 Question 1: Date of the December Solstice…...………………………...………39 

4.1.2 Question 2: Alignment of the Earth and the Sun during Equinoxes ……….…...40 

4.1.3 Question 3: Temperature Difference between Summer and Winter……….……41 

4.1.4 Question 4: Overhead Sun at Noon…….………………………………...……..41 

4.1.5 Question 5: Daily Movement of the Sun…..………………………...………….41 

4.1.6 Question 6: The Moon during the Day….……………………………...……….42 



 vi 

4.1.7 Question 7: The Cause of Leap Years…….………………………………...…..42 

4.1.8 Question 8: The Cause of Different Seasons in the two Hemispheres……….…42 

4.1.9 Question 9: The Change in the Position of Sunrise from Season to Season…....43 

4.1.10 Question 10: Changing the Tilt of the Earth’s Axis….…………………….…...43 

4.2 Main Study Results…...…………...……………………………………....…….44 

4.2.1 Question 1: Apparent Daily Movement of the Sun………………………...…...44 

4.2.2 Question 2: Temperature difference between Summer and Winter......….……..47 

4.2.3 Question 3: Alignment of the Earth and the Sun during Equinoxes…………....50 

4.2.4 Question 4: Date of the December Solstice………………………………...…...53 

4.2.5 Question 5: The Cause of Leap Years…...……………………………...………56 

4.2.6 Question 6: Overhead Sun at  Noon….………………………………...……….58 

4.2.7 Question 7: The Cause of different Seasons in the two Hemispheres…..………60 

4.2.8 Question 8: The Change in the Position of Sunrise from Season to Season…....62 

4.2.9 Question 9: The Moon during the Day…….…………………………...……….65 

 

CHAPTER 5: DISCUSSIONS & CONCLUSIONS………………………………….68 

5.1 Discussion……………………….………………………………...…………….68 

5.2 Conclusions…………………………………………………………...…………75 

5.3 Findings…………………………………………………………………...……..77 
5.3.1 Learners Conceptions about Day and Night…….………………………...…….77 

5.3.2 Learners Conceptions about Seasons……...……………………………...……..78 

5.4 Recommendations…………………….……………………………...…….……80 

REFERENCES.................................................................................................................81 

APPENDIX 1………………………………………………..………………….……….85 

APPENDIX 2…………………………………………………...……………………….93 

 

  

 

 

 

 

 



 vii 

LIST OF FIGURES  
 

FIGURE 2.1: Cause of Day and Night: the Scientific Conception………………………..9 

FIGURE 2.2: Cause of day and Night: the Anthropomorphic Conception……………...10 

FIGURE 2.3: The Moon Obscuring the Sun…………………………………………….11 

FIGURE 2.4: Daily Revolution of the Earth…………………………………………….11 

FIGURE 2.5: Sun and Moon Revolve Around Flat Earth……………………………….12 

FIGURE 2.6: Sun and Moon Revolve Around Spherical Earth…………………………12  

FIGURE 2.7: Universe has Day-side and Night-side……………………………………13 

FIGURE 2.8: The Sun Moves Up and Down....................................................................14 

FIGURE 2.9: Cause of Seasons; the Scientific Conception……………………………..15  

FIGURE 2.10: Cause of Seasons: Distance Model (1)………………………………..…16    

FIGURE 2.11: Cause of Seasons: Distance Model (2)………………………………..…17    

FIGURE 2.12: Cause of Seasons: Distance Model (3)………………………………..…17 

FIGURE 2.13: The Wobbly Earth Model………………………………………………..18 

FIGURE 2.14: Uneven Radiation from the Sun…………………………………….…...19 

FIGURE 2.15: The Sun’s Energy Changes……………………………………………...19 

FIGURE 3.1: The Concept Map…………………………………………………………32 

FIGURE 4.1: Earth-Sun Relationship during Equinoxes (Model 1)…………………….40 

FIGURE 4.2: Earth-Sun Relationship during Equinoxes (Model 2)…………………….40    

FIGURE 4.3: Earth-Sun Relationship during Equinoxes (Model 3)………………….....51    

FIGURE 4.4: Earth-Sun Relationship during Equinoxes (Model 4)………………….....51    

FIGURE 4.5: Earth-Sun Relationship during Equinoxes (Model 5)………………….....51    

FIGURE 4.6: Earth-Sun Relationship during Equinoxes (Model 6)………………….....52    

FIGURE 4.7: Earth-Sun Relationship during Equinoxes (Model 7)………………….....52    

    

 
 

 

 

 

 



 viii 

LIST OF TABLES 

 

TABLE 2.1: Summary of Documented Conceptions……………………………………21 

TABLE 3.1: Advantages and Disadvantages of Open-ended Questions………………...33 

TABLE 3.2: The Specification Table……………………………………………………34 

TABLE 3.3: Sources of Some Items in the Questionnaire………………………………34 

TABLE 3.4: Questionnaire Modifications……………………………………………….37 

 

 

 

 

 

 

 

 

 

 

 


