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ABSTRACT 

This study considers children’s attitudes towards science and their ideas and 

understandings of science concepts. Attitudes and ideas and understandings were 

investigated with respect to several factors (age, gender, age and gender, science 

ability level, socioeconomic group, school and class group). Through consideration 

of underlying factors this study explored possible links between attitudes and ideas 

and understandings. 

 

This study approximates most closely to a postpostivitist approach with elements of a 

constructivist perspective. The children’s attitudes and ideas and understandings of 

two science concepts (‘living’ and ‘daytime’) were not simply measured. They were 

collected with the view that they are individual to each child and based on their 

experiences and personal constructions. The sample comprised 647 children, ranging 

from 4 to 11 years old. 

 

In general, children’s attitudes towards science and their ideas and understandings of 

science concepts were shown to be linked, because two factors affected both aspects 

(age and school). The main findings suggest that positive attitudes towards science 

declined with age, yet the percentage of ‘scientific’ responses about both concepts 

increased with age. There were two schools in stark contrast to one another. Children 

in one school were very positive about science and demonstrated a high level of 

scientific responses about both concepts and children in another school were the least 

positive about science and yielded the lowest percentage of ‘scientific’ responses.  

 

This thesis demonstrates that young children can voice their likes, dislikes and 

concerns from a very young age and that their viewpoints should be considered and 

nurtured to help improve upon the current trend of a decline in positive attitudes 

towards science at primary level. The findings from the investigation into children’s 

ideas and understandings bring to light the complexity of thoughts and theories they 

hold about concepts. It is therefore important that children’s ideas about topics are 

regularly discussed and investigated (that is, not just ‘examined’ at the end of a 

topic).  

 

Findings from the current study call for, in particular, an age sensitive science 

curriculum. However, we need to incorporate changes for boys as well as girls of 

different ages. There are both social and methodological implications for school 

effect. The school a child attends can have an impact on attitudes towards a given 

aspect of the curriculum and their ‘performance’ in that subject. The methodological 

implications are twofold: school must be considered in studies related to children and 

their attitudes and/or their ideas and understandings of concepts and it is advisable to 

collect a variety of details and observations about the schools in a sample, not just 

information pertaining to socioeconomic and demographic factors. 

 

 

 

 



  

 ii 

ACKNOWLEDGEMENTS 

 

Completing this thesis has been an incredible journey in so many ways. It would not 

have been possible without my supervisors and friends Dr Colette Murphy and Dr 

Jim Beggs. I thank you sincerely for your patience, guidance and insight. Your 

enthusiasm has been a true inspiration and I’d like to thank you wholeheartedly for 

all your support. I also thank you for planting the initial notion of doing a PhD!  

 

This work could not have taken place without the participating schools, teachers and 

remarkable children involved. Their words never ceased to amaze me. I would also 

like to thank all the academic, library, secretarial and technical staff in the School of 

Education who assisted me in many ways. A big thank you goes to Aisling, Karen, 

Tracey, Christine, Li Li and all my fellow PhD students for their constant words of 

encouragement and sympathetic listening. 

 

I would like to thank all my friends for their support and understanding, particularly 

when my head was ‘elsewhere’. A special thank you to Melissa, Collette.L., 

Clare.D., Garvan, Laura and all the girls in Belfast. 

 

I would never have made it through these last four years without my family. A huge 

heartfelt thank you to Mammy, Daddy, Emmett, Garvin and Granny. I thank you for 

your calm reassurance, never-ending encouragement, love and patience particularly 

during these last few months. I will never forget your steadfast belief in me, 

especially when I didn’t believe in myself. I could not have achieved this without 

you. 

 

Thank you all 

 

 

 

 

 

 

 

 

 



  

 iii 

TABLE OF CONTENTS 

ABSTRACT .................................................................................................................. i 

ACKNOWLEDGEMENTS ......................................................................................... ii 

TABLE OF CONTENTS ............................................................................................ iii 

LIST OF TABLES .................................................................................................... viii 

LIST OF FIGURES .................................................................................................... ix 

 

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

1.1 Rationale ................................................................................................................ 1 

1.2 Research aims and questions .................................................................................. 3 

1.3 Outline of the study ................................................................................................ 3 

1.4 Structure of the thesis ............................................................................................. 4 

 

CHAPTER 2- LITERATURE REVIEW: CHILDREN’S ATTITUDES TO 

SCIENCE ..................................................................................................................... 7 

2.1 Introduction ............................................................................................................ 7 

2.2 Children’s attitudes ................................................................................................ 8 

2.3 What are attitudes to science? .............................................................................. 10 

2.3.1 Sub-categories and terms ............................................................................ 13 

2.3.2 Attitudes and behaviour .............................................................................. 15 

2.3.3 What is ‘science’? ....................................................................................... 15 

2.4 ‘Measuring’ attitudes ........................................................................................... 17 

2.5 Attitudes to science .............................................................................................. 27 

2.5.1 Children’s attitudes to science ‘topics’ ....................................................... 29 

2.5.2 Children’s interest in and enjoyment of primary school science ................ 31 

2.5.3 Children’s perceived difficulty with primary science ................................. 33 

2.5.4 What children think about the utility of ‘science’ ...................................... 34 

2.6 Summary .............................................................................................................. 36 

 

CHAPTER 3- LITERATURE REVIEW: CHILDREN’S IDEAS AND 

UNDERSTANDINGS ............................................................................................... 37 

3.1 Introduction .......................................................................................................... 37 

3.2 Ideas and understandings ..................................................................................... 38 

3.3 How children learn science concepts ................................................................... 40 



  

 iv 

3.3.1 Towards ‘scientific’ concepts: conceptual change and cognitive conflict . 42 

3.3.2 Conceptions that differ from the accepted ‘scientific’ viewpoint ............... 43 

3.3.3. The current study: investigating children’s ideas and understandings ...... 47 

3.4 Why elicit ideas? – a constructivist based learning environment ........................ 48 

3.5 Accessing children’s ideas and understandings ................................................. 511 

3.5.1 Methods used to access ideas .................................................................... 511 

3.5.2 Language and meaning ............................................................................. 522 

3.6 Ideas and understandings of ‘living’ and ‘daytime’ ............................................. 55 

3.6.1 Children’s conceptions about ‘living’ ......................................................... 55 

3.6.2 Children’s conceptions about ‘daytime’ ..................................................... 60 

3.7 Looking at possible links between ideas and attitudes......................................... 68 

3.7.1 Children’s voices in primary science .......................................................... 71 

3.8 The Northern Irish context and the Revised Curriculum ..................................... 73 

3.9 Summary ............................................................................................................ 766 

 

CHAPTER 4-METHODOLOGY .............................................................................. 77 

4.1 Overview .............................................................................................................. 77 

4.2 Research aims and research questions ................................................................. 77 

4.3 Research issues..................................................................................................... 79 

4.3.1 Age .............................................................................................................. 79 

4.3.2 Children’s Background ............................................................................... 81 

4.3.3 Meaning making ......................................................................................... 81 

4.3.4 Relationship between researcher and child ................................................. 82 

4.3.5 Different schools ......................................................................................... 83 

4.4 Research Approach .............................................................................................. 84 

4.4.1 A postpostivist approach ............................................................................. 84 

4.4.2 A constructivist perspective ........................................................................ 85 

4.5 Ethical considerations .......................................................................................... 86 

4.5.1 Consent ....................................................................................................... 86 

4.5.2. Anonymity and privacy ............................................................................. 88 

4.5.3. Preventing discomfort and the right to withdraw ...................................... 88 

4.5.4. Incentives ................................................................................................... 89 

4.6 Methods ................................................................................................................ 90 

4.6.1 Sampling ..................................................................................................... 90 



  

 v 

4.6.2 Questionnaires and drawings .................................................................... 955 

4.6.3 Semi structured interviews ........................................................................ 999 

4.6.4 Data analysis ............................................................................................. 100 

4.7 Pilot studies ...................................................................................................... 1044 

4.8 Reliability and Validity ...................................................................................... 106 

4.8.1 The methods used to collect the data ........................................................ 106 

4.8.2 Explanations of the data ............................................................................ 107 

4.8.3 Generalisability of results (External validity) ........................................... 108 

4.9 Summary ............................................................................................................ 108 

 

CHAPTER 5- CHILDREN’S ATTITUDES ........................................................... 110 

5.1 Introduction ........................................................................................................ 110 

5.2 Attitudes to science topics .................................................................................. 111 

5.2.1 Gender ....................................................................................................... 112 

5.2.2 Age ............................................................................................................ 116 

5.2.3 Age and gender ......................................................................................... 121 

5.2.4 Science ability level .................................................................................. 126 

5.2.5 Socio economic group .............................................................................. 127 

5.2.6 School and class group ............................................................................. 127 

5.3 Interest in and enjoyment of school science ...................................................... 133 

5.3.1 Gender ....................................................................................................... 136 

5.3.2 Age ............................................................................................................ 143 

5.3.3 Age and Gender ........................................................................................ 148 

5.3.4 Science ability level .................................................................................. 150 

5.3.5 Socio-economic group .............................................................................. 154 

5.3.6 School and class group ............................................................................. 155 

5.4 Perceived difficulty ............................................................................................ 158 

5.4.1 Age and gender ......................................................................................... 159 

5.4.2 Science ability level .................................................................................. 164 

5.4.3 Socio-economic group .............................................................................. 165 

5.4.4 School and class group ............................................................................. 165 

5.5 Ideas about the utility of science ........................................................................ 166 

5.5.1 Gender ....................................................................................................... 167 

5.5.2 Age and gender ......................................................................................... 169 



  

 vi 

5.5.3 Science ability level .................................................................................. 176 

5.5.4 Socio-economic group .............................................................................. 176 

5.5.5 School and class group ............................................................................. 177 

5.6 Overview of findings for children’s attitudes to science ................................... 179 

 

CHAPTER 6- CHILDREN’S IDEAS AND UNDERSTANDINGS ...................... 188 

6.1 Introduction ........................................................................................................ 188 

6.2 Ideas about ‘living’ ............................................................................................ 190 

6.2.1 Gender ....................................................................................................... 196 

6.2.2 Age ............................................................................................................ 196 

6.2.3 Science ability level .................................................................................. 202 

6.2.4 Socio economic group .............................................................................. 204 

6.2.5 School and class group ............................................................................. 204 

6.3 Ideas about ‘daytime’ ......................................................................................... 207 

6.3.1 Gender ....................................................................................................... 213 

6.3.2 Age ............................................................................................................ 217 

6.3.3 Science ability level and socio economic group ....................................... 224 

6.3.4 School and class group ............................................................................. 228 

6.4 Overview of children’s ideas ............................................................................. 231 

 

CHAPTER 7-GENERAL DISCUSSION AND CONCLUSIONS ......................... 235 

7.1 Introduction ........................................................................................................ 235 

7.2 General discussion ............................................................................................. 235 

7.2.1 Attitudes to science and ideas and understandings ................................... 236 

7.2.2 Exploring possible links between attitudes and ideas and understandings 237 

7.2.3 Attitudes, ideas and understandings – implications .................................. 248 

7.2.4 The current climate–a period of ‘revision’-curriculum level implications 252 

7.3. Conclusions ....................................................................................................... 254 

7.4 Limitations of the research ................................................................................. 259 

7.5 Suggestions for further research..................................................................... 26161 

7.6 Distinctiveness and contributions of the study .............................................. 26262 

 

BIBLIOGRAPHY .................................................................................................. 2644 

 

 



  

 vii 

APPENDICES ....................................................................................................... 2999 

Appendix 1: A detailed overview of primary level studies considering children’s 

attitudes to science ................................................................................................. 2999 

Appendix 2: Interview structure for ideas and understandings ................................ 300 

Appendix 3: Cover letter to accompany ‘Principal’s pack’ ................................... 3011 

Appendix 4: Parental ‘opt-in’ consent form........................................................... 3022 

Appendix 5: Parental ‘opt-out’ consent form for use in one school ...................... 3033 

Appendix 6A: Copy of attitudes questionnaire for P3-7 (half size) ...................... 3044 

Appendix 6B: Copy of adapted questionnaire for P1-3 (half size) ........................ 3111 

Appendix 6C: Questions for younger children’s copy of the questionnaire .......... 3177 

Appendix 7: Factor analysis ................................................................................... 3188 

Appendix 8: Interest in and enjoyment of science OPEN GRAPHS ..................... 3199 

Appendix 9: Interest in and enjoyment of science ANOVA-schools .................... 3233 

Appendix 10: Ideas about the utility of science OPEN GRAPHS ......................... 3244 

Appendix 11: Sample drawings and corresponding sentences about ‘living’ ....... 3299 

Appendix 12A: Gender comparative graphs for interviews and sentences about 

‘living’ .................................................................................................................... 3333 

Appendix 12B: Age comparative graphs -interviews and sentences  about ‘living’3344 

Appendix 12C: Science ability comparative graphs for sentences about ‘living’ . 3355 

Appendix 12D: Free School Meal entitlement - comparative graphs for interviews 

and sentences about ‘living’ ................................................................................... 3366 

Appendix 12E: School - comparative graphs for interviews and sentences about 

‘living’ .................................................................................................................... 3377 

Appendix 13: Sample drawings and corresponding sentences about ‘daytime’ .... 3388 

Appendix 14A: Gender comparative graphs for interviews about ‘daytime’ ........ 3422 

Appendix 14B: Age comparative graphs for interviews and sentences about 

‘daytime’ ................................................................................................................ 3444 

Appendix 14C: Free School Meal entitlement - comparative graphs for sentences 

about ‘daytime’ ...................................................................................................... 3455 

Appendix 14D: School - comparative graphs for interviews and sentences about 

‘daytime’ ................................................................................................................ 3466 



  

 viii 

LIST OF TABLES 

Table no. Page no. Description 

Table 2.1  11 A summary of references to ‘scientific attitudes’ and ‘attitudes 

towards science’ 

   

Table 2.2  19 A summary of studies which consider primary children’s attitudes to 

science 

   

Table 2.3  26 An outline of the suggestions made in previous literature reviews to 

address reliability and validity in attitudinal research 

   

Table 3.1  63 An overview of studies about children’s conceptions of ‘daytime’ 

   

Table 4.1  91 Number of children in each group 

   

Table 4.2  93 School characteristics 

   

Table 4.3  105 Details of pilot studies 

   

Table 5.1  113 The percentage of positive responses given by boys and girls for the 

top and bottom three science topics 

   

Table 5.2 135 Details of the most common responses and the percentage of coded 

sections for each of the open questions related to ‘interest in and 

enjoyment of school science’ 

   

Table 5.3  140 An overview of findings from other studies and the current study 

which consider children’s attitude to science with respect to gender 

   

Table 5.4 167 Details of the most common responses and the percentage of coded 

sections for each of the open questions related to children’s ‘ideas 

about the utility of science’ 

   

Table 5.5 180 An overview of the findings related to children’s attitudes to science 

topics and their interest in and enjoyment of science 

   

Table 5.6 182 An overview of the findings related to children’s perceived 

difficulty in science and their ideas about the utility of science 
   

Table 6.1  189 Details of the themes, code names, code references and descriptions 

of each code for responses related to children’s ideas and 

understandings of ‘living’ and ‘daytime’ 

   

Table 6.2 232 An overview of the findings related to children’s ideas about the 

science concepts ‘living’ and ‘daytime’ 

   

Table 7.1 241 Overall findings with respect to attitudes and ideas and 

understandings for four exemplar participants 
   

Table 7.2 242 Overall findings with respect to attitudes and ideas and 

understandings for four exemplar participants 

 

 

 

 

 

 



  

 ix 

LIST OF FIGURES 

Figure no. Page no. Description 

Figure 2.1  14 A diagrammatical representation of the main relationships given by 

Ramsden (1998) and other researchers in relation to the terms used 

for ‘attitudes’ 

   

Figure 2.2  21 Bar graphs showing the methods used by well cited primary studies 

and the variables considered 

   

Figure 2.3  24 A bar graph showing the number and age of participants involved in 

primary attitude studies 

   

Figure 5.1 
 

111 The percentage of positive responses and mean values for the three 

most popular   and three least popular science topics 

   

Figure 5.2 117 The percentage of positive responses and mean values, with respect 

to age band, for science topics which evidenced a decrease in 

popularity beginning with younger age groups  

   

Figure 5.3 117 The percentage of positive responses and mean values, with respect 

to age band, for science topics which evidenced a decrease in 

popularity between older age groups  

   

Figure 5.4 120 The percentage of positive responses and mean values, with respect 

to age band, for science topics which did not evidence a decrease in 

popularity with age 

   

Figure 5.5  123 The percentage of positive responses, with respect to age band and 

gender, for science topics which evidenced a decrease in popularity 

between the youngest age bands. Significant values are related to 

differences between age bands for boys and girls  

   

Figure 5.6  124 The percentage of positive responses, with respect to age band and 

gender, for science topics which evidenced a decrease in popularity 

between the older age bands. Significant values are related to 

differences between age bands for boys and girls  

   

Figure 5.7  125 The percentage of positive responses, with respect to age band and 

gender, for science topics which did not evidence a decrease in 

popularity with age. Significant values are related to differences 

between age bands for boys and girls  

   

Figure 5.8  128 The overall mean value for attitudes towards science topics for each 

of the six schools. Significant values represent difference between a 

particular school and all the other schools in the sample  

   

Figure 5.9  129 The percentage of positive responses, mean values and significant 

differences for the science topics which evidenced significant 

differences between Oldtown PS and the other schools  

   

Figure 5.10  133 The percentage of positive responses and mean values for the three 

most positive and three least positive items related to ‘interest in and 

enjoyment of school science’ 

   

Figure 5.11  137 The percentage of positive responses, mean values for the ‘interest in 

and enjoyment of school science’ items which evidenced significant 

differences  

   



  

 x 

Figure 5.12  137 The overall percentage of positive responses for all the open 

questions related to ‘interest in and enjoyment of school science’ 

with respect to gender 

   

Figure 5.13  144 The percentage of positive responses and mean values, with respect 

to age band, for ‘interest in and enjoyment of school science’ items 

which evidenced a decrease in positive responses with age  

   

Figure 5.14  145 The percentage of positive responses and mean values, with respect 

to age band, for ‘interest in and enjoyment of school science’ items 

which did not evidence a decrease in positive responses with age  

   

Figure 5.15  146 Taken from Murphy and Beggs (2003, p112) Figure 2: Children’s 

enjoyment of school science 

   

Figure 5.16  148 The percentage of positive responses, with respect to age band and 

gender, for items related to interest in and enjoyment of school which 

evidenced a decrease in popularity with age. Significant values are 

related to differences between age bands for boys and girls  

   

Figure 5.17  149 The percentage of positive responses, with respect to age band and 

gender, for items related to interest in and enjoyment of school which 

evidenced an increase in popularity with age. Significant values are 

related to differences between age bands for boys and girls  

   

Figure 5.18  151 The percentage of positive responses, mean values and significant 

differences between ability levels for ‘interest in and enjoyment of 

school science’ items  

   

Figure 5.19 156 The overall mean value for items related to ‘interest in and 

enjoyment of school science’ for each of the six schools. Significant 

values represent difference between a particular school and all the 

other schools in the sample   

   

Figure 5.20  157 The percentage of positive responses, mean values and significant 

differences for the items related to interest in and  enjoyment of 

school science  which evidenced significant differences between 

school Midtown PS and the other schools  

   

Figure 5.21 159 The number of responses given by coded category for the sub sample 

of children who answered the open question in relation to the hardest 

thing they have done in science 

   

Figure 5.22 159 The percentage of ‘yes’ responses, mean values and significant 

difference between boys and girls for the ‘Do you think science 

lessons are hard?’ item  

   

Figure 5.23  162 The percentage of ‘yes’ responses, mean values and significant 

difference between children of different ages for the ‘Do you think 

science lessons are hard?’ item  

   

Figure 5.24  163 The percentage of ‘yes’ responses for boys and girls of different ages 

in response to the closed question: ‘do you think science lessons are 

hard?’ 

   

Figure 5.25  170 The percentage of positive responses, with respect to age band, for 

items related to ‘getting a job’. The p values represent significant 

differences between successive age bands 

   

Figure 5.26  172 The percentage of positive responses, with respect to age band, for 



  

 xi 

items related to ‘getting a job’. The p values represent significant 

differences between successive age bands  

   

Figure 5.27  178 The percentage of positive response, mean values and significant 

differences for ‘getting a job’ items. Significance was calculated by 

comparing each school to all the other schools in the sample  

   

Figure 6.1  191 A pie chart to show the percentage of interview responses which 

were based on three overall themes from the interviews about 

‘living’. A breakdown of the codes within the theme ‘scientific’ is 

also included in this chart 

   

Figure 6.2  192 A pie chart to show the percentage of interview responses which 

were based on three overall themes. A breakdown of the codes within 

the socio-cultural theme is also included in this chart. 

   

Figure 6.3  193 A pie chart to show the percentage of sentence responses which were 

based on three overall themes about ‘living’. A breakdown of the 

codes within the theme ‘scientific’ is also included in this chart. 

   

Figure 6.4  194 Sample drawings and sentences about ‘living’ with sentences themed 

as ‘scientific’ 

   

Figure 6.5  195 Sample drawings and sentences about ‘living’ with sentences themed 

as ‘social’ 

   

Figure 6.6  197 Pie charts to show the percentage of interview responses given by 

children of different ages. A breakdown of the codes within the 

‘scientific’ and socio-cultural themes are also included in these charts 

   

Figure 6.7  199 A table to show the percentage of sentence responses given by 

children of different ages. Breakdowns of the codes within the 

‘scientific’ and socio-cultural themes are also included in these charts 

   

Figure 6.8  203 Pie charts to show the percentage of interview responses given by 

children of different abilities. A breakdown of the codes within the 

themes ‘scientific’ and socio-cultural are also included in these charts 

   

Figure 6.9  205 Proportionate lines to show the percentage of ‘scientific’ responses 

given by children in different schools in their interviews and 

sentences about ‘living’ 

   

Figure 6.10  206 Proportionate lines to show the percentage of children entitled to 

Free School Meals  

   

Figure 6.11  208 A pie chart to show the percentage of responses which were based on 

three overall themes from the interviews about ‘daytime’. A 

breakdown of the codes within the theme ‘scientific’ is also included 

in this chart 

   

Figure 6.12  210 A pie chart to show the percentage of responses which were based on 

three overall themes from the interviews about ‘daytime’. A 

breakdown of the codes within the socio-cultural theme is also 

included in this chart 

   

Figure 6.13  211 A pie chart to show the percentage of drawing responses which were 

based on three overall themes about ‘daytime’. A breakdown of the 

codes within the theme ‘scientific’ is also included in this chart 

   

Figure 6.14  212 Sample drawings and sentences about ‘daytime’ with sentences 



  

 xii 

themed as ‘scientific’ and coded as ‘visual’ 

   

Figure 6.15  213 A pie chart to show the percentage of sentence responses which were 

based on three overall themes about ‘daytime’. A breakdown of the 

codes within the socio-cultural theme is also included in this chart 

   

Figure 6.16  214 Sample drawings and sentences by boys and girls about ‘daytime’ 

   

Figure 6.17  218 Pie charts to show the percentage of responses given by 6/7 year olds 

and 8/9 year old in their interviews about ‘daytime’. A breakdown of 

the codes within the ‘scientific’ and socio-cultural themes are also 

included in these charts 

   

Figure 6.18 220 Pie charts to show the percentage of responses given by children of 

different ages in their sentences about ‘daytime’. A breakdown of the 

codes within the ‘scientific’ and socio-cultural themes are also 

included in these charts 

   

Figure 6.19  224 Pie charts to show the percentage of responses given by children of 

different abilities in their interviews about ‘daytime’. A breakdown 

of the codes within the ‘scientific’ and socio-cultural themes are also 

included in these charts 

   

Figure 6.20  225 Pie charts to show the percentage of responses given by children of 

different abilities in their sentences about ‘daytime’. A breakdown of 

the codes within the ‘scientific’ and socio-cultural themes are also 

included in these charts 

   

Figure 6.21  226 Sample drawings and sentences about ‘daytime’ by children of 

different abilities 

   

Figure 6.22  227 Pie charts to show the percentage of responses given by children in 

different socio economic groups in their interviews about ‘daytime’. 

A breakdown of the codes within the ‘scientific’ and socio-cultural 

themes are also included in these charts 

   

Figure 6.23  229 Proportionate lines to show the percentage of ‘scientific’ responses 

given by children in different schools in their interviews and 

sentences about ‘daytime’ 

   

Figure 7.1 236 Factors which underlie four aspect of children’s attitudes to science 

and their ideas and understandings of two concepts. Although the 

factors are shown from the most to least affective, they are not drawn 

to scale. The major factors affecting both attitudes and ideas and 

understandings were age and school (highlighted). 

   

Figure 7.2 239 A Venn diagram to show the main findings for both aspects of the 

study and the factors/findings which link them 

   

Figure 7.3 245 Comparative graphs for the children’s attitudes towards items related 

to the two investigated concepts (‘living’ and ‘daytime’) 



  

 1 

CHAPTER 1: INTRODUCTION 

 

1.1 Rationale  

This study explores children’s attitudes and ideas about learning in science. It 

attempts to delve into children’s thinking and preconceived ideas and in so doing, it 

attempts to throw light on children’s understanding of certain science concepts. 

 

One of the main reasons for consideration of children’s attitudes towards science 

related to a recurrent concern of British education- the well documented phenomena 

of the decreased uptake of science by post-16 students (Woolnough, 1990; Young, 

1993; Barber 1993; Sheldrake, 1994, cited by Woodward and Woodward, 1998a and 

Bennett, 2001; House of Lords, 2000; Osborne et al, 2003; Simon, 2000). Some have 

claimed that this has been a cause of economic decline (Grice and Hymans, 1994). In 

addition, low uptake will inevitably result in many young adults being unable to 

choose scientific careers in the future. The importance of considering attitudes to 

science at primary level is addressed in many studies. Murphy and Beggs (2003, 

p109) when discussing the problem of low uptake point out that: 

 

several researchers have indicated that part of the reason for this is that 

children are ‘turned off’ science at school when they are quite young 

 

If levels of uptake of science by post 16 students are to improve then the attitudes of 

younger children must be considered. This thought has been mirrored by many 

researchers in the past. Ormerod and Duckworth (1975) emphasised the importance 

of the primary years and showed that ages 8-13/14 years are the crucial years with 

regard to formation of children’s attitudes towards science. Smail and Kelly (1984) 

maintained that attitudes are just as important as knowledge in order to set an 

underpinning for future study. Furthermore, Woodward and Woodward (1998a, p44) 

point out that: 

 

…what goes on in the primary school is fundamental to pupils’ 

subsequent involvement and interest in science 
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Pell and Jarvis (2001) also pointed out that many studies in the past have tended to 

focus on secondary school children (Meyer, 1970; Ormerod and Duckworth, 1975) 

and that there has been limited consideration of attitudes towards science at primary 

level since it became a core subject in England in 1989 and in Northern Ireland in 

1991. Hence, this study will focus on primary school children’s attitudes towards 

science. 

 

With regard to the consideration of children’s ideas and understanding of science, 

several studies have called for consideration of a sociological domain when 

considering cognitive aspects in relation to research on science education. Schibeci 

(1984, p45-46) pointed out that: 

 

it may be that we have not paid sufficient attention to the way in which 

cognitive and affective variables interact in science education   

 

Furthermore, Duit and Treagust (2003) advocated the merging of cognitive and 

affective domains, due to the fact that the number of studies that do so is limited. It 

has also been suggested that affective factors (such as attitudes) influence learning 

and therefore understanding in science (Pintrich, 1989; Pintrich and Garcia, 1991; 

Pintrich, Marx and Boyle, 1993).   

 

In relation to educational implications, this study may bring to light the importance 

of fostering positive attitudes towards science and explores links with children’s 

ideas and understanding. It also considers the importance of effective understanding 

in science, in order to aid the fostering of positive attitudes. Wandersee et al (1994), 

in their review of children’s conceptions, noted that children can interact with the 

science knowledge taught in school in unintended ways. By considering children’s 

ideas and understanding we can incorporate them in curriculum development and 

instruction design in order to promote learning (Shepardson, 2002). As well as this 

Driver et al (1985a) suggested that looking at children’s ideas is very important as it 

can enable teaching to be better adapted to students, which can only serve to foster 

positive attitudes towards science. Although many studies have been carried out on 

children’s ideas (for example, by Driver and her colleagues), Duit (1991) calls for 
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further research on children’s conceptions in order to inform curriculum 

development, instructional design as well as assessment practice.  

 

However, it is important to note that educational research in general is under threat of 

being viewed as unrelated to classroom practice by many teachers (Lijnse, 2000). On 

the other hand, Kennedy (1997) has argued that this poor reputation is due to the fact 

that basic research has been dominated by cognitive psychology. Consequently, 

incorporation of an affective domain (in this case, attitudes towards science) may be 

advantageous with regard to implications for classroom practice. 

 

1.2 Research aims and questions  

The main aim of the study was to access children’s ideas about science and their 

attitudes towards school science. Detailed analysis was carried out to investigate 

possible underlying affective and cognitive factors which may influence children’s 

thoughts about science (such as gender, age, science ability level, socioeconomic 

group, school and class group). The main research questions were: 

 

1. Which factors may underlie children’s attitudes to science? 

2. Might these same factors affect children’s ideas and 

understandings of different science concepts? 

3. Are children’s ideas and understandings of science concepts 

influenced by their attitudes towards science in school? 

4. What are the implications of these findings for curriculum 

development, instructional design and assessment practice? 

 

1.3 Outline of the study  

To collect the data required for addressing the research questions a 

postpostivitist/constructivist approach was adopted. That is, the children’s attitudes 

and ideas and understandings of science concepts were not simply measured. They 

were collected with the view that they are individual to each child and based on their 

experiences and personal constructions. In the same way, analyses of data and 
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subsequent findings were considered as constructions made by the researcher. A 

mixture of quantitative and qualitative methods was incorporated (questionnaires, 

semi-structured interviews, drawings and sentences). The use of multiple sources of 

data for the investigation of children’s attitudes towards science and their ideas and 

understanding of science concepts allowed for triangulation (Patton, 1990). 

Triangulation is the use of several methods of data collection in order to consider the 

same aspect. Consideration of information about the same topic, for example, given 

in different ways can help validate the interpretation of the data. This is because the 

researcher has not relied on one source or set of data that was collected using one 

method (for example, interviews only). 

 

I collected all of the data presented in the current study. The data was collected in six 

urban schools and involved a total of 647 primary aged children. With regard to 

attitudes towards science, every child completed a questionnaire and a sub sample of 

192 children completed the open, semi-structured questions. Thorough piloting 

brought many issues to light, including younger children’s understanding of the word 

‘science’ (see section 4.7). As a result, the attitudes questionnaire, used with younger 

children, was amended and shortened and only children in some P3 classes and P4-7 

classes answered the semi-structured research questions.  

 

With regard to ideas and understandings of science concepts, 39 children were 

interviewed about two concepts. Also, 522 out of 647 children completed the 

drawings about them. The concepts chosen were ‘living’ and ‘how daytime happens’. 

These concepts were chosen for two reasons. Firstly, ‘living’ represents a curricular 

topic that children experience in the early years of school and ‘how daytime happens’ 

is currently a non-curricular topic in the Northern Ireland primary curriculum. 

Secondly, children talked at lot and in great depth about ‘how daytime happens’ in 

the pilot interviews. 

 

1.4 Structure of the thesis  

This chapter offers a brief introduction to the study as well as presenting the 

rationale, the questions it attempted to answer and an outline of how it was 

conducted. 
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Chapter 2 reviews literature on the first element of the study: children attitudes to 

primary science. It considers why primary children’s attitudes to science should be 

investigated (section 2.2), debates and contributes to the contested issues of 

delineating a definition for ‘attitudes’ (section 2.3) and outlines effective methods for 

‘measuring’ attitudes (section 2.4). It then presents a brief overview of findings from 

investigations which have considered many aspects of attitudes to primary science 

(section 2.5). 

 

Literature relevant to the second aspect of the current study is discussed in chapter 3: 

children’s ideas and understandings of science concepts. It comprises a chronological 

approach to the debate of how children learn science concepts from the work of 

traditional theorists like Rousseau and Piaget (section 3.3) to conceptual change and 

cognitive conflict (section 3.3.1) to the more recent consideration of conceptions that 

differ from the accepted ‘scientific’ viewpoint (3.3.2). I then set the current study in 

context (section 3.3.3) and discuss reasons why children’s ideas and understandings 

should be investigated through a constructivist learning environment lens (section 

3.4). A brief discussion of the methods used to access ideas and understanding is 

presented (section 3.5.1) with specific consideration of language and meaning 

(3.5.2). Specific data on the concepts of ‘living’ (section 3.6.1) and ‘how daytime 

happens’ (section 3.6.2) are also included. The next section in chapter 3 discusses 

and examines the tentative links made in other research between attitudes and ideas 

and understandings (section 3.7). Finally, ‘pupil voice’ in the context of the current 

study is briefly outlined (section 3.7.1) as well as some background information on 

the current Northern Irish context (section 3.8). 

 

Chapter 4 considers the research methods employed to collect the data and 

approaches used. The research aims and questions (section 4.2) are followed by the 

specific research issues encountered, with particular reference to working with young 

children (section 4.3). The reasoning behind the use of a postpostivist/constructivist 

approach is then discussed (section 4.4) followed by ethical considerations of the 

study (section 4.5), which centre around working with young children. The specifics 

of the methods used are then considered: sampling, questionnaires, drawings and 

sentences, semi-structured interviews and data analyses (section 4.6). An overview of 
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the findings from the pilot studies is then included as they greatly shaped the final 

methods that were incorporated in the study (section 4.7). The final section in chapter 

4 deals specifically with the reliability and validity of the instruments used and 

analyses of the data collected (section 4.8). 

 

Chapter 5 presents the findings for four aspects of children’s attitudes to science: 

‘attitudes to science topics’, ‘interest in and enjoyment of school science’, ‘perceived 

difficulty’ and ‘ideas about the utility of science’. The findings for all four aspects 

are presented in relation to possible factors that may affect children’s attitudes to 

science: gender, age, age and gender (factored together), science ability level, 

socioeconomic group, school and class group. Both the questionnaire findings and 

open semi-structured questions are presented in their relevant sections. 

 

Findings from the interviews, drawings and sentences about children’s ideas and 

understandings of the concepts ‘living’ and ‘how daytime happens’ are presented in 

chapter 6. The results are presented with respect to possible factors that may 

influence children’s ideas and understandings of science concepts (gender, age, 

science ability level, socioeconomic group, school and class group). As these factors 

were also considered with respect to the attitudinal data, I have been able to discuss 

comparisons between attitudes and ideas and understandings in chapter 7. 

 

Chapter 7 presents possible links between attitudes and ideas and understandings as 

well as illustrative data from children who represent ‘typical’ elements of the sample 

and the connections between attitudes and ideas and understandings. In this way I 

have shown example patterns and trends brought to light by the current study. The 

findings are discussed in relation to the current climate of ‘change’ and ‘revision’ in 

the Northern Ireland curriculum. Conclusions are then drawn as well as limitations of 

the research, suggestions for further research and the distinctiveness and 

contributions made by the current study. 
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CHAPTER 2- LITERATURE REVIEW: CHILDREN’S ATTITUDES 

TO SCIENCE 

2.1 Introduction 

This chapter considers literature which is relevant to children’s attitudes towards 

science. The context and importance of studying attitudes towards science in the UK 

is discussed (section 2.2) as well as issues surrounding exactly what ‘attitudes’ are 

deemed to be (section 2.3). In the UK, attitudes towards science are often studied in 

an attempt to ascertain the possible reasons behind a decline in the number of 

students choosing to study science in secondary school and/or third level. However, 

there are several debated issues within the realm of ‘attitudes towards science’ 

including: the diversity and interpretations of sub-categories and the terms used to 

denote them, the link between attitudes and what children actually do (behaviour) 

and what is meant by ‘science’. In this chapter I diagrammatically represent the 

relationship between the sub-categories and terms used in relation to attitudes 

towards science (as shown in Figure 2.1, section 2.3.1). Many of the sub-categories 

and terms used in the literature delineate the emotional (such as a belief about 

science), cognitive (which includes motivation) and action-tendency (behavioural 

intent or manifested interest) components of attitudes. Through discussion of all 

three components I emphasise the importance of including questionnaire 

items/questions which actually consider ‘action tendency’. In other words, the 

current study attempted to consider behavioural intent (whether or not children 

would like to learn more about science) and manifested interest (for example, what 

children like and don’t like about science). 

 

This chapter also discusses some of the main concerns over ‘measuring’ attitudes 

(section 2.4). The instruments that have traditionally been used to consider attitudes 

towards science are diverse in nature. However, with reference to primary children’s 

attitudes, this chapter demonstrates the importance of incorporating a mixture of 

quantitative and qualitative instruments. For example, Ramsden (1998) suggested that 

a range of techniques must be used. In the current study, open and closed questions 

were incorporated in the questionnaire and semi-structured questions were conducted 

with a large sub-sample of children. Table 2.3 provides further details on how the 
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current study adhered to the suggestions made by other reviewers (Ramsden, 1998, 

Blalock et al, 2008) with regard to improving attitudinal work.  

 

Relevant literature in relation to primary aged children is discussed in the final section 

of this chapter (section 2.5). The literature considered reflects the four aspects of 

science that were investigated in the current study: children’s attitudes to science 

topics, interest in and enjoyment of science, perceived difficulty with primary science 

and what children think about the utility of science. It is interesting to note that the 

majority of studies discuss primary children’s attitudes in relation to age and gender. 

Therefore, the current study will incorporate and report on the effects of more factors 

(age, gender, age and gender, science ability level, socioeconomic group, school and 

class group).  

 

Overall, the literature suggests that, at primary level, there is a decline in positive 

attitudes towards science with age. However, this decline is less apparent when 

children are involved in practical, investigative science activities (Murphy et al, 

2004). With regard to interest in and enjoyment of science, a gender difference with 

respect to physical science is less obvious in more recent studies. This emphasises 

the importance of a cautious approach when discussing and comparing results from 

the current study with those from older studies. With regard to perceived difficulty, I 

present evidence to suggest that there is a decline in enjoyment/enthusiasm for 

science coupled with the fact that children find science less difficult as they get older. 

Analysis of the studies which consider children’s views on the utility of science 

suggests that girls are positive about certain aspects (the usefulness of life sciences) 

and boys are more likely to think they will have a career in science. 

 

2.2 Children’s attitudes 

Recently, the media has highlighted the concern over the number of trained scientists 

in the UK.   

 
The UK will need 2.4 million more people to work in scientific jobs by 2014 

[The Confederation of British Industry, BBC News, 2006] 
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The year 2014 may seem like too far away to worry about but the eldest children in 

this study will be 19 years old. They will have made subject choices for third level 

and/or choices about career paths. Statistics on the decline of science uptake post 16 

(AQA, 2004) has already presented evidence for a drop in the number of suitably 

skilled young people to work in scientific jobs. This is detrimental to the economy. If 

we are to meet the future requirements for a scientifically skilled workforce the focus 

needs to be placed on our youngest scientists, those in primary schools.  

 

Aside from encouraging children to work towards careers which are ‘economically 

valuable’ it is important to focus on instilling the value of science in its own right. 

For example, the logical and skilled nature of scientific enquiry can enhance the 

overall development of children and feed their innate awe and wonder. 

 

Pell and Jarvis (2001) pointed out that many studies have concentrated on attitudes 

towards science at secondary level. Lots of studies discuss problems with content 

level, repetition, perceived difficulty and how school science is putting older children 

off careers in science (Osborne and Collins, 2000; Woolnough, 1996; Havard, 1996). 

 

Findings related to primary school pupils have shown a decline in positive attitudes 

towards science among upper primary school children (Schibeci, 1984). Murphy and 

Beggs (2003) reported that 8/9 year olds liked school science more than 10/11 year 

olds. This may be an indication of the effect of testing. In Northern Ireland, 10/11 

year olds must sit a Transfer Test if they wish to attend grammar schools. This test 

includes mathematics, English and science components. The teaching of science 

becomes much more focused on knowledge than on understanding and skills in order 

to achieve a high grade. Similarly preparation for national testing in England 

concentrates on the learning of a knowledge base. Results from the Key Stage 2 

testing in England suggests that children are exceeding national expectations as 87% 

achieved the standard expected for their age in 2001 (DfES, 2001). However, these 

results do not indicate children’s attitudes towards science, in particular their 

attitudes towards testing and its knock on effects such as rote learning, repetition and 

a decrease in the time dedicated to practical investigation. It is well documented that 

children like practical work, investigation and finding out things for themselves 

(Osborne and Collins, 2000; Ponchaud, 2001).  
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Interestingly many young people, even those who dislike school science, see its 

value in the world and appreciate it as useful study for their future careers. The 

Institute of Electrical Engineers (The Research Business 1994) carried out a survey 

with 1552 students aged 14 to 16 and found that 87% of students rated science and 

technology as ‘important’ or ‘very important’ in everyday life and 68% saw science 

as useful. 

 

Several studies have also asked young people in secondary schools to rank their 

school subjects in order of preference. Traditionally, physics and chemistry are 

ranked at a low level of preference (Harvard, 1996; Osborne and Collins, 2000). Not 

surprisingly, it is well documented that attitudes towards biology are more positive 

than attitudes towards physics and chemistry. Attitudes towards physics are the least 

positive (Havard, 1996). This is mirrored in the difference in uptake of the three 

science subjects at post-16 level. Likewise, for children in primary school, Murphy 

and Beggs (2003) pointed out that ‘virtually all the published evidence cites 

difficulties with the physical sciences’. 

 

Given the evidence presented in this section and the fact that most of the studies 

mentioned are related to young people in upper primary and secondary schools, the 

present study includes children in lower primary school. The possibility that a 

decline in positive attitudes towards science, which may affect subsequent 

involvement with science, could begin in primary school is considered.  

 

2.3 What are attitudes to science? 

Major reviews in this area (Gardner, 1975; Ramsden, 1998; Simon, 2000) begin by 

discussing a confusion in terms. Indeed, Osborne et al (2003, p1053) began the most 

recent and substantial review of attitudes literature by suggesting that 30 years of 

research into ‘attitudes towards science’ has been ‘bedevilled by a lack of clarity into 

the concept under investigation’. The most pertinent distinction mentioned in almost 

every recent review relates to the broad categories outlined by Gardner (1975): 

‘scientific attitudes’ and ‘attitudes towards science’. In Table 2.1, I have outlined the 
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references made to both types of attitudes as well as how authors have described 

aspects of ‘scientific attitudes’ or ‘attitudes to science’. 

 

Table 2.1 A summary of references to ‘scientific attitudes’ and ‘attitudes towards science’ 

Attitude type Description of the attitude Reference 

‘scientific attitudes’  the acceptance of scientific enquiry as 

a way of thought 

 the adoption of ‘scientific attitudes’ 

Klopfer (1971) 

 ‘styles of thinking which scientists are 

presumed to display’ (p2), e.g.: 

– open-mindedness 

– honesty 

– scepticism 

Gardner (1975) 

 ‘a students approach to thinking about 

science’ 

Haladyna and Shaughnessy 

(1982, 548-9) 

 ‘scientific attributes’ Koballa and Crawley 

(1985,p 223) 

 longing to know and understand 

 a questioning approach to all 

statements                 

 a search for data and their meaning                         

 a demand for verification                                         

 a respect for logic 

 a consideration of premises and 

consequences 

Education Policies 

Commission, 1962 (cited in 

Osborne et al, 2002, p1054)                  

 

‘attitudes towards 

science’ 
 React ‘favourably’ or ‘unfavourably’ to 

a definite object (e.g. ‘science’ or 

‘scientists’) 

Gardner (1975) 

 ‘a general or enduring positive feeling 

about science’ 

Koballa and Crawley 

(1985,p 223) 

 ‘Attitudes or feelings toward science 

refer to a person’s positive or negative 

response to the enterprise of 

science…whether a person likes or 

dislikes science’ 

Simpson et al (1994, p213) 

 the perception of the science teacher 

 anxiety towards science 

 the value of science 

 self-esteem at science 

 motivation towards science 

 enjoyment of science 

 attitudes of peers and friends towards 

science 

 attitudes of parents towards science 

 the nature of the classroom 

environment 

 achievement in science 

 fear of failure on course 

Simon (2000, p105) and 

Osborne et al (2002, 

p1054)
1
 

 

 

                                                 
1
 This list by Osborne et al (2002) and Simon (2000) best represents the areas considered as ‘attitudes 

towards science’ in previous studies 
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The ‘scientific attitudes’ outlined in Table 2.1 relate to the way ‘scientists’ should 

think or the qualities they should have. For example, as we attempt to increase the 

number of future scientists, we would like our students to question and look for 

answers to why the liver is the only organ than can ‘grow back’ or the supposed 

impact of global warming on our weather. In doing so, teachers may encourage a 

questioning approach (Table 2.1, Education Policies Commission, 1962). Very often, 

‘scientific attitudes’ are defined within attitudinal studies to emphasise that they will 

not be studied because of their dissimilarity with the affective nature of ‘attitudes 

towards science’. Nevertheless, one can not deny that ‘scientific attitudes’ have their 

place in science classrooms, and perhaps can contribute to the current focus on the 

importance of developing thinking skills in pupils. Indeed, teachers in Northern 

Ireland are encouraged to develop students’ thinking skills as part of the Revised 

Northern Ireland Curriculum (see section 3.8 for further information on the Revised 

Curriculum). ‘Thinking Skills’ are part of the whole curriculum skills and 

capabilities and the curriculum highlights that children should: 

 

progressively develop: thinking, problem solving and decision making, self 

management, working with others, managing information, being creative 

(Revised Curriculum Primary, CCEA, 2007) 

 

These skills can be linked to many of the ‘scientific attitudes’ outlined in Table 2.1. 

For example ‘a students approach to thinking about science’ (Haladyna and 

Shaughnessy, 1982, p548-9) is part of ‘thinking’ (Revised Curriculum). Also, 

through the process of developing a ‘longing to know and understand’, ‘a 

questioning approach to all statements’ and ‘a search for data and their meaning’ 

(Education Policies Commission, 1962) children may be required to problem solve, 

make decisions and manage information (Revised Curriculum).   

 

There are several debated issues within the realm of ‘attitudes towards science’ 

including: the diversity and interpretations of sub-categories and the terms used to 

denote them (as shown in Table 2.1 and Figure 2.1), the link between attitudes and 

what children actually do (behaviour) and what is meant by ‘science’. 
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2.3.1 Sub-categories and terms 

Ramsden (1998) suggested that the use of terms is a ‘complex issue’ and that terms 

are often used interchangeably and their meanings often overlap. For example, the 

sub-categories outlined in Figure 2.1 include the terms ‘feelings’, ‘perceptions’, 

‘motivation’ and ‘enjoyment’ under the umbrella of ‘attitudes’. Ramsden (1998) 

included the terms ‘interest’, ‘views’, ‘images’, ‘beliefs’ and ‘values’. Based on her 

discussion of these terms, Ramsden (1998) concluded that attitudes are ‘not 

unidimensional’ and include three components: cognitive, emotional, action-

tendency related in the following way: 

 
attitudes…[are]…a state of readiness or predisposition to respond in a 

certain manner when confronted with certain stimuli…attitudes are 

reinforced by beliefs (the cognitive component), often attract string feelings 

(the emotional component) which may lead to particular behavioural 

intents (the action-tendency component). 

[Oppenheim (1992, p74), cited by Ramsden (1998, p128)] 

 

Figure 2.1 is based on this definition and I have diagrammatically represented some 

of the main relationships presented by Ramsden (1998) and other researchers, in 

relation to the terms used for ‘attitudes’. The blue ring represents the cognitive 

components mentioned in some studies (for example Ramsden, 1998). The red ring 

shows the words used to talk about and describe the emotional components of 

attitudes towards science, such as a perception of science that a child may have. The 

green ring represent action tendency which can happen as a result of the cognitive 

and/or emotional components. For example an action tendency can be children’s 

involvement in science revision classes (manifested interest) because they are 

motivated by needing to achieve a higher grade for a university course (achieve 

grade – cognitive and emotional component). 
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¹ the three attitudinal components outlined by Oppenheim (1992, p74) 
² strands of ‘motivation’ outlined by Ramsden (1998, p128), the connection with interest was suggested by Gardner (1985) 
³ Wall (1968) differentiated between expressed interest (like versus dislike) and manifested interest (evidenced by hobbies)  

 

Figure 2.1 A diagrammatical representation of the main relationships given by Ramsden (1998) 

and other researchers in relation to the terms used for ‘attitudes’. 

 

 

The concept of ‘motivation’ is also multidimensional. Gardner (1985) pointed out 

that motivation is related to declared interest. In other words, it is a measure of how 

willing children are to take part in certain actions that they have expressed interest in. 

However, as Ramsden (1998) pointed out, motivation can arise from other sources: 

utilitarian use (for a career), to achieve a grade or students can be motivated by a 

learning experience. Many secondary school children may be motivated by career 

choice or driven by the need to achieve a grade (in order to be accepted for a career). 

For example, ‘A’ level students may take physics with the sole purpose of increasing 

their chances of acceptance to a medical course. However, the utilitarian and career 

components of motivation may not apply at primary level, except perhaps in relation 

to the transfer tests in Northern Ireland (see section 3.8). The link with 

declared/expressed interest (Gardner, 1985) should also be viewed with caution 

because children may ‘like’ and be interested in an aspect of science that they have 

not specifically declared within a given study. For example, a child may be really 

interested in topics/different instructional procedures that have not been included in a 

research instrument. In the current study, open questions were included in an attempt 
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to access additional aspects of science that children express interest in (like or 

dislike), other than those included in the closed questions (questionnaire). 

 

2.3.2 Attitudes and behaviour 

Children may express a preference for an element of science (expressed interest) or 

feeling about science (cognitive and emotional components) but they may not exhibit 

related behaviour (Osborne et al, 2003). Children’s behaviour may be affected by 

other elements such as the attitudes of peers (Osborne et al, 2003). For example, 

children may not participate in a given science activity because it may not be ‘cool’. 

The possibility that attitudes and behaviour may be affected by other variables has 

led researchers to focus on behaviour as opposed to whether or not children are 

interested in particular topics/activities (Osborne et al, 2003). Many researchers now 

consider Ajzen and Fishbein’s (1980) theory of reasoned action which differentiates 

between attitudes towards an ‘object’ (science) and attitudes towards actions to be 

carried out on that ‘object’(activities, learning about topics). Ajzen and Fishbein 

(1980) claimed that finding out about attitudes towards actions is a better predictor of 

behaviour than finding out about attitudes towards science itself. For example, in the 

current study children were asked if they would like to learn more about given topics 

(an action) as opposed to being asked do you like (an object). The behaviour element 

is presented in Figure 2.1 as the ‘action-tendency’ component, how children intend to 

behave. Manifested interests (for example, hobbies) are also considered part of the 

‘action-tendency’ component in Figure 2.1. It is at this point that the issue around 

what is considered ‘science’ must be contemplated. 

 

2.3.3 What is ‘science’? 

Barman et al (1997) considered fifth grade children’s perceptions about scientists, 

science in school and science out of school. Barman et al (1997) used the Draw-A-

Scientist Test (DAST), originally developed by Chambers (1983), and found that the 

majority of children drew white males who are working in some sort of laboratory. 

With regard to doing science in school, Barman et al (1997) found that 56% of 

children drew themselves reading a science book or taking notes. Out of school 

science was characterised as an extension of school science by 60% of children (for 
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example, repeating school activities). These findings indicate that children think of 

‘science’ in different ways and reinforces the need for studies to differentiate 

between out-of-school science and in-school science (Osborne et al, 2003) with a 

focus on the latter (Ramsden, 1998). Indeed, during the pilot phase of the current 

study I found that ‘science’ was not familiar to younger children, in particular they 

did not think it was something they did in school (see Table 4.3 Details of pilot 

studies). Consequently, the questions (open and closed) were adapted for younger 

children to omit the use of the word ‘science’ and older children were specifically 

told by the researcher that ‘science’ was about the science they do in school. 

Information for the current study was collected in context (Osborne et al, 2003) 

because it focused on school science and this distinction was also conveyed to the 

children. Ramsden (1998, p127) also mentioned the issue of using ‘science’ as an 

‘umbrella term’ to include biology, chemistry, physics and ‘possibly other areas’. It 

is important to note that the impact of such a demarcation may not have the same 

effect on the expressed attitudes of primary school children compared to secondary 

school children. This is because many primary aged children are unlikely to be aware 

of the different areas of science but a decline in positive attitudes towards physical 

science is well cited in literature relating to secondary school children (Bennett, 

2001; Haussler and Hoffman, 2000). Nevertheless, a spread of topics/activities 

relating to the three major aspects (biological, chemical and physical science) of 

science was incorporated in the current study for two reasons. Firstly, to address the 

possibility that children may already show signs of dislike towards a certain area of 

science at primary level. Secondly, including a range of topics from different science 

areas is representative of the current Northern Ireland curriculum. 

 

In summary, the current study addressed a range of emotional, cognitive and action-

tendency components of attitudes. For the most part, ‘science’ was considered as 

‘school science’ because the majority of questions were related to in-school science. 

Children were asked if they would like to learn more about given topics (behavioural 

intent), their interest and enjoyment of science (expressed interest, motivation and 

behavioural intent) as well as questions on perceived difficulty (open questions, 

expressed and manifested interest). Some questions related to out-of-school science 

were included: importance of science for getting a job and questions on the 

helpfulness/harmfulness of science. The current study included a mixture of open 
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and closed questions pertaining to different aspects of attitudes (emotional, cognitive, 

action-tendency) because as Ramsden (1998) suggested we must collect data on a 

variety of aspects in order to look at ‘underlying trends and patterns’. Ramsden 

(1998, p128) claimed that such an approach is necessary because we can only deduce 

attitudes from words and actions because they ‘cannot be measured directly’ 

[emphasis added]. Perhaps methodological issues surrounding attitudinal studies 

have arisen from a general assumption that attitudinal instruments actually measure 

attitudes coupled with the confusion that comes with the diversity of instruments 

(Osborne et al, 2003) that claim to measure different aspects of science. The 

following section considers the much debated methodological issues relating to 

studies of children’s attitudes to science. 

 

2.4 ‘Measuring’ attitudes 

Many of the issues surrounding the ‘measurement’ of attitudes to science are 

analysed, explored and argued about in many well known reviews of the literature 

(Gardner, 1975; Ramsden, 1998; Osborne et al, 2003; Blalock et al, 2008). Osborne 

et al (2003) pointed out that the diversity of methods used in attitudes studies has led 

to the recognition of difficulties in measuring attitudes towards science, which is 

demonstrated in the extensive list of techniques and instruments (with examples) 

outlined by Gardner (1975) and Osborne et al (2003). Both studies (Gardner, 1975 

and Osborne, 2003) mention the list of techniques and instruments outlined below. 

The examples given in both studies have been collapsed into this list: 

 
 Summated rating scales – Likert scales, yes/no, agree/disagree, approve/disapprove 

(number of points on the scale vary) 

 Semantic differential scales – use of bipolar adjectives (good/bad, interesting/dull) 

and participants are asked to indicate on a scale between these 

 Interest inventories – participants tick what they find interesting from a given list 

 Preference ranking – rank subjects in order of preference 

 Enrolment data – number of students who take A-level sciences/proceed with 

aspects of science at third level 

 Qualitative methodologies (Gardner referred to these as ‘clinical’ and 

‘anthropological’ observations) – interviews, classroom 

observations  

 

In addition to these, Gardner (1975) also specified the following instruments: 
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 Differential (Thurstone) scales – asked to tick statements that best match beliefs, a 

mixture of positive and negative statements are included 

 Rating scales – mainly external raters (teachers) asked to rate students along a 

numerical scale 

 Projective techniques – word association, interpret drawings, sentence completion 

 

I have given an overview of the methodologies used in studies which consider 

primary aged children in Table 2.2 (a more detailed version of this table is given in 

Appendix 1). In an attempt to group similar studies I have separated Table 2.2 into 

three sections. ‘Comparative studies’ were those carried out in order to compare 

different samples. For example, one comparative study considered the attitudes of 

children from different countries (C. Murphy et al, 2006) and another compared 

children at different stages in an education system (Tymms, 1997). ‘Intervention 

studies’ considered aspects of children’s attitudes before and after an intervention. 

Many of the studies in the ‘other studies’ section considered different aspects of 

children’s attitudes, at a given time. It is evident from Table 2.2 that the majority of 

studies with primary children in recent years incorporated a mixture of questionnaire 

and interview based questions.  
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Table 2.2 A summary of studies which consider primary children’s attitudes to science 

Study Countries Age  n Aspects of attitudes Methodology Variables 

COMPARATIVE STUDIES      

Tymms (1997)1 

 

UK 10/11 5000, 1740   Self-concept in science (5000 children) 

 Achievement in science(1740 children) 

 5pt Likert scale 

 multiple choice test 

overall sample 

school 

Woodward and 

Woodward (1998a) 

Wales 10/11 120 pupils 

in 3 years  
 ranking of science 

 preferred and least preferred topics 

  preference ranking gender 

Dawson (2000)2 

 

Australia 12/13  1980-753 

1997-203 
 Topic preferences 

 Activity preferences 

 Likert scales  gender 

sample years 

Murphy and Beggs 

(2001) 

 

Northern 

Ireland, 

England 

8-11 979 (N.I.) 

653 (Eng) 
 Topics: 

 Enjoyment,  importance, perceived ability 

 Like best/not like/ hardest thing 

 Semantic differential 

 Likert scale 

 Open questions 

age 

gender 

countries 

C. Murphy et al (2006) 

and Murphy and Beggs 

(2003) 

Northern 

Ireland 

8-11 979 (N.I.) 

944 (Oman) 
 Topics  

 Enjoyment,  importance, perceived ability 

 Science in/out of/later in school, 

 Semantic differential 

 Likert scale 

 Open questions 

age ,gender 

overall sample 

countries 

INTERVENTION STUDIES:     

Jarvis and Pell (2002)3 

 

England 10-11 655  Science Enthusiasm and social context 

 Space and Getting the job done 

 Likert scales gender, age 

overall sample 

intervention 

Murphy et al (2004) 

 

Northern 

Ireland 

8-11 project: 286 

non-project: 

1000 

 Topics  

 Enjoyment,  importance, perceived ability 

 Something you remember from lessons 

 Semantic differential 

 Likert scale 

 Open questions 

gender, age 

overall sample 

 intervention 

Jarvis and Pell (2005) 

 

England 10/11 300  See factors outlined above (2002) 

 Info on attention, activities, independence, 

conversations  

 Recall, likes/ dislikes, role, what they learned, become 

an astronaut?, change in ideas 

 Likert scale 

 Observations of the visit 

 Open questions 

overall sample 

intervention 

 

Mant et al (2007) 

 

England 10/11 Not 

specified4  
 Achievement in national assessment test: % of level 5 

 perceptions of the lessons  

 perceptions of the impact of the lessons on their 

learning 

 % achieving level 5 

 Focus groups 

overall sample 

intervention 

 

OTHER STUDIES:       

Hadden and Johnstone 

(1982) 

Scotland 10-12  1000+  Attitudes to studying science  

 Early perceptions of science 

 semantic-differential with 

Likert  

overall sample 

                                                 
1 The sample reported in this article were year 6 pupils involved in the PIPS (Performance Indicators in Primary Schools) project 
2 There were three additional activity items in 1997: CD ROMS, drama/role play and stories/poems 
3 attitudes data were collected before and after the visit and 2 and 5 months later 
4 16 interviews were completed in the intervention schools with 4 or 5 children in each interview group. 
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 structured discussions, free 

response 

Ormerod&Wood (1983)5 England 10/11 330  Attitudes to space and nature study 

 General attitudes 

 Likert scale, sentence 

completion 

 Projective tests  

gender,compare 

methods 

Collins (1993) 

 

England 5/6 35  Beliefs about boys’ and girls’ preferences 

 Their science and a scientists’ work  

 Preferences for science work 

 Activity preferences, what boys and girls do 

 Chose from a list 

 drawings with speech bubbles 

 make a chart 

 open responses  

gender 

overall sample 

 

Barman et al (1997) 

 

USA 10/11 117  Perceptions: scientists and in-school science 

 Using science out of school 

 drawings with explanations 

 open questions 

overall sample  

 

Newton&Newton (1998) England 4-12 1000  Perceptions of scientists and science  Chamber’s Draw-a-Scientist 

Test 

age, gender 

Woodward and 

Woodward (1998b)6 

Wales 10/11 120 in 1991, 

1993 and 

1995  

 Subject preferences and prospective preferences 

 Subjects in which high achievement is anticipated, 

predicted future involvement  

 select one subject 

 Likert scale 

overall sample 

gender 

Andre et al (1999) USA 5-12 337  Self-competence, subject liking, gender and  jobs   Likert scales age, gender 

Johnston et al (1999)7 

 

Northern 

Ireland 

10/11 1571  learning disposition 

 Enjoyment of science, parental influence, perceived 

difficulty, as a boys’ subject 

  Self-esteem and Locus of control orientation 

 Experiences of learning science and gender 

 Classroom observations, 5 pt 

scale, open-ended statements  

 4 point Likert scale 

 ‘yes’ or ‘no’ 

 focus groups 

gender 

school sector 

school size 

class size 

 

Pollard & Triggs (2000)  UK 5-11 54 children 

in each year 

group 

 Attitudes to the curriculum   most liked and least liked 

subjects 

age, gender 

overall sample 

Jurd (2001) England 9-11 535  activities, secondary school, science at home, 

usefulness of science, attitudes, confidence 

 Likert scales 

 focus group interviews 

gender 

overall sample 

Pell and Jarvis (2001)8 

 

England 5-11 978  Independent investigator, difficult subject, enthusiasm, 

social context 

 Likert scales age, gender 

overall sample 

Murphy and Beggs 

(2002) 

Northern 

Ireland 

8-11 979  topics, enjoyment,, importance, perceived ability 

 enjoy/do not enjoy, hard and easy science 

 Semantic differential, Likert 

scale 

 Open questions 

age, gender 

Chin and Kayalvizhi 

(2005) 

Singapore 10/11 39  How I feel about doing investigations  

 Investigation reflections 

 Likert scale, open questions 

 planning sheets, open 

questions  

overall sample 

ability, gender 

                                                 
5 findings from the projective tests were divided into physical, nature and unclassified science to match the factors from the questionnaire and sentence completion exercises 
6 findings already reported in Woodward and Woodward (1998a) are not repeated in this section of the table 
7 Due to the detailed nature of the findings from this study, only references to the children’s data is presented, references to teacher’s data have not been included 
8 This table only includes findings related to children’s attitudes to science i.e. findings for general attitudes to school and teacher’s attitudes are not reported here  
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In Figure 2.2, I have graphically represented the methods used and variables 

considered in the primary studies outlined in Table 2.2. Counting the actual 

instruments/techniques/methods (Figure 2.2) used to consider primary children’s 

attitudes in well cited studies pointed out that not all of the instruments outlined 

above by Gardner (1975) and Osborne et al (2003) have been considered appropriate 

nor are regularly used with children of this age.  
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Figure 2.2 Bar graphs to show the methods used by well cited primary studies and the variables 

considered 

 

Traditionally, the majority of studies which consider primary school children’s 

attitudes to science incorporate the use of Likert scales, open questions/interviews, 

subject preference and semantic differential scales (Figure 2.2). The current study 
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also included a mixture of Likert scale questions and open questions/semi-structured 

interviews. Ramsden (1998) suggested that interview methods must be included as a 

means of cross-checking written and verbal responses. Osborne et al (2003) also 

suggested that open questions give more “insight into the origins of attitudes to 

school science”. Only one primary study compared children according to their 

academic ability (Figure 2.2). Although academic testing was not incorporated in the 

current study, details on children’s science ability levels were collected. Studies 

which consider children’s ability tend to incorporate secondary/university level 

pupils. This is perhaps due to the fact that students’ ‘performance’ at 

secondary/university levels are ‘measured’ and can have an impact on their later 

lives/career decisions and motivation to achieve (Figure 2.1). However, in Northern 

Ireland, children’s academic ‘performance’ is ‘measured’ through use of a transfer 

test in which they must obtain a pass grade in order to attend grammar school. 

Therefore, details on children’s ability levels were considered in the current study. 

 

With regard to variables, the majority of studies report their findings in relation to 

gender, overall sample and age (Table 2.2). Traditionally, there has been an emphasis 

on the impact of gender on children’s attitudes towards science. Perhaps the main 

reason for an emphasis on gender lies in the well documented finding that ‘sex is 

probably the most significant variable related to attitudes to science’ (Gardner, 1975, 

p32). This view was generally supported by Ormerod and Duckworth (1975) and in 

Schibeci’s (1984) extensive review of literature. In their meta-analyses of literature 

Becker (1989) and Weinburgh (1995) also concurred with the view that gender has a 

great effect on attitudes to science in comparison to other variables. Nevertheless, 

Schibeci (1984) highlighted other primary level studies in which little or no gender 

effect was recorded (Ayers and Price, 1975; Selim and Shrigley, 1983; Wareing, 

1981). Haladyna and Shaughnessy (1982) carried out a large meta-analytic study of 

quantitative instruments and concluded that the difference between boys and girls 

was consistently small and varied between studies and grade levels. Gardner (1975, 

p29) highlighted that  

 

teacher and pupil variables may exert more powerful effects upon attitudes 

than curricula and instructional materials  
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The traditional emphasis on gender has continued in more recent attitudinal studies. 

Twelve of the 22 primary studies outlined in Table 2.2 have been conducted on or 

after the year 2000. Of these 12 studies, 10 have considered the impact of gender on 

children’s attitudes towards science. All of the studies which considered gender 

reported that there were gender effects and in the majority of studies these effects 

were significant (for example, Dawson, 2000; Murphy and Beggs, 2001). An earlier 

emphasis on gender as a significant variable (Gardner, 1975) coupled with 

significant results since has also contributed to the consideration of gender in 

attitudinal studies. 

 

The last column on Table 2.2 demonstrates that in many primary studies there are 

only a few variables reported. The current study considered and reported findings 

related to children’s attitudes with respect to the overall sample, gender, age, science 

ability level, socio-economic status, school and class group (see chapter 5). 

 

It is also clear from Table 2.2 that the number and age of participants varies greatly. 

Not only has there been a well documented focus on secondary school attitudes to 

science (Meyer, 1970; Ormerod and Duckworth, 1975; Pell and Jarvis, 2001) but 

many of the primary studies that have been carried out (17 out of 22) focus on 

children in upper primary school. In Figure 2.3, I have graphically represented the 

studies outlined in Table 2.2 in terms of the age and number of students. For 

example, only one study included children in every year of primary school with a 

sample size greater than 1000 (Figure 2.3). 
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Figure 2.3 A bar graph showing the number and age of participants involved in primary attitude 

studies. The reference for each study has also been included 

 

The importance of a large sample size when carrying out a quantitative study can not 

be underestimated. Many research texts suggest appropriate sample sizes for 

quantitative/questionnaire based studies. Cohen et al (2000) suggest that: 

 
survey research should have no fewer than 100 cases in each major subgroup 

and twenty to fifty in each minor subgroup 

 

Although not all of the primary studies shown in Figure 2.3 were quantitative it is 

interesting to note that 12 out of 22 studies had more than 500 participants. The 

largest and most extensive studies on specific aspects of children’s attitudes to school 

science were carried out by Murphy and Beggs (2003, 2004, and 2006) and Pell and 

Jarvis (2001). Of these, Pell and Jarvis (2001, p859) also advocated the importance 

of including younger children’s attitudes as they found that ‘quite young pupils can 

provide worthwhile indicators of how they view science’. As a result of including 

young children in every age group, as opposed to selected age groups, Pell and Jarvis 

(2001) graphically presented a year-on-year deterioration. As well as a deterioration 

with age, Pell and Jarvis (2001, p860) pointed out that their other findings (for 

example, in relation to gender) were in line with those of other studies- this indicates 

that ‘the instrument has value over a wide population’. Therefore, the current study 

not only incorporated more than 600 participants across every year of primary school 
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and all findings were carefully compared with other extensive primary studies 

(Murphy and Beggs, 2003; Pell and Jarvis, 2001).  

 

Perhaps the suggestions made by reviewers for improving attitudinal work offer the 

most efficient summary of the issues raised with regard to ‘measuring’ attitudes. 

Some of the main suggestions for conducting reliable and valid studies have been 

outlined succinctly by Ramsden (1998). A very recent review of science attitude 

instruments with a focus on validity has been published by Blalock et al (2008). 

They used a process of database searching and reference identification of peer-

reviewed articles. Although Blalock et al (2008) acknowledge that they only 

considered published, psychometric data they do outline tangible and important 

suggestions for conducting reliable studies. Their suggestions are based on the 

premise that it is better to refine, improve upon and reuse the most promising 

instruments that are already in existence and carry out additional procedures 

(Blalock, 2008). I have listed the suggestions outlined by Ramsden (1998) and 

Blalock (2008) in Table 2.3, with explanations of how the current study attempted to 

address them. 
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Table 2.3 An outline of the suggestions made in previous literature reviews to address 

reliability and validity in attitudinal research 
 

 suggestion current study  thesis section 

Ramsden 

(1998) 

(1) issues of reliability 

and validity must be 

addressed, therefore 

Methods and data collection and the 

analysis used were both triangulated. 

Qualitative findings were coded by 2 

other researchers to ensure inter-rater 

reliability. 

4.8-

reliability 

and validity 

(2) a range of techniques 

must be used 

Use of open and closed questions and 

semi-structured interview questions 

with a large sub-sample of children 

(192) 

4.6.2, 4.6.3 

(methods 

used) 

(3) interviews are ‘highly 

desirable’ to validate 

instruments and 

provide the means for 

cross checking with 

written and verbal 

responses 

Findings from the semi-structured 

interview questions have been 

presented alongside the appropriate 

‘factor’ from the questionnaire items 

(for example: the open question ‘What 

do you like best in science? Why? Has 

been presented with the ‘interest in and 

enjoyment of school science’ 

questionnaire findings) 

5.3-5.5 

(findings 

from open 

questions 

alongside 

questionnaire 

findings) 

(4) collection should be 

repeated a few weeks 

later ( because 

attitudes are unstable 

and changeable) 

The main aim of the current study was 

to compare children’s attitudes with 

their ideas and understandings of 

concepts at a given time- the instability 

of both areas (attitudes and ideas) are 

noted. The conclusions drawn were not 

emphasised as more than this. 

7.4-

limitations of 

the study 

(5) checks with both 

pupils and teachers 

would also aid 

validation 

Teacher’s attitudes were initially 

collected but were unreliable due to 

positive polarisation. Therefore, an 

indirect method was employed- 

comparison of results class by class 

with classes in the same primary (to 

eliminate the possible effect of age) 

5.2.5, 5.3.6, 

5.4.4, 5.5.5 

(findings 

related to 

class for each 

factor) 

 

Blalock et 

al  (2008) 

(6) be more aware of the 

strengths and 

weaknesses of an 

instrument 

Thorough piloting with very young 

children resulted in an acute awareness 

of the strengths and weaknesses in the 

instruments (qualitative and 

quantitative). For example, the fact that 

the topic of ‘pushes and pulls’ may 

have had other negative connotations 

for children (playground behaviour) 

and a realisation that the term ‘science’ 

was not used in younger primary 

classes and had to be omitted.  

4.7-pilot 

studies 

(7) reliability and validity 

evidence should be 

collected and reported 

See (1) above  

(8) compare with 

previous results to 

estimate 

generalisability 

All findings were comprehensively 

compared with findings from other 

primary studies which considered the 

same specific attitudinal aspects and 

from which the items in the current 

study were adapted (for example: 

Murphy and Beggs, 2003; Pell and 

Jarvis, 2001) 

Chp 5 

(9) collect more data More data was collected as the same 4.6.2-
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items used in other studies were 

incorporated in the current one 

questionnaire 

(10) deal with missing data 

and potential response 

bias 

A large sample size meant that there 

was a very low percentage of missing 

data and response bias. Nevertheless, 

missing data was carefully recorded as 

so and detailed t-tests were conducted 

between many different groups. The 

potential bias according to class (e.g. 

teacher effects, topics just covered by a 

certain class) was also considered by 

comparing class groups with other 

classes in the same primary level. 

5.2.5, 5.3.6, 

5.4.4, 5.5.6 

(findings 

related to 

class for each 

factor) 

(11) submit data to 

dimensionality 

analysis (for example: 

explanatory and 

confirmatory factor 

analysis). As a result 

of such analysis, if no 

items or subscales 

‘form sensible 

structures for 

capturing science 

attitudes’ that area 

would need to be re-

examined 

The items used were already submitted 

to explanatory factor analysis in other 

studies. Confirmatory factor analysis 

was carried out on the current data 

which resulted in the elimination of 

some items from certain factors (for 

example: ‘Do you think science lessons 

are hard?’ was omitted from the 

‘interest and enjoyment in school 

science’ factor.  

4.6.2-

questionnaire 

construction 

(12) in agreement with 

Osborne et al (2002) 

there must be a clear 

distinction between 

out of school science 

and in-school science 

because the latter is a 

better predictor of 

behaviour (see section 

2.2.1 what is 

science?) 

I carried out all of the data collection 

and was therefore able to ensure that 

all children were aware of the fact that 

the questionnaire referred to ‘in school’ 

activities. 

4.6.2-

collection of 

data 

 

2.5 Attitudes to science 

Ramsden (1998, p128) argued that attitudes can not be ‘measured directly’ but 

‘inferred from words and actions’ because attitudes are abstract concepts. Indeed, 

attitudes are not concrete, for example, because they can change or be changed. For 

example, if children become involved with an activity that excited and enthused them 

(growing their own vegetables) it may well have an impact on their attitude towards 

a topic (plants) on a given day or during a given lesson. However, this may be short 

lived and they may feel differently if the next lesson focuses on an aspect that they 

do not like. Ramsden (1998) went further to suggest that any attempt at 

‘measurement’ must consider different aspects of attitudes and that we must look for 
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‘underlying trends and patterns’. However, the issues that ensue as a result of the 

diversity of attitudinal instruments, variables considered, number and age of 

participants (Osborne et al, 2003) are intensified by confusion over the actual aspect 

of attitudes under consideration (for example: science content, science delivery, 

school science vs. societal science). Very often, the aspect under consideration is not 

defined or the title given to a ‘factor’ is confusing. Analysis of Table 2.2 brought to 

light 29 named aspects that are considered within 22 primary studies. The most 

common aspects referred to are: 

 
 ‘out of school science/social context’        referred to in 6 studies 

 ‘perceived ability/difficulty’ 

 

 ‘topics’                                                   referred to in 5 studies 

 ‘perceptions of in-school science’ 

 

 ‘enjoyment’ 

 ‘activities’ 

 ‘experiences of learning science’          referred to in 4 studies 

 ‘studying science later in school’ 

 ‘subject level preferences’ 

 ‘importance/usefulness’ 

 

 

The aspects are listed here using the exact wording from the primary studies 

mentioned in Table 2.2. The cross-over between these aspects is obvious and 

emphasises the need for specificity when comparing studies and their findings. For 

example, ‘enjoyment’ is often referred to with respect to the ‘activities’ children take 

part in and their ‘perceptions of in-school science’ may well be what they think about 

the ‘topics’ they cover in school. Perhaps the most effective way to study attitudes to 

science is to consider (and clearly outline) as many aspects as possible and 

thoroughly consider underlying patterns and trends (Ramsden, 1998). The current 

study attempted to consider four of the main aspects mentioned in the literature: 

‘attitudes to science topics’, ‘interest in and enjoyment of school science’, ‘perceived 

difficulty’ and ‘ideas about the utility of science’. An extensive list of possible 

factors that may affect attitudes in school (age, gender, age and gender, science 

ability level, socioeconomic group, school and class) were considered in an attempt 

to consider as many underlying patterns and trends within the time constraints of the 

project. Given the nature of the sample and research questions the majority of items 

within these aspects were specifically designed to access information on ‘in-school’ 
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science. Findings from literature on primary school children’s attitudes in relation to 

the four aspects considered in the current study are outlined and discussed in the 

following sections:  

 

2.5.1 Children’s attitudes to science ‘topics’ 

The majority of studies which consider primary children’s attitudes to science topics 

discuss their data with respect to age and gender. Andre et al (1999) compared 

children’s attitudes towards science with their attitudes towards other subjects and 

reported that older children (nine to 11 year olds) were significantly more positive 

than younger children (five to eight year olds) about ‘life science’ and ‘physical 

science’. However, many studies relating to science topics at primary level document 

a decline in positive attitudes towards science content (topics). With specific 

reference to Northern Ireland, Murphy and Beggs (2002) reported that all 16 topics 

in their study (a mixture of biological, chemical and physical) were liked more by 8/9 

year olds than 10/11 year olds. In fact, 10/11 year olds were significantly less 

positive than 8/9 year olds about 12 topics: ‘healthy living’, ‘animals’, ‘plants’, life 

cycles’, ‘materials’, ‘water cycle’, ‘environment’, ‘recycling’, ‘forces’, ‘energy’, 

‘sound’ and ‘light’ (Murphy and Beggs, 2002). Murphy and her colleagues also 

conducted comparative studies with their Northern Irish sample and children in 

England (Murphy and Beggs, 2001) and Oman (C. Murphy et al, 2006). The topics 

under consideration were part of the primary science curriculum in all three 

countries. Older English children were also significantly less positive about eight 

topics when compared with their 8/9 year olds counterparts (Murphy and Beggs, 

2001). However, in Oman, older children were more positive about nine topics (C. 

Murphy et al, 2006). It would therefore appear that the decline in positive attitudes 

with age towards primary science topics is more obvious in Northern Ireland. This 

trend is concerning given that the attitudes of Northern Irish children were compared 

with another country in the UK (England) and another country outside of the UK, on 

another continent (Oman). It will therefore be interesting to compare the results from 

Murphy and her colleagues with data from the current study (see Chapter 5).  

 

It would appear that attitudes towards science topics decline significantly with age in 

Northern Ireland. However, Murphy et al (2004) found that the decline was less 



  

 30 

significant when children are involved in more experimental science. Murphy et al 

(2004) compared the attitudes of children who were involved with more 

experimental science activities (through lessons where their teachers co-taught with 

science specialist teachers) and those who were not. Younger children who were not 

involved in the intervention were significantly more positive about 12 topics when 

compared with older children. However, younger children who were involved in the 

intervention were significantly more positive about just three topics (Murphy et al, 

2004). This is an important finding with respect to Northern Irish children’s attitudes 

to science content (topics) and how they can be affected by how science is taught. 

Murphy et al (2004) also concluded that there were fewer gender differences 

between boys and girls who were involved in the intervention.  

 

Woodward and Woodward (1998a) considered 10/11 year old children’s preferred 

science topics and discussed their results with respect to gender. They found that the 

same topics were liked the most by boys and girls (space and planets, animals and 

plants). Interestingly the topics with less appeal were also the same for boys and girls 

(magnets, weather and sound). However, Woodward and Woodward (1998a) found 

that girls showed a higher preference for some topics (keeping healthy) when 

compared with boys and a lower preference for other topics (electricity). Murphy and 

Beggs (2002) also found that girls were significantly more positive about ‘healthy 

living’ and boys were significantly more positive about ‘electricity’. Although boys 

and girls might have a stronger preference for certain science topics, the issue of 

whether girls or boys are more positive overall is a contested issue. Numerous 

studies report that, overall, girls are more positive about science topics (Murphy and 

Beggs, 2001; Murphy and Beggs, 2003; C. Murphy et al, 2006, the current study). 

On the other hand, Dawson (2000) compared the attitudes of boys and girls in 1980 

and 1997 and found that the overall mean (for topics) was higher for boys than girls. 

However, closer inspection of Dawson’s findings reveals a positive shift in the 

spread of girls’ positive towards science topics between the two sample years. In 

1997, girls liked more physical science topics than in 1980 (Dawson, 2000). In 1983, 

Ormerod and Wood also concluded that girls liked ‘nature study’ more than boys, 

who preferred ‘physical science’. It would appear that all studies have attempted to 

bring to light subtle differences in the actual topics preferred by boys and girls 

(keeping healthy, electricity). Therefore, in order to draw comparisons with other 
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research relating to gender and topics, specific findings towards individual topics are 

discussed (see section 5.2.1). There is a difference between results from more recent 

samples (for example Dawson’s 1997 sample; Murphy and Beggs, 2003) and results 

from samples in the 1980s (Dawson’s 1980 sample; Ormerod and Wood, 1983). 

Namely, a gender difference with respect to physical science is less obvious. 

Therefore, this emphasises the importance of a cautious approach when discussing 

and comparing results from the current study with those from older studies. 

 

2.5.2 Children’s interest in and enjoyment of primary school science 

The largest and most extensive studies which included specific reference to 

children’s attitudes to primary science (lessons) were carried out by Murphy and 

Beggs (2003, 2004, and 2006) and Pell and Jarvis (2001). All of these studies call 

attention to a decline in positive attitudes with age. Pell and Jarvis (2001, p859) 

considered the ‘science enthusiasm’ of children aged five to eleven and showed 

‘graphically the year on year deterioration’. Murphy and Beggs (2003) found strong 

evidence of a significant decline in enjoyment of science between children aged 8/9 

and 10/11 year olds. In fact, the 8/9 year old children were significantly more 

positive about four out of six items related to enjoyment of science: ‘science lessons 

are fun’, ‘I look forward to science lessons’, ‘solving science problems is enjoyable’ 

and ‘doing experiments is fun’. It is interesting to note that significantly more 10/11 

year olds thought they ‘do too much writing in science’ (Murphy and Beggs, 2003).  

The current study will also compare children’s interest in and enjoyment of science 

in different years of primary school in order to consider the effect of age. 

 

Discussion and comparison of practical, investigative science as opposed to 

traditional teaching methods (for example, writing) is often discussed in relation to 

children’s interest in and enjoyment of science. In fact, Murphy and Beggs (2003) 

also asked children open questions about what they like and do not like in science. 

They found that the most common response to what they liked was ‘experiments’ 

regardless of age, gender or ability while ‘writing’ was a typical response in relation 

to what children did not like. Findings related to children’s positive views about 

practical, investigative, active learning aspects of science are reiterated in numerous 

other studies. In Australia, Dawson (2000) compared boys and girls activity 
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preferences in 1980 and 1997. Dawson (2000) found that boys and girls in both 

samples preferred ‘creative’ and especially ‘active’ learning activities as opposed to 

‘copying’ and ‘informing’. The children in Dawson’s (2000) study were children in 

their last year of primary school. However, Collins (1993) considered infant school 

boys’ and girls’ preferences for science work and obtained similar results. Collins 

(1993) asked 35 children aged 5/6 years old to ‘make a chart’ of their preferred 

science work. Boys and girls drew ‘active’ learning activities such as ‘drawing in 

science/making models’ (13 boys, 16 girls), ‘checking up/finding out more’ (10 

boys, 7 girls).  

 

Several studies have considered children’s interest in and enjoyment of science 

before and after interventions which focus on investigative, practical elements of 

science. Mant et al (2007) looked at the effect of increasing conceptual challenge in 

primary science lessons through use of discussion, experiments and investigations 

and encouraging children to think for themselves. Mant et al (2007) then conducted 

16 focus group interviews in the intervention schools. In every interview, children 

talked about how the lessons were better. In every interview children said this was 

because there were more experiments and investigations and in 11 interviews 

children said it was because they spent less time writing. Murphy et al (2004) 

compared the attitudes of children who were involved in more practical and 

investigative science (though the use of co-teaching) with children who were not 

involved in the project. Murphy et al (2004) present more compelling evidence for 

the effect of practical and investigative work given that children’s enjoyment of 

science was influenced in the longer term. Unlike many studies which consider the 

effect of an intervention, attitudinal data was not collected until six months after the 

project. Murphy et al (2004) found that children who were involved in the project 

were significantly more positive in response to the items: ‘science lessons are fun’, 

‘solving science lesson is enjoyable’ (at p<0.01) and ‘I look forward to science 

lessons’ (at p<0.05). Even though children were completing their questionnaire six 

months after the intervention, many of them talked about their enjoyment of science 

during the project in the open-response questions (Murphy et al, 2004). The studies 

by Mant et al (2007) and Murphy et al (2004) reported a positive effect on children’s 

learning through use of practical work. Mant et al (2007) reported that children 

themselves had a clear sense of ‘doing’ helping ‘learning’. Murphy et al (2007) 
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stated that children could remember specific aspects of their learning in the open 

response section of the questionnaire (which was carried out six months after the 

project). Teachers also talked about children’s learning in their research journals 

(Murphy et al, 2007). 

 

It would appear that the message from boys and girls of all ages is a resounding 

‘thumbs up’ for practical, investigative science. The current study will also consider 

children’s attitudes to practical, investigative elements of science lessons as well as 

their overall interest in and enjoyment of science lessons in school. As opposed to the 

well documented focus on age and gender with respect to interest in and enjoyment 

of science, the current study will also consider children’s ability levels, socio 

economic groups, school and class group. 

 

2.5.3 Children’s perceived difficulty with primary science 

Some researchers ask children in upper primary school to rate their future 

achievement in science as a ‘measure’ of their perceived difficulty. Woodward and 

Woodward (1998a) reported that 10/11 year old children were ‘moderately 

confident’ about high achievement in science in secondary school. On the other 

hand, Jurd (2001) found that children aged nine to 11 showed great confidence in 

their likely achievement in secondary school science. However, Jurd (2001) 

attributed this result to the fact that, in the interviews, many children mentioned that 

they had visited secondary schools and were looking forward to changing schools. 

Very often children are enthused by what they think science is going to be like in 

secondary school. Their enthusiasm is often linked to the fact that they witness lots 

of ‘practical’ work whilst visiting perspective schools. Indeed, this was the feedback 

I received (as a class teacher) from several children in their final year of primary 

school. Therefore, it is perhaps more useful to consider exactly what aspects of 

science that children find difficult in primary school (if any).  

 

Pell and Jarvis (2001) considered the attitudes of children aged five to 11 and 

concluded that science is perceived as more difficult than other subjects in primary 

school. However, boys and girls find science less difficult as they get older and 

science is perceived as less demanding by older pupils (Pell and Jarvis, 2001). In the 
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USA, Andre et al (1999) concluded that older children (9/10 to 11/12 year olds) rated 

their ability in life science and physical science significantly higher than younger 

children (5/6 to 8/9 year olds). Murphy and Beggs (2002) also found that younger 

children (8/9 year olds) were less positive about their ability to do science when 

compared with older children (10/11 year olds). In particular, significantly more 

10/11 year olds were confident about their understandings of fair testing and 

understandings of science results. In their open responses, children specifically 

mentioned that the flower, forces, evaporation and electricity were ‘hard’ (Murphy 

and Beggs, 2002). In another study, Murphy and Beggs (2003) suggested that 

children dislike learning the parts of the flower because of the confusing 

terminology. There is no doubt that we must address the specific aspects of science 

which children find difficult because they may affect their attitudes towards these 

aspects. For example, learning the parts of a flower may put children off studying 

other aspects of botany in the future because of a negative association with the 

terminology they had to learn in the past. However, the age related trend with respect 

to perceived difficulty and enjoyment of science is more pertinent. I have presented 

evidence for a decline in enjoyment/enthusiasm for science coupled with a decline in 

perceived difficulty of science. Therefore, it is hoped that the current study will give 

further insight into what children find difficult about primary science and why in 

relation to their interest in and enjoyment of science.  

 

2.5.4 What children think about the utility of ‘science’ 

In primary studies children’s ideas about the utility of science are considered with 

respect to three things: their predicted future involvement (in study/future career), the 

usefulness of science in general and the useful aspects of their science lessons. 

Woodward and Woodward’s (1998b) results indicated that a third of their sample of 

10/11 year olds said they would need ‘science’ (as a subject) in the future. Only 35% 

of the sample responded that they would need ‘science’, 33% said they wouldn’t and 

30% were undecided (Woodward and Woodward,1998b). Andre et al (1999) and 

Jurd (2001) considered primary children’s attitudes towards the usefulness of science 

in terms of gender. Andre et al (1999) found that significantly more girls (aged five 

to 12 years olds) rated life science as important when they are older in comparison to 

other subjects. Murphy and Beggs (2002) also reported that girls were significantly 
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more positive about the usefulness of aspects of life science. They found that 

significantly more girls than boys said that they ‘have become more environmentally 

friendly’ because of their science lessons and that their lessons on healthy living 

made them ‘think more about what I eat and how I live’ (Murphy and Beggs, 2002, 

p18). However, Jurd (2001) found that girls in their last year of primary school were 

more negative than boys about science as a future career. Although, Jurd (2001) 

specified that girls were more negative with respect to career she also reported very 

negative results in general with regard to the usefulness of science. Jurd (2001, p30) 

stated that the nine to 11 year old children in her sample saw science as a ‘remote 

and possibly threatening force’, few considered it as a subject they would study long 

term and many ‘rejected science as a future career path’.  

 

The findings presented in these studies (Andre et al, 1999; Jurd, 2001; Murphy and 

Beggs, 2002; Woodward and Woodward, 1998b) indicated that primary children’s 

views about the utility of science are complex. It would appear that many children in 

primary school, especially girls, do not think they will have careers in science (Jurd, 

2001) or need ‘science’ as a subject in the future (Woodward and Woodward, 

1998b). In fact, (Jurd 2001) painted a bleak picture with regard to nine to 11 year 

olds views on the usefulness of science in general. Nevertheless, girls may be more 

positive about the usefulness of life science (Andre et al, 1999; Murphy and Beggs, 

2002). The current study probed children’s ideas about different aspects of the utility 

of science, with respect to numerous different factors. Children were asked if they 

thought being able to do science, computers, sums/number work and reading are 

useful for getting a job. In this way, children’s views on the usefulness of science 

were compared with their views on the usefulness of other primary school activities 

(see section 5.5). In an attempt to consider children’s attitudes towards the utility of 

‘science’ in general and science lessons in school, they were asked specific open 

questions about the helpfulness and harmfulness of science and what they think 

science will be like later in school. Therefore, the current study attempted to 

contribute to and probe further into the diversity of viewpoints about the utility of 

science.  
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2.6 Summary 

Apart from the fact that the majority of studies have traditionally focused on older 

primary children and secondary school children, many issues are brought to the fore 

when literature about (primary) children’s attitudes is considered and debated. These 

include the importance of clear and succinct delineation of and reference to exactly 

what is being measured, how it is measured, who is involved and to what extent 

reliability and validity are addressed. These issues must be addressed given the huge 

diversity in attitudinal studies that have already been conducted. The current study 

attempted to learn from and incorporate the work of others as well as considering in 

greater depth the issues which effect primary aged children. 
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CHAPTER 3- LITERATURE REVIEW: CHILDREN’S IDEAS AND 

UNDERSTANDINGS 

 

3.1 Introduction 

Many studies related to children’s ideas and understandings consider how children 

learn with a view to directing them towards ‘scientific’ concepts during their 

development. A lot of theories have been proposed to address the possible pathways 

that children take during the course of their learning: from a stage theory to a socio-

cultural journey. Traditionally, conceptual change approaches such as cognitive 

conflict have been utilised as a method of ‘dealing with’ conceptions which do not 

match the accepted ‘scientific’ viewpoint. The terminology used to describe 

children’s ‘non-scientific’ conceptions is vast and varied. There has been a move 

from terminology which describes learners’ conceptions as errors or mistakes (for 

example ‘mis’ conceptions) to the position which gave precedence and dignity to 

children’s conceptions (for example, ‘children’s science’). Later viewpoints, such as 

‘children’s science’ emphasise the importance of children’s ideas in the teaching and 

learning of science. Children’s ideas are multifaceted, open to interpretation and can 

be based on individual experience. The current study aimed to investigate children’s 

ideas and understandings about two concepts (‘living’ and ‘daytime’) at a given time 

in their development. Specific literature related to children’s ideas about ‘living’ and 

‘daytime’ are investigated in this chapter. Analysis of the literature brings to light the 

fact that there is a huge diversity of ideas about ‘living’ – this diversity is reflected in 

the current study and serves to highlight the complexity of children’s thought in this 

area. The majority of studies which consider children’s ideas about ‘daytime’ 

categorise responses according to the accepted ‘scientific’ perspective. However, this 

review notes the importance of the socio-cultural context as well as children’s 

individualism.  

 

A constructivist view of learning is incorporated into this literature review because it 

emphasises the importance of identifying learners’ current conceptions. Many 

methods have been implemented to probe children’s ideas. The two main types of 

probes were used in the current study: semi-structured interviews (phenomenological 

approach) and drawings with sentences (conceptually based approach). Language 
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and meaning are often discussed in relation to children’s ideas, in particular, the 

importance of context. Therefore, through consideration and interpretation of ideas 

from various different groups (gender, age, ability, socioeconomic status, school and 

class groups) about different concepts using different methods of communication 

(interview, drawing) the current study considered whether or not different meanings 

are presented in different contexts – perhaps the most commonly cited issue with 

respect to language and meaning. 

 

3.2 Ideas and understandings 

There is a substantial corpus of international research on children’s ideas about a 

wide range of specific science concepts related to physics, biology and chemistry 

(Leach et al., 1995; Taiwo et al., 1999; Tunnicliffe & Reiss, 1999a; Toyama, 2000; 

Tytler, 2000; Shepardson, 2002; Duit, 2004; Myers et al., 2004). It is important to 

consider what is meant by an ‘idea’ in order to research the thinking and notions 

behind the science concepts held by children. Bruner et al. (1956) defined a concept 

as ‘the network of inferences that are or may be set into play by an act of 

categorization’. Therefore, concepts can be seen as deductions that are made as a 

result of making sense of and grouping actions and experiences. Smith and Medin 

(1981, p1) suggested that concepts are critical for ‘perceiving, remembering, talking 

and thinking about objects and events in the world’. In other words, concepts can be 

considered as multifaceted and are used in different ways.  

 

The terms ‘concept’, ‘conception’ and ‘idea’ are often used interchangeably. For 

example, Smith et al (1993) identified conceptions or ideas as representative of 

knowledge that make up the central part of solutions to specific problems. Harlen 

(1968, p4) considered the development of scientific concepts in young children and 

denoted a ‘concept’ as what Thomson (1959) described as allowing someone to 

‘relate previous learning to current situations’ in the context of ‘present experience’. 

However, Claxton (1993, p45) argued that researchers never capture subjects ‘simply 

manifesting their prior knowledge’ and exactly ‘what they know’ and ‘what they 

think’ because subjects select knowledge and how they express it for a given, unique 

situation (for example in an interview). Nevertheless, we can capture a subject’s 
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‘mobilization and application’ of the knowledge they do have (Claxton, 1993, p45) at 

a given moment (Charmaz, 2000).   

 

A common premise of many definitions of ideas and conceptions is the momentary 

and contemporaneous nature of their expression. White (2002) stated that concepts 

are ideas we have in our heads that we express with words; it is the ‘expressions of 

ideas’ that this study considers. Although White (2002) specifically mentions 

expressions in the form of ‘words’, many researchers suggest that children can 

express their ideas and we can capture understandings in the form of drawings 

(Shepardson, 2002, Arnold et al 1995, Tunnicliffe and Reiss, 1999a). White and 

Gunstone (1992, p99) go so far as to say that drawings can ‘reveal qualities of 

understandings that are hidden from other procedures’.  

 

The ability to access a person’s understanding or to tell directly if a person can 

understand is debatable. Claxton (1993) pointed out that being able to say what 

another person does and how they did it is not enough to claim that they understand. 

In fact, a degree of ‘saying why’ as well as ‘saying how’ is needed (Ogborn, 1993, 

p111). White and Gunstone (1992) discussed the nature of understanding. One of the 

main premises of their argument centred on the notion that one can not give 

understanding a value because it is too complex (White and Gunstone, 1992). White 

and Gunstone (1992) pointed out that understanding is; never complete, not linear, 

multi-dimensional and individual. Smith (1991, p46) suggested that a learner of 

science has understood when there is ‘connectedness’ and ‘usefulness in social 

contexts’. It is important to note that both writings by White and Gunstone (1992) 

and Smith (1991) considered understanding as a ‘measurement’. White and Gunstone 

critiqued the use of instruments to assess understanding and Smith (1991) attempted 

to ‘measure’ understanding when using a given teaching model.   

 

The current study does not claim to judge/assess/measure whether or not an 

individual child can completely ‘understand’ a given concept but makes an attempt at 

accessing and investigating their numerous understandings, including questions 

about ‘why’ and ‘how’  (Ogborn, 1993). In summary, this study attempts to find out, 

through the use of interviews and drawings, some of the thoughts children hold as 

part of their current conceptions, in a given instance (interview or drawing activity). 



  

 40 

 

Although the current study will contrast and compare the ideas of children at a given 

time, studies have traditionally focused on how conceptions change and develop with 

time and the cognitive processes involved in learning (Havu-Nuutinen, 2005). Many 

seminal works in the area of conceptions have attempted to ‘define’ and ‘identify’ 

these processes which inevitably involved consideration/description of the actual 

conceptions/ideas held by children at a given age. Therefore, in order to set the 

current study in context, the proceeding section will review previous studies in the 

general area of how children learn science ‘concepts’. 

 

3.3 How children learn science concepts 

It is well documented in the literature that how children learn and develop their 

concepts may be dependent on and affected by many factors. Concept development 

was considered to be an innate process which, with a little help from others resulted 

in the growth and unfolding of concepts (Rousseau, 1712-1778). Dewey (1933) also 

considered that an innate element existed by pointing out that there is a natural 

tendency to accept and believe anything that is suggested and that these original 

beliefs will be defended and built upon, even if they are incorrect. However, Dewey 

(1933) went further to reveal that these beliefs can be changed by presentation of 

overwhelming evidence to the contrary.  In keeping with this process of change, 

Piaget’s theories (1960, 1970) suggested that children ‘assimilate’ new experiences 

to existing concepts before recognizing that the current cognitive structures, which 

they must use to make sense of these new experiences, are inadequate. Thereafter a 

stage of disequilibrium is entered into. It is only when an active search for a higher 

form of equilibrium between old and new material begins that a more satisfactory 

mental structure is gradually abstracted. Then new material, or overwhelming 

evidence to the contrary (Dewey, 1933), is integrated through a process of 

‘accommodation’. Piaget’s theory is often referred to as a ‘stage’ theory because he 

outlined stages of intellectual development. In other words, children move forwards 

through each stage during which changes occur in ‘the structure or logic of their 

intelligence’ (Smith et al, 1998, p336). A brief overview of Piaget’s stages is shown 

overleaf: 
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Sensori-motor stage (children aged 0-2): uses senses to learn about the 

world; egocentrism; emergence of ability to form mental 

representations 

Pre-operational stage (children aged 2-7): can begin to use symbolism to 

learn; can take another’s perspective towards the end of 

this stage; capable of the conservation of number 

Concrete operational stage (children aged 7-12): can perform logical 

mental operations; finds it easier to take another’s 

perspective; understands conservation of mass, length, 

weight and volume 

Formal operational (children aged 12-15): can begin to reason abstractly 

                                                       [adapted from Smith et al, 1998, p336] 

 

However, more recently, as Case (1996) points out, there has been a move towards 

more domain, task and context specific theories for concept development with 

children’s thought being seen as more responsive to external influence and social 

interaction than Piaget suggested. Vygotsky (1978) argued that children have an 

actual development level and a potential development level. The actual development 

level consists of the mental functions that children have already internalised by 

themselves. However, the potential development level is the level of understanding 

that a child can reach with help and problem solving under adult guidance (Vyotsky, 

1978). The child then internalizes the ‘solutions’ that they have come to with adult 

help and they become part of the ‘child’s own reasoning’ (Kozulin, 1986) In other 

words, socialization and working with more capable peers is a vital part of concept 

development. As a result of the interplay of concept development and social 

interaction, the focal point has now shifted from a more general consideration of 

concept development (i.e. common to all domains of human activity that can be 

applied to all cognitive tasks/learning of all concepts). Instead the development of 

concepts is referred to within specific fields (e.g. science), the tasks involved within 

that field and the specific context (working with/talking to adults/others) in which it 

is set. This shift was due to rejection of the existence of an underlying general 

structure of concept development proposed by Piaget (Case, 1996). As Case (1996) 

points out this rejection was based on studies that showed insignificant correlations 

between tasks and a lack of synchrony in the rate of development of concepts that 

Piaget claimed depended on the same underlying structure. The significant change in 

concepts as a result of training (teaching) was also considered. Some of these 

changes occurred even when operational structures, that Piaget deemed necessary for 

that given stage, had not yet emerged. For example, in the current study, some young 
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children were able to think abstractly about ‘how daytime happens’ which could 

perhaps be considered an inherent mental operation in the ‘formal operational’ stage. 

 

3.3.1 Towards ‘scientific’ concepts: conceptual change and cognitive conflict 

Duit and Treagust (2003) drew attention to the fact that conceptual change 

approaches have traditionally been used, especially in the area of learning science, to 

investigate the development of children’s concepts from pre-instruction towards the 

intended scientific concepts. 

 

One theory, inspired by the domain, task and context specific notion of concept 

development was proposed by Simon and Simon (1978) suggested that there may be 

a differences between an ‘expert’ in a given field and a ‘novice’. Chi and Rees 

(1983) and Chi (1988) developed this proposal by suggesting that the process of 

becoming an ‘expert’ is a model for nearly all of the intellectual transformations that 

take place in a child’s cognitive development. A possible process that may occur to 

become ‘expert’ (supposedly in adulthood) is that of effective conceptual change. In 

other words, conceptual change has resulted in acceptance of the intended scientific 

concepts.  

 

A well documented and discussed strategy for effective conceptual change has been 

a stage of cognitive conflict, whereby learners are presented, though instruction, with 

evidence and/or new information that conflicts with their thinking which will lead 

them to question ideas they already hold, which will hopefully lead them to 

acceptance of the intended scientific concepts (Parker, 2004). Piaget (1975) 

considered cognitive conflict as a step in the process of equilibration (acceptance of 

new material and integration with old). Posner et al (1982) regarded the phase of 

conflict as a first move towards reaching conceptual change as we become 

dissatisfied with existing concepts. However, Vosnaidou (2002), although an 

advocate of conceptual change, emphasises that there is no sudden replacement of 

existing concepts by cognitive conflict. This throws up a very real problem of 

possible assumptions of the smooth transition of cognitive conflict to conceptual 

change and indeed the assumption that cognitive conflict is involved in the process. 

Parker (2004) also discusses various critiques of cognitive conflict in that the new 
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material may oppose the epistemological beliefs and ontological assumptions of the 

learner and one possibility is that the new material may even be ignored (Chinn and 

Brewer, 1993 cited in Limon, 2001). Furthermore, the possible opposition of the new 

material to the learners own beliefs and assumptions about knowledge and reality 

raises the argument that concept development may be effected by numerous other 

factors, to name but a few:  motivation (Pintrich, Marx and Boyle, 1993), the need 

for mental representation and higher-order operations (Muller, Sokol and Overton 

1998), memorization (Fox, 2001), attitude/belief change (Kuhn and Lao, 1998).  

 

 3.3.2 Conceptions that differ from the accepted ‘scientific’ viewpoint 

An abundance of terms for student conceptions that do not exactly match the 

‘scientific’ viewpoint arose from comparisons between children who are learning 

science and those who are ‘proficient’. In other words, conceptual change may not 

occur at all or be incomplete/partial, even after instruction and children develop 

conceptions that do not exactly meet the ‘scientifically’ accepted version. These 

conceptions have been referred to as:  

 
‘misconceptions’ 

‘preconceptions’ (Clement, 1982; Glaser and Bassok, 1989; Wiser, 1989) 

‘alternative conceptions’ (Hewson and Hewson, 1984) 

‘alternative beliefs’ (Wiser, 1989) 

‘alternative frameworks’ (Driver, 1983; Driver, 1981; Driver and Easley, 

1978) 

‘naïve beliefs’ (Mc Closkey, Caramazza and Green, 1980) 

‘naïve theories’ (Mc Closkey, 1983; Resnick, 1983) 

‘natural’ memory/‘spontaneous’ concepts (Vygotsky, 1978) 

‘children’s science’ (Osborne and Freyberg, 1985; Gilbert, Osborne and 

Fensham, 1982) 

‘minitheory’ (Claxton, 1993) 

 

Smith et al (1993) pointed out that all these terms emphasized differences and 

variations between learners and experts, the terminology used depends on how the 

researchers depicted the relationship between the conceptions held by learners and 

experts and the cognitive properties of their ideas. Although some of the terms 

appear to harness similar vocabulary (for example: alternative beliefs, theories and 

frameworks) it is important to note that ‘theory’ and ‘framework’ set conceptions in 

a large scale arrangement whilst ‘belief’ and ‘conception’ suggest that they are single 
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cognitive components (Smith et al, 1993). Some of the major distinctions between 

the main terms for student conceptions are discussed in the following sections. 

 

‘pre’ conceptions, ‘mis’ conceptions, ‘alternative’ conceptions 

Limon and Mason (2002) present current, theoretical perspectives on conceptual 

change, compared and contrasted by Mayer (2002) who pointed out that Chi and 

Roscoe (2002) view conceptual change as a process of cognitive repair of incorrect 

mental models. ‘Misconceptions’ are a result of mis-categorised concepts and it is 

through re-categorizing these that the mental repair takes place. Chi and Roscoe 

(2002) identify another type of conception as ‘preconceptions’. The difference is that 

these ‘preconceptions’ can be amended through instruction; however 

‘misconceptions’ remain even after learning experiences and/or teaching. Although 

Chi and Roscoe (2002) suggest that ‘preconceptions’ can be amended through 

instruction many examples have been presented for the existence of them, even after 

instruction.  For example Nelson (1998) reported that Harvard graduates, when 

asked, explained the warm weather of summer as being a result of the earth being 

closer to the sun during summer! Therefore, it is possible that no conceptual change 

takes place resulting in a reversion back to preconceived ideas. 

 

‘Misconceptions’ that exist after instruction are often referred to as ‘alternative 

conceptions’ (Trumper, 1997; Tao and Gunstone, 2000). These ‘alternative 

conceptions’ are also considered by Mortimer and Scott (2003), as part of their 

sociocultural theory.  They follow the lead of Wertsch (1991) who coined this phrase 

instead of cultural-historical, which was used by Vygotsky and his colleagues. The 

socio-cultural perspective is defined as follows:                 

 

The basic assumption is that all mental actions (such as learning science) 

are inevitably situated in cultural, historical and institutional settings and 

what is accepted as knowledge and teaching and learning is clearly related 

to these settings. 

                                                                    (Mortimer and Scott 2003, p120) 

 

Mortimer and Scott (2003) place discourse at the centre of their theory due to the 

importance of “science talk” in the classroom for meaning making which is central to 

learning. They suggest that children are immersed in an “everyday social language” 

which gives rise to what Vygotsky (1934) called informal or spontaneous concepts. 
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According to Kozulin (1986) ‘spontaneous concepts’ transpire from a child’s own 

contemplations of everyday experiences. On the other hand, Vygotsky argued that 

‘scientific concepts’ evolve from collaboration with adults or more peers (Kozulin, 

1986). For example, the comprehension of a concept that takes place whilst working 

with the teacher.  Vygotsky argued that the development of ‘scientific concepts’ is 

dependent on a child’s existing understandings (‘spontaneous concepts’) [see section 

3.6.2 for further discussion of how spontaneous and scientific concepts interlink]. 

 

Spontaneous or informal concepts are often referred to in today’s literature as the 

aforementioned ‘alternative conceptions’ or ‘misconceptions’. Mortimer and Scott 

(2003) go further to point out that these ‘alternative conceptions’ or ‘misconceptions’ 

are not short lived and can exist into adulthood because they are part of society. This 

would suggest, therefore, that they are very difficult to change (even after 

instruction). Furthermore Smith et al (1993) point out that ‘misconceptions’ can still 

remain but are not always resistant to change and that they continue to exist due to 

lack of plausible alternatives.  

 

There may lie a parallel existence of responses for the intended scientific concepts 

that are rote learned. This rote learning can take place during and/or after instruction. 

These responses can then be called upon when required (e.g. for an exam, when 

asked for a definition). This suggestion is based on a belief that certain concepts are 

simply ‘captured’ and held alongside old concepts/ideas (Hewson, 1981). The 

possibility that they are rote learned is based on work carried out by, among others, 

Havu-Nuutinen (2005) who found that some new concepts and their definitions given 

after the trialling of an instructional process (based on social interaction) were rote 

learned and therefore, the meanings of the concepts were not internalised.  

 

Traditionally, ‘mis’ conceptions have been viewed negatively as errors or mistakes in 

learners’ conceptions that are not useful. In fact, many research studies on 

‘misconceptions’ focus on the idea that ‘misconceptions’ inhibits learning and so 

they should be identified, confronted (for example by cognitive conflict) and 

eventually replaced (Smith et al, 1993). However, Duit (1991, p67) suggested that 

‘misconceptions’ is a ‘misleading term’. In the 1980s it was used to delineate studies 

that were opposed to the ‘alternative frameworks’ ideology and stood for the position 
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that scientific conceptions are ‘the only ones that can be tolerated’ (Duit, 1991, p67). 

However, many researchers now use ‘misconceptions’ and ‘alternative conceptions’ 

interchangeably (Trumper, 1997; Tao and Gunstone, 2000) as non-scientific 

conceptions which exist after instruction. Nevertheless, ‘misconceptions’ still refer to 

‘incorrect’ conceptions (Duit, 1991, p67). A more positive stance has been taken by 

researchers who promote the idea that learners’ ideas/conceptions are useful in their 

own right and can be tapped into or built upon to aid, as opposed to hinder the 

learning of science. An overview of the main literature which considers non-

scientific conceptions in a more positive light are outlined below. 

 

‘Minitheories’, ‘children’s science’, ‘alternative frameworks’ 

The term ‘alternative frameworks’ was coined by Driver and Easley (1978) and 

emphasised that children’s conceptions are frameworks in their own right and help to 

guide learners in everyday situations (Duit, 1991). Solomon (1987) pointed out that 

this early work by Driver and Easley (1978) made a strong case for the fact that 

learners’ current notions are every bit as important as their cognitive development.  

 

Another position which gave precedence and dignity to learners’ (children’s) 

conceptions was that of ‘children’s science’. The central tenet of such a position is 

that we are all scientists from a young age (Kelly, 1969) in our attempt to make sense 

of the world around us which we relate, in our own words, to our knowledge and 

experiences to date (Osborne and Freyberg, 1985). ‘Children’s science’ is outlined 

by Osborne and Freyberg (1985, p13) as the ideas the child-as-scientist tacitly 

develops, which makes sense to them, about ‘how and why things behave as they do’ 

(Osborne, 1980; Gilbert et al, 1982). The general findings from work by Osborne 

and Freyberg (1985) about children’s ideas are outlined as: 

 

1. From a young age, and prior to any teaching and learning of 

formal science, children develop meanings for many words used in science 

teaching and views of the world which relate to ideas taught in science. 
 

2. Children’s ideas are usually strongly held, even if not well 

known to teachers, and are often significantly different to the views of 

scientists 
 

3. These ideas are sensible and coherent views from the children’s 

point of view, and they often remain uninfluenced or can be influenced in 

unanticipated ways by science teaching. 

(Osborne and Freyberg, 1985, p12) 
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In a similar fashion, Driver et al (1985a) noted that children’s ideas are often 

personal, may seem incoherent in the ideas of the teacher but they are stable (can 

exist after instruction and attempts at confronting and changing them). Like Driver 

and her colleagues (Driver et al, 1985b), Claxton (1993) emphasised the context 

dependent nature of children’s ideas. Although, Claxton (1993) termed learners’ 

ideas as ‘minitheories’ and therefore emphasised the idea of student as scientist, he 

also pointed out the limited nature of such theories with respect to context and 

content (Duit, 1991). There are also situations in which more than one ‘minitheory’ 

can be held by a learner and they can consequently overlap (Claxton, 1993). Driver 

et al (1985b, p198) pointed out that it would be ‘unwise’ to pursue ‘the parallel 

between the history of science and children’s ideas too far’. Evidence from their 

extensive work on children’s ideas suggested that there are ‘only a few common 

features’ of children’s ideas and how they were developed historically and children’s 

ideas are ‘far less coherent’ (Driver et al, 1985b, p198). Nevertheless, ‘alternative 

frameworks’, ‘children’s science’ and ‘minitheories’ emphasise the importance of 

children’s ideas in the teaching and learning of science. 

 

3.3.3. The current study: investigating children’s ideas and understandings 

The ideas held by children in different groups were investigated using semi-

structured interviews and drawings with sentences. The semi-structured interviews 

were analysed without preconceived questions/ frameworks. In other words, the 

responses given by the children directed the coding process. I did not set out to ‘find’ 

and/or ‘measure’ errors in the children’s ideas (misconceptions, naïve conceptions 

etcetera). Therefore, unlike many studies in the realm of student conceptions, the 

presence or absence of ‘correct’ scientific viewpoints was not considered and the 

children’s responses were simply framed by exactly what they said or drew (their 

‘voices’). 

 

The children’s ideas and understandings were seen as slices of social life that simply 

portrayed a given moment in time (that is, the interview or drawing activity). 

Consequently, the current study can not claim to ‘measure’ conceptual development 

and/or change which is the basic premise of many studies involving student 
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conceptions. In order to make claims about learners’ long term conceptual 

development, the duration of a research project would need to be much longer (Arzi, 

1988) and track individual children over time and therefore through their 

development. 

 

Exactly what the children said at a given time was considered so that direct 

comparisons could be drawn with their attitudes towards science which were 

collected at the same time. Therefore, the main focus of the study was not to track 

the development of children’s ‘correct’ conceptions but to investigate links between 

their ideas about science concepts and their attitudes towards science. 

 

3.4 Why elicit ideas? – a constructivist based learning environment 

Driver et al (1985b) emphasized that exploring children’s ideas is very important as 

it can enable teaching to be better adapted to students. If we can access how children 

already think about a given science topic/concept, this information can be used to 

plan subsequent work, incorporating the sometimes very different ideas held by 

children. Learning can be promoted by accessing children’s ideas and understanding 

and incorporating them in curriculum development and instruction design 

(Shepardson, 2002). 

 

Eliciting ideas as part of a constructivist approach to children’s learning in science 

has become very popular in the last 20 years. Indeed, the South Australian 

Curriculum Standards and Accountability Framework, from birth to year 12, uses ‘a 

conception of learning which is drawn from constructivist learning theories’ to guide 

the formulation of its new curriculum framework (SACSA, 2000). The usefulness 

and effectiveness of constructivism as a theory of learning, teaching or both has been 

questioned (Solomon, 1994; Fox, 2001). Constructivism as a theory of learning is 

often criticised because of the number of different variants used: from Piagetian 

constructivism to neo-Vygotskian constructivism (Wertsch, 1985) to radical 

constructivism (von Glasersfeld, 1996) to various types of social constructivism 

(Rogoff, 1990). With such an array of viewpoints on offer, it is inevitable that 

perspectives will overlap and contradict each other. However, it can not be denied 

that research in the realm of constructivism has raised awareness of the complex 
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nature of how children understand topics across a range of conceptual domains in 

science (Parker, 2004).   

 

Although interpretation of the term constructivism is multifaceted (Philips, 2000), 

constructivist teaching and learning approaches are based on the work of 

psychologists and educators such as Rousseau, Dewey, Piaget, Bruner and Vygotsky 

and a commonality of constructivist perspectives is that they intrinsically incorporate 

the idea that children are actively central to their own learning process, have already 

formed ideas and ways of thinking about scientific concepts and occurrences from 

outside the classroom and that they build upon their experiences and previous 

knowledge. Therefore, constructivism provides an excellent premise for finding out 

about how children think about scientific concepts and how this compares with other 

groups. Wandersee et al (1994) in their review of literature on student conceptions 

concluded that children’s ideas are similar with respect to age, ability, gender and 

cultural background. The current study explores the possibility that ideas held by 

children in different groups (age, gender, ability, socio economic group, school and 

class group) may vary and or link with children’s attitudes through the use of a 

general constructivist perspective. 

 

The constructivist view of learning incorporated in the current study emphasizes that 

teachers should identify learners’ current conceptions and then facilitate the learners 

to construct their own knowledge based on these. Taiwo et al (1999) pointed out that 

teaching and learning should be based on children’s initial thoughts as: 

 
. . . children do not come to science classes with tabula rasa minds about 

science concepts. They come to school already equipped with some 

understanding, pseudoknowledge, or misconceptions about science.  

(Taiwo et al, 1999, p. 413) 

 

Case (1996) suggested that since children’s thoughts are responsive to external 

influence and social interaction, teachers should consider the context in which 

children build their knowledge. Indeed Robbins (2002, p153) emphasised the 

importance of appreciating the ‘diversity and complexity of childhood’ by giving 

children’s ideas value and taking into account the socioculturally relevant activities 

and contexts children are a part of. By the very nature of the current study, the 

importance and value attached to every idea (socioculturally based or scientifically 
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based) presented by the children is a central tenet. Indeed, ‘misconceptions’ or non-

scientific ideas were not ‘measured’. In fact, analysis of the children’s responses was 

an iterative process which considered everyday understandings in a social context. 

[see section 4.6.4(ii)]. In keeping with this constructivist viewpoint, learners 

construct ‘their own meanings for the knowledge they acquire’ (White & Gunstone, 

1992, p. 13). This construction can be context specific (scientific or otherwise) and is 

carried out by the learner in an active way by collecting information from the world 

around her/him. Prior knowledge and experience can be used to build personally 

constructed meanings (Driver & Bell, 1986; Roth, 1990). Children have already 

formed ideas and ways of thinking about science concepts and occurrences from 

outside the classroom. It is these ideas that the current study attempted to access.  

 

Duit (1991) pointed out that the ideas children hold can influence and guide 

children’s school science learning. Leighton and Bisanz (2003) stressed that 

children’s early beliefs can also include non-scientific ideas that can shape their 

initial constructions. For example some children’s future understanding of the earth 

is often ‘constrained by certain presuppositions which children form based on 

interpretations of their everyday experience’ (Vosniadou & Brewer, 1992, p. 535). 

Wandersee et al (1994), in their review of children’s conceptions, noted that 

everyday ideas can interact with the science taught in school in unintended ways. 

Some of the children’s ideas are based on what they have perceived, which can 

include ‘incidental learning’ (White & Gunstone, 1992, p. 13). For example, ‘light’ is 

described as ‘in the tubes’ on the classroom ceiling as a child points at the 

fluorescent light or it ‘comes from electricity’ (Shapiro, 1994). Children may 

therefore be thinking about the concepts in a totally different way from that of the 

teacher (scientific way). 

 

The current study recognises that the data will write a story which represents the 

researcher as well as the participants and takes into account that the said story is also 

built on the interaction between these. Meaning surfaces from the interactions 

between the interviewer and the respondent and is not standardised from child to 

child (Rubin and Rubin, 1995, cited in Shepardson, 2002). Bearing in mind these 

fundamental premises, the consideration of children’s ideas and understanding of 

science concepts at a given time in their education lends itself very well to elements 



  

 51 

of a constructivist perspective. This is due to the fact that it would be very difficult to 

presuppose categories on to what children will say in a particular cultural and social 

setting at a particular time. Therefore, in adopting elements of a constructivist 

approach, the analysis of data becomes more open ended and allows the researcher to 

interpret what subjects actually mean at a given time. Shepardson (2002) carried out 

a similar study on children’s understanding about insects based on a constructivist 

theoretical framework. It involved the children becoming engaged in a context 

specific and socially mediated activity (Schwandt, 1994). In a similar fashion this 

methodology, for the current study I successfully created ‘constructions about the 

children’s constructions’ (Shepardson, 2002) based on the language they used to 

transmit their meanings (Holstein and Gubrium, 1994) and in the context of the 

interviews. 

 

Finding out about and comparing some of the thoughts that children have about the 

same concepts can be interesting. Teachers may assume that we begin a topic from 

where their own thoughts are or where they think children’s thoughts are on that 

particular topic. This may give rise to situations in which children and teachers are 

thinking differently about some science concepts. 

 

Teachers need to be aware of the existence of children’s ideas and preconceived 

knowledge for effective learning to take place. Day (2000, p108) pointed out that 

effective learning involves an ‘interactive chemistry’ between child and teacher, 

which ‘depends on process as much as content’. The consideration and valuing of 

children’s existing ideas can lead to such an ‘interactive chemistry’ as we can engage 

children by starting with their ideas and helping them to build on what they already 

know. 

 

3.5 Accessing children’s ideas and understandings 

3.5.1 Methods used to access ideas 

Many methods have been implemented to probe learners’ ideas and understandings 

(White & Gunstone, 1992). Each has a different purpose and seeks to probe different 

aspects of understanding. Driver and Erikson (1983) divided a range of methods into 
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‘phenomenological’ and ‘conceptually based’ approaches. Phenomenological 

approaches involve presenting learners with particular phenomena and asking them 

to give explanations about how things happen and then make predictions. A 

fundamental characteristic of phenomenological approaches is that the learner 

‘selects the language and representations to communicate that knowledge scheme’ 

(Leach et al, 1995, p723). A classic example is the Piagetian clinical interview. Other 

examples of this approach include ‘interview-about-events’ (Osborne & Gilbert, 

1980), ‘predict-observe-explain’ techniques (Gunstone & White, 1981), concept 

cartoons (Keogh & Naylor, 1999), and recording learners’ spontaneous conversations 

(Tunnicliffe & Reiss, 1999a). Conceptually based approaches, on the other hand, 

involve presenting children with words and asking them to perform certain tasks. 

Examples of conceptually based approaches include learners being asked to give 

definitions of terms (Adeniyi, 1985; Murphy, 1987), concept mapping and flow 

mapping (Novak & Gowin, 1984; Novak & Musonda, 1991; Tsai, 2001) and word-

association techniques (Shavelson, 1974). They focus on aspects of learners’ 

‘propositional knowledge structure’ and they allow inferences to be made about the 

meanings that learners give to scientific language (Leach et al, 1995).  

 

Both types of probes were used in the current study: semi-structured interviews 

(phenomenological approach) and drawings with sentences (conceptually based 

approach). Although Tunnicliffe and Reiss (1999b) described conceptually based 

approaches as ‘of value’ with regard to considering children’s ideas, Leach et al 

(1995, p723) suggested that inferences can not be made about how children ‘construe 

phenomena in their own terms’. Therefore semi structured interviews were used to 

give children the opportunity to talk at length about the concepts of ‘living’ and 

‘daytime’, in their own words. A balance of both types of approach therefore allows 

ideas to be accessed in terms of explanations of entire phenomena (semi-structured 

interviews) and meanings they give to specific words (drawings/sentences). 

 

3.5.2 Language and meaning 

In her discussion about school science and spoken language, Dawes (2004) referred 

to previous knowledge and language as ‘powerful tools’ that children bring to their 

learning of science. Specifically, the language they use to communicate the science 
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they ‘know’ are ‘inextricably linked’ (Dawes, 2004, p678). The context through 

which children choose to or are asked to communicate their ideas and understandings 

is very important in the realm of student conceptions research. Sutton (1992) argued 

that the context draws out a certain set of connections or a meaning. Many studies 

highlight the importance of context. Jones (2000, p88) argued that the way we 

communicate in science is reliant on a variety of ‘contextual factors’ including the 

topic under discussion, the situation and purpose of the research, the ‘resources of the 

participants’ and the interaction between them.  

 

With respect to context and the topic under discussion (Jones, 2000), two very 

different topics were chosen for the current study. Therefore, responses could be 

compared: a curricular, more concrete topic (‘living’) and a non-curricular, abstract 

topic (‘how daytime happens’). The curricular topic of ‘living’ was chosen because 

children experience this topic in school from the beginning. However, ‘daytime’ is 

currently a non-curricular topic and I considered it to be an abstract concept. I chose 

to incorporate an abstract concept as a result of reflecting upon findings from a 

previous study. Kerr et al (2006) compared children’s and student teachers’ ideas 

about some different concrete and abstract concepts. They concluded that student 

teachers think more scientifically about abstract concepts which may be because they 

‘retain and call upon rote-learned responses for abstract concepts’ (Kerr et al, 2006, 

p297). However, children in the current sample have had no formal science 

instruction on ‘daytime’ and can not call upon rote-learned material. Leighton and 

Bisanz (2003, p. 119) also acknowledged that children are ‘free to form naive beliefs 

about physical phenomena’ that are based on their own experience. Therefore, I felt 

it would be invaluable to record children’s ideas about ‘daytime’ to raise awareness 

of how children might think about a non-curricular abstract topic (‘daytime’) in 

comparison with a curricular concrete topic (‘living’). Also, I wanted to address the 

possibility that children might talk about their own experiences of an abstract topic as 

opposed to talking about ‘scientific’ explanations. Although there are other non-

curricular abstract topics that could have been used, ‘daytime’ was chosen because, 

in the pilot interviews, children were able to talk at lot and in great depth about ‘how 

daytime happens’. 
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With regard to situation as a contextual factor (Jones, 2000), often referred to as the 

tasks undertaken (Shepardson, 2002), semi structured interviews and drawings with 

sentences were used in the current study. Arnold et al (1995) raised the issue of the 

impact of limited drawing ability when using drawings to elicit ideas about the Earth 

and its gravitational field. Arnold (1995, p636) addressed this issue by comparing 

children’s Earth drawings with their ‘ability to draw a male human figure’. 

Shepardson (2002) argued that we must understand the overall text of an interview(s) 

before constructing ideas about the children’s conceptions. Indeed Stahly et al 

(1999), in their research on third grade students’ conceptions of lunar phases, took 

account of whether or not children’s verbal responses corresponded with their 

drawings and models. Bryce and Blown (2007) also warned against the reliability of 

depending on a single medium (verbal or otherwise) when eliciting children’s 

cosmologies. In the current study, drawings and sentences were compared with the 

corresponding semi-structured interviews to see if similar patterns arose. Where 

differences arose between semi-structured interviews and drawings/sentences 

findings were reported separately thereby accounting for the context of the task (see 

section 6.4 for an overview of findings).  

 

Jones (2000) pointed out that the purpose of a study is another important contextual 

factor. In the current study, the main focus was to attempt to access the ideas children 

hold in their own words. The children were given the opportunity to talk at length 

about their ideas without being directed towards a ‘correct’ endpoint. Doddington 

(1998, p47) claimed that for ‘quality talk’ to take place it is inadequate to engineer 

the discussion towards ‘predetermined ends’. In fact Wray and Lewis (1997) suggest 

that children’s unscientific discussion may be undervalued and the only correct, real 

meaning is a scientific one (Sutton, 1992). Gallas (1995, p49) maintained that 

children have their own theories and although they may be generated in a ‘complex 

and often disorderly’ way the seemingly incorrect theories ‘are better than silence’ as 

children attempt to present their ideas. Likewise, Sutton (1992, p63) considered the 

‘fuzziness’ around the edges of meanings given by different people and in different 

contexts to be ‘an asset, not an imperfection’. The perspective of the current study 

encapsulates the notion that all (‘scientifically’ correct or otherwise) of the ideas 

presented by the children in their semi-structured interviews and drawings/sentences 
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are important, valued, should not be overlooked and form part of their current 

conceptions. 

 

Shepardson (2002) discussed how the context of the interaction between those 

involved (Jones, 2000) affects meaning. Shepardson (2002, p631) stated that there is 

no ‘singular reality’ because children’s ideas and how they are interpreted can differ 

from child to child, place to place and group to group. Through consideration and 

interpretation of ideas from various different groups (gender, age, ability, 

socioeconomic status, school and class groups) about different concepts using 

different methods of communication (interview, drawing) the current study 

considered whether or not different meanings are presented in different contexts – 

perhaps the most commonly cited issue with respect to language and meaning. 

 

An overview of the literature specifically related to the two concepts considered in 

the current study is outlined in the next section. 

 

3.6 Ideas and understandings of ‘living’ and ‘daytime’ 

3.6.1 Children’s conceptions about ‘living’ 

Many studies on the concept of ‘living’ and the development of children’s biological 

understanding have focused on and argued about the presence or absence of 

animism. In his seminal work on ‘The child’s conception of the world’, Piaget (1929) 

claimed that young children attribute properties of animate beings to inanimate 

objects. Animism is when children attribute animate characteristics, such as 

independent movement, to inanimate objects, such as car or the moon. In keeping 

with his stage theory (see section 3.3), some of Piaget’s earlier work (Piaget, 1929, 

1930) showed this and ‘animistic thinking’ was supposed to be a feature of ‘pre-

operational’ children’s thought (two to seven years old). Many later studies have 

challenged this phenomena and claimed that animism is not as prevalent as first 

suggested by Piaget (Huang and Lee, 1945; Klingberg, 1957 and Klingensmith, 

1953; Mead, 1933). Looft and Charles (1969, p445) asked 35 children aged seven to 

nine about the living/non living nature of familiar phenomena and concluded that 

children  
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may learn concepts more readily than Piagetian structural theory supposes 

possible 

 

In fact, many studies from the 1970s and beyond emphasise the competence of 

young children (Gelman, 1979; Keil, 1981) as opposed to their limited ability. 

Dolgin and Behrend (1984, p1649) went so far as to say that ‘animism is not a 

pervasive phenomenon’ and found that three and four year olds were less likely to 

answer animistically than 5 year olds, therefore suggesting that animism may not be 

the most ‘primitive mode of conceptualization’. However, Murphy (1987) found that 

the frequency of animistic responses to inanimate objects or events was very low 

(less than 1%) and therefore suggested that animism does not play a significant part 

in the formation of basic scientific concepts in young children. Therefore, the current 

study did not consider the presence or absence of animism. Instead, every idea 

presented by the children was considered as opposed to specific characteristics due to 

the fact that data was collected with no preconceived questions or expectations. 

 

Carey (1985) presented an interesting reinterpretation of Piaget’s work. Unlike 

Piaget, Carey (1985) maintained that young children are most familiar with humans 

and tend to use their knowledge of humans in biology. In other words, Carey (1985) 

claimed that children’s use of animism and personification (to give something human 

characteristics) was due to a lack of specific knowledge about other living things and 

not, as Piaget claimed, because of their general intellectual immaturity. Although 

Carey (1985) challenged the basic premise of Piaget’s work (a stage theory), there 

were some parallels: that children use animism and personification and that their 

biological understanding surfaces rather late in development (Inagaki and Hatano, 

2002).  

 

Inagaki and Hatano (2002) presented their view on children’s thinking about the 

biological world by comparing the basic premises of their work with Piaget and 

Carey. A variety of studies have been conducted by Inagaki and Hatano since the 

1980s and summarised in a recent book (Inagaki and Hatano, 2002). In opposition to 

Piaget, they argued that young children can think about biological phenomena in a 

consistent way and are capable of connecting the knowledge they have. Inagaki and 

Hatano (2002, p9) suggested that children have a ‘distinctive biological, not merely 
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psychological, knowledge system’. Unlike Carey, Inagaki and Hatano (2002, p8) 

believed that children have a system of knowledge which, for example, means they 

know more about intermediate steps in biological processes other than the fact that 

input (eating too much) equals output (getting fat). Nevertheless, Inagaki and Hatano 

(2002) still recognise ‘qualitative’ differences between young children and older 

children/lay adults but they attribute these differences to a lack of relevant biological 

experiences and specific knowledge as opposed to an inherent intellectual immaturity 

(Piaget) or psychological ability (Carey). The use of personification is ‘skilful’ and 

drawn upon because of the lack of relevant experiences and specific knowledge. 

Furthermore, although the sue of personification is not completely error free, it is not 

as frequent as Piaget claimed (Inagaki and Hatano, 2002, p10). 

 

There are alternative views related to the development of general biological thinking 

such as: children’s ideas match an historical evolution of ideas (Nussbaum, 1983, 

1989) or that human evolution (an adaptive nature of distinction) results in 

ontological categories for biological and non-biological objects (Caramazza and 

Shelton, 1998). Barker (1995) considered children’s views about plants and agreed 

with an earlier conclusion stated by Driver et al (1985b): that it is normally unwise to 

push parallels between children’s ideas and historical scientific thinking too far 

(Driver et al 1985b). Caravita and Falchetti (2005) stated that many of the studies 

which consider the relationship between biological ideas and the human evolution of 

thought use evidence from clinical observations of pathological conditions. For 

example, Richards and Siegler, (1986) tracked the eye movements of nine to 12 

month old babies and concluded that they can tell the difference between biological 

movements (for example when people move) and mechanical movements (other 

objects that move). This led Caravita and Falchetti (2005) to conclude that the factors 

researchers focus on are dependent on the methods they use. For example, if we ask 

older children to explain the differences between biological and mechanical 

movement other than recording their eye movements we might reach different 

conclusions. Baxter (1995, p207) concluded that children’s ideas are more likely to 

be what Claxton (1991) called “minitheories” (which are generated for specific 

situations) rather than as part of Aristotle’s ‘vast coherent intellectual themes’. 

Therefore, conclusions related to the historical evolution of ideas or human evolution 

of thought should be viewed with caution because, as with any study, conclusions are 



  

 58 

inextricably linked to methods used by investigators (talking to children, tracking 

their eye movements) and the patterns which some researchers set out to investigate 

(whether or not young children’s ideas match those of early scientists). 

 

With specific reference to the concept of ‘living’, Venville (2004, p450) stated that 

many studies propose an understanding of the difference between living and non 

living as ‘critical’ for the ‘emergence of a child’s theory of biology’ (Siegal and 

Peterson, 1999; Slaughter et al, 1999; Springer, 1999). ‘Movement’ is often cited as 

the most prevalent characteristic mentioned by young children when referring to the 

concept of ‘living’. Maurer (1970) asked 131 five and six year olds how they can tell 

if something is alive: the word ‘move’ was used by 72 children and another 30 used 

other descriptions (walk, run etcetera) to imply movement. Lucas et al (1979) 

showed children an unidentified object (a piece of dough) and asked them how they 

would tell if it was alive. Tamir et al (1981) conducted a large scale study using a 

classification task and asked 424 children of various ages to give reasons why they 

considered various things were ‘alive’ or ‘not alive’ and found that movement was 

the most common response when talking about animals and inanimates. Lucas et al 

(1979) found that more children focused on behavioural responses, especially 

movement but it is important to note that they did not include responses that they 

considered ‘inappropriate answers’. Indeed, when we look in more detail at studies 

which emphasise movement, other characteristics used by children come to light.  

 

Tamir et al (1981) found that movement was the most popular indicator for animals 

and inanimates but not for plants and embryos where growth and development was 

used more often. Although Lucas et al (1979, p109) initially emphasised movement 

as a characteristic commonly used by children; they also recommended that focusing 

too much on movement ‘loses much of the richness of children’s responses to a 

highly complex question’. Toyama (2000) cited numerous studies which suggest 

other biological properties such as growth (Hickling and Gelman, 1995), regrowth 

(Backscheider et al, 1993), decomposition (Springer et al, 1996) and even less 

obvious properties such as ‘inside the body’ (Simons and Keil, 1995). Strommen 

(1995) claimed that young children (6 year olds) concentrate on concrete physical 

features rather than non-physical knowledge and may not understand life properties 

as general and unifying concepts. However, Strommen’s (1995) findings can only be 
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related to the context of the study: ways in which specified living things are alike and 

different.  

 

In their large scale study Tamir et al (1981) found that half of the reasons given for 

things classified as alive were based on life processes. Inagaki and Hatano (2002) go 

further to suggest that the life processes are related to the human body, for example, 

eating, growing and being taken ill. Nevertheless, Tamir et al (1981) and Inagaki and 

Hatano (2002) did not restrict children’s biological understanding to concrete 

physical features (Strommen, 1995). It is therefore important to note that the 

relevance given to the factors mentioned by children are conditioned by the methods 

used by researchers in their investigations (Caravita and Falchetti, 2005). Ochiai 

(1989, p77) stated that the development of children’s life concept reflects a 

‘complicated process’ and it is ‘difficult to specify which knowledge is used in what 

situations’. The current study attempted to investigate ideas as thoroughly as possible 

by giving the children the opportunity to talk about ‘living’ in different ‘situations’ 

(semi-structured interviews and drawings with sentences). In particular, the children 

were given the opportunity to explore in detail and openly their ideas about ‘living’ 

because the interviews were semi-structured and lots of different aspects of ‘living’ 

were considered as a result. As Ochiai (1989, p77) stated it was indeed difficult to 

represent such a complex process of children’s ideas in a ‘simple manner’. For 

example Ochiai (1989, p77) summarized the numerous responses given to one 

question: whether or not an object is alive: 

 

…they seem to use knowledge about objects, properties of objects, 

hierarchical relations among biological categories, definitions of living 

things, differences between animals and nonliving things, differences 

between being alive and dead, inferences from categorical knowledge, 

inferences from the property of the category, and direct knowledge of the 

object 

 

Murphy (1987) considered five to seven year olds’ conceptions of ‘living’ and 

concluded that children of this age may distinguish between living and non living in 

terms of an ecological niche (‘whether or not a creature is active in its ‘home’). Such 

diversity of responses related to ‘living’ is reflected in the current study which serves 

to emphasise the complexity of children’s thought in this area (see section 6.2). 
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3.6.2 Children’s conceptions about ‘daytime’ 

Osborne et al (1994) pointed out that many researchers who are interested in the 

development of children’s thought consider astronomical thinking. This is because 

children are expected to go beyond their ‘concrete experiences and the logic of 

commonsense’ to accept ‘less rational, less justifiable’ arguments (for example that 

the Earth spins and the sun does not move) (Osborne et al, 1994, p7). Indeed, the 

concept of how daytime happens is often considered to be an ‘abstract’ concept, 

defined by Lawson and Renner (1975, p348) as: 

 

…concepts whose meaning is derived through position within a 

postulatory-deductive system. The term ‘postulatory-deductive system’ 

refers to the theoretical models (systems) of science. Meaning is given to 

these concepts not through senses but through imagination or through their 

logical relationship with the system 

 

In other words, an abstract concept is based on theories and not experiences through 

our senses. Abstract concepts ‘can not be experienced’ (Zeitoun, 1989, p228). It 

could be argued that, in today’s technology enriched school environment, children 

can virtually ‘see’ the motion of planetary bodies and how daytime happens. 

Photographs also provide more concrete evidence, for example, that the Earth is a 

sphere. Nevertheless, a visit to space to actually experience or witness that the Earth 

moves around the sun is beyond the remit of school science. Secondly, the topic of 

‘daytime’ is not currently part of the Northern Ireland curriculum and so the majority 

of children may not have formally addressed how daytime happens. Therefore, in the 

context of the current study the concept of ‘daytime’ is taken to be an abstract 

concept. 

 

As with the concept of ‘living’ some of the earliest findings related to children’s 

ideas in astronomy appeared in Piaget’s accounts: ‘The child’s conceptions of the 

world’ (1929) and ‘The child’s conceptions of physical causality’ (1930). Piaget’s 

stage model for how children explain day and night had four stages: 

 
Stage 1:  child is not concerned with ‘how’ but ‘why’. For example, it gets 

dark so we can sleep 

Stage 2: still mostly concerned with ‘why’ but also include an explanation 

for ‘how’. For example, the clouds make it night, they are the 

black air. 

Stage 3: night is explained as a shadow made by the clouds because the 

clouds are blocking the sun 
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Stage 4: children now begin to explain the night only the result of the sun 

going away. However, they may not know that the Earth spins. 

[adapted from the summary given by Osborne et al, 1994, p9] 

 

As a result of delineation of such specific age-related phases Piaget suggested that 

young children would not be able to understand astronomy and it would be 

‘completely useless’ to teach them about it too soon because their explanations 

would result in the ‘quaintest distortions’ (cited in Sharp and Kuerbis, 2005, p125). 

Considering that the concept of ‘daytime’ is taken to be an abstract concept, the 

suggestion that astronomy should not be taught to young children is in keeping with 

Piaget’s general stage theory (outlined in section 3.3) as he suggested that the age 

band of 12-15 years was when children can begin to think abstractly. 

 

In the last two decades, work on ‘alternative frameworks’ has resulted in a re-

emergence of interest in various areas of children’s thinking about astronomy: from 

general conceptions of the Earth (Nussbaum and Novak, 1976, 1979; Vosniadou, 

1991) to the specifics of Moon phases (Barnett and Moran, 2002) and how daytime 

happens (Baxter, 1989). Some studies extrapolate upon and also specify stage 

theories or models with similarities to Piaget’s work. Others studies (including the 

current study) presented evidence for more complex and abstract thinking, that 

Piaget deemed impossible, among younger children (Nussbaum and Novak, 1976).  

 

Studies which specifically address the concept of ‘daytime’ tend to categorise 

children’s explanations and many compare children of different ages or discuss the 

effect of an intervention. In Table 3.1, I have outlined the most influential and 

frequently cited studies in the area of ‘daytime’ (or similar). Details from each study 

about the age and number of children involved, the type of methodology used and the 

categories delineated by the authors for the children’s conceptions are included to 

allow comparisons to be made (see Table 3.1). The percentage of children who gave 

each response in the different studies is also included. When actual percentages were 

not detailed in a study, they were calculated from the source given (details of any 

calculations are given in the footnotes). The percentage of responses for ‘do not 

know/no response’, ‘non-explanatory’, ‘other’, ‘missing’ and ‘not sure’ (Vosniadou 

and Brewer, 1990; Sharp and Sharp, 2007) have not been included. For some studies, 

two columns are shown for the percentage of responses (Klein, 1982; Vosniadou and 



  

 62 

Brewer, 1990). The two columns have been included because some studies 

considered and compared two separate samples. I have highlighted (in pink) the 

sections of the table which represent ‘scientifically correct’ categories. 
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Table 3.1 An overview of studies about children’s conceptions of ‘daytime’ 

Age band 

(years) 

Study 

 

Category % of sample 

5/6 Vosniadou and Brewer (1990) 

n= 150 for entire sample (USA, 

Greece) 

meth= questionnaire based on pilot 

interviews, mixture of generative 

and factual questions  

 Intuitive explanations (clouds or night cover the sun, sun moves behind mountains) 55
a
 33.3 

 God made it that way 5 3.3 

 Animistic and artificialistic (night comes so that people can sleep, the sun goes to sleep, hides, etc.) 0 20 

 Assimilatory (e.g., the sun revolves around the earth, the earth rotates and the sun moves up/down) 5 3.3 

 bCorrect (the earth rotates around its axis) 10 0 

 The earth revolves around the sun 0 3.3 

 Mentions both movements of the earth 10 0 

5/7 Osborne et al (1994) 

n= 36 

meth= drawings, writing, 

comments (during interviews) 

 The Sun goes down 56
c
 

 The Sun moves 31 

 The Earth moves 0 

 The Moon/clouds cover the Sun 10 

7/8 Klein (1982) 

n=12 Mexican-American, 12 

Anglo-American 

meth= structured interviews 

 Verbal response correct, models correct, certain 17
d
 33 

 Verbal response correct, models incorrect, certain 0 25 

 Verbal response correct, models incorrect, uncertain 17 0 

 Verbal incorrect, models correct, certain 8 0 

 Verbal incorrect, models correct, uncertain 0 17 

 Verbal incorrect, models incorrect, certain 58 25 

Vosniadou and Brewer (1990) 

n= 150 for entire sample (USA, 

Greece) 

meth= questionnaire based on pilot 

interviews, mixture of generative 

and factual questions 

 Intuitive explanations  35 30 

 God made it that way 5 0 

 Assimilatory  5 10 

 Correct  25 13.3 

 The earth moves unspecified 15 10 

 The earth revolves around the sun 10 16.7 

 Mentions both movements of the earth 0 3.3 

8/9 Jones et al (1987) 

n= 16, meth=clinical interviews 
 Earth-centred 75 

 Sun-centred 25 

Osborne et al (1994) 

n= 31 

meth= drawings, writing, 

 The Sun goes down 50 

 The Sun moves 32 

 The Earth moves 0 

                                                 
a This is USA sample, the second column is the Greek sample 
b
 The pink highlighted sections represent ‘scientifically correct’ categories 

c Osborne et al (1994, p38) did not specify figures, all the percentages referred to for their study have been taken from their bar chart and may not be completely accurate. 
d This is the Mexican-American sample, the second column is the Anglo-American sample 
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comments (during interviews)  The Moon/clouds cover the Sun 6 

9/10 Baxter (1989) 

n= 25 

meth=survey based on 

interviews/drawings 

 Sun goes behind hill 0.3
e
 

 Clouds cover the Sun 9 

 Moon covers the Sun 9.6 

 Sun goes around the Earth once a day 16.4 

 Earth goes around the Sun once a day 45.8 

 Earth spins on its axis once a day 18.9 

Vosniadou and Brewer (1990) 

n= 150 for entire sample (USA, 

Greece) 

meth= questionnaire based on pilot 

interviews, mixture of generative 

and factual questions 

 Intuitive explanations  20 6.7 

 Assimilatory  0 6.7 

 Correct  35 16.7 

 The earth moves unspecified 10 26.7 

 The earth revolves around the sun 10 13.3 

 Mentions both movements of the earth 15 10 

9-11 Sharp and Sharp (2007) 

n= 62 

meth= survey instrument 

administered as part of a one-to-

one interview using a variety of 

elicitation techniquesf 

 

 Earth rotates every 24 hours 38.7
g
 

 Earth rotates variable period 9.7 

 Sun and Moon orbit the Earth 22.6 

 Earth orbits the Moon 3.2 

 Earth orbits the Sun 3.2 

 Sun orbits the Moon 3.2 

 Moon orbits the Earth 3.2 

10/11 Sharp (1996) 

n= 42 

meth=interviews 

 Earth turns slowly on its axis once a day or every 24 hours. The Sun remains stationary while the 

Moon, usually diametrically opposite, may be stationary or travel around the Earth. Remote reference 

frame.  

60 

 Earth is stationary or turns slowly on its axis. Day and night are caused by the Sun and Moon moving 

alternately up and down, time period uncertain.  
5 

 Earth turns slowly on its axis once every 24 hours. The Sun remains stationary. During the day the 

Moon moves behind clouds and the stars move higher into the sky.  
2 

 Sun and Moon are diametrically opposite and travel around a central stationary Earth once a day or 

every 24 hours. Classic geocentric viewpoint based on primary observational evidence 
17 

 Earth is stationary. At night the Sun moves behind some clouds, the Moon appears from behind 

others. Situation reversed during the day, whole period lasts 24 hours.  
5 

 Earth is stationary. The Sun and Moon move obscuring each other once every 24 hours.  2 

 Earth travels around the Sun every 24 hours. Position of the Moon uncertain. No statement other that 2 

                                                 
e These percentages were taken from calculations made by Osborne et al (1994, p11) from Baxter’s data: Baxter did not give actual percentages but Osborne et el (1994) calculated 

the percentages from the bar chart given by Baxter (1989, p508) 
f Including questioning, shape selection, using drawings, prop manipulation and object identification from pictures 
g These percentages have been calculated by averaging the results from both pre-intervention groups, experimental and control (Sharp and Sharp, 2007, p386). The pre-intervention 

groups were used as they are more comparable with children in the current study, where ‘daytime’ is not currently part of the curriculum  
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“it just does”. Poorly defined construct, responses may have been derived from nature of task and 

opportunity to use props. 

Kikas (1998) 

n= 22 

meth= open-ended interview 

 The Earth rotates around its axis, sometimes one side of it is directed toward the Sun, at other times 

the other side, day is on the side of the Earth where there is the Sun 
59

h
 

 The sun rotates around its axis and around the Sun (sometimes one side is directed toward the Sun, 

other times the other side 
14 

 The Earth revolves around the Sun, sometimes one side is toward the Sun, at other times the other 

side 
14 

 The Sun revolves around the Earth, sometimes one side is toward the Sun, at other times the other 

side 
4 

 The Sun shines in the daytime and the Moon at night 4 

 It is dark at night 0 

Osborne et al (1994) 

n= 39 

meth= drawings, writing, 

comments (during interviews) 

 The Sun goes down 21 

 The Sun moves 45 

 The Earth moves 21 

 The Moon/clouds cover the Sun 7 
11/12 Jones et al (1987) 

n= 16, meth=clinical interviews 
 Earth-centred 38 

 Sun-centred 62 

Baxter (1989) 

n= 25 

meth=survey based on 

interviews/drawings 

 Sun goes behind hill 0
i
 

 Clouds cover the Sun 6 

 Moon covers the Sun 19.2 

 Sun goes around the Earth once a day 13.5 

 Earth goes around the Sun once a day 26.4 

 Earth spins on its axis once a day 18.9 

                                                 
h
 These data was collected 2 months after seven lessons on the topic ‘outer space’. 

i These percentages were calculated from the bar chart given by Baxter (1989, p508) using the same method adopted by Osborne et al (1994, p11) for the 9/10 year old data 
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The fact that sections are highlighted (in pink) as ‘scientifically correct’ for every age 

group between five and 12 clearly demonstrates that some younger children are capable 

not only of abstract thought but ‘correct’ abstract ideas. Evidence from the current study 

also indicated the presence of ‘correct’ abstract ideas among young children (see section 

6.3). Blown and Bryce (2006) present an interesting conclusion that incorporated many 

of the findings from well cited previous studies in the area of children’s astronomy. 

Blown and Bryce (2006, p1457) concluded that children’s cosmological development 

‘follows defined phases’ that are: 

 

…in broad outline essentially as described by the Earth Notions of 

Nussbaum and Novak (1976) and Nussbaum (1979); as the Earth Shape and 

Gravity Scales of Sneider and Pulos (1983); and the Mental Models of 

Vosniadou and Brewer (1992, 1994). 

[Blown and Bryce, 2006, p1458] 

 

Blown and Bryce (2006, p1458) stressed that they are not implying that ‘all children go 

through all phases (as in Piagetian stage theory)’. Rather, they draw on the Vygotskian 

idea that children are ‘highly likely’ to move forwards from a lower to higher phase of 

scientific understanding, regardless of their ‘starting point’ (Blown and Bryce, 2006, 

p1458). Tudge and Scrimsher (2003) stated that Vygotsky viewed concepts as conscious 

from the start of schooling. Children’s ‘spontaneous concepts’ (everyday 

understandings) continually interact with ‘scientific’ concepts (those which we are 

teaching) to lead to greater understanding (Vygotsky, 1934/1987). In other words 

Vygotsky argued that the level of understanding of ‘scientific concepts’ depends on the 

development of ‘spontaneous concepts’ (Kozulin, 1986). In essence, ‘spontaneous 

concepts’ work their way “upward” and become more abstract in order for ‘scientific 

concepts’ to move “downward” and become more concrete (Kozulin, 1986, p34). For 

example as children learn more concrete facts about how the earth revolves around the 

sun, the idea that ‘the sun rises’ becomes more abstract than definite because they have 

been presented with new information. Blown and Bryce (2006, p1458) therefore 

concluded that children have ‘consistent theories about the world’ that come from 

‘coherent, holistic, developing conceptual schemata’. These are considerable 
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conclusions given that Blown and Bryce (2006) conducted an in-depth, longitudinal, 

large scale study on various elements of children’s cosmologies. They investigated 686 

children’s ideas (from New Zealand and China) over a 13-year period using multi-

modal, in-depth interviews.  

 

Table 3.1 also shows that many studies which incorporated Piagetian methodologies 

included versions of a clinical interview. Later studies tended to incorporate the use of 

drawings and models as well as more specific questioning (Osborne et al, 1994). 

Therefore, as with any study about children’s ideas/conceptions, the conclusions 

presented by such a diversity and wide range of studies are obviously related to the 

‘differing methodologies’ (Osborne et al, 1994). Unlike many of the studies in the area 

of astronomy, Candela (2001) looked at children’s ideas in the context of classroom 

interaction and discourse as opposed to through the use of interview and/or 

drawings/models. Candela’s (2001) study included 40 Mexican children aged 10/11 

years old. Interestingly, Candela’s (2001) conclusions focused on the notion that 

children’s expressed ideas and concepts were dependent on the socio-cultural context. 

Candela (2001) also noted that, as children tried to make sense of what they were 

learning, they expressed ideas that were closely related to their individual ways of 

thinking. Therefore, although the majority of studies ‘categorise’ children’s ideas 

according to the accepted ‘scientific’ perspective, it is important to note the importance 

of the socio-cultural context children are a part of as well as their individualism. 

 

The purpose of the current study was to gain an overall picture of children’s ideas about 

how daytime happens through use of drawings and semi-structured interviews. In this 

study, I did not look for or compare the children’s responses with specific categories 

presented by other studies for two reasons. Firstly, I collected the data without 

preconceived questions and/or frameworks and the coding was based on exactly what 

the children said. Secondly, part of the main focus of this study was to look at possible 

links between the children’s ideas about an abstract concept (daytime) and their attitudes 

to science. 
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3.7 Looking at possible links between ideas and attitudes 

One of the main research questions in the current study is to consider possible links 

between primary children’s attitudes to science and their ideas and understandings of 

science concepts. Some studies on conceptual change and development call for 

consideration of the interaction between cognitive and affective domains because a few 

studies directly address this interaction (Schibeci, 1984, Duit 2000). Both domains 

should be considered because there is a possibility that affective factors (for example, 

attitudes) affect learning and therefore understanding (Pintrich, 1989; Pintrich and 

Garcia, 1991; Pintrich et al, 1993). Many researchers discuss the relationship between 

cognitive and affective variables in terms of a positive relationship, especially at 

secondary school and university level. For example, positive attitudes will result in 

better knowledge and understanding of a given topic. Wang et al (2007) conducted a 

study on the factors affecting biological concept learning with more than 4500 junior 

high school students in Taiwan. They found that students who liked biology scored 

higher in a test on genetics, physiology, taxonomy, evolution and ecology. Thompson 

and Mintzes (2002) looked at the relationship between cognitive structure and the 

affective domain in biology for middle and upper high school and college students. 

Their correlation analyses showed a moderately strong and significantly positive 

relationship between all five knowledge structure variables and three out of four 

attitudinal scales. At primary level, Chung (2003) found a positive significant correlation 

between students’ attitudes towards science and their academic performance in natural 

science in the final year of primary school. Although many studies report a positive 

correlation at various levels in the education system, it is important that these findings 

should be viewed with caution for a variety of reasons which encompass methodological 

issues as well as the interpretation of the relationship between cognitive and affective 

variables.  

 

With respect to methodological issues, individual studies consider the relationship 

between different elements of students’ attitudes with different science performance 

indicators. For example, many studies compare ‘interest’ with science performance 

(Bonney et al, 2005; Renninger and Hidi, 2000; Schiefele et al, 1992) and others refer to 



  

 69 

‘motivation’ with science performance (Palmer, 2005; Pintrich et al, 1993; Pintrich and 

Schunk, 2003) [see Figure 2.1 for a diagrammatical representation of the different terms 

used for ‘attitude’]. Also, science performance can be discussed in terms of 

‘achievement’ in tests (Chung, 2003; Renninger and Hidi, 2000; Schiefele et al, 1992; 

Wang et al, 2007), the process of conceptual change (Pintrich et al, 1993) or successful 

teaching perspectives (Palmer, 2005). Perhaps the use of such a diversity of methods and 

the range of aspects under consideration has contributed to the call for more studies 

which look at the interaction between cognitive and affective domains. Kuhn and Lao 

(1998) discussed the methodological issues surrounding a cross-paradigm perspective, 

with particular reference to the conceptual change tradition. They suggested that there is 

a potential for integration because both perspectives (cognitive and affective): 

 

appear to be about the same phenomena – the evolution from one way of 

thinking to another 

Kuhn and Lao (1998, p151) 

 

For example, cognitive perspectives could be taken as consideration of how children’s 

thinking evolves to become more ‘scientific’ and affective perspectives could be taken 

as exploration of how children’s attitudes towards science change. Kuhn and Lao (1998, 

p152) also pointed out that looking at ‘how thinking evolves’ is a ‘complex objective’ 

and will require ‘as wide a range of methods as we can bring to bear’.  

 

Therefore, the current study set out to compare various aspects of children’s attitudes 

(affective) with their ideas and understandings of science (cognitive), using a range of 

methods to collect data as well as analyse it. For example, attitudinal data was collected 

using qualitative and quantitative methods (questionnaires and open questions) and the 

children’s qualitative ideas and understandings data (interviews, drawings/sentences) 

were analysed to give the overall percentage of coded sections for each code name. In 

this way the statistical data from the questionnaires can be compared with the percentage 

of (‘scientific’) responses in an attempt to consider links/interaction between children 

attitudes and their ideas and understandings. 
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With reference to the interpretation of the relationship between cognitive and affective 

variables, the majority of studies compare students’ attitudes with their performance in 

science through the use of written tests or consideration of students’ previous results (for 

example, in national tests). As previously mentioned, the majority of studies refer to this 

relationship as positive, in that children who have a positive attitude to science ‘perform’ 

better in it (Chung, 2003; Thompson and Mintzes, 2002; Wang et al, 2007). Willson et 

al (2000) suggested that there is an ‘age interaction’ in the attitude-achievement 

literature, which may be specific to science education. They refer back to an earlier 

meta-analysis of science attitude-achievement literature (Willson, 1983). Willson (1983) 

suggested that, in primary school, children’s attitudes change as a result of doing well in 

science. However, in secondary school and university, attitudes modestly predicted 

doing well later which may be a result of ‘self selection’ at this level (Willson, 1983). In 

other words, Willson (1983) claimed that primary school children will like science if 

they do well in it but secondary/university students do well in science because they 

already like it and chose it for further study. This relationship refers to children’s and 

students’ ‘achievement’ in science and not their ideas and understandings. 

 

The current study compares children’s attitudes towards science at different ages with 

their ideas and understandings of science, as opposed to their performance or 

‘achievement’ in tests. In this way, it may be possible to investigate whether or not 

children are more positive about science when they present more ‘scientific’ free 

responses (in semi-structured interviews and sentences/drawings, not tests). 

 

Although Wang et al (2007) reported a positive relationship between attitudes and test 

achievement; they highlighted one limitation in their study. Wang et al (2007) pointed 

out that there was a: 

 

 lack of analysis of the relationship between students’ biological concept 

scores and their other attribute variables 

 

The current study therefore considers the possible effect of age, gender, age and gender, 

science ability level, socioeconomic groups, school and class group on children’s ideas 
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and understandings. Furthermore, the current study considers the relationship between 

children’s attitudes and the same ‘attribute variables’ (age, gender, age and gender, 

science ability level, socioeconomic groups, school and class group). Analyses of the 

children’s attitudes and ideas and understandings was based on what the children voiced 

rather than their achievement in a written test. 

 

3.7.1 Children’s voices in primary science 

The area of ‘pupil voice’ within the field of education is highly contested. For the most 

part, the debate centres on whether student’s thoughts and opinions are actually used to 

bring about change or if those in authority are simply paying ‘lip service’ to the notion 

of consulting students. Flutter (2007, p343) pointed out that the implications of pupils’ 

involvement in decision-making for ‘day to day practice’ are ‘less clear and 

contentious’. Nevertheless, Rudduck and Flutter (2007, p141) explained that listening to 

what pupils have to say about teaching, learning and schooling: 

 

enables teachers to look at things from the pupil perspective – and the 

world of school can look very different from this angle 

 

In other words, listening to pupils’ voices can simply encourage teachers (and others 

involved in education) to think and reflect on what school is like for those whom current 

education systems will have the greatest effect on. Indeed, Cook-Sather (2005, p1) stated 

that there is ‘something fundamentally amiss’ about creating an education system 

‘without consulting at any point those it is ostensibly designed to serve’. In general, 

there has been an increased awareness about the importance of consulting students with 

regard to science in an attempt to address possible reasons behind a decline in uptake 

and to encourage more children to consider a career in science:   

 

If we are to engage and inspire young people with science, it is important 

that we listen to their hopes and concerns 

[Sir Roland Jackson, Chief Executive of the British Association for the 

Advancement of Science (the BA)]  
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With specific reference to science education, Jenkins (2006) reviewed extensive 

literature on ‘student voice’. Jenkins (2006, p50) mentioned various strands of work: 

from attitudes and interest and their impact on the teaching and learning of science 

(Bennett, 2001; Zembylas, 2005) to ‘substantial literature’ on students’ 

‘commonsense/everyday understandings of scientific concepts’ (Duit, 2006). In the 

current study, students’ voices about attitudes and ideas and understandings were 

considered. However, the current study goes further to address possible links between 

children’s ideas and understandings and their attitudes towards primary science. 

 

Jenkins (2006) discussed the application of the term ‘student voice’ and stated that 

researchers use the term in a variety of ways to direct their findings ‘towards different 

ends’. For example to bring about dialogue and participation or radical reform of the 

curriculum or to change classroom scientific enquiry so that it is not directed by the 

teacher and based on ‘known answers’ (Polman and Pea, 2001). Flutter (2007) stated 

that it is difficult to know for certain where ‘pupil voice’ originated. However, Flutter 

(2007, p344) cited a study by Arnot et al (2004) and pointed out that ‘pupil voice’ is: 

 

generally applied to strategies in which pupils are invited to discuss their 

views on school matters 

 

In the current study ‘voice’ is taken as an opportunity for children to express what they 

think about various aspects of science in school (attitudes ) as well as what they already 

know and understand with respect to two science concepts. Demetriou et al (2000, p425) 

considered students’ voices with regard to academic performance, transfer, transition 

and friendship and concluded that ‘there is much we can usefully learn by listening to 

pupils talk’. By listening to, recording and reporting children’s voices, the current study 

hopes to offer a greater insight into what children think about science in school for 

teachers and curriculum developers.  
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3.8 The Northern Irish context and the Revised Curriculum 

In order to set the current study in context it is important to address recent, significant 

developments within education in Northern Ireland. In 2002, the education minister at 

the time (Martin McGuiness) announced the end of the Transfer Test (11 plus) as a 

means of selection for grammar schools in Northern Ireland. However, the Northern 

Ireland Assembly was suspended later in 2002 and, as a result, a final date for abolition 

of the 11 plus was not announced. Following restoration of the Assembly in 2007, the 

present education minister (Caitríona Ruane) initially announced that the 11 plus 

examinations in October 2008 will be the last. In summary, the minister proposed to 

move ‘the point of transition to 14’ and that children will transfer to secondary school 

‘overwhelmingly on the basis of their preferences for schools’ (Ruane, December 2007). 

From 2010, the criteria for admission will include ‘community, geographical and family 

criteria’ (Ruane, December 2007). Grammar schools are free to set their own admission 

arrangements outside the new system of transfer but there will be ‘no obligation’ for the 

Department of Education ‘to assist with funding’ (Ruane, December 2007).  

 

More recently, in May 2008, the minister presented her proposals on post primary 

transfer to the Northern Ireland Executive. These proposals were presented following on 

from ‘consultation with educationalists, teacher unions and other key participants’ (NI 

Assembly, May 2008). The minister outlined a system whereby academic selection will 

be phased out over the next five years. Children in the 2008 and 2009 cohort will 

transfer on the basis of the current Transfer Test. In 2010, schools can apply for bilateral 

status and admit 50% of their pupils by academic selection. In 2011, this will fall to 30% 

and in 2012 it will be reduced to 20%. Academic selection in relation to bilateral status 

(in 2010, 2011 and 2012) will be decided by a new test which is being developed by the 

Council for the Curriculum Examinations and Assessment. All admissions will be based 

on non-academic criteria from September 2013. As well as community, geographical 

and family criteria the minister proposed ‘social disadvantage’ as a selection criterion.  

 

The effect of the Transfer Test on teaching and learning is well documented. Gallagher 

and Smith (2000, p62) reported that the main effect of the Transfer Test is the adaptation 
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of teaching styles and strategies that are ‘narrowly geared towards test preparation’. For 

example: concentration on memorisation of facts and coaching on how to effectively 

answer exam questions. Gallagher and Smith (2000) pointed out that a consequence of 

this change in teaching means that pupils are not experiencing a broad and balanced 

curriculum. With regard to science education, C. Murphy et al (2006) compared the 

attitudes of children in Northern Ireland and Oman and found that the decline in positive 

attitudes was greater in Northern Ireland. They concluded that the testing in upper 

primary school is one of the factors that could account for the difference between the 

attitudes of children in Northern Ireland and Oman. The older children in the current 

study may have been affected by the Transfer arrangements in Northern Ireland. This 

possibility is addressed in the findings. Also, the current study offers a data set that 

could be compared with future data to provide an insight into the impact of abolition of 

the Transfer Test and the proposed transfer arrangements. 

 

In addition to abolition of the Transfer Test, many schools in Northern Ireland are in the 

process of implementing a Revised Curriculum. Given the current state of limbo with 

regard to the abolition of the Transfer Test (some children are still preparing for this 

year’s exams), full implementation is not yet compulsory. Nevertheless, Caitríona Ruane 

made reference to the Revised Northern Ireland curriculum when announcing the final 

date for abolition of the Transfer Test. She stated that primary school educators will no 

longer have to ‘disrupt or interfere with the teaching of the revised curriculum in 

furtherance of a transfer test’ (Ruane, 2007). Therefore, full implementation of the 

Revised Curriculum is in the offing. The main aim of the Revised Curriculum is to  

 

empower young people to achieve their potential and to make informed and 

responsible decisions throughout their lives 

(The “Big Picture” of the Curriculum at Key Stages 1 &2, CCEA, 2007) 

 

There are three main curriculum objectives which centre on developing the young 

person as an individual, as a contributor to society and as a contributor to the economy 

and the environment. The curriculum objectives are designed to infuse cross-curricular 

skills (communication, using mathematics, ICT) and ‘thinking skills and personal 
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capabilities’ across various areas of learning. In particular, the very nature of practical 

science lends itself well to the ‘thinking skills and personal capabilities’. In this element 

of the curriculum, teachers are expected to encourage children to manage information, 

think, problem solve, make decisions, be creative, work with others and self-manage. 

Children can be encouraged to develop all of these skills through investigative science 

work. For example, children can decide the best way to investigate (think, be creative, 

work with others) the most appropriate material for a new school raincoat (problem 

solve), record their results (manage information) and present what they found (make 

decisions) to the rest of the class/school/principal. 

 

The ‘areas of learning’ within the Revised Curriculum are: The Arts, Language and 

Literacy, Mathematics and Numeracy, Personal Development and Mutual 

Understanding, Physical Education, The World Around Us and Religious Education 

(optional). Science is now part of The World Around Us area of learning. Within this 

area, children should be helped to ‘explore and find answers to’ some of the big 

questions they are curious about ‘from the perspectives of geography, history and 

science’ (The Northern Ireland Curriculum Primary, CCEA, 2007, p83). At Foundation 

Stage (years 1 and 2), Key Stage 1 (years 3 and 4) and Key Stage 2 (years 5-7) teachers 

should make it possible for children to develop knowledge, understanding and skills in 

relation to ‘interdependence’, ‘place’, ‘movement and energy’, ‘change over time’ (The 

Northern Ireland Curriculum Primary, CCEA, 2007, p38 and p86). Teachers are also 

encouraged to build on children’s earlier experiences and plan for progression. With 

respect to progression teachers are asked to consider: ‘the relevance of the knowledge 

selected’, ‘the breadth and depth of knowledge appropriate to the age and ability group’ 

and ‘the understanding that is intended’. Details of planning for progression are outlined, 

for example: 

 

From making first hand observations and collecting primary data to 

examining and collecting real data and samples from the world around 

them 

(The Northern Ireland Curriculum Primary, CCEA, 2007, p85) 
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Assessment for learning should also be incorporated as well as a diversity of learning 

experiences. With specific relation to the attitudinal aspect of the current study, the 

learning experiences should be ‘enjoyable’. Therefore, the current study offers an insight 

into what children find enjoyable in primary science. Within the Revised Curriculum, 

children’s attitudes and dispositions school be fostered. These include ‘curiosity’ and 

‘open to new ideas’. By investigating children’s ideas and understandings it is hoped 

that the current study will raise awareness of the ideas children hold as well as 

demonstrate that children are naturally curious about aspects of the world around them. 

 

3.9 Summary 

The complexity and quantity of work carried out in the area of students’ ideas and 

understandings of science concepts is best demonstrated by the vast number (more than 

6000) of references included in a recent bibliography by Duit (2006). This chapter 

outlined and discussed the main, often disputed, literature in the area of conceptions in 

relation to terminology, purpose and the historical and current methodological and 

theoretical standings. Analysis of literature suggested that delineation of terms used, 

why a study has been carried out as well as the methodological and theoretical stance is 

an unspoken prerequisite of any piece of research in the area of student/children’s 

concepts. The current study attempted to give an overall picture of children’s ideas about 

‘living’ and how daytime happens through use of drawings and semi-structured 

interviews. I collected the data without preconceived questions and/or frameworks for 

analysis and the coding was based on exactly what the children said. Secondly, part of 

the main focus of this study was to look at possible links between the children’s ideas 

about an abstract non-curricular concept (daytime) and a more concrete curricular topic 

(daytime) and their attitudes to science and not to consider detailed stages/theories of 

development (see section 3.3). 
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CHAPTER 4-METHODOLOGY 

 

4.1 Overview 

This study explored children’s attitudes towards science and their ideas and 

understanding of science concepts. Chapter four outlines the research aims and questions 

and a summary of the research issues and approaches. It includes details of ethical 

considerations, sampling and data collection. 

 

4.2 Research aims and research questions 

The main aim of the study was to access children’s ideas about science concepts and 

their attitudes towards school science. Detailed analyses were carried out to investigate 

possible underlying factors which may influence children’s thoughts about science (such 

as gender, age, ability level, socioeconomic group, school and class group). The main 

research questions were: 

 

1. Which factors may underlie children’s attitudes to science? 

2. Might these same factors affect children’s ideas and 

understandings of different science concepts? 

3. Are children’s ideas and understandings of science concepts 

influenced by their attitudes towards science in school? 

4. What are the implications of these findings for curriculum 

development, instructional design and assessment practice? 

 

Most studies in this area have concentrated on the thoughts of children in secondary 

school with only a few considering children in upper primary school (aged eight to 11). 

This study focused on children in all year groups of primary school (aged four to 11). 

Science activities for children in lower primary school are often based on teachers’ 

assumptions of what they would enjoy. For example, a water tray and sand pit are often 

common place in a lower primary classroom. Although not reported in the current study, 
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I also asked children in lower primary what they liked and did not like about school. 

Many younger children said they did not like some conventional activities (for example 

painting, playing with water, working with others). This study included children in lower 

primary school to give them the opportunity to talk about their science. 

 

Unlike many other studies which consider attitudes and ideas and understandings 

separately, they current study attempts to link children’s attitudes to science with their 

ideas and understanding of science concepts. Several possible underlying factors in 

relation to children’s attitudes are considered: gender, age, ability level, socioeconomic 

group, school and class group. This approach contrasts with most other studies which 

tend to focus on one or two factors (for example: age and/or gender, classroom science 

and school or specific teaching styles). 

 

Although many researchers have advocated the merging of cognitive and affective 

domains (Duit and Treagust, 2003), few have done so. Pell and Jarvis (2003) mentioned 

the importance of investigating attitudes and cognition. However, this was in relation to 

the overarching effect of primary teachers’ attitudes towards science. It has also been 

suggested that affective factors (such as attitudes) influence learning and therefore 

understanding in science (Pintrich, 1989; Pintrich and Garcia, 1991; Pintrich, Marx and 

Boyle, 1993). Nevertheless, these studies did not specifically investigate young 

children’s attitudes in relation to their ideas and understandings. 

 

I attempted to convey the ‘voices’ of children in primary school by exploring children’s 

thoughts about science. Listening to children’s ‘voices’ about science is a way of 

consulting those for whom education is designed (Cook-Sather, 2005). Jenkins (2006) 

examined numerous studies related to children’s ‘voices’ about science. However, these 

studies encompassed general areas and did not address attitudes and ideas and 

understandings together, leading Jenkins to conclude that students and teachers could 

still learn a lot from “exploring jointly and constructively the task in which they are 

mutually engaged” Jenkins (2006, p79).  
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4.3 Research issues 

The main research issues I encountered were: 

 deriving comparative information from children of widely different 

age groups, 

 addressing the differences in responses by children from a range of 

different backgrounds, 

 interpreting the meaning of children’s responses, 

 relationships between researcher and child, 

 different levels of access and support from different schools. 

 

4.3.1 Age 

The difference in age was a fundamental issue for a number of reasons. Firstly, deciding 

which age groups to consider in an attempt to represent children in primary school. This 

study included children in every year of primary school (four to eleven year olds). When 

investigating children’s ideas and understandings of concepts, Christidou and Koulaidis 

(1996) considered the thoughts of children in two consecutive year groups (11 and 12 

year olds). However, these year groups did not give a picture of how younger children 

think. Tytler (2000) compared 6/7 year olds and 11/12 year olds. Leighton and Bisanz 

(2003) went further and compared children in three year groups of primary school (5/6 

year olds, 8/9 year olds and 10/11 year olds). However, the current study included all 

age year groups from four to eleven year olds and this made it possible to look at 

patterns between consecutive age groups throughout primary school, including the 

youngest members (four year olds). 

 

Finding suitable research instruments for children of all ages in primary school proved 

to be challenging. Comparative information was derived from all age groups and from 

children with a range of communicative skills using many different research 

instruments. 
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A questionnaire with open and closed questions was administered with the intention of 

accessing as much information as possible on attitudes. Reading ability was age 

dependent in the majority of cases. Therefore, a three point ‘Smiley’ scale was used, 

written questions were omitted from the questionnaire for the youngest children and I 

read and explained the terminology of each question for every age group. The maximum 

number of ‘questions’ per page was five for younger children and eight for older 

children. This was because some children may not have been able to recognise larger 

numbers. It is assumed that a ‘Smiley’ scale is child friendly and the standard method of 

accessing children’s attitudes towards science (Pell and Jarvis, 2001). However, results 

from piloting showed that many children (young children in particular) prefer to tick the 

happiest face, regardless of the question. The ‘Smiley’ scale items were therefore 

substantiated with oral open questions about school and science in school, which also 

gave children the opportunity to talk about why they felt positive or negative about 

aspects of school and school science (Murphy and Beggs, 2003; West et al, 1997). 

Attention span also varied with age. Therefore, the questionnaires were shorter for 

younger children, had coloured pages and open and closed questions which were 

separated by the ‘drawing’ activity. The children were also given a break before the 

interview stage.  

 

In order to access information about science concepts, drawings were used in 

combination with sentences about the drawings and subsequent interviews. Parallels 

could then be drawn between the information obtained in all three methods. The use of 

the drawings with sentences allowed me to access ‘free responses’ for these concepts in 

a fun way and in the children’s own language, outside the realm of a science lesson. It is 

difficult to draw inferences based on what children say about one word (Tunnicliffe and 

Reiss, 1999) so drawings were used as they “reveal qualities of understandings that are 

hidden from other procedures” (White and Gunstone, 1992, p99). However, there is 

difficulty surrounding the interpretation of drawings and Krnel et al (2005) pointed out 

the importance of description when attempting to connect children’s concepts and the 

language they use. For this reason the children were asked to write a sentence about their 

picture and/or talk about the same concepts, at interview.  
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4.3.2 Children’s Background 

Children’s background varied with respect to experience (including out of school), 

confidence, whether or not they felt compelled to give a ‘right answer’ and their ability 

to communicate with an adult. Hence, the children were reminded at every stage that the 

work was all about what they think and that their thoughts are just as important as other 

peoples (for example, scientists). I noted that this gave many children more confidence 

to express themselves. One-to-one ‘chats’ were included so that children knew their 

thoughts were valued and the researcher tried not to use leading questions. For example, 

at interview, ‘areas’ for discussion were outlined with prompts and probes (see 

Appendix 2). White and Gunstone (1992, p85) stated that an interview about a concept 

is “the most direct” method of finding out “as much as possible of what the person 

knows about the concept”. Predefined interview ‘questions’ were not suitable for use 

with children in school as many grapple for the ‘right answer’. The semi structured 

format used in this study facilitated the children to talk openly “at some length and in 

their own way” (Drever, 1995, p10). The ‘chat’ was also led by what the children 

brought to light and not based on ‘facts’ and ‘right’ answers. 

 

4.3.3 Meaning making 

Difficulties can arise when interpreting meaning from questionnaires. Many children 

attempt to give the ‘right’ image and can be positive about everything or copy from 

others. Therefore they were reassured throughout the questionnaire stage that it is ‘okay’ 

to like and dislike different things because that is what makes us different. They were 

reminded throughout that I was really interested in what each individual child thinks and 

not to worry about what everyone else was writing. 

 

In can be difficult to interpret meanings from verbal responses for a number of reasons: 

the children were constructing their thoughts throughout and some even contradicted the 

ideas they initially voiced and I was creating ‘constructions about the children’s 

constructions’ (Shepardson, 2002). Furthermore, meaning surfaces from interaction 
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between the researcher and the participant. Therefore, I reminded the children about 

what they already said in an attempt to gain a greater insight into the construction of 

their thoughts. I gave the children time to think, encouraged them to explain their 

constructions by repeating their responses and tried to avoid imposing interpretations on 

what they said. The use of drawings and sentences also allowed the children to express 

their constructions in different ways (other than purely verbal) and these methods 

involved less interaction with the researcher.  

 

The interview format was devised and reviewed in consultation with more experienced 

interviewers. It is also important to note that this study dealt with children’s responses. 

The children may have thought differently on another day or even later the same day. 

The data was not considered as more than slices of life and generalisations were drawn 

with caution.  

 

Analyses and reports about the data and findings are made up of my constructions. With 

this in mind, for the purpose of inter-rater reliability, 10% of the qualitative data (from 

interviews, drawings and sentences) was coded by two other researchers. Findings from 

the qualitative and quantitative data were also discussed in detail with other researchers 

(see section 4.8.2). 

 

4.3.4 Relationship between researcher and child 

The relationship between the researcher and the child is a central concern. Both were 

constructing views about each other and the level of contributions was dependent on 

their readiness and willingness to do so. Every attempt was made to make the children 

feel comfortable. Tammivaara and Enright (1986) suggested the avoidance of teacher-

like controlling behaviours (for example, telling the children to sit up straight). I avoided 

these which helped to put the children at ease. My age and appearance also meant that 

the children could associate with me, that is, I was 25 when I collected the data and I 

dressed informally. The children also called me by my first name and it was made clear 
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that I was ‘not a teacher’. Children were also given some time to ‘get to know’ me, in 

particular, before an interview.  

 

Some teachers told the children that a ‘scientist’ was coming in to talk to them so they 

may have put positive answers in the attitudes questionnaire. Therefore, the children 

were also told that I was not a scientist that works in a lab and that there were lots of 

things I like and do not like about science. 

 

Children may have felt the need to give ‘the right answer’ during interview, that is, what 

they thought I wanted to hear. Lots of research studies have cited the ‘Hawthorne Effect’ 

as a potential problem when interviewing (termed coined by Landsberger, 1961). 

Parsons (1974) described the ‘Hawthorne Effect’ as difficulties that arise if researchers 

do not realise how the consequences of a participant’s contributions affect what they do. 

In a short preamble the children were reminded about the importance of their ideas and 

that there were no ‘right’ or ‘wrong’ answers. The preamble and interview structure are 

in Appendix 2. The wording used in the preamble encouraged co-operative creation of 

discourse (Briggs, 1986) so that the children did not feel under pressure to give a correct 

answer.  

 

4.3.5 Different schools 

The difference between research settings was another issue, since the levels of access 

differed between schools, in particular, with regard to time allocation for completion of 

data collection. For example, one school did not limit interview time or the number of 

days for collection. In another school (Oldtown PS) the principal devised a timetable 

with definite ten minute slots per interview over two days. Therefore, I decided to 

reduce the number of children interviewed in the latter school to ensure all children were 

given the same time and opportunity to express their thoughts. 

 



  

 84 

4.4 Research Approach 

This study approximates most closely to a postpostivitist approach with elements of a 

constructivist perspective. That is, the children’s attitudes and ideas and understandings 

of science concepts were not simply measured. They were collected with the view that 

they are individual to each child and based on their experiences and personal 

constructions. In the same way, analyses of data and subsequent findings were 

considered as constructions made by the researcher.  

 

4.4.1 A postpostivist approach 

Many research studies in education have considered cognitive elements based on 

observable and measurable events. Analyses of cognitive and psychological studies are 

expressed as laws, similar to the scientific laws ascertained from observation of natural 

phenomena (Cohen et al, 2000). Measuring a child’s performance with an IQ score is a 

classic example. Many studies in educational psychology are grounded in a positivist 

approach (Gall et al, 1995). Although positivist approaches are still used and valued 

today, a postpositivist viewpoint grew out of a need to acknowledge that there is little or 

no objectivity when researching with people. Researchers and participants are part of the 

construction of social reality. For example, intelligence can not be measured by a simple 

score because it is constructed differently by different children. It is also constructed 

socially, that is, with experience and help from others.  Gall et al (1995) define 

postpositivism as: 

 
the epistemological doctrine that social reality is constructed and that it is 

constructed differently by different individuals 

 

It was assumed in this study that each child’s attitudes and ideas about science were 

based on and constructed in relation to their own experience and their interpretations of 

the world around them. In attempting to access their thoughts about science efforts were 

made to “get inside the person and to understand from within” (Cohen et al, 2000, p22). 
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This study is also postpositivist in that it is reflexive in nature. Constructions were 

developed through associations between myself and the children, the research tools, the 

analysis and reports on the findings.   

 

A tenet of postpositivist research is the importance of incorporating a mixture of 

qualitative and quantitative methods (Lincoln and Guba, 2000, p168). The research 

questions in this study called for the use of different methods of enquiry. For example, 

quantitative methods were used to consider the children’s likes and dislikes, that is, their 

expressed interests (Wall, 1968). Qualitative methods were used to explore their 

attitudes further and to investigate ideas and understandings of science concepts.  

 

4.4.2 A constructivist perspective 

As a research perspective constructivism assumes that there are multiple realities and 

that meanings are context specific and socially situated (Schwandt, 1994). The 

children’s attitudes and ideas and understandings were viewed as particular to an 

individual child, in a given group at a particular time. In this way no two children were 

the same and it was assumed that the ideas and meanings given by the children were 

related to their thoughts in the context and social setting at the time of data collection.  

 

Constructivism also purports that understandings are co created by the researcher and 

the child (Denzin and Lincoln, 2003). In this study, constructions of the children’s 

thoughts were not simply ‘helped’ by the researcher but the knowledge reported in the 

interviews was mutually created (Charmaz, 2000, p510). In this sense, the methods 

employed could be characterized as constructivist.  

 

Although interpretation of the term constructivism is multifaceted in relation to learning 

(Philips, 2000) a commonality of constructivist perspectives is that they intrinsically 

incorporate the idea that children are actively central to their own learning process, have 

already formed ideas and ways of thinking about scientific concepts and occurrences 

from outside the classroom and that they build upon their experiences and previous 
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knowledge. In this way the constructions developed throughout the research were not 

solely based on the process itself but on other prior knowledge and experience as well. 

Therefore, this study encompassed elements of a constructivist research approach and 

was sympathetic to constructivist based learning. 

 

4.5 Ethical considerations 

The study was conducted in adherence with the BERA (British Educational Research 

Association) Revised Ethical Guidelines for Educational Research (2004). The ethical 

considerations in this study related to researching with children in terms of consent, 

anonymity and privacy, preventing discomfort, the right to withdraw and incentives. 

 

4.5.1 Consent 

Voluntary informed consent is traditionally expected in educational research (BERA, 

2004). Issues surround the level of detail required for the consent to be ‘informed’ and 

the format of consent. It is also important to consider who gives the consent, in this case 

the ‘gate keepers’ (principals, parents and teachers) and/or the participants themselves 

(the children).   

 

Level of detail and format of consent 

The level of detail in the information provided was appropriate for those involved and 

was discussed with more experienced researchers. Consent was also sought using two 

formats, verbal and written. The information provided (for example, the parental consent 

form) was correct, appropriate, accessible and adequate (Alldred and Gillies, 2002) 

because the researcher sought feedback from people not involved in the study.  

 

Verbal consent was obtained from the principals of the schools and the class teachers. 

To ensure that the consent was adequately informed I met with each of the school 

principals. The research project was outlined and discussed. Each principal received a 

‘pack’ with a copy of all the research instruments (see Appendix 3 for the cover letter 

that accompanied the ‘pack’).  
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Written consent was obtained from parents as many of the children were too young to 

give consent based on written material. To ensure that consent from parents was 

adequately informed, a detailed ‘opt in’ consent form was obtained (Appendix 4). 

Parents, as ‘gate keepers’, were asked to consent to their child’s involvement in two 

things: participation in the research and audio recording at the interview stage. However, 

problems were encountered in one school (Midtown PS) with regard to obtaining ‘opt 

in’ consent from the parents/guardians of some children due to a poor return rate. Upon 

further investigation, I discovered that this was a frequent problem for the school 

concerned for many reasons (for example: literacy levels of parents, lack of parental 

involvement). Therefore, following consultation with the principal, teachers, home-

school liaison officer and other researchers a more accessible (in terms of literacy level) 

‘opt-out’ consent form was formulated for the parents/guardians of the remaining 

children (Appendix 5). This was distributed in conjunction with verbal explanation from 

the home-school liaison officer who is present when children are collected from school. 

It is important to note that the ‘opt-out’ consent form was only used in relation to the 

questionnaire and not for permission to conduct the recorded interviews. 

 

Consent from ‘gate keepers’ and/or participants 

Initial informed consent must be obtained from principals and parents in order to ensure 

the protection of children. Nevertheless, it is the children who must then decide if they 

want to take part and thus share their thoughts. 

 

With children, informed consent can be difficult if they do not know or understand what 

they are consenting to (Miller and Bell, 2002). Therefore, the information given to 

children was trialled beforehand and I discussed their interpretation of it with them. 

Explanation of the research was in keeping with the child’s age and maturity (BERA, 

2000, paragraph 14) and they had the opportunity to ask questions throughout. For an 

example, see the preamble to the interview in Appendix 2.  
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The ethical intention of voluntary consent can be tainted if the children feel they have to 

take part because their teacher/parents agreed. Therefore, the children were told what 

was going to happen at each stage, asked if they wanted to take part and were told that 

they didn’t have to if they didn’t want to, it was up to them. No children refused to take 

part in any stage of the data collection. 

 

4.5.2. Anonymity and privacy 

It can be difficult to reassure parents that their child is not being tested and will remain 

anonymous and for those reasons many refuse to let their child take part. Therefore, it 

was decided that I would only record the child’s first name and that the data would be 

recorded in a ‘fun’ way. These details were included in the parental consent form.  

 

Anonymity and privacy can be difficult to explain to children. Therefore, they were 

reassured throughout that nobody in school or their parents would know what they said. 

The only people who would see this information was me and the people I work with at 

the university (with the exception of detrimental information that breeched the child 

protection rights of a child). The children were also told that they could ‘put their arm 

over’ the written work. 

 

Principals, parents and children were reassured of the fact that each child, school and 

data record would remain anonymous and stored in keeping with the Data Protection Act 

(1998). 

 

4.5.3. Preventing discomfort and the right to withdraw 

Every attempt was made to make the children feel at ease (BERA, 2004, paragraph 18). 

For example, it was stated throughout that this was not a test and that I was really 

interested in what children think. The children were also told that there were no right or 

wrong answers and that it was ‘okay’ if they didn’t want to say anything at all or if they 

didn’t want to answer a question. I was also vigilant about non-verbal cues that 

suggested that the children were uncomfortable, didn’t want to continue, or were 
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becoming frustrated. The children were also told that they could finish and go back to 

class at any time, that is, they had the right to withdraw (BERA, 2004, paragraph 13). 

No children chose to withdraw during the interviews. However, one child with Special 

Educational Needs became agitated and said he did not want to ‘do this any more’ whilst 

completing his questionnaire. In this instance the child did not complete the 

questionnaire and took part in an activity (unrelated to the research) with his classroom 

assistant.  

 

The interviews were carried out after completion of the questionnaire and drawings. This 

helped to create a natural context as the interview was placed in “a larger activity with 

which the respondents are already familiar”, an important consideration when 

researching with children (Eder and Fingerson, 2001, p183). 

 

Children were also told that they could stop what they were doing at any time if they 

wanted to. This was the case in one school (Midtown PS) as a child with Special 

Educational Needs said he didn’t want to continue with the questionnaire.  

 

4.5.4. Incentives 

Difficulties can arise when choosing suitable incentives for children. Firstly, incentives 

must not have undesirable effects for participants (BERA, 2004, paragraph 20). In other 

words, it is best not to offer children sweets as they may be harmful to some children 

(for example, those allergic to nuts). In this study children were given pencils. Secondly, 

incentives must not create a bias in participant responses. They should not be used to 

encourage children to take part in certain aspects of the research, for example, 

interviews. To prevent bias the pencils were given to all children and not just offered to 

those who agreed to be interviewed. 
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4.6 Methods 

4.6.1 Sampling 

With regard to this study, the key factors related to sampling were the sample size and 

access to the sample and the representativeness and parameters of the sample (Cohen et 

al, 2000, p92) 

 

 The sample size and access to the sample 

The sample size was determined by the timeframe and therefore the number of schools 

within an accessible distance who agreed to take part.  The schools were convenient for 

the researcher and the number of schools (six) meant that data could be collected within 

the time frame required. Variation between schools and classes was taken into account 

because the sample included a large number of children in each school from different 

classes. 

 

As this study incorporated mixed methods a larger sample completed the quantitative 

elements and a smaller sub-sample was chosen from this to take part in the qualitative 

elements. Many research texts suggest appropriate sample sizes for quantitative/ 

questionnaire based studies. Cohen et al (2000) suggest that: 

 
survey research should have no fewer than 100 cases in each major subgroup and 

twenty to fifty in each minor subgroup 

 

The total number of children in the sample was 647. In this study the major subgroups 

were taken to be the grouping of the children with regard to the major characteristics for 

analysis: gender, age, Free School Meal (FSM) entitlement, ability levels. The minor 

subgroups were the schools in the sample. The number of children who were involved in 

this study, with respect to the major and minor subgroups, is outlined in Table 4.1. 

Throughout the thesis, the sample schools are referred to through the use of pseudonyms 

(Midtown, Downtown, Newtown, Southtown, Northtown, Oldtown). 
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Table 4.1 Number of children in each group 

Characteristic 

                             

School 

 

Midtown 

PS 

 

Downtown 

PS 

 

Newtown 

PS 

 

Southtown 

PS 

 

Northtown 

PS 

 

Oldtown 

PS 

 

TOTAL 

 

Gender 

boys 

 

113 67 57 30 36 31 334 

girls 

 

98 64 56 36 28 31 313 

 

 

 

Age 

4/5 

 

34 17 15 11 12 10 99 

6/7 

 

62 38 39 19 20 18 196 

8/9 

 

56 33 28 20 18 19 174 

10/11 

 

59 43 31 16 14 15 178 

 

FSM 

entitlement 

yes 80 66 35 18 14 45 258 

no 131 65 78 48 50 17 389 

 

Overall 

ability 

level 

low 66 30 23 7 14 17 157 

medium 91 64 47 34 28 37 301 

high 54 37 43 25 22 8 189 

 

Science 

ability 

level 

low 51 31 21 5 11 17 136 

medium 99 65 50 34 27 35 310 

high 61 35 42 27 26 10 201 

TOTAL 211 131 113 66 64 62  

  

 

The sub sample of 39 children who took part in the interviews about their ideas and 

understandings of concepts were chosen from primary one to seven classes in three 

schools (Southtown PS, Northtown PS and Oldtown PS). At the time, I chose these three 

schools from the sample as they represented a variety of different types of schools in 

Northern Ireland (Controlled, Maintained and Integrated). The individual children were 

then chosen by the class teacher for interview. Two children from each of 20 classes 

were chosen. Given the time constraints in one school, Oldtown PS (see field notes on 

Pg 92), only one child from the primary three class was involved (giving a total of 39 

children). The class teacher was asked to choose one boy and one girl from the class (to 

control for gender, given the small sample size). The teachers were also asked to choose 
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children with different abilities and from different socioeconomic groups (that is, not 

just children who are/are not entitled to free school meals). Whilst asking the teachers to 

select children in this way, I reminded them that I was interested in the views and ideas 

of children of all abilities and socioeconomic groups and that the school and the children 

would remain anonymous. Nevertheless, it is important to acknowledge the weaknesses 

of using teacher assessment and FSM indicators.  

 

It is possible that teacher assessed ability may not always match a child’s academic 

assessment levels (for example results in national tests). In the current study, academic 

assessment levels were not considered. Although it would have been possible to collect 

the results from Key Stage 1 testing for the older children in the sample, no comparative 

data was available for the younger children. Therefore, teacher assessed ability was 

included instead and no direct comparisons will be drawn with studies which considered 

children’s academic assessment levels. 

 

The use of free school meal entitlement as a measure of socio-economic status is 

debated. Styles (2008, p42) pointed out that it provides ‘fairly restricted information’ 

when looking at school intake because it is affected by choice. That is, parents/guardians 

decide whether or not they would like to claim free school meals for their child and may 

withhold claims ‘due to the social stigma’ (Styles, 2008, p42). Styles (2008, p42) also 

argued that FSM eligibility is dichotomous and does not reveal the ‘complex picture’ of 

a child’s ‘socio-economic well-being’. However, with specific reference to Northern 

Ireland, Shuttleworth (1995) considered FSM as a measure of social deprivation and its 

relationship to GCSE attainment. Shuttleworth (1995, p502) concluded that FSM was a 

‘useful measure of social deprivation at the pupil level’. Nevertheless, the limitations of 

using FSM eligibility in the current study are recognised. An alternative to sole reliance 

on FSM eligibly as a measure of socio-economic status is to record children’s postcodes 

and match this to census data (Styles, 2008). On reflection, postcode data could be 

collected for future studies and/or if elements of the current study were repeated. 
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 The representativeness and parameters of the sample 

The sample was designed to represent the urban school population in Belfast. In total, 

10% of the population who live in urban areas are aged between five and 14 years old. 

The six schools in this sample also represented 2% of the urban schools in Northern 

Ireland. The sample comprised 48% female and 52% male children which closely 

corresponded to the total population in Northern Ireland (51% female, 49% male). It is 

important to note that 40% of the sample were entitled to free school meals (FSM) in 

comparison to 20% entitlement for all of Northern Ireland. A summary of the 

characteristics of each school is shown in Table 4.2. 

 

Table 4.2 School characteristics 

School 

 

  Characteristic  

Number of children 

enrolled*  

% of children entitled 

to FSM* 

Midtown PS 262 52% 

Downtown PS 365 58% 

Newtown PS 448 39% 

Southtown PS 447 22% 

Northtown PS 404 30% 

Oldtown PS 118 80% 

* These statistics are for the academic year 2005-2006 

 

Field notes were also recorded throughout the data collection. The field notes consisted 

of other observations and/or details about each school, other than demographic 

information (like that shown in Table 4.2). The field notes on each school are outlined 

below: 

 

Midtown PS - There were no problems with access to this school, the 

principal was enthusiastic about being involved. Teachers were 

accommodating. There was an issue with return rate of permission 

slips. One of the teachers said that this was a common problem. 

The school has a home school liaison officer and she talked to 

some of the parents for me and suggested drawing up and opt out 

consent form instead. This worked very well because the home-

school liaison officer offered to explain it to the relevant groups of 

parents when they came to pick their children up. 
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Downtown PS – There were no problems with access or carrying out 

research in this school. Teachers were welcoming and 

accommodating. The children were pleasant and enjoyed taking 

part in the activity. 

 

Newtown PS – Initial access to this school was a little more challenging 

than the others. This was because, unlike other schools, the 

principal requested to see everything that I would be doing (every 

research instrument) and asked me to explain why. However, once 

the principal agreed and when I arrived to carry out my research 

all of the staff (including the principal) were very welcoming and 

flexible with the time I spent with each class.   

 

Southtown PS: Children in Southtown PS have been involved in numerous 

science research projects designed to enhance interest in and 

enjoyment of school science through use of practical work and 

discussion. Southtown PS have their own child friendly ‘science 

lab’ in a separate classroom where a teacher with science as a 

specialist subject has been employed in the past. Additionally, the 

principal of Southtown PS received a lifetime achievement in 

primary science award in 2004. The children seemed to really like 

science and they spoke more enthusiastically about it. Their 

enthusiasm was very noticeable compared with other schools. The 

principal and the staff were very welcoming and interested in 

talking about the work I was carrying out. They were happy for 

the children to be involved and went to great lengths to make sure 

all permission slips were returned (including talking to parents 

and putting reminders in children’s books). 

 

Northtown PS – This was an integrated school where self esteem and 

appreciation of all people was part of the ethos. The principal was 

very interested in the work and in science in particular. The 

principal made it clear that I could take as long as I needed with 

each class and each child to carry out my research. Only one 

teacher was less welcoming (P4) and it was in this class where I 

witnessed ‘copying down’ of a science experiment write up. The 

atmosphere in this classroom was also very tense and none of the 

children were smiling. 

 

Oldtown PS – This school was due to close as a result of falling numbers. 

The teachers were discussing closure and there was a meeting for 

parents during the data collection week. A few of the children I 

interviewed talked about their ‘new schools’. The school building 

was old, the majority of rooms in the school were disused and the 

quad area in the middle was very run down. This quad area was 

visible from many of the main corridors of the school. Morale in 

the Oldtown PS was very low and teachers were not positive 

compared to other schools. This was the only school where the 

time allocation for data collection was very limited. On arrival in 

the school, the principal gave me a schedule which detailed my 

interview times in ten minute slots (per child). This was also the 

only school where a teacher sent for a child during an interview.  
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4.6.2 Questionnaires and drawings 

The questionnaire comprised three sections: closed questions, open questions (both in 

relation to attitudes towards science) and drawings. All 647 children in the sample 

completed the first section of the questionnaire. A sub sample of 192 children completed 

the open questions. Time constraints in some schools meant that 522 out of a total of 647 

completed the drawings. A copy of the questionnaire is included in Appendix 6. The 

questionnaire copies shown in Appendix 6 are half the original size – the children were 

actually given an A4 size booklet. Factor analysis was carried out to consider possible 

patterns that underlie the correlations between variables (Millar et al, 2002). In total, 49 

items were factored. The practice items were omitted as they were not related to 

attitudes to school and/or science. Two factor analytic techniques were employed: 

extraction (maximum likelihood) and varimax rotation. Four factors were included 

because the Scree test highlighted that they accounted for 27.86% of the variance. The 

majority of items (45) were included in these four factors. Also, the four factors 

mirrored the predefined sections on the questionnaire (see section 4.6.2).  

 

Appendix 7 shows the factors, items, factor loadings, means and standard deviations. 

Items related to Factor 1, with the majority of loadings greater than 0.32, were related to 

school and were named ‘Attitudes to school’. Factor 2, with loadings greater than 0.41, 

comprised questions about whether or not children would like to learn more about 

science topics (‘Attitudes to science topics’). Factor 3 consisted of questions related to 

children’s interest in and enjoyment of science lessons, that is, elements of science that 

were not related to content/topics (for example whether or not they liked science lessons 

more than other lessons). The majority of items in Factor 3 had loadings greater than 

0.32 and were named ‘Interest in and enjoyment of school science’. Factor 4 contained 

items related to how useful aspects of the school curriculum would be for getting a job 

(‘ideas about the utility of science’), all of which had loadings greater than 0.52. 

Therefore, the questionnaire was designed to look at children’s attitudes towards the 

following aspects: 
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1. Attitudes towards school – Items related to school were included for 

comparative reasons as children with positive attitudes towards 

science may just be positive about everything they do in school and 

vice versa. The questions in this section asked the children if they 

liked doing specific things in school (a mixture of written and non 

written activities) as well if they liked coming to school. This section 

allowed science attitudes to be placed in an overall school context and 

was adapted from a questionnaire used by Pell and Jarvis (2001, 

p851). 

 

2. Attitudes towards science topics – These questions focused on 

whether or not the children ‘would like to learn more about’ particular 

science topics. The topics were taken from the Northern Ireland 

Curriculum Programmes of Study for Key Stage 1 and/or 2 (DENI, 

1996) and were familiar to the children. The concept of how daytime 

happens was included as a comparison because it is not on the 

curriculum. A mixture of biology, physics and chemistry based 

concepts were chosen. The items used in this section were adapted 

from a questionnaire used by Murphy and Beggs (2003, p110). The 

children were asked if they would like to learn more about 18 primary 

science topics. Six of these topics were not included for younger 

children either because they are not traditionally taught until later in 

primary school or children in the pilot samples did not understand 

what they meant. The omitted topics were ‘energy’, ‘light’, ‘sound’, 

‘the parts of a flower’, ‘lifecycles’ and ‘how to look after our 

environment’. 

 

3. Interest and enjoyment of school science lessons- This section 

included questions specifically related to science lessons in school. 

The items comprised a combination of questions adapted from Pell 

and Jarvis (2001, p851) and Murphy and Beggs (2003, p110). 
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Children from year three to seven (389 children) completed questions 

related to science in school (see Appendix 6C). Younger children did 

not complete these questions because the majority of schools had 

implemented the Enriched Curriculum (a topic centred curriculum 

and teachers often do not use subject names, for example ‘science’). 

The questions in this section included a total of 14 items about 

science in school.  

 

4. Ideas about the utility of science- Children were asked if they thought 

being able to do science, read, use the computer and write would help 

them to get a job when they are older. This was to try to find out if 

children view science as important for their future career.   

 

The closed questions included a 3 point ‘Smiley’ scale: a happy face for ‘yes’, a sad face 

for ‘no’ and a face with a straight mouth for ‘not sure’. The ‘Smiley’ scale was based on 

that used by Mortimore et al (1988), West and Sammons (1991) and West et al (1997). 

The five point Likert scale used by West et al (1997) was found to be too difficult for 

younger children at the pilot stage, mainly because they found it difficult to tick only 

one face per question and had trouble understanding the meaning of the incremental 

faces in between ‘yes’, ‘not sure’ and ‘no’.  

 

A smaller sub sample of children (192) was asked a set of semi structured open 

questions about science, taken from Murphy and Beggs (2003). I helped each child to 

complete this section and scribed the answers of younger children. The semi structured 

open questions included items related to what the children liked best/least about science, 

the hardest/easiest things they do in science (perceived difficulty), if they think science 

is helpful/harmful and if they think science will be better later on (in school). Again, the 

questions were reworded for younger children to omit the word ‘science’. These 

questions were included at the back of the questionnaires to make them accessible 

during administration (see Appendices 6A and 6B). The open questions were included 

because the data is rich in that it helps to understand the problems with science and 
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school and gives more “insight into the origins of attitudes to school science” (Osborne 

et al, 2003). 

 

The final section of the questionnaire contained the ‘drawings’ page. Children were 

asked to draw a picture of what they thought ‘living’ meant and another for ‘how 

daytime happens’. The children were then asked to explain what their drawings were 

about in a sentence (I scribed these for younger children).  

 

The method used in the current study was adapted from the ‘Draw a Scientist Test’ 

(DAST) originally developed by Chambers (1983) as “an open-ended projective test to 

detect children’s perceptions of scientists” (Nuño, 1998). In this case it was used to 

detect children’s perceptions of the concepts living and how daytime happens. In a 

similar fashion to that adopted by Nuño (1998) the children were told that the drawings 

are for research purposes and artistic talent or grades are not factors. The children were 

reassured that “stick figures are okay”.  

 

It could be argued that the children will naturally produce better drawings about ‘living’ 

as opposed to ‘how daytime happens’ because they may be more familiar with and have 

drawn more pictures related to general aspects of ‘living’ (for example; my family, my 

dog etcetera). Therefore, their pictures of ‘how daytime happens’ may be affected by 

their drawing ability as opposed to their ideas. Arnold et al (1995) considered the 

possibility that children’s drawings of the Earth’s shape and gravitational field may be 

hindered by their limited drawing ability and therefore may not be a true representation 

of their conceptual understanding. Arnold et al (1995) therefore examined the 

relationship between children’s drawing of a male human figure (which becomes more 

realistic and elaborate as a child develops) and their Earth drawings using the 

Goodenough-Harris Draw A Man test of verbal intelligence (Goodenough, 1963). 

Arnold et al (1995) concluded that children’s Earth drawings are limited by their 

conceptual knowledge and not their drawing ability.  
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4.6.3 Semi structured interviews 

Semi structures interviews were conducted with a sub sample of 39 children in an 

attempt to access their ideas and understanding of two science concepts: living and how 

daytime happens. These concepts were chosen for two reasons. Firstly careful piloting 

resulted in the identification of a huge number of different understandings for both 

concepts. Secondly, to compare a concept that is addressed at both key stages on the 

curriculum (living) with a concept that is not a formal part of the curriculum (how 

daytime happens). Semi structured interviews were used as they access the ideas held by 

children who may not have been able to articulate them in writing. Therefore, they were 

“the most direct” method of finding out “as much as possible” of what the children know 

about a “concept” (White and Gunstone, 1992, p85). Semi structured interviews were 

used so that they could be led by what the children brought to light and not focused on 

‘factual’ answers. However, the main questions/areas were planned in advance to help 

direct the children to reveal their ideas about concepts. The prompts and probes used for 

the interviews in this study were based on work carried out by Bell et al (1985, p151). 

 

I decided to use one to one interviews for two reasons. Firstly, the children had 

individual attention to help them feel that their ideas were valued and so to encourage 

them to share their thoughts. Secondly, the data collected from one to one pilot 

interviews were a lot richer than data collected from group interviews. This was because 

some found it difficult to focus when there were others present and many children talked 

at the same time as others. Nussbaum and Sharoni-Dagan (1983, p99) talked about the 

importance of individual interviews in their work on children’s ‘Preconceptions About 

the Earth as a Cosmic Body’.  At that time, they were ‘departing from the common 

approach’ which compared means and standard deviations on pre-post groups. 

Nussbaum and Sharoni-Dagan (1983, p112) also stated that individual interviews are 

essential when characterising concepts categorically (for example, from different age 

groups) as opposed to on a continuum (following the same children) and they increase 

the ‘dynamics of the picture’ given by individual children. 
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4.6.4 Data analysis 

(i) Questionnaires and drawings 

Factor analysis was carried out to consider possible patterns that underlie the 

correlations between variables (Millar et al, 2002). In total, 49 items were factored. The 

practice items were omitted as they were not related to attitudes to school and/or science. 

Two factor analytic techniques were employed: extraction (maximum likelihood) and 

varimax rotation. Four factors were identified from the Scree plot. These accounted for 

27.86% of the variance. The majority of items (45) were included in these four factors. 

Also, the four factors mirrored the predefined sections on the questionnaire (see section 

4.6.2).  

 

Appendix 7 shows the factors, items, factor loadings, means and standard deviations. 

Items related to Factor 1, with the majority of loadings greater than 0.32, were related to 

school and were named ‘Attitudes to school’. Factor 2, with loadings greater than 0.41, 

comprised questions about whether or not children would like to learn more about 

science topics (‘Attitudes to science topics’). Factor 3 consisted of questions related to 

children’s interest in and enjoyment of science lessons, that is, elements of science that 

were not related to content/topics (for example whether or not they liked science lessons 

more than other lessons). The majority of items in Factor 3 had loadings greater than 

0.32 and were named ‘Interest in and enjoyment of school science’. Factor 4 contained 

items related to how useful aspects of the school curriculum would be for getting a job 

(‘ideas about the utility of science’), al of which had loadings greater than 0.52. 

 

All of the data from the closed questions were entered into an SPSS file for analysis. 

Two types of statistical analysis were used. Parametric tests can be carried out when the 

data meets certain assumptions. That is, the data must be normally distributed, the 

variance between groups should be almost equal and the data should not include extreme 

scores (Dancy and Reidy, 2002). If these assumptions cannot be met non-parametric 

tests are carried out.  
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Parametric tests 

Many researchers suggest that parametric tests should not be used with Likert scales 

because they are ordinal. That is, the intervals between them may not be considered 

equal. For example, one can not tell how unsure (almost ‘yes’ or almost ‘no’) a 

respondent was. However, researchers frequently assume and treat the intervals between 

scales as equal (Blaikie, 2003).  

 

T-tests were used in this study in order to analyse the relationship between groups of 

children (age, gender, FSM entitlement, ability level and school) and the responses they 

gave. This data was normally distributed, had almost equal variance between groups (for 

example, a similar number of boys and girls) and there were no extreme values. 

Parametric tests were not used to compare children in different class groups, since some 

groups had as few as eight in them. Bryman and Cramer (1997) suggest that non 

parametric tests are used when sample sizes are less than 15.  

 

R.L. Miller et al (2002, p119) stated that t-tests are usually conducted to examine 

“whether the means of two groups of data are significantly different from one another”. 

In this study for example, a t-test was used to find out if significantly more boys than 

girls said they liked coming to school. Significance is expressed in relation to the 

probability (p) that the difference between two groups is the result of something other 

than a specific characteristic. If p<0.05 then the result is statistically significant and 

related to the fact that respondents belong a specific group.  

 

An Analysis of Variance (ANOVA) was also carried out to see if there were significant 

differences in the means between groups, in this case schools. Millar et al (2002, p145) 

defined ANOVA as an ‘extension of the independent t-test’. An ANOVA compares the 

variance between groups (or categories), in this case between different schools, with the 

variance within groups (or categories), in this case within individual schools (Millar et 

al, 2002). For the current study, schools are significantly (statistically) different if there 

is more difference between schools than between the children within individual schools. 

There were 46 class groups in the sample with a spread of classes belonging to each 
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primary/age group. In keeping with the findings related to age (section 5.6), younger 

classes were generally more positive about all aspects of school and science. Therefore, 

an Analysis of Variance (using the mean response for all items) was carried out to see if 

there were significant differences between classes in the same primary group in different 

schools.  

 

Non-parametric tests 

Although non parametric tests are suggested for samples under 15, when doubts arise 

with regard to the suitability of data for parametric tests it is rational to compare the 

results of parametric and non-parametric tests (Bryman and Cramer, 1997). Therefore, 

cross tabulation tables were constructed to find out the percentage of children in 

particular groups (with respect to age, gender, FSM entitlement, ability level) who 

responded ‘yes’, ‘not sure’ and ‘no’ to each item on the questionnaire. This was to allow 

the researcher to “make some important observations” between the percentage of 

responses given by children in particular groups (Miller et al, 2002, p127). For example, 

to find out the percentage of children in a particular primary group who said they liked 

or did not like coming to school. Frequency data from the cross tabulation tables were 

then presented in parallel with the T-tests (parametric tests). The overall mean responses 

for each group of (factored) items were also calculated (for example ‘Attitude to science 

topics’). 

 

Other analyses 

The semi structured open questions about science (like best/least about science, the 

hardest/easiest things they do in science, if they think science is helpful/harmful and if 

they think science will be better later on in school) were analysed in two steps using the 

qualitative package MAXqda: 

 
(1) the responses were coded according to whether they were positive or 

negative (initial coding) 

(2) all positively and negatively coded phases were then coded according to 

exactly what the children said. For example, codes in responses to the 

question ‘What do you like best about science? Why?’  include ‘fun’, 

‘experiments’, ‘learning’ (further coding-reported in the findings: Chapter 

5, Tables 5.2, 5.4, 5.5) 
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The drawings and the sentences written about the concepts were analysed for their 

content. That is, each drawing was examined for the presence of certain characteristics. 

For example, if a house was drawn for what living means. The characteristics were 

derived from the codes used to analyse the corresponding interview data about these 

concepts. The coding system that developed is detailed in section 6.1 - the code name 

and the coding reference (used in the findings after each quote) for each name is given in 

Table 6.1. 

 

(ii) Semi-structured interviews 

Analysis of the interview data was completed using the qualitative package MAXqda to 

develop a coding system. An iterative process was carried out similar to the process of 

qualitative verbal data analysis outlined by Chi (1997). This involved codes, individual 

children, groups of children and the concepts (living and how daytime happens). It is 

important to note that the process of coding and categorisation resulted in constructs 

taken from the children’s constructs and can not be generalised as more than that. The 

data collected were ‘slices of social life’ that ‘portray moments in time’ and the research 

tool used meant that the subjects had the opportunity to express everyday understandings 

in a social context (Charmaz, 2000). The ideas presented by the children will change and 

this activity can only represent the children’s thoughts and ideas at that time. Indeed, not 

all children or classes of children can be said to hold the same ideas at a certain time. 

The data was collected without preconceived questions. In other words every idea given 

by the children was included in the coding process and the children’s ideas set the 

precedence for coding, no preconceived themes or codes were used in the analysis 

procedure. The analysis of interviews about the two concepts (‘living’ and ‘how daytime 

happens’) was carried out in the following steps: 

 

(1) every phrase uttered by the children was listed under the question 

asked in the interview  

(2) a lengthy list of initial codes emerged and was recorded, the vast 

number of initial codes demonstrated the variance in responses given 

by the children 

(3) at this stage, for the purposes of inter-rater reliability two other 

researchers coded the data (see section 4.8.2 for further details) 
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(4) I discussed the codes and the remaining ‘undecided’ phrases (for both 

concepts) with the other two researchers which resulted in the 

delineation of a system of further codes.  

(5) The further codes were reported in the findings 

 

Stahly et al (1999) followed a similar procedure when analysing four 8/9 year olds’ 

ideas about lunar phases (from interviews, drawings and model making) whereby an 

initial set of categories was generated and the ‘discrepant’ cases were discussed. 

Although this thorough process was incorporated by Stahly et al (1999) in a very small 

scale study, the same data analysis process was followed in the current study (39 

interviews for each concept) which gives an in-depth picture of a much larger sample of 

primary aged children. Coding of all phrases, including discrepant ones, also ensures 

that all of the ideas presented by the children are valued and incorporated. The coding 

system that developed is detailed in section 6.1- the code name and the coding reference 

(used in the findings after each quote) for each name is given in Table 6.1. 

 

4.7 Pilot studies 

Several pilot studies were carried out to ascertain the suitability of the questionnaire, that 

is, the children’s understanding in relation to: how to fill it out, the meaning of the 

response choices (faces), length of time required to complete, the language used in the 

questions and how difficult the children found drawing the concept pictures. 

 

Pilot studies were also carried out to ascertain the most suitable words for the drawings. 

That is, words which children of all ages could understand and talk about (not 

necessarily in a scientific way).  

 

I conducted several pilots for the semi structures interviews about various concepts and 

in various formats (structured, semi structured, group interviews, one to one interviews). 

BEd students conducted further pilots. This meant that the research instruments and the 

process of collection were interpreted and assessed by ‘fresh eyes’ and was an 

invaluable way of bringing to light issues that I was not aware of. Table 4.3 outlines 

details about the pilot studies as well as the main findings. 
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Table 4.3 Details of pilot studies 

Pilot 

instrument 

Date(s) No. of 

children 

Researchers Findings 

Questionnaire  

and drawings 

  

June 2005 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nov 2005 

 

 

 

 

 

 

 

 

 

 

 

 

 

Jan 2006 

30 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

65 

 

 

 

 

 

 

 

 

 

 

 

 

 

30 

The author 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BEd 

students/ 

author 

 

 

 

 

 

 

 

 

 

 

 

The author 

 

 A scale with 5 faces is too difficult for 

younger children – found it difficult to 

tick only one face and some didn’t 

understand the meaning of the faces in 

between ‘yes’, ‘no’ and ‘not sure’ 

 The language of some items was too 

difficult for younger children (for 

example evaporating)  

 Too many items – time consuming 

 A booklet format with coloured pages 

would mean that they do not have to 

read the page numbers 

 Written questions were too confusing 

for younger children – omit 

 

 

 ‘Science’ was not familiar to younger 

children –omit/reword for open and 

closed questions 

 Include lines under each question/set 

of faces so it is easier to see which 

faces belong to which question 

 Open questions need to be completed 

individually, too difficult to manage in 

a group setting 

 Include the title of the picture to 

remind children what they are drawing 

about 

 

 

 Questionnaire is still too long – chose a 

sub sample to complete open questions  

 

Interviews 

about concepts 

Dec 2005 

 

 

 

 

 

 

 

 

Jan 2006 

10 

(group) 

 

 

 

 

 

 

 

10 (two 

groups) 

  

The author 

 

 

 

 

 

 

 

 

The author 

 It is possible to talk about only two 

concepts in 20 minutes 

 Difficulties with group interviews – 

not enough information obtained from 

any one child 

 Very difficult to make notes and talk to 

the children – audio record in final 

collection 

 

 One to one interviews worked best – 

the maximum amount of information 

was obtained in this way 

 The concepts of living and daytime 

resulted in the most discussion 
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4.8 Reliability and Validity 

Reliability and validity were taken into account with regard to the methods used to 

collect the data, the explanations of the data and the degree to which the results could be 

generalised. Reliability relates to whether or not the research project can be repeated at 

another time and produce comparable results with different groups of children. Validity 

is internal and external. Internal validity is how well the explanation of a set of data (e.g. 

the author’s construction of what the children said) can be supported by the data. 

Therefore internal validity is related to the methods used and the interpretation of the 

data (Lincoln and Guba, 2000). External validity related to the scale in which results can 

be generalised to other populations, cases or situations (Cohen et al, 2000). 

 

4.8.1 The methods used to collect the data 

In an attempt to address internal validity and reliability some of the research instruments 

used in this study (questionnaire, drawings, and sentences) were adapted from 

instruments used by other researchers. For example, Davies and Brember (1994, p453) 

carried out a study on the reliability and validity of the ‘Smiley’ scale and concluded 

that: 

 
the results of our analysis suggest that the ‘Smiley’ scale is an appropriate 

and reliable instrument for testing the attitudes of young children. 

 

As a measure of the internal consistency of the ‘Smiley’ scale questionnaire Cronbach’s 

alpha and split-half reliability were calculated. The Cronbach’s alpha was 0.901 which 

suggests that the questionnaire is internally consistent. Likewise, the split-half reliability 

was 0.910. The construct validity of the questionnaire items was also estimated. This is 

carried out by inferring hypotheses that ‘form a theory that is relevant to the concept’ 

(Bryman and Cramer, 1997, p66). For example, comparison of the items ‘do you like 

doing science tests?’ and ‘do you think science lessons are hard?’ 

 

The use of multiple sources of data for the investigation of children’s attitudes towards 

science and their ideas and understanding of science concepts allowed for triangulation 
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(Patton, 1990). Triangulation is the use of several methods of data collection in order to 

consider the same aspect. Consideration of information about the same topic, for 

example, given in different ways can help validate the interpretation of the data. This is 

because the researcher has not relied on one source or set of data that was collected 

using one method (for example, interviews only). Bryce and Blown (2007, p1662) 

considered children’s cosmologies and argued that ‘profound differences in 

interpretation’ are not simply to do with children’s responses but ‘in the research 

methodologies of the researchers’. They contested that the use of methods that are ‘too 

dependent on a single medium’ such as interview techniques is not conducive to children 

sharing their ‘intuitive, cultural or scientific cosmologies’ (Bryce and Blown, 2007, 

p1662). Therefore, in the current study findings were verified across the different data 

sets, that is, comparing what a certain respondent said about a topic at interview with the 

information given about the same topic in a corresponding questionnaire. For example, 

in this study data on the children’s attitudes towards science was collected in two ways: 

closed questionnaire items and semi-structured open questions. Data collected using 

both these methods was compared. Data on the children’s understanding of the concept 

(living and daytime) was collected in three ways: drawings, sentences and semi 

structured interview. Data collected using these three methods was then compared. 

 

4.8.2 Explanations of the data 

With regard to the interview framework, data from pilot studies were analysed to ensure 

that similar questions/prompts/probes were understood in the same way by the majority 

of children and that they offered the opportunity to access the maximum number of 

explanations that might have been given.  

 

With reference to the interview data (on ‘living’ and ‘daytime) there is the possibility 

that I could have been biased in my interpretations. Therefore, in order to improve the 

validity of my analysis the coded responses were also analysed by my supervisors using 

the same coding system. They acted as independent judges. Incorporation of this process 
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enhanced the inter-rater reliability. Cohen et al (2000, p119) define inter-rater reliability 

as 

 

whether another observer with the same theoretical framework and observing 

the same phenomena would have interpreted them in the same way 

 

There was disagreement between the three researchers (myself and two supervisors) 

surrounding the classification of some phrases. When this happened the phrases were 

discussed until consensus was reached. For example: when the children talked about 

animals that need to live in different places because they look different. It was decided 

that these phrases were ‘scientific’ because of the reference to ‘habitat’.  

 

4.8.3 Generalisability of results (External validity) 

The results of this data can only be generalised to other urban school populations in 

Northern Ireland. This is because the sample is representative of 10% of children aged 

between five and 14 years old who live in urban areas. The schools involved in this 

study also represent 2% of the urban schools in Northern Ireland. 

 

4.9 Summary 

In summary, the main research issues faced in the current study were discussed to 

include: the (young) age of the children involved, their backgrounds, the difficulty of 

meaning making with young children, the importance of the relationship between the 

researcher and the child as well as difficulties encountered because different schools 

were involved. The main ethical considerations were outlined many of which also centre 

around the issue of the (young) age of the children involved and the thorough ethical 

considerations that must be adhered to.  

 

Children’s attitudes to various aspects of science were considered through use of a 

Likert scale questionnaire and open questions-the results of which were triangulated 

through comparison of the findings from both instruments. The children’s ideas and 
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understandings of two concepts were collected and analysed without preconceived 

expectations and triangulated through the use of three methods (semi-structured 

interviews, drawings with sentences) and comparison of the findings from each method. 

 

Therefore, this study approximates most closely to a postpostivitist approach with 

elements of a constructivist perspective. That is, the children’s attitudes and ideas and 

understandings of science concepts were not simply measured. They were collected with 

the view that they are individual to each child and based on their experiences and 

personal constructions. In the same way, analyses of data and subsequent findings were 

considered as constructions made by the researcher.  
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CHAPTER 5- CHILDREN’S ATTITUDES 

 

5.1 Introduction  

Children’s attitudes towards four aspects of science were considered: ‘attitudes to 

science topics’ (section 5.2), ‘interest in and enjoyment of school science’ (section 5.3), 

‘perceived difficulty’ (section 5.4) and ‘ideas about the utility of science’ (section 5.5). 

Children’s attitudes were investigated using three point Likert scale items on a 

questionnaire (‘yes’, ‘not sure’, ‘no’) and semi-structured interview questions. This 

chapter presents and discusses the main findings from the questionnaires and semi-

structured interview questions for all four aspects. Findings about the children’s attitudes 

are presented with respect to gender, age, age and gender (factored together), science 

ability level, socio economic group, school and class. The same factors were considered 

in relation to children’s ideas and understandings of two science concepts: ‘living’ and 

‘how daytime happens’ (chapter 7). 

 

A complex pattern unfolded when children’s attitudes towards individual aspects of 

science were analysed with respect to gender, age, ability, socio economic group, school 

and class. The most influential factors underlying children’s attitudes for all aspects 

were age, gender, age and gender (factored together) and school. There was a general 

decline in positive attitudes with age. Girls were generally more positive but there are 

subtle similarities between boys and girls at primary level. For example, boys and girls 

said they liked ‘experiments’. Consideration of the attitudes of boys and girls of 

different ages (age and gender) emphasises the importance of considering age and 

gender at primary level. For example, a greater percentage of the negative responses 

given by older girls were about ‘writing’ and older boys are more likely to mention the 

harmful aspects of science. The effect of school was greater than class group. This was 

demonstrated in the marked contrast between two individual schools. Children in 

Oldtown PS were significantly less positive when compared with all the other schools in 

the sample but children in Southtown PS were significantly more positive. The fact that 

age also affected children’s ideas and understandings may suggest that there is a link 



 

 111 

with children’s attitudes. The obvious difference between individual schools also 

presents a tentative link with children’s ideas about science concepts. Children in 

Oldtown PS had less positive attitudes to science and generally gave less ‘scientific’ 

responses (see chapter 7 for further details). Children’s science ability level was also an 

underlying factor with regard to their ‘interest and enjoyment of school science’. 

Findings related to each of the four aspects are presented in sections 5.2 to 5.5. An 

overview of all the findings is presented in section 5.6. 

 

5.2 Attitudes to science topics 

Probing children’s attitudes to science indicated that the most popular topics were 

‘keeping healthy’, ‘animals’, ‘the sun and how daytime happens’. The least popular 

topics were ‘light’, ‘pushes and pulls’ and ‘the parts of the flower’. See Figure 5.1.  
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   2.76           2.67           2.61                              2.31            2.18           2.10 

                        n:      644             644            641                              465             641            465 

 

Figure 5.1: The percentage of positive responses and mean values for the three most 

popular and three least popular science topics 

  

It is well documented that many secondary children prefer biology to physics and 

chemistry (Baram-Tsabari et al, 2006; Murray and Reiss, 2005), which may be related to 

the sharp decline in uptake of physics (40%) in the last 20 years (AQA, 2004). Figure 

5.1 indicates that a different pattern exists at primary level. However, these claims can 

                                                 
19 Mean values presented in the thesis are out of a possible 3.00 (the most positive value) because the children chose from three 
possible responses in the closed questions (‘yes’, ‘not sure’, ‘no’) 
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only be substantiated by looking at the factors which may underlie children’s attitudes to 

science topics. 

 

The most significant factors underlying children’s attitudes towards science topics for 

this sample were gender, age and school/class group.  

 

5.2.1 Gender 

Girls had generally more positive attitudes to learning the majority of science topics. 

Girls were significantly more positive than boys about eight topics: ‘materials’, ‘the 

parts of a flower’, ‘plants’, ‘seasons’, ‘lifecycles’, ‘keeping healthy’, ‘how to look after 

our environment’ and ‘how daytime happens’. Simon (2000, p112) commented that 

gender is ‘the most significant factor influencing attitudes towards science’. Many older 

studies, which included primary aged children, concluded that boys are generally more 

positive than girls about science (Gardner, 1975; Haladyna and Thomas, 1979; Johnson, 

1987). Weinburgh (1995) also reported little change in the more positive attitude of boys 

between 1970 and 1991. On the other hand, other studies incorporating younger children 

reported no significant difference between boys and girls (Ayers and Price, 1975; Selim 

and Shrigley, 1983; Wareing, 1981).  

 

The current study presents evidence to the contrary; overall girls were more positive 

about science topics. In 1998, Morrell and Lederman suggested that ‘gender difference 

toward science may be on the wane’. Indeed, Johnston et al (1999) found that girls were 

significantly more positive about school science. Murphy and Beggs (2003) also found 

that girls were more positive about the majority of science topics. 

 

Nevertheless, that girls are more positive about science than boys, may be a tentative 

conclusion related to younger children. Breakwell and Robertson (2001, p79), in their 

work with secondary school pupils, found no evidence that the ‘gender gap in attitudes 

towards science is closing’. The aspect of science under consideration must also be 

taken into account. Arámbula Greenfield (1997) reported that elementary girls liked the 
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science curriculum more than boys. Boone (1997) indicated that girls were more intense 

in their responses and showed greater interest in the topics and issues that were specific 

to the survey. Likewise, girls in the current sample were more positive than boys when 

asked about specific topics. However, a more detailed picture of gender preference 

emerges when the positive responses given by boys and girls are ordered and compared 

(Table 5.1). Although girls were more positive overall, there was little difference in the 

topics liked and disliked by boys and girls (Table 5.1).  

 

The topics ‘keeping healthy’ and ‘animals’ were among the top three for boys and girls. 

Also, ‘the parts of a flower’ and ‘pushes and pulls’ were among the least popular for 

both boys and girls. In fact, the bottom six topics for boys and girls were the same. 

There was little difference in the overall order of preference for the majority of topics. 

 

Table 5.1: The percentage of positive responses given by boys 

and girls for the top and bottom three science topics 
 

GIRLS BOYS 

 % 

positive 

responses 

 % 

positive 

responses 

 

‘keeping healthy’  

 

 

87 

 

‘keeping healthy’ 

 

78 

‘how daytime happens’  

                            

78 ‘animals’ 77 

‘animals’ 

 

77 ‘electricity’ 75 

        

↓ 
 

                

↓ 
 

‘the parts of a flower’                                         

 

57 ‘the seasons’  48 

‘light’                                                              

 

51 ‘pushes and pulls’  47 

‘pushes and pulls’                                         48 ‘the parts of a flower’  

 

31 

 

Woodward and Woodward (1998b) also reported that the specific topics which appealed 

the most and least to boys and girls were similar and boys had a ‘strong preference’ for 

electricity. Both studies by Woodward and Woodward (1998b) and Murphy and Beggs 
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(2003) stated that significantly more girls liked ‘keeping healthy’. Although Woodward 

and Woodward (1998b) found an increase in the popularity of ‘keeping healthy’ among 

boys in their later sample (1995) the results from the current study (Table 5.1) 

demonstrate that both boys and girls prefer ‘keeping healthy’ the most. 

 

The obvious dislike of ‘pushes and pulls’ is in keeping with findings related to ‘forces’ 

in other studies. Dawson (2000) and Woodward and Woodward (1998b) found that girls 

were much less positive about ‘forces’. Murphy and Beggs (2003) found that boys were 

significantly more positive about ‘forces and friction’. The current study shows that 

there is no significant difference between boys and girls for ‘pushes and pulls’ and it 

features in the bottom three for both groups. However, it is important to note that the 

language may have been misleading. For example, children may have associated ‘pushes 

and pulls’ with playground behaviour.  

 

The majority of studies about topic preference, especially in relation to older pupils, 

have discussed differences with respect to individual science subjects. Particular 

emphasis is placed on negative attitudes towards ‘physical science’, especially among 

girls (Bennett, 2001, p63; Kahle and Meece, 1994). The effect on further/post 16 uptake 

of physical sciences is also discussed (Dekkers and de Laeter, 2001; Osborne and 

Collins, 2001; Woolnough, 1996). The decline in uptake of physical science among girls 

features strongly in many studies (Havard, 1996; Miller et al, 2006). Nelson et al (1990) 

reported that considerably more boys (25%) than girls (15%) completed physics courses 

in high school. 

 

A division of preference between science subjects for boys and girls, even at primary 

level, is mentioned in many studies. Harvey and Edwards (1980) found that interest in 

different types of science is established in children as young as 7 with boys much more 

interested in ‘physical science’. Harvey and Edwards reached this conclusion because 

they found that divergent interest in different types of science did not change 

significantly in their 9/10, 10/11 and 11/12 year old age groups. Three years later, 

Ormerod and Wood (1983) substantiated these claims by concluding that boys’ 
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preference for ‘space’ and girls’ preference for ‘nature study’ was already formed in the 

minds of 10/11 years olds. It is important to note that parallels have been drawn on the 

basis of physical science as ‘space’ only. Ormerod and Wood’s (1983) ‘space’ and 

‘nature study’ items included out of school activities which may have appealed to boys 

and girls at that time (for example: watching Dr Who, the possibility of going to the 

moon, aircraft displays, watching birds, growing plants). The current study suggests that 

boys and girls in primary school may be interested in and show a preference for similar 

school based science topics taken from the national curriculum (Table 5.1).  

 

Johnson (1987) and Joyce and Farenga (1999) also found that boys were more positive 

about physics and girls preferred biological aspects. Once again, Johnson (1987) was 

referring to ‘chosen pastimes’ in relation to subject choice when children are older. 

Joyce and Farenga’s (1999) work also stated that boys were more enthusiastic about 

participating in physical science activities in relation to informal science experiences. 

Craig and Ayers (1988) discussed the issue of how out of school activities can affect 

attitudes to science content. Their questions about science topics therefore included 

wording that was similar to the current study (‘like to know more’ with reference to 

school work). Nevertheless, Craig and Ayers (1988) still reported that primary girls 

liked ‘biology topics’ more and boys preferred ‘physics topics’. Such a definite trend is 

not evident in the results from the current study. In fact, two of the top three topics for 

boys and girls were biology related (‘keeping healthy’ and animals’) and two of the least 

preferred topics for both genders could be considered physical science (‘pushes and 

pulls’, ‘the seasons’, ‘light’). Although Woodward and Woodward (1998b) and Dawson 

(2000) found that boys were positive about aspects of biological science in school, both 

studies still report a gender difference with respect to physical sciences.  

 

Perhaps such an informal division and comparison of preference related to individual 

science subjects should be viewed with caution, especially at primary level. The findings 

in Table 5.1 suggest that boys and girls preferences for primary science topics may be 

related to other factors and not just their association with a particular type of science. 

Qualter (1993, p315) used cluster analytical techniques to group topics based on the 
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pattern of pupils’ responses and also found that ‘the most popular topics with all pupils 

were biological’. Qualter (1993, p315) rejected the notion that positive responses were 

related to ‘broad categorization of topics into biological/physical’ and that their 

responses were related to ‘topics which they see as relevant to their interests’. Indeed, 

the most popular topic for boys and girls in the current sample (‘keeping healthy’) is of 

current interest in society and has received a lot of media attention and focus in schools. 

Children may feel that ‘keeping healthy’ is of ‘personal worth’ (Reiss, 2000) and like 

finding out more about it. Haussler et al (1998) found almost no difference in the 

interests of boys and girls for certain aspects of physics: explanations of natural 

phenomenon and how physics can help humans. Osborne and Collins (2001, p457) also 

found that boys and girls were interested in ‘space’ and ‘the Earth and the Solar system’. 

Indeed girls in the current sample were more enthusiastic than boys about ‘how daytime 

happens’, a topic which also relates to natural phenomenon. 

 

Although the ‘parts of a flower’ features in the least preferred topics for both boys and 

girls, the dislike is more significant among the boys in the current sample (Table 5.1). 

Dawson (2000) specifically asked the children in his sample about ‘the different parts of 

flowers’ and also found a more apparent dislike of this topics among boys. Andre et al 

(1999) linked girls’ negative attitudes towards ‘physical science’ to a preference towards 

and better ability in reading when compared with boys. Murphy and Beggs (2003) found 

that children in their sample disliked the ‘parts of a flower’ and attributed this to the 

naming of obscure parts. Girls in this sample may be a little more positive about the 

‘parts of a flower’ because they can contend with the more difficult language. 

 

5.2.2 Age 

There was a gradual decline with age in positive attitudes to 15 out of the 18 science 

topics. The most significant decreases in positive responses which began between the 

youngest age groups occurred for the topics ‘how you grow’, ‘seasons’, ‘different 

materials’, ‘plants’ and ‘pushes and pulls’ (Figure 5.2). 
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Figure 5.2: The percentage of positive responses and mean values, with respect to age band, for 

science topics which evidenced a decrease in popularity beginning with younger age groups [*sig. 

at p<0.05, **sig. at p<0.01, ***sig. at p<0.001].    

 

 

The topics which evidenced a significant decline between older age groups were 

‘animals’, ‘heating and cooling’ and ‘the parts of a flower’ (Figure 5.3). 
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Figure 5.3: The percentage of positive responses and mean values, with respect to age band, for 

science topics which evidenced a decrease in popularity between older age groups [*sig. at 

p<0.05, **sig. at p<0.01].    
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Many studies on attitudes towards science report a decline with age, especially during 

secondary schooling (Whitfield, 1979; IEE, 1994; Hendley et al, 1996). Schibeci (1984), 

in his review of attitudes literature, cited a few studies carried out more than 20 years 

ago which included younger children. These studies reported a decline in positive 

attitudes towards science by year group. Ayers and Price (1975) looked at open and 

closed responses and found that fourth grade (primary 5) children gave more positive 

answers than children in fifth (primary 6) and sixth (primary 7) grades. However, the 

items used by Ayers and Price (1975) did not reference specific school based science 

topics and most items mentioned ‘science’ in general. Johnson (1981) discussed a 

decrease in attitudes from nine to 13 in relation to the National Assessment of 

Educational Progress (NAEP, 1979). Yager (1983) reported that the NAEP data showed 

that younger children were more positive about science and how their teachers deliver 

science in elementary (primary) school. As with the work carried out by Ayers and Price 

(1975), Johnson (1981, p41) pointed out that the NAEP questions were ‘very general’. 

Schibeci (1984) cited studies which reported no decline with year group, but these were 

mainly about older students. George (2006) stated that the decline begins in middle 

school as apposed to primary level. Unlike the older studies (Ayers and Price, 1975; 

Johnson, 1984) the current study considered specific curriculum based science topics 

and has suggested that a decrease in attitudes towards specific topics may be taking 

place at a very young age, during primary school (Figure 5.2) 

 

Many studies report a decrease in positive attitudes towards science on entering 

secondary school. Yager and Penick (1986, p357) described how nine year old children 

were more positive about their science lessons and teachers when compared with 13 year 

olds. They concluded that there was ‘a major decline’ in positive attitudes for the 13 

year olds in the sample (Yager and Penick, 1986, p357). Hadden and Johnstone (1983, 

p429) compared the same children’s attitudes in secondary school with their attitudes in 

their last year of primary school and concluded that there was ‘some erosion of 

favourable attitudes to science’. Smail and Kelly (1984) alluded to the idea that children 

will enter secondary school with positive attitudes to science. Many studies then report a 

decline in positive attitudes to science during secondary school (Simpson and Oliver, 
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1985; Doherty and Dawe, 1988). Breakwell and Beardsell (1992, p194) reported that 

children between 11 and 14 became more negative about school science ‘irrespective of 

peers or parents’. It is important to note that the work carried out with older children 

mentioned ‘science’ generally and not the specifics of science topics. For example, items 

have included many aspects from ‘science interests and activities’ to ‘interest and 

enjoyment of science’ (Smail and Kelly, 1984). Both reviews by Osborne et al (2003) 

and Smith (2000) stated that these studies found attitudes towards science were most 

positive before or at age 11 and then decline significantly with age. Figures 5.2 and 5.3 

indicate that a decline in positive attitudes to specific science topics, as opposed to 

‘science’ in general, may begin before age 11. Children may begin to feel less positive 

about specific aspects of science at a younger age than previously thought. 

 

In a 1979 review of literature Ormerod and Duckworth pointed out the importance of the 

earlier years in the formation of attitudes to science, specifically between the ages of 

eight and 13/14 years old. In other words upper primary school is a time when children’s 

attitudes to science may be forming.  Primary school years are ‘fundamental’ to 

children’s further interest in science (Woodward and Woodward, 1998a). Jarvis and Pell 

(2002) cited studies which suggest that children’s early experiences of formal science 

affect future interest and achievement (Germann, 1988; Weinburgh, 1995). 

Nevertheless, considerably less work on attitudes has been carried out recently with 

children at primary level (Jarvis and Pell, 2002). Andre et al (1999, p735) pointed out 

that studies about younger primary children ‘have been relatively rare’. There is some 

evidence for a decline in positive attitudes towards science among upper primary school 

children (Hadden and Johnstone, 1983). Murphy and Beggs (2003) reported that 8/9 

year olds had more positive attitudes to school science than 10/11 year olds. Similarly 

Osborne et al (2003, p1060) claimed that Hadden and Johnstone’s (1983) data  

 

show no improvement in attitude towards science from the age of 9 

onwards 

 

Pell and Jarvis (2001, p859) conducted a study with children in every year group from 

one (primary 2) to six (primary 7) and, unlike studies which compare children in a few 



 

 120 

intermittent year groups, their findings showed ‘graphically the year-on-year 

deterioration’ of attitudes towards science. The current study is not longitudinal and it 

cannot be concluded that children’s attitudes towards science topics decline as they 

progress through school. Findings from the current study (Figure 5.2) suggest that 

significant deterioration in attitudes towards some science topics appears to begin as 

early as 6/7 years old.  

 

Children of all ages responded similarly about other topics: ‘keeping healthy’ and ‘your 

body’. The percentage of positive responses in relation to ‘how to look after our 

environment’ increased with age (Figure 5.4). 
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Figure 5.4: The percentage of positive responses and mean values, with respect to age band, for science 

topics which did not evidence a decrease in popularity with age.  

 

Baram-Tsabari and Yarden (2005) found an increase with age in interest for human 

biology among Israeli elementary students. Kelly (1986) also reported that 11 year old 

children became more interested in learning about human biology within her two year 

study. All of the topics in Figure 5.4 could be considered ‘human biology’. Again, this 

brings to light the importance of the link between maintaining interest by making 

science relevant and important in children’s lives (Murphy and Beggs, 2003).  All three 

topics could be deemed of current interest and awareness in society – the importance of 
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healthy lifestyles, awareness of global warming and the importance of recycling to name 

a few. Qualter (1993, p314) found that the interest in ‘biological content’ was more to do 

with ‘the perceived importance of the topic to the welfare of living things’. The topics in 

Figure 5.4 are all clearly associated with living things.  

 

Kelly (1986, p405) suggested that a declining interest in ‘nature study’ may have come 

about because they seem rather ‘childish’. This may be the case with the declining 

interest in ‘seasons’ (Figure 5.2). Murphy and Beggs (2003) suggested that repetitive 

revision of topics for national tests may contribute to a decline in positive attitudes 

between year groups. The topic of ‘seasons’ is repeated every year in one respect or 

another during primary schooling, which may account for a decline in interest. Bennett 

(2001, p63) stated that the evidence from literature suggested ‘the decline is most 

marked for physical science subjects’. For example, a longitudinal study of 11 to 16 year 

olds carried out by Haussler and Hoffman (2000) concluded that there was a decline in 

interest in physics. As with the findings related to gender (section 5.2.1) one cannot 

conclude that a decline in positive attitudes towards topics in primary school is simply 

related to topics that are in the realm of physical science. In fact, ‘how to grow’, ‘the 

seasons’ and ‘plants’ can not be considered so. Osborne and Collins (2001) found that 

repetition was a major factor contributing to 16 year old pupils’ lack of interest, with 

repetition of topics from earlier years as part of this. Osborne and Collins (2001) cite a 

lack of familiarity with the teaching of primary school science as an issue (Galton et al, 

1999). The dislike of primary topics that are repeated every year (‘seasons’ and ‘plants’) 

suggest that teachers in primary schools may need to take into account how these topics 

are taught in other primary year groups. The dislike of repetition may start earlier than 

secondary school. 

 

5.2.3 Age and gender 

Numerous studies report a relationship between age and gender: girls’ interest impact 

upon an increase in positive attitudes towards biological science and a decrease in 

positive attitudes towards physical sciences. Woodward and Woodward (1998b, p398) 
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stated that, by the end of primary school, girls’ preference for biological topics is clear 

and their ‘antipathy for physical science is obvious’. Adamson et al (1998) found that 

boys tend to focus their science projects on physical science by early 

elementary/primary school. Johnson (1987, p477) stated that, by the age of nine 

 

boys have been found to express a preference for the physical sciences while girls 

claim a preference for biological science 

 

Therefore, with respect to the current study, there is a possibility that gender differences 

have resulted in the significant decline with age and/or no decline in positive attitudes 

towards specific science topics. 

 

There were significant differences with respect to both genders for four out of five topics 

which evidenced a decrease in popularity between younger age groups (Figure 5.5). 

There were significant differences for boys and girls between the ages of 4/5 and 6/7 for 

‘seasons’. There was a decline between every age band for boys’ positive attitudes 

towards ‘seasons’. Girls and boys aged 8/9 were significantly less positive about 

‘plants’. Girls aged 6/7 were also less positive about ‘how you grow’, ‘different 

materials’ and ‘plants’ compared to 4/5 year old girls.  
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Figure 5.5: The percentage of positive responses, with respect to age band and gender, for science topics 

which evidenced a decrease in popularity between the youngest age bands. Significant values are related 

to differences between age bands for boys and girls [*sig. at p<0.05, **sig. at p<0.01,***sig. at 

p<0.001]    

 

 

Boys aged 8/9 were significantly less positive about ‘pushes and pulls’ than 6/7 year old 

boys (Figure 5.5). Girls aged 8/9 were significantly less positive about ‘the parts of a 

flower’ than 6/7 year old boys (Figure 5.6). 
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Figure 5.6: The percentage of positive responses, with respect to age band and gender, 

for science topics which evidenced a decrease in popularity between the older age 

bands. Significant values are related to differences between age bands for boys and 

girls [**sig. at p<0.01]    

 

 

There were few significant differences between girls and girls of different ages for the 

topics that children felt similarly about (Figure 5.7). The only exception was that boys 

aged 8/9 were significantly less positive about ‘keeping healthy’ than boys aged 6/7 

(Figure 5.7).  
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Figure 5.7: The percentage of positive responses, with respect to age band and 

gender, for science topics which did not evidence a decrease in popularity with age. 

Significant values are related to differences between age bands for boys and girls 

[*sig. at p<0.05] 

 

 

Although the topics ‘how you grow’, ‘seasons’ and ‘plants’ could be considered 

biological, it is important to note that neither ‘how you grow’ nor ‘plants’ featured in the 

bottom three topics for boys (Table 5.1). Younger girls also evidence a sharp decline in 

positive attitudes towards ‘how you grow’, ‘seasons’, ‘different materials’ and ‘plants’.  

Boys showed no significant preference for ‘pushes and pulls’ in any of the age bands. In 

fact, older boys were significantly less positive about this ‘physical science’ topic. These 

findings show that, during the primary years, it is not just girls that are causing the 

‘erosion of interest in science’ (Hadden and Johnstone, 1983, p317). The data in Figures 

5.5 and 5.6 and 5.7 suggests that erosion in interest towards some topics is taking place 

at a younger age for girls (6/7 years old). More topics evidenced a significant decline for 

older boys (aged 8/9) when compared to girls aged 8/9 years old. These findings support 

the work of Murphy and Beggs (2003) who found that age was a more significant factor 

in the decline of positive attitudes towards science. The current study also suggests that 
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there is a decline in positive attitudes towards science topics for boys and girls. This 

decline may take place at different ages for boys and girls.  

 

As girls progress through primary school they are not interested in all biology topics 

(Qualter, 1993). They do not necessarily reject all physical science topics, as suggested 

by Bennett (2001, p63) and Kahle and Meece (1994). Likewise, as boys progress 

through primary school they do not progressively focus on physical topics alone, as 

discussed by Adamson et al (1998). In fact, two out of the three most popular topics for 

boys were biological (Table 5.1) and it was 8/9 year old boys who were less positive 

about ‘pushes and pulls’ (physical) and 8/9 year olds girls who were less positive about 

‘the parts of a flower’ (biological). A clear cut gender and divergence of interest in 

science areas (Harvey and Edwards, 1980; Andre et al, 1999) may not begin as early as 

primary school. Once again, this highlights the importance of a cautious approach, at 

primary level, for consideration of science topics in subject groups (Qualter, 1993). 

 

5.2.4 Science ability level  

There was little variance in attitudes towards science topics between children of 

different abilities. High ability children were significantly less positive (at p<0.01) about 

the ‘parts of a flower’ and medium ability children were significantly more positive (at 

p<0.05) about ‘how you grow’, ‘materials’ and ‘pushes and pulls’.  

 

Schibeci (1984) stated that some studies reported that achievement influences attitudes 

(for example: Eisenhardt, 1977) and others supported that attitudes influence 

achievement (for example: Schibeci and Riley, 1983). Weinburgh (1995, p387) found 

that when children were selected on the basis of achievement ‘a positive attitude results 

in higher achievement’. However, Hadden and Johnstone (1982) found that levels of 

intelligence made no difference to interest in science.  

 

It is important to note that the ‘ability levels’ in the current study were teacher assessed. 

Hadden and Johnstone (1983, p405) found that children who were assessed as high 
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ability by the teachers had a higher ‘potential enjoyment of science’. Harty and Beall 

(1983) also found that ‘gifted’ students in fifth grade (primary 6) had more positive 

attitudes towards science. Later studies also reported a negative association between 

attitudes to science and low achievement in science (Murphy and Beggs, 2003; Shrigley, 

1990; Spector and Gibson, 1991; Weinburgh, 1995). Mortimore et al (1988) found a 

weak relationship between attitude and achievement. The current study suggests that 

during primary school there is little difference in attitudes towards science topics for 

children of a high ability. In fact, children of a medium ability were more positive about 

three science topics. 

 

5.2.5 Socio economic group 

There was little variance in attitudes towards science topics between children of 

different socio-economic groups. Children who were entitled to free school meals were 

significantly less positive about ‘plants’.  

 

Osborne et al (2003) stated that there are ‘conflicting results’ for a possible relationship 

between socio-economic class and attitudes towards science, the majority of studies find 

no relationship. However, Breakwell and Beardsell’s (1992) study with 11-16 year olds 

found that children with a lower socioeconomic status had more positive attitudes 

towards science. Nevertheless, the findings from the current primary sample indicated 

that there is little difference between children of different socioeconomic groups with 

regard to their attitudes towards science topics. 

 

5.2.6 School and class group 

The overall mean value for attitudes towards science topics was compared with respect 

to school. Children in Oldtown PS were significantly less positive (at p<0.001) and 

children in Downtown PS were significantly more positive (at p<0.05). See Figure 5.8. 
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Figure 5.8 The overall mean value for attitudes towards science topics for each 

of the six schools. Significant values represent difference between a particular 

school and all the other schools in the sample [*sig. at p<0.05, ***sig. at 

p<0.001]    

 

 

Furthermore, Oldtown PS, when compared with the other five schools, had significantly 

less positive attitudes towards eight of the 18 science topics (Figure 5.9). 
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Figure 5.9: The percentage of positive responses, mean values and significant differences for the 

science topics which evidenced significant differences between Oldtown PS  and the other schools 

[*sig. at p<0.05, **sig. at p<0.01, ***sig. at p<0.001].   

 

 

Individual classes were compared with their counterparts in other schools (using 

ANOVA). That is, children in each primary group were compared with children in the 

same primary in other schools. Of the topics that evidenced a significantly less positive 

attitude, it was the children in Oldtown PS who accounted for the majority in P1, P3, P4 

and P6 (Figure 5.9). There were no significant differences between P7 groups for any 

topics. 

 

Children in P2 in Southtown PS were significantly less positive about ‘how you grow’ 

(at p<0.05) when compared with other P2 classes. Children in a P4 class in Midtown PS 

were significantly less positive about ‘how you grow’ (at p<0.05) and a P6 class in 

Midtown PS were significantly less positive about ‘energy’ (at p<0.01). Woodward and 

Woodward (1998b) suggested that teachers’ confidence in teaching physical science 

must be increased in order to improve children’s attitudes. However, attitudes towards 

the topic ‘how you grow’ was significantly less positive in individual classes in more 

positive schools (Southtown PS and Midtown PS). The topic ‘how you grow’ is not a 
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physical science topic. Lack of teacher confidence in teaching science has been 

highlighted as an issue in primary science (Harlen et al, 1995). Pell and Jarvis (2002) 

suggested that improving the knowledge and teaching strategies of teachers could help 

improve children’s attitudes. The current study suggests that the topics disliked by 

individual classes in otherwise ‘positive’ schools differ and are not simply related to 

complex scientific understanding (for example ‘how you grow’). It is important to note 

that Murphy et al (2005, p15) found that teacher’s confidence in certain topics ‘did not 

always mirror children’s experience’. For example, teachers were ‘most confident’ in 

teaching the lifecycle of a flowering plant but primary children found learning the names 

of the parts of a flowering plant ‘one of the most difficult tasks they encounter’ in 

science lessons (Murphy et al, 2005, p15). Therefore, findings from the current study 

should be viewed with caution as only two topics (‘how you grow’ and ‘energy’) were 

found to be significantly less positive in only three classes which belonged to ‘positive’ 

schools. 

 

The fact that classes in Oldtown PS accounted for the majority of significantly less 

positive attitudes towards science suggest that the school (as opposed to class) may have 

a more significant effect on attitudes towards science topics. Hadden and Johnstone 

(1983) found no significant difference in attitudes towards science topics between 

primary school pupils’ who had confident teachers and those which did not. The 

majority of research around classroom/teacher effects on attitudes to science has been 

carried out in secondary schools. Studies have raised issues around effective pedagogy 

(Simpson and Oliver, 1990), extra-curricular experience, in-class activities and subject 

specialists (Woolnough, 1994) as well as a happy atmosphere to aid learning (Osborne 

and Collins, 2001). Perhaps at primary school, where children do not experience 

separate science classes and spend their time with one teacher, the effects of 

classroom/teacher factors on science are less marked. Harvey (1985) concluded that 

teachers play a key part in establishing children’s attitudes because of the difference 

between classes. Once again, Harvey’s study was carried out in secondary schools and 

its aim was to compare single and mixed sex schools and groupings for science. Harvey 

(1985) did not specify the ‘schools’ in which the differences occurred. All of the schools 
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in the current study involved mixed sex primary schools where the classroom/teacher 

effect may be less dramatic. Papanastasiou’s (2002) study included younger children and 

found that the strongest influence in attitudes towards science was teaching and that 

school climate had a strong direct effect on teaching. Papanastasiou (2002) concluded 

that the ‘problem of science attitudes is multidimensional in nature’. Thomas et al 

(2000) took into account various background variables and still found that attitude 

difference between schools was greater at primary level when compared with secondary 

level. Tymms (1999) also reported that the primary school children attend makes a 

difference to their attitudes. However, he points out that such a general pattern masks 

variations between individual pupils, for example, the difference between boys and girls. 

Indeed, in the current study, gender and age were more significant determinates of 

difference in attitudes to science topics than class and/or school group.   

 

Tymms (1999) alluded to the idea that variance was not associated with LEAs, classes or 

schools because children responded in relation to life more generally. Both studies by 

Thomas et al (2000) and Tymms (1999) were not science specific. Findings from the 

current study would suggest that a whole school ‘attitude’ to science topics contribute 

greatly to the attitudes of children in particular primary schools.  

 

With reference to Oldtown PS in particular, I was aware of an affected atmosphere in the 

school. It was due to close. The teachers were discussing closure, there was a meeting 

for parents during the data collection week and some children mentioned that they were 

getting ready to go to ‘different schools’. Kelly (1986, p416) found that the atmosphere 

of a school, or its ethos ‘can have a marked impact on pupils’.  

 

Hadden and Johnstone (1983) found that children who are assessed as high ability by 

their teachers may enjoy science more. However, Weinburgh (1995) argued that children 

who already have a positive attitude will achieve higher grades in science. It is important 

to note the schools with the least number of children assessed as ‘high ability’ were 

Oldtown PS (20%) and Downtown PS (27%). The children in Downtown PS were 

significantly more positive about science topics (Figure 5.8). This may suggest that 
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factors other than teachers assessed ability have contributed to the significantly less 

positive attitudes towards science topics exhibited by children in Oldtown PS. 

 

Smyth and Hannon (2002) indicated that science uptake is higher in schools which put 

emphasis on practical science and student participation in the classroom. Although this 

study was carried out with older students it is important to note that children in Oldtown 

PS did not mention practical activities as much as children in other schools. As a 

comparison children in Southtown PS mentioned a greater number and variation of 

practical activities in their open responses. Southtown PS was involved in a research 

project on co-teaching which incorporated more practical work (Murphy et al, 2004). 

Murphy et al (2004) concluded that the increased enjoyment of science was as a result of 

investigative science teaching as well as co-teaching. However, that a lack of practical 

work in Oldtown PS resulted in less positive attitudes towards science is a tentative 

conclusion. More work would need to be carried out to consider this possibility.  

 

This section considered children’s attitudes towards curricular science topics through 

analysis of closed questions. Campbell (2001) found that children talked about what they 

enjoyed in relation to how it was taught instead of what was taught (for example, actual 

topics). Hadden and Johnstone (1983b) only found a gender difference for five science 

topics. Hadden and Johnstone (1983b) suggested that a gender difference in attitudes 

towards science cannot be based on children’s attitudes towards science topics and that 

other factors must be considered. Christidou (2006) pointed out that the literature 

identifies various factors which effect students’ interest and involvement in science. 

Science subjects and specific topics are among these factors which are strongly related 

and cannot be considered in isolation (Christidou, 2006). It is therefore important that 

conclusions about children’s attitudes to science are not based on closed questions about 

topics alone. Osborne and Collins (2001, p442) have criticised the use of questionnaires 

to reduce a ‘multifaceted and interdependent construct’ to quantitative dimensions that 

are easily measured (Gardner, 1975). Papanastasiou (2002, p81) stated that the ‘problem 

of science attitudes is multidimensional in nature’. For example, Fraser and Butts (1982) 

concluded that their empirical evidence was not enough to assert a relationship between 
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attitudes and achievement. The subsequent sections will therefore consider the findings 

from analyses of a mixture of open and closed questions about enjoyment of school 

science, importance of science and its perceived difficulty.  

 

5.3 Interest in and enjoyment of school science  

Generally the children in this research responded that they enjoyed science in school. A 

high proportion of children responded that science lessons were interesting, that they 

liked science lessons and solving science problems (Figure 5.10).  
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Figure 5.10: The percentage of positive responses and mean values for the three most positive and 

three least positive items related to ‘interest in and enjoyment of school science’ 

 

 

However, children were much less positive when comparing science with other school 

activities. Far fewer wanted more science lessons or science clubs, and only one in three 

said they liked science more than other lessons (Figure 5.10) 

 

Several subject preference studies at secondary level cite science (especially chemistry 

and physics) as one of the least popular school subjects (Whitfield, 1980; Ormerod and 

Duckworth, 1975; Havard, 1996). Osborne et al (2003, p1056) stated that the 

‘fundamental problem’ with ranking is that it is a ‘relative scale’. In other words, a 

‘positive’ child who ranks science last may be more positive about science than a 

‘negative’ child who ranks it first. Hendley et al (1996) considered the subject 

preferences of pupils in Key Stage 3 with open questions as opposed to ranking (for 
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example: ‘which three subjects to you like best/least?). They reported that science was a 

‘love-hate’ subject because it was the most disliked subject and also one of the most 

liked (Hendley et al, 1996). Children in the current study were not asked to directly 

compare subjects or list their preferences. It is therefore interesting to note that primary 

children are positive when ‘science’ is mentioned and may be positive about their 

meaning of ‘science’ (Figure 5.10). However, they are less positive when asked about 

devoting more time to science (including after school time) and about science compared 

with other primary school subjects (Figure 5.10). Children in this sample were not 

committed to after school science and Tamir (1990, 1991) found that involvement in 

informal out of school science, for example after school discussions, is strongly related 

to commitment to science and its relevance. Therefore, open questions were used to 

probe what it is children actually like and dislike about school ‘science’. 

 

Responses to the open questions about interest and enjoyment were categorised as 

positive, neutral or negative [Chapter 4, Methodology, section 4.6.5 (i) other analyses]. 

Each set of positive, neutral and negative responses to each question relating to ‘interest 

in and enjoyment of science’ were then coded. Table 5.2 details the most common coded 

responses given by the children in the current sample for questions about ‘interest in and 

enjoyment of science’. The percentage of coded sections for each response has also been 

included. The percentage of coded sections  
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Table 5.2 Details of the most common responses and the 

percentage of coded sections for each of the open 

questions related to ‘interest in and enjoyment of school 

science’ 
 

 

What do you like best about science? Why? 

Response % of coded sections 

Fun 17 

Experiments 14 

Learning 13 

 

Is there any part of science you have not liked? Why? 

Response % of coded sections 

Writing 22 

Hard 14 

Plants  7 

 

Do you think you do too much writing in science? Why? 

Response % of coded sections 

Too much/a lot 37 

Writing up experiments 21 
 

 

Overall the children in this sample gave the most positive responses for what they liked 

best about science [Appendix 8(i)]. The most frequently mentioned word was ‘fun’ 

(17% of coded sections), how they liked ‘experiments’ (14% of coded sections) and that 

science was good for ‘learning’ (13% of coded sections): 

 

girl (aged 7): The discovery of it…because you get to know better things 

and it’s fun and it’ sometimes hard but it’s fun when it’s hard 

cause you get to know better things.  

girl (aged 8): I like science’s amazing investigation because you learn about 

science and have fun  

boy (aged 10): I like doing experiments because it is good to see different 

outcomes  

 

Murphy and Beggs (2003) also found similar responses to the same open questions. 

Freedman (1997) found that laboratory work had a positive impact on the attitudes of 

boys and girls in six high school classes. Dawson (2000, p562) concluded that children 

in their 1997 sample were more interested in ‘experiential learning activities’. 
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The highest percentage of negative responses was in response to ‘do you think you do 

too much writing in science?’ [Appendix 8(i)]. Children most frequently mentioned that 

the writing was too much/a lot and that they dislike writing up experiments:  

 

girl (aged 8): Yes, because you have to do lots of sentences and after that 

you have to do about three more  

boy (aged 10): Yes, because there’s an awful lot to do in science and you 

have to write a conclusion and stuff  

 

The children in Murphy and Beggs’ (2001) study also mentioned a dislike of writing. 

Teachers also feel that children’s enthusiasm for science declines when they are asked to 

write reports about their practical work or recording in the form of writing (Murphy et 

al, 2005). 

 

5.3.1 Gender 

Girls were slightly more positive than boys regarding science interest and enjoyment. 

They were significantly more positive than boys about joining an after school science 

club, revising for science tests and doing work with fair testing (related to experiments 

and not ‘examination’ testing). Significantly more girls than boys thought that all 

children should have to learn science at school (Figure 5.11). 
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Figure 5.11: The percentage of positive responses, mean values for the ‘interest in and enjoyment of 

school science’ items which evidenced significant differences [*sig. at p<0.05, **sig. at p<0.01, 

***sig. at p<0.001].  
 

 

Overall, girls gave more positive responses than boys in the open questions [Figure 5.12, 

more detail in Appendix 8(ii)].  
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Figure 5.12: The overall percentage of positive 

responses for all the open questions related to 

‘interest in and enjoyment of school science’ with 

respect to gender 
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The quality of open responses indicated that girls more frequently talked about the 

‘learning’ in science [Appendix 8(iii)]: 

 

girl (aged 8): You get to learn things, to know different things  

girl (aged 7): It makes you smart and it is fun, you get to feel things 
 

The most varied responses given by boys and girls were related to what they have not 

liked about science. Analysis of the children’s negative responses revealed that the 

majority of the answers given by boys were that elements of science were hard and that 

they did not like plants. Although girls were generally more positive, a greater 

percentage of girls’ negative responses were about writing [see Appendix 8(iv)]. 

 

girl (aged 8): I don’t like writing because I spent more time writing and not 

learning 

boy (aged 8): Everything, because it is very, very, very, hard 

boy (aged 10): Plants, because it’s complicating  

 

When the children were asked specifically about writing in science, both boys and girls 

talked about how much writing they had to do and about how they disliked writing up 

experiments. More girls mentioned that there was too much or a lot of writing [see 

Appendix 8(v)]. 

 

girl (aged 8): Yes, because I always have to write far too much about the 

investigations  

girl (aged 11): Yes, because we have to do loads  

boy (aged 8): Yes, because there’s these sections like method, blah, blah, 

equipment things. Takes ages to write and it’s boring. Does 

my head in.  
 

Research findings from other studies disagree about whether girls or boys have more 

positive attitudes to science. Table 5.3 outlines various studies which addressed the 

effect of gender. I have grouped the findings from the studies into three categories: ‘girls 

more positive’ in their attitudes towards science than boys, ‘boys more positive’ in their 

attitudes towards science than girls and ‘no difference’ between boys and girls. In an 

attempt to give an overall picture of the context of the studies in Table 5.3, details of the 
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samples and methodologies used have been included. The final column in Table 5.3 

outlines the corresponding findings from the current study. 
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Table 5.3: An overview of findings from other studies and the current study which consider children’s attitude to science with respect to 

gender 
 

 Author(s), 

date 

  

Sample/methodology Findings The current study 

Girls more 

positive 

Murphy and 

Beggs (2001) 

 

- Approximately 1000 

children in N.Ireland and 

650 children in England 

- Open and closed 

questions 

 Significantly more boys in 

English schools thought they 

did too much written work in 

science (closed question) 

 Girls were more negative about writing in 

their open responses. 

 A sweeping conclusion about how positively 

boys and/or girls respond to one type of 

question should be viewed with caution 

 Pell and Jarvis 

(2001) 

- 800 children aged 5-11 

years old 

- Likert scales with one open 

ended question on ‘good’ 

and ‘bad’ things about 

science 

 The ‘attitudes of girls as 

science investigators are 

significantly more positive 

than boys’ (p854) 

 Girls’ closed responses reflect this (Figure 

5.11) and their open responses reflect a 

liking of practical/investigative science 

[Appendix 8(iii)]. 

Boys more 

positive 

Hadden and 

Johnstone 

(1982) 

 

- More than 1000 upper 

primary school 

- Open and closed questions 

 Boys could project their 

interest in science into 

practical or applied forms 

 Boys more aware of the 

value of science for a career 

 When given the chance to mention anything 

– girls almost as keen on experiments as 

boys  and mention science for learning more 

than boys [see Appendix 8(iii)] 

 Significantly more girls see the value of 

doing science at school (Figure 5.11) 

 Harvey (1985) 

 

- 2900 first year secondary 

school children (with two 

terms of formal science) 

- Closed questions only 

 Boys were generally more 

positive about science and 

practical components in 

particular 

 Open responses suggest that both boys and 

girls talk about practical work 

 Girls were significantly more positive about 

fair testing (Figure 5.11). Do boys and girls 

like particular aspects of practical science? 

 Kelly (1988) 

cited in 

Dawson (2000) 

- Third year secondary 

pupils 

 

 Suggested that practical 

work and less not taking 

would be particularly 

popular with boys. Dawson 

(2000) substituted this with 

‘particularly popular with 

girls’. 

 The positive findings related to girls and 

practical work suggests the need for caution 

when comparing with older studies 

 Hendley et al 

(1996) 

 

- Subject preferences of 4263 

pupils aged 13-14 years old 

- Semi structured interviews 

and Likert scales 

 

 Girls ‘were more 

forthcoming in their 

criticisms’ and boys were 

‘more forthcoming in their 

praises’ (p184) 

 Boys were more positive in relation to 

positively worded open questions (what do 

you like best about science?) and girls were 

particularly negative about certain aspects, 

for example, writing. 
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 Murphy (1997) - Summary of research 

linking attitudes, 

achievement and early 

experiences 

 Early experiences related to  

attitudes and achievement in 

science (especially physics) 

and cultural expectations and 

‘how these are reflected in 

the organisation and values 

underpinning the school 

curriculum and its 

assessment’ (p125) 

 Girls are more positive overall in their open 

and closed responses in primary school 

(Figures 5.11 and 5.12) – must foster this to 

help keep girls positive about science as 

they move into secondary school. 

 Woodward and 

Woodward 

(1998) 

- Three surveys in 1991, 

1993 and 1995 of children in 

their last few weeks of 

primary school, 120 children 

in each sample year 

- Open and closed questions 

 Girls ranked science lower 

than boys in all three years, 

bigger gap in 1991 (science 

not compulsory). 

 For the 1991 sample, it was 

suggested that girls are less 

equipped for science because 

of early play experiences and 

different outside hobbies and 

interests 

 Girls were just as keen on experiments and 

practical science as boys were and 

significantly more positive about certain 

aspects (fair testing, revising, after school 

club). 

 Dawson (2000) - Comparison of two 

samples in 1980 (753 

children) and 1997 (203 

children) 

- Closed questions on topics 

(five point scale) 

 Girls in 1997 showed a more 

noticeable decrease in their 

interest in passive and 

traditional learning activities 

when compared with their 

male counterparts (for 

example: ‘copy notes about 

science from the blackboard’ 

 This trend continues – girls today are 

making it very clear that they too like 

practical science, and especially dislike 

writing 

 

 Pell and Jarvis 

(2001) 

- 800 children aged 5-11 

years old 

- Likert scales with one open 

ended questions on ‘good’ 

and ‘bad’ things about 

science  

 Girls are significantly less 

positive than boys for 

‘science enthusiasm’ 

 Girls are less enthusiastic about writing in 

open responses but generally more positive 

overall - again, we need to consider the 

specific aspects/items within studies 

No 

difference 

Dawson (2000) 

 

- Comparison of two 

samples in 1980 (753 

children) and 1997 (203 

children) 

- Closed questions on topics 

 Boys and girls in the 1997 

sample were more interested 

in ‘experiential learning 

activities’ (p562) 

 

 Boys and girls are interested in different 

aspects of practical science. 

 At primary level girls are clearly voicing a 

liking for science (Figure 5.11, Figure 5.12) 

despite what teachers/older literature points  Murphy and 

Beggs (2003) 

- Over 1000 children aged 8-

11 
 Children mentioned 

‘experiments’ regardless of 
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 - Closed questions and the 

same open questions as 

current study 

gender out. 

 Girls are more negative about writing and 

boys are more negative about plants in their 

open responses  Murphy et al 

(2004) 

 

- 1286 upper primary school 

children 

- Open and closed questions 

on the impact of co teaching 

in primary classrooms 

 Partly attributed an increase 

in enjoyment of science to 

‘the focus on investigative 

science’ (p1033) 

 Boys and girls mention how 

much they like practical 

science 

 Murphy et al 

(2004) 

- interviewed 300 primary 

teachers followed up by 

focus group interviews 

 Teachers thought that gender 

was not a major issue in 

primary science, 80% 

disagreed that boys were 

more interested than girls but 

47%  ‘said they tried hard to 

get girls more involved in 

science’ (p21) 

 Maybe we need to revisit the idea of a 

“gender sensitive education” (Martin, 1985) 

to incorporate changes/thoughts of boys as 

well as girls. 
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Findings from the current study (in the last column of Table 5.3) show that the effect 

of gender within children’s interest in and enjoyment of science is complex. In the 

current study, girls were just as positive as boys about practical work in the open 

questions. Practical work is traditionally reported as a positive aspect of boys’ 

attitudes (Hadden and Johnstone, 1982; Harvey, 1985). Although girls were more 

positive overall in the closed responses they also voiced their dislike of writing in 

open questions. Findings from the current study would therefore suggest that it is 

important to consider what boys and girls say in open and closed responses. 

Conclusions about how positively boys and/or girls respond to one type of question 

should be viewed with caution. Also, boys and girls can think similarly about some 

aspects of science (practical work) and voice stronger attitudes towards others 

(writing, plants). Therefore, it is important to consider and put in context the specific 

aspect/items because boys and girls can respond positively or negatively to different 

things. Maybe we need to revisit the ideas of a ‘gender sensitive education’ which 

has traditionally attempted to engage more girls in science (Martin, 1985). The 

current study emphasises the importance of incorporating changes/thoughts of boys 

as well as girls.  

 

5.3.2 Age 

A more complex story emerges when the effect of age is considered. There was a 

decline with age for six items (Figure 5.13). There was a significant decline in the 

percentage of children who said they liked science lessons more than other lessons. 

This declined significantly (at p<0.05) between the ages of 6/7 and 8/9 years old. The 

older children (10/11 year olds) were significantly less positive (at p<0.001) about 

revising for science tests (Figure 5.13). 
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Figure 5.13: The percentage of positive responses and mean values, with respect to age band, for 

‘interest in and enjoyment of school science’ items which evidenced a decrease in positive 

responses with age [*sig. at p<0.05,***sig. at p<0.001] 

 

Osborne et al (2003) reported that there is some evidence for a decline in positive 

attitudes towards science at primary level (Murphy and Beggs, 2001; Pell and Jarvis, 

2001). However, exactly the same number of items (six) evidenced an overall 

increase in popularity with age (Figure 5.14). There was a gradual increase between 

age bands for three items and an overall increase between the youngest and eldest 

children for a further three items (Figure 5.14). Children aged 10/11 years old were 

significantly more positive than 8/9 year olds about how interesting they thought 

science was (at p<0.05) and about solving problems to do with science (at p<0.01). 

The sharpest increase in positive attitudes was in relation to ‘work with fair testing’. 

This increase occurred between younger age groups. Significantly more 8/9 year olds 

than 6/7 year olds (at p<0.01) said they liked doing work with fair testing (Figure 

5.14). However, it is important to note that 6/7 year old children are in Key Stage 1 

and may not have been taught about ‘fair testing’ in science. 
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Figure 5.14: The percentage of positive responses and mean values, with respect to age band, for 

‘interest in and enjoyment of school science’ items which did not evidence a decrease in positive 

responses with age [*sig. at p<0.05, **sig. at p<0.01].    

 

 

Older children were also more positive in their open responses to one item: what they 

like best about science. However, there was a decrease in positive responses with age 

for three of the open items [Appendix 8(vi)]. Older children were less positive about 

whether or not they have always liked science, what they have not liked about 

science and about how much writing they do in science. This supports the claim that 

there is a deterioration in interest in and enjoyment of science with age (Murphy and 

Beggs, 2001; Pell and Jarvis, 2001). In addition, the current study goes further to 

suggest that there is evidence for this deterioration in open responses. 

 

Although the percentage of positive responses in relation to what the children liked 

best increased with age less of the responses given by older children mentioned that 

science was fun. More of the responses given by 10/11 year olds included comments 

on experiments [Appendix 8(vii)]: 

 

aged 7 (boy): It’s fun, you get to look at things  

aged 11 (boy): I like real science with thermometers, I think it’s 

interesting  

aged 11 (girl): I like doing experiments with oil and fire and make things 

like fans move  

 

Murphy and Beggs (2003) also found that significantly more 10/11 year olds thought 

science was fun, in a closed response, when compared with 8/9 year olds (Figure 

5.15). 



 

 146 

 

 
Figure 5.15: Taken from Murphy and Beggs (2003, p112) Figure 2: Children’s enjoyment of 

school science 
 

Yager and Penick (1986, p357) compared closed responses from nine, 13 and 17 year 

olds pupils and found that ‘science classes are perceived as the most fun by 9 year 

olds’. The current study goes further to suggest that by age 10/11 fewer children talk 

about science as fun in open responses. Although their work was with students aged 

11-16, Haussler and Hoffmann (2000) found a decline in positive attitudes towards 

science. Haussler and Hoffman (2000) suggested that this decline was partly because 

the science curricula emphasises that science is very intellectual and academic, with 

facts that have to be learned. This trend may be beginning to appear in primary 

children, especially girls, in Northern Ireland. Figure 5.13 presents evidence for a 

significant decline in positive attitudes towards revision at 10/11 years old. Children 

also emphasised the academic benefits of science (in their open responses) from a 

very young age. This was more prevalent in the girls’ responses [Appendix 8(iii), 

(vii)]. C. Murphy et al (2006) compared the attitudes of children in Oman and 

Northern Ireland and found a greater decline in the positive attitudes of children in 

Northern Ireland. C. Murphy et al (2006) partly attributed this trend to the high-

stakes national tests (11 plus) and preparation for them, which involves revision of 

content instead of experiments. Boys and girls in the current study are also voicing 

the same thoughts: that they like experimental (particularly older children) and fun 

science and do not like revising for tests (particularly girls). Children’s positive 

thoughts on how science is helpful for ‘learning’ must also be carefully considered 

and positively nurtured to prevent a decline in interest and positive attitudes later in 

school (Power, 1981) and the general consensus that it is factual and unrelated to life 

(Haussler and Hoffmann, 2000). 

 

The sharpest decline with age was in relation to what the children have not liked 

about science, in particular between children aged 6/7 and 8/9 [Appendix 8(vi)]. 
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However, analysis of the children’s negative responses showed that a lower 

percentage of responses from 8/9 year olds are about the least liked aspects, writing 

and ‘hard’ science [Appendix 8(viii)]. This may simply suggest that 8/9 year olds 

talked about a greater variety of aspects. Indeed, the children’s quotes shown below 

highlight this.  

 

aged 9 (girl): Yes, I love science but sometimes there are a few bits I 

don’t understand and I don’t like not being able to 

understand  

aged 9 (boy): There is a part of science I don’t like and it is doing things 

over and over again 

aged 8 (boy): I have not liked working on eyecontect because it is hard  

aged 11 (boy):  Learning about the sunflower. It is not interesting and is 

like watching paint dry  

 

A higher percentage of negative responses from 10/11 year olds were about plants 

and all of the responses about plants came from boys. It is difficult to quantify ‘hard’ 

science from the responses given, nevertheless, evidence from the current study 

suggests that children aged 8/9 do not mention science as ‘hard’ when compared with 

children in the older and younger age bands.  

 

When asked about writing specifically, more children aged 10/11 talked about how 

they disliked writing up experiments [Appendix 8(ix)].  

 

aged 11 (girl): Yes, cause you have to write what you’re going to do and 

all before you do your experiment  

aged 10 (boy): Yes when you are writing up the aftermath  
 

Open responses evidence an apparent dislike of writing by older children in this 

sample, especially girls. Osborne and Collins (2001) also found that 16 year olds 

mentioned writing as boring and of little educational value. Wallace (1996) pointed 

out that such activity leads to students becoming bored, disenchanted and alienated 

because they do not have control over their own learning. Murphy and Beggs (2001) 

also found that older children thought they did too much writing in science. Such a 

negative view of writing in open responses merits attention given that children could 

have mentioned anything.  
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5.3.3 Age and Gender 

The six items which evidence a decline with age were analysed with respect to age 

and gender (Figure 5.16). Analysis of these six items emphasises the complexity of 

an apparent decline. Not all of the items evidenced a decline with age for boys and 

girls: ‘children should have to do science’ and ‘like doing science tests’. 
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Figure 5.16: The percentage of positive responses, with respect to age band and gender, for items 

related to interest in and enjoyment of school which evidenced a decrease in popularity with age. 

Significant values are related to differences between age bands for boys and girls [**sig. at 

p<0.01] 

 

There was a decline in girls’ positive responses about whether or not they liked 

science more than other lessons. There was a decline in boys’ positive responses 

between the ages of 6/7 and 8/9 for ‘do you like science lessons more than other 

lessons?’ but 10/11 year old boys were more positive (Figure 5.16). Likewise older 

boys were more positive about whether or not children should have to do science in 

school. There was a gradual decline with age in boys’ positive attitudes towards 

revising for science tests. Girls aged 8/9 were more positive about revising for and 

doing science tests than 6/7 year old girls. Nevertheless, 10/11 year old girls were 

significantly less positive (at p< 0.01) than 8/9 year olds girls about revising for 

science tests (Figure 5.16). 

 

One can not always conclude that all children became more positive for all six items 

which evidenced an increase (Figure 5.14). When these items are considered in 



 

 149 

relation to gender a slightly different and more complex pattern emerges (Figure 

5.17). 

 

0

10

20

30

40

50

girls boys girls boys girls boys girls boys girls boys girls boys

 'science lessons are

interesting'

 'like science lessons'  'like solving problems to

do with science'

 'like watching

programmes about

science on TV'

 'like more science

lessons in school'

 'like work with

fair testing'

gender

%
 o

f 
p

o
s

it
iv

e
 r

e
s

p
o

n
s

e
s

 6/7  8/9  10/11

*

**

**

*

*

 
mean (girls): 2.65   2.71   2.80   2.60   2.56   2.66    2.55   2.45   2.66      2.21   2.24  2.13      2.10   2.16   2.10      2.00   2.45   2.66 
      n (girls):  20       86      90      20      87      90       20      87       90       19       86     90         20      87      90         20      86      90  

  

mean (boys): 2.65   2.55   2.74    2.47   2.46   2.66   2.53   2.28   2.58      2.38   2.22   2.30      2.12   1.94   2.20    2.12   2.36   2.39 
      n (boys):  17       86      87       17      87      88      17      87      88         16      87      88         17      86      88       17      87      88   

 

Figure 5.17: The percentage of positive responses, with respect to age band and gender, for items 

related to interest in and enjoyment of school which evidenced an increase in popularity with 

age. Significant values are related to differences between age bands for boys and girls [*sig. at 

p<0.05, **sig. at p<0.01] 

 

 

When boys and girls were compared, it was 10/11 year olds boys who were more 

positive (at p<0.05) about solving problems to do with science (Figure 5.17). On the 

other hand, it was girls who evidenced a significant increase in positive attitudes, 

with age, towards work with fair testing (Figure 5.17). Girls aged 8/9 were 

significantly more positive than 6/7 year old girls about work with fair testing and 

10/11 year olds girls were significantly more positive than 8/9 year old girls (Figure 

5.17). These findings reiterate an earlier point, boys and girls are positive about 

experimental work (Murphy and Beggs, 2001) but a gender difference may exist in 

particular aspects of practical work: girls are more positive about fair testing and 

older boys appear to like problem solving (Figure 5.11, Figure 5.17).  

 

The items in Figure 5.14 evidenced  an overall increase in positive with age (‘science 

lessons are interesting’, ‘like science lessons’, ‘like solving problems to do with 

science’, ‘like watching programmes about science on TV’, ‘like more science 

lessons in school’, ‘like work with fair testing’). However, in the current study, there 

is also evidence from open responses for a decline in positive attitudes towards 
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science at primary level (Osborne et al, 2001), which begins between children aged 

6/7 and 8/9 years old [Appendix 8(vi)]. This is in keeping with the decline in positive 

responses from boys and girls for ‘like science lessons more than other lessons’ 

(Figure 5.16) between 6/7 and 8/9 year olds. 

 

Arámbula Greenfield (1997) considered gender and grade level differences in 

science interest. She concluded that boys’ and girls’ attitudes towards science 

declined during intermediate school years but boys’ positive attitudes increased 

during secondary school whilst girls’ did not. Although boys and girls are more 

positive with age about similar aspects, boys are also beginning to feel more positive 

about science compared to other lessons. The same can not be said for their female 

counterparts.  

 

The negative emphasis on writing with respect to girls in this sample is also 

important to note. Staberg (1994) found that girls in Sweden rely on books and 

reading and writing in science and that they have a theoretical approach whilst boys 

have a practical approach. Although Staberg’s study sampled a small number of 

children (32), it was very comprehensive as it followed the students for two years 

(from 13 years old to 15 years old) and included interviews as well as classroom 

observation. The current study suggests that younger girls would prefer not to rely on 

writing and clearly voice their dislike. Specific reference to dislike of ‘writing up 

experiments’ is concerning because this element may dampen children’s overall 

enthusiasm for practical science, especially that of older children and girls. 

 

5.3.4 Science ability level 

Overall, high ability children gave the highest percentage of positive responses to 

eight out of the 14 items related to interest in and enjoyment of school science. 

Medium ability children gave the most positive responses to three items and low 

ability children gave the most positive responses for two items. Significantly more 

high ability children compared to medium and low ability children said they would 

like more science lessons in school, they liked solving problems to do with science 

and that science lessons are interesting. However, significantly fewer high ability 

children said that they think all children should have to learn science in school 
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(Figure 5.18). Significantly fewer medium ability children would like more science 

lessons in school. Low ability children were significantly less positive about how 

much they look forward to science lessons (Figure 5.18). 
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Figure 5.18: The percentage of positive responses, mean values and significant differences between 

ability levels for ‘interest in and enjoyment of school science’ items [*sig. at p<0.05, **sig. at 

p<0.01].        
 

  

There was little difference between children of different abilities in the percentage of 

positive responses given to the majority of open questions [Appendix 8(x)]. 

However, children of a medium ability were more positive in their responses to what 

they have not liked about science. Children of a low ability gave the lowest 

percentage of positive responses for four out of five items. 

 

Although the overall percentage of positive responses given by children of different 

abilities was similar in relation to what they like best about science, a greater 

percentage of high ability children talked about ‘experiments’ [Appendix 8(xi)] 

 

High ability (girl, aged 9): Doing investigations because they’re fun and 

sometimes very interesting  

High ability (boy, aged 9): I like science because I like doing 

experiments   

 

Further analyses of the children’s negative responses reveals that more low and 

medium ability children dislike writing in science. More medium ability children do 

not like science because it is ‘hard’ [Appendix 8(xii)]: 
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low ability (girl, aged 8): When you have to copy down all the writing and 

you have to answer some of the really hard 

questions, because you try to go your quickest and 

you want to get all your writing finished. There’s too 

much there and the writing, sometimes you can’t 

remember what is said and all  

low ability (boy, aged 11): Writing all the time because that’s all you do, 

write 

medium ability (girl, aged 7):  Writing, because it’s hard  
 

 

At first glance, the evidence in literature for an interrelationship between attitudes 

and achievement levels appears contradictory. Upon further inspection, two 

important factors emerge. Firstly, it is obvious that different studies discuss different 

achievement measures (intelligence, exam achievement) and secondly, specific 

findings refer to different age groups (mainly middle or high school). Ormerod and 

Duckworth (1975) looked at studies which compared measures of intelligence and 

attitudes towards secondary science and found that science was of interest to all 

levels. They concluded that achievement has a selective effect in that one must do 

well in science before you can study it after ‘O-level’ (Ormerod and Duckworth, 

1975). Schibeci (1984) debated whether achievement levels influenced attitudes or 

vice versa and stated that some attention must be paid to attitudes in order to improve 

achievement. However, Schibeci (1984) and Gardner (1975) concluded that both 

achievement and attitude and intelligence and attitude links were weak. The vast 

majority of studies in both reviews were about secondary school science. 

Papanastasiou (2002) provided a more recent and comprehensive contribution to the 

debate about achievement and attitudes. Again, every relevant study mentioned (that 

is, specifically about science) considered secondary school pupils. 

 

Clarke (1972) found no difference at primary level but Kelly (1986, p410) found that 

interest in upper primary science became ‘more closely associated’ with ability. As a 

case in point both of these primary studies used IQ as a measure. Schibeci (1984) 

suggested that the attitude object also varies between studies (for example, ‘science 

career’, ‘science interest’) which makes it difficult to draw general conclusions. 

However, the fact that high ability children gave more positive responses to eight out 

of 14 items merits consideration with respect to transition into secondary school. 

Jarman (1997) found that some secondary school teachers said that their first-year 
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pupils were less enthusiastic in class, and proportionately more of these responses 

came from science teachers in schools with more able children (Jarman, 1997). This 

may suggest that the positive attitudes evidenced in the current study for high ability 

children is specific to primary school. 

 

With reference to the current study, possible links between ability and attitudes are 

based on teacher’s rating of primary pupils’ abilities. Also, the possible links 

between these ability levels and attitudes can only be considered in relation to the 

specific questionnaire items and general conclusions about overall ‘interest in and 

enjoyment of school science’ will be avoided.  

 

Mortimore et al (1988, p115) looked at attitudes and attainment for reading and 

writing and concluded that ‘attitudes were almost independent of attainment for 

junior years’ (age seven to 11). However, it would appear that teacher assessed high 

ability children in this sample were more positive in relation to specific aspects 

(Figure 5.18) and do not mention the most common negative aspect (writing) as 

much as lower ability children. Brown (1970, p60) suggested that the attitudes of the 

14 year olds in her sample ‘had moved into line’ with teachers’ ratings of their ability 

in science throughout the year.  Although this may be a possibility with the current 

sample because data were collected in the later part of the school year, such a finding 

must not be overemphasised. It is also important to note that, in the current study, 

there was little difference between children of different abilities in their attitudes 

towards topics (section 5.2.4, science ability level and socio economic group). Gnaldi 

et al (2005) pointed out the importance of a cautious approach to the interpretation of 

responses from less able pupils. Gnaldi et al (2005, p111) concluded that: 

 

the least able readers have had difficulty comprehending some of the 

items, notably those which are phrased negatively 

 

Although their study was about attitudes to reading, their main finding is generic to 

any study involving a questionnaire: comprehension of items. Reference to the 

wording of the items which evidenced significant difference between children of 

different abilities could be considered a demonstration of this point (Figure 5.18). 

For example, ‘solving problems’ may have been understood as a negative 
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‘problematic’ activity and ‘more science lessons’ may have been construed simply as 

more work.  

 

Nevertheless, with reference to the current study, the open responses given by low 

ability children about their dislike of writing in science demonstrates their 

understanding of the item. For example, children gave details of writing with respect 

to it being ‘hard’ and ‘too much’. Such well articulated thoughts must be taken into 

account. There is the possibility that more complex, subtle differences in the attitudes 

of children of different ability levels are brought to light when they are asked about 

specific aspects of how science is taught (within ‘interest in and enjoyment of school 

science’) as opposed to content (‘attitudes to science topics’).  

 

5.3.5 Socio-economic group 

There were no significant differences between children who were and were not 

entitled to free school meals for any of the 14 closed items related to their ‘interest in 

and enjoyment of school science’. However, a different pattern existed when the 

open responses about interest in and enjoyment of school science were analysed with 

respect to socio-economic group. A greater percentage of positive responses to all 

five items about interest in and enjoyment of school science came from children who 

were not entitled to free school meals [Appendix 8(xiii)]. Children who were not 

entitled to free school meals were more positive about experiments as the best things 

about science [Appendix 8(xiv)]: 

 

no FSM (boy, aged 9): The best thing about science is investigations  

no FSM (girl, aged 9): I like experimenting with fire because it is fun to 

learn about  

 

Children who were entitled to free school meals talked more about their dislike of 

writing and ‘hard’ science [Appendix 8(xv)]. A higher percentage of the responses 

given by children who were not entitled to free school meals were about their dislike 

of plants: 

 

FSM (boy aged 10): When we where in P6 all we ever done was write a big 

passage and answer questions and draw a couple of 

pictures  

no FSM (girl, aged 9): Plants, because it’s a bit boring 
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With reference to writing in particular, a similar percentage of responses from 

children in both socio-economic groups were about too much writing and writing up 

experiments [Appendix 8(xvi)]. There was no significant relationship between socio-

economic group and attitudes towards interest in and enjoyment of school science 

(closed questions) at primary level. A similar trend was evident in the findings from 

the closed questions about topics (section 5.2.4, science ability level and socio 

economic group). Nevertheless, there are differences between socio-economic 

groups in their open responses. This supports the summary of studies by Osborne et 

al (2003) who stated that there are ‘conflicting results’ for a possible relationship 

between socio-economic class and attitudes towards science with the majority of 

studies finding no relationship. Even in 1984, Smail and Kelly (1984, p105) 

concluded that science was not ‘seen as the preserve of an intellectual or social elite’ 

and that this potential was something that science educators must develop. Evidence 

from the current study suggests that there was little difference between children from 

different socio economic groups in their closed responses. However, in open 

responses, children who were not entitled to free school meals are a little more 

positive. As with the findings related to ‘interest in and enjoyment of school science’ 

and socio economic class , this highlights the importance of incorporating open and 

closed questions and avoiding conclusions based only on closed responses. With 

reference to the current study, open responses offered a greater depth to 

understanding the issues with science and gave ‘more insight into the origins of 

attitudes to school science’ (Osborne et al, 2003, p1059). 

 

5.3.6 School and class group 

The overall mean values for the items related to ‘interest in and enjoyment of school 

science’ were compared with respect to school. Children in one school (Midtown PS) 

were significantly less positive (at p<0.001) and children in two schools (Southtown 

PS and Newtown PS) were significantly more positive (at p<0.001). See Figure 5.19. 
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Figure 5.19: The overall mean value for items related to ‘interest in and 

enjoyment of school science’ for each of the six schools. Significant values 

represent difference between a particular school and all the other schools in the 

sample [***sig. at p<0.001]    

 

 

An Analysis of Variance (ANOVA) revealed that there were significant differences 

between schools for 12 of the ‘interest in and enjoyment of school science’ items. 

The responses given by children in Midtown PS (for 10 items) were significantly less 

positive when compared with other schools (Figure 5.20). In keeping with their 

overall means it was children in Southtown PS and Newtown PS who were 

significantly more positive about items related to ‘interest in and enjoyment of 

school science’ (see Appendix 9).  
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Figure 5.20: The percentage of positive responses, mean values and significant differences for the 

items related to interest in and  enjoyment of school science  which evidenced significant 

differences between Midtown PS  and the other schools [*sig. at p<0.05, **sig. at p<0.01, 

***sig. at p<0.001].   

 

 

Individual classes were compared with their counterparts in other schools (using an 

ANOVA). That is, children in each primary group were compared with children in 

the same primary group in other schools. Of the items that evidenced a significantly 

less positive attitude, it was the children in Midtown PS who accounted for the 

majority in P5, P6 and P7.  

 

Children in P4 in Oldtown PS were significantly less positive about ‘science 

lessons’, ‘work with fair testing’ and whether or not science lessons are interesting 

(all at p<0.05) when compared with other P4 classes.  

 

The open responses from children in Southtown PS reflected their overall positive 

attitude towards school science when compared with the responses from children in 

Northtown PS and Oldtown PS. Children in Midtown PS, Downtown PS and 

Newtown PS did not answer the open questions and therefore no direct comparison 

can be made. 

 

The ‘interest and enjoyment’ findings from Southtown PS substantiate an earlier 

claim (section 5.2.5, school and class group) that enjoyment increases when children 
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are involved in more investigative science (Murphy et al, 2004). Southtown PS were 

involved in a research project on co-teaching which involved more investigative 

work (Murphy et al, 2004). 

 

Interestingly, the school and classes with the most negative closed responses for 

‘interest in and enjoyment of school science’ (Midtown PS, see Figure 5.19) is 

different to the school which evidenced the most negative responses to topics 

(Oldtown PS, see Figures 5.8 and 5.9). Nevertheless, the overall mean for interest in 

and enjoyment of school science for Oldtown PS is relatively lower than the other 

schools in the sample. Tymms et al (1999) compared children’s attitudes to school in 

different primary schools. Tymms et al (1999) not only suggested that the school 

children attend makes a difference but also that it was certain aspects that pupils 

were quite negative about. Although the current study is specifically in relation to 

science, it would appear that children in Oldtown PS are less positive about science 

in general and children in Midtown PS are less positive about their ‘interest in and 

enjoyment of school science’. In comparison to Oldtown PS, the principal in 

Midtown PS seemed very interested in science and getting all the children involved 

in science which may have contributed to the contrast between the schools (see field 

notes in each school in section 4.6.1).  

 

5.4 Perceived difficulty 

The children’s responses to the open questions about ‘perceived difficulty’ in science 

were coded according to the activities and/or topics they talked about. Figure 5.21 

details the most common responses given by the children in the current sample in 

relation to what they found ‘hardest’ and ‘easiest’ in science. 

 

Writing was frequently mentioned as ‘hard’ (Figure 5.21). Although five responses 

about ‘hard’ science were for ‘plants’, six responses about ‘easy’ science were about 

‘growing plants’. Many of the children in this sample considered ‘my body’ and 

‘animals/minibeasts’ as easy. An almost equal number of responses mentioned the 

topic of ‘electricity’ as ‘hard’ and ‘easy’. Such conflicting results may be the result 

of the responses given by a particular group. The following sections consider the 
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responses shown in Figure 5.21 with respect to other factors. Responses to the closed 

question ‘Do you think science lessons are hard?’ are also included. 

 

What is the hardest thing                             What is the easiest thing
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Figure 5.21 The number of responses given by coded category for the sub sample of children who 

answered the open question in relation to the hardest thing they have done in science. 

 

 

5.4.1 Age and gender 

Significantly more boys thought that science lessons were hard (Figure 5.22).  

 

Do you think science lessons are hard?

*

30%

21%

0

10

20

30

40

girls boys

%
 o

f 
'y

e
s
' 
re

s
p

o
n

s
e
s

 
 mean:                       2.26                                    2.09 

        n:                       197                                     192                     

 

Figure 5.22: The percentage of ‘yes’ responses, mean values 

and significant difference between boys and girls for the ‘Do 

you think science lessons are hard?’ item [*sig. at p<0.05] 
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However, boys and girls felt similarly about certain aspects of ‘hard’ and ‘easy’ 

science when they responded to the open questions. For example, a similar number 

of boys (five) and girls (six) talked about writing as ‘hard’, with particular reference 

to the amount of writing and recording in the form of writing: 

 

girl (aged 8): Everything, because when you are writing and taking down 

everything  

boy (aged 8): The hardest is the writing because you have to write lots of 

science  

 

 

The majority of comments about writing as ‘hard’ also came from boys and girls 

aged 8/9 years old, followed closely by children aged 6/7 years old. Only one 10/11 

year old child mentioned ‘writing’ as difficult. West et al (1997) looked at 6/7 year 

olds attitudes to the curriculum and found that ‘handwriting’ was one of the least 

liked activities and that children found it hard. Murphy and Beggs (2003) also found 

that the younger children in their sample (8/9 year olds) talked about ‘writing up’ as 

a difficult aspect of science. The current study suggests that writing for science is 

most difficult for children in the middle years of primary, which may be when they 

are expected to write reports on their science activities.  

 

The majority of studies cite the perceived difficulty of science as a determinant of 

uptake post 16 (Crawley and Black, 1992; Hendley et al, 1996). Havard (1996) 

discussed the perceived difficulty of science as the main factor influencing uptake, 

particularly for physics. The decline in uptake of physics is also more obvious among 

girls (AQA, 2004). Fitz-Gibbon and Vincent (1994) compared the difficulty of A 

level subjects and found that physics was one grade more difficult than non-science 

subjects and more difficult than biology and chemistry. Dearing (1996) found similar 

results in analyses of national UK datasets. Cheng et al (1995) found that grades in 

GCSE science and maths correlated significantly with ‘A’ level uptake of physical 

sciences. As Osborne et al (2003, p1071) pointed out this suggests that only pupils 

who do well in physical science continue with it post 16 which ‘reinforces the notion 

that it is for the intelligent and therefore difficult’. Woolnough (1996, p307) went 

further to suggest that students find science difficult and that ‘scientific careers 

would be beyond them’.  
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‘Electricity’ was the second hardest activity mentioned. With further analysis more 

boys than girls mentioned ‘making things’ and ‘electricity’ as hard. The majority of 

these responses were about making an ‘operation game’: 

 

boy (aged 9): Making my operation game because it was very confusing.  

 

Nevertheless, the majority of responses about electricity as ‘easy’ were given by 

10/11 year old boys who talked about setting up circuits:  

 

boy (aged 11): Circuits, because I just had to join the circuits together.  

 

This would suggest that neither more boys nor girls find ‘electricity’ (a physical 

science topic) difficult as they progress through primary school. This pattern may 

begin in secondary school. P. Murphy and Whitelegg’s (2006) study with secondary 

school pupils and their teachers found that teachers thought girls found aspects of 

‘electricity’ difficult. However, in the current study, both boys and girls said they 

found these aspects difficult. P. Murphy and Whitelegg (2006) concluded that it may 

be teachers’ perceptions of physics as difficult for girls which limit their access to it. 

Findings from the current study emphasise the importance of maintaining primary 

girl’s perceptions of ‘electricity’ and other physical science topics as neither hard nor 

easy. 

 

There was a significant decrease with age in whether or not children found science 

hard (Figure 5.23). 
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Figure 5.23 The percentage of ‘yes’ responses, mean values and 

significant difference between children of different ages for the 

‘Do you think science lessons are hard?’ item [*sig. at p<0.05] 

 

This is in keeping with the findings presented by Pell and Jarvis (2001, p857) who 

reported that boys and girls regard science as ‘less difficult and less demanding as 

they get older’. Likewise, in the current study, boys and girls aged 10/11 accounted 

for the majority of comments related to ‘my body’ as the easiest science topic. Both 

boys and girls gave similar responses and talked about the ‘human’ body because 

they have books about it and are learning about themselves: 

 

boy (aged 10): The human body, because you learn about your organs and heart 

and how you live.  

girl (aged 10): The body, because I have a body  

 

Three children mentioned that ‘my body’ is not difficult to learn: 

 

boy (aged 10): The easiest thing is the human body because it is not hard to 

learn  
 

Woolnough (1996) looked at 11 to 16 year olds’ attitudes to science as a career. He 

concluded that many of the children wanted to continue with science because of its 

usefulness, for example, in finding a cure for a disease. Although somewhat 

anecdotal, the children in the current sample do find science about themselves easier, 

like topics such as ‘keeping healthy’ (section 5.2.1 Gender, Table 5.1) and see 

science as medically important (section 5.4.1 Gender). Woolnough (1996, p307) 

suggests that aspects like these (medical advancements) should ‘be stressed more in 



 

 163 

school science’ because they ‘capture the imagination’ and commitment of pupils. 

Although referring to physics specifically, Haussler et al (1998, p236) also 

emphasised the importance of the ‘social importance of science’.  

 

Murphy and Beggs (2003) found that older primary children are less positive about 

science then younger children but they find it less difficult. Pell and Jarvis (2001) 

found that as science gets easier enthusiasm decreases, especially for girls. Although 

boys in the current study found science more difficult, there were no significant 

differences between girls of different ages or boys of different ages in response to 

‘do you think science lessons are hard?’ (Figure 5.24). The difference in how 

difficult boys and girls find science appears much less in 8/9 year olds and 10/11 

year olds and 10/11 year old girls found science easier. In support of the findings of 

Pell and Jarvis (2001) girls in the current sample were also less positive about liking 

science more than other lessons when compared with their male counterparts (section 

5.3.3 Age and gender, Figure 5.16). This may suggest that older primary children, 

particularly girls, do not necessarily like science as it becomes easier. Jarvis and Pell 

(2002, p59) went on to suggest that children in upper primary school ‘may appreciate 

being intellectually stretched’, in particular activities related to a ‘social context’. 
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Figure 5.24: The percentage of ‘yes’ responses for boys and girls 

of different ages in response to the closed question: ‘do you think 

science lessons are hard?’ 

 

The majority of phrases about how ‘animals/mini beasts’ were ‘easy’ referred to mini 

beasts. Although, boys and girls mentioned mini-beasts, most of the boys talked 
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about looking at the bugs and most of the girls mentioned collecting the bugs 

outside:  

 

boy (aged 7): Looking at animals, cause all you have to do is look through 

stuff and turn the wee handles thing.  

girl (aged 10): The easiest thing I have done is when I was in P4 and I had to go 

out into a garden and find mini beasts and bring them back 

into school.  

 

The girl cited above is recalling a ‘mini beast’ activity earlier in primary school. The 

majority of references to ‘mini beasts’ came from boys and girls, aged 8/9 years old: 

 

girl (aged 8): The easiest thing I have done in science is where you have to get 

bugs 

 

Four out of five responses about ‘plants’ (as hard) were given by 10/11 year old girls. 

They mentioned ‘the different parts’ and ‘labelling’. On the other hand, four out of 

the six responses about ‘growing plants’ as ‘easy’ were given by girls of different 

ages who talked about growing a ‘broad bean’. Smyth and Hannan (2002) indicated 

that science uptake was higher in schools which promoted ‘practical work’ in lower 

secondary school.  The children’s comments about how easy they find the practical 

elements of ‘mini-beasts’ and ‘growing plants’ as opposed to labelling them, 

suggests that children also find learning through practical work easier at primary 

level. Their obvious dislike of how hard they find ‘writing’, especially at lower 

primary level, would also support the fact that more practical work would be 

advantageous (Murphy and Beggs, 2003). Nevertheless, findings from this study 

suggest that boys and girls of different ages are specific about the types of practical 

work that they find easy and hard. Osborne (1997) pointed out that traditional 

practical work is only one strategy for effective teaching. The current study goes 

further to suggest that even within traditional practical work boys and girls of 

different ages like certain aspects and find them easy. 

 

5.4.2 Science ability level 

The findings related to ability level are contradictory. More low/medium ability 

children mentioned the same topics and activities as ‘hard’ and ‘easy’. One exception 

was for ‘writing’, seven out of the eleven responses were from low/medium ability 
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children who considered writing in science difficult. It would appear that, for 

low/medium ability children, a dislike of writing in science (section 5.3.4 science 

ability level) is linked to the fact that they find it difficult.  

 

5.4.3 Socio-economic group 

The findings related to socio-economic group also paint a contradictory picture. 

Children who were not entitled to free school meals accounted for the majority of 

responses related to ‘hard’ science and ‘easy’ science. However, in relation to 

‘electricity’ there were differences in the activities. More children who were not 

entitled to free school meals found making the ‘operation game’ difficult and 

children who were entitled to free school meals found ‘circuits’ easy:  

 

boy (aged 10): Electricity, because I know all about light bulbs and electric 

stuff.  

 

It was mainly the children who were not entitled to free school meals who mentioned 

‘mini beasts’ as easy. A greater number and diversity of comments from children 

who were not entitled to free school meals brings an important issue to the fore. Hart 

and Risley (2003) conducted a longitudinal study on 42 families and found that 

children from privileged backgrounds will have heard 30 million more words by age 

3 than their counterparts from less privileged backgrounds. Hart and Risley (2003) 

also concluded that this affected achievement by third grade school. With reference 

to the current sample, children who were not entitled to free school meals may 

simply have found it easier to voice what they find easy and/or difficult in science. 

 

5.4.4 School and class group 

 Overall children in Southtown PS gave a greater number and variety of responses 

about ‘hard’ and ‘easy’ science. In particular, it was children in the P6 class in 

Southtown PS who talked about the difficulty of ‘making the operation game’. The 

responses about naming and labelling the parts of a flower also came from the P7 

class in Southtown PS. Children in every class from P3 to P6 in every school 

commented on the fact that ‘writing’ in science is hard: 
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 girl (aged 6, Northtown PS): Writing, loads and loads of writing.  

 

The most frequently mentioned activity in Oldtown PS was ‘circuits’. Children in P7 

in Oldtown PS thought that making circuits was the easiest thing they have done:  

 

girl (aged 11, Southtown PS): Making circuits, that is easy, because you just 

make the bulb light.  

 

Children in Southtown PS may simply have had more to talk about given their 

experience with a science research project (Murphy et al, 2004). The fact that writing 

in science was mentioned in every school adds weight to the fact that children in 

primary school dislike writing and find it hard. This may well be a curriculum issue 

as opposed to a school issue and an effect of the content driven nature of assessment 

practices at Key Stage 2 in Northern Ireland (C. Murphy et al, 2006) where children 

have to be able to ‘write’ about their science in exams. 

 

5.5 Ideas about the utility of science 

This section explains and discusses children’s ideas about the importance of science 

for getting a job, the helpfulness and/or harmfulness of science, and whether or not 

school science will get better as they get older.  

 

The positive responses from the total sample suggest that these children thought 

being able to do science (67%) was of almost the same importance for getting a job 

as being able to use the computer (69%), do sums/number work (66%) and read 

(70%). 

 

The children’s responses to the open questions relating to their ‘ideas about the 

utility of science’ were coded according to the activities and/or topics they talked 

about. Table 5.4 details the most common coded responses related to children’s 

‘ideas about the utility of science’. The percentage of coded sections for each 

response has also been included:  
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Table 5.4 Details of the most common responses and the 

percentage of coded sections for each of the open 

questions related to children’s ‘ideas about the utility of 

science’ 
 

 

Do you think science helps people? How? 

Response % of coded sections 

Learning 53 

For a job 18 

Medically  11 

 

Do you think science can be harmful? How? 

Response % of coded sections 

Chemistry/explosions 40 

Get hurt/die 30 

Electricity  10 

 

Do you think science might be better later on? Why? 

Response % of coded sections 

Learning 20 

Be older/smarter 14 

Chemistry/explosions 11 

 

 

In the open questions, the children in this sample were most positive about how 

much science helps people and gave more negative answers about how harmful 

science can be [Appendix 10(i)].  

 

5.5.1 Gender 

Overall, boys (69%) were as positive as girls (65%) about the importance of being 

able to do science for getting a job. However, significantly more girls (at p<0.05) 

than boys thought that being able to read was important for getting a job.   

 

Overall, girls were only slightly more positive in their open responses about how 

science helps people and how harmful science can be. Boys and girls responses to 

whether or not science might be better later in school were similar [Appendix 10(ii)].  

 

The majority of boys and girls responses were about how science helps us with 

learning, how it helps you to get a job and how it helps in the field of medicine. More 
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of the boys’ positive responses were about how science is helpful for learning 

[Appendix 10(iii)]. 

 

boy (aged 9): Yes, science helps the brain.  

girl (aged 7): Yes. Maybe when we’re older and about to get our job and 

we’re on a very tough thing we can look back at science 

and get that to help us.  

boy (aged 10): Yes, so they can find out stuff, cures and stuff  

 

A focus on the positive aspect of science for learning is not a new trend, Ayers and 

Price (1975, p316) carried out a sentence completion exercise with 455 middle 

school children (grades 4-8) and found that over 46% ended the sentence “We study 

science in school because…” with “to learn more”. Osborne and Collins (2001, 

p446) found that 16 year old girls articulated the value of science for ‘explaining 

things to other people’ in their open responses. Evidence from the current study 

suggests that boys mention how science helps us learn more than girls at primary 

level. This may suggest that younger boys view science more academically or simply 

that there is a change in emphasis as boys and girls get older.  

 

The majority of negative responses given by boys and girls in relation to how 

harmful science can be were about explosions and chemistry [Appendix 10(iv)]. A 

higher number of negative responses given by boys were in relation to people getting 

hurt or dying and electricity: 

 

boy (aged 10): Yes, cause you could die if you do something wrong  

boy (aged 10): Yes, you can breathe in a substance that is harmful. Once 

we were doing circuits and we put too much batterys on 

the circuit and the bulb blew up 

 

Murphy (1991) considered gender differences when primary and secondary children 

were asked to design houses and vehicles. Boys of all ages focused on weaponry 

(danger) for their vehicles and girls’ focused on living needs, human needs and 

safety. Murphy (1991) concluded that her findings overlapped those from The 

Assessment of Performance Unit (APU) surveys (Johnson and Murphy, 1986). That 

is, girls do not abstract issues from their context and boys see context to be irrelevant 

(Murphy, 1991). With reference to the current study boys focused more on the 

dangerous element of electricity. This may be because boys think about electricity 
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out of the context of learning about it in the classroom. On the other hand, girls may 

think about it in the context of ‘safe’ classroom electricity. 

 

Both boys and girls talked frequently about the academic benefits of science later in 

school. Slightly more boys than girls said science will be better because they will be 

older or smarter [Appendix 10(v)].  

 

girl (aged 8): Yes, because you can do more educational science than you 

can when you are younger  

boy (aged 7): Yes, because you would be smarter and you would know 

what to do better  

girl (aged 9): Yes, because you get to see explosions 

 

5.5.2 Age and gender 

There was a gradual decline with age in the proportion of children who responded 

that computers and science were important for getting a job. In particular, children 

aged 10/11 years old were least positive about the importance of science for getting a 

job. The trend for maths and English showed an initial decline but increased from 6/7 

to 10/11 years old (Figure 5.25). 
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Figure 5.25: The percentage of positive responses, with respect to age band, for items related to 

‘getting a job’. The p values represent significant differences between successive age bands 

[*sig. at p<0.05, **sig. at p<0.01, ***sig. at p<0.001].       

Do you think being able to 

read will help you to get a job 

when you are older? 

Do you think being able to do 

sums/number work will help 

you to get a job when you are 

older? 

Do you think being able to do 

science will help you to get a 

job when you are older? 

Do you think being able to use 

the computer will help you to 

get a job when you are older? 
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The decline in positive responses for computers and science as important for getting 

a job may be affected by boys and or girls responses. Likewise, the increase in 

positive responses for sums/number work and reading may be due to boys and or 

girls becoming more positive about the importance of these for getting a job. Figure 

5.26 shows the pattern of positive responses given by boys and girls for the items 

related to getting a job. When boys and girls are considered separately, it was 6/7 

year old boys who were less positive about the importance of being able to use the 

computer to get a job (Figure 5.26). The significantly more positive responses given 

by 10/11 year olds about sums/number work and reading were only evident for girls 

(Figure 5.26). It is important to note that 10/11 year old boys and girls were least 

positive about the importance of science for getting a job. 
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Figure 5.26: The percentage of positive responses, with respect to age band, for items related 

to ‘getting a job’. The p values represent significant differences between successive age 

bands [*sig. at p<0.05, **sig. at p<0.01].                                                             

Do you think being able to 

read will help you to get a job 

when you are older? 

Do you think being able to do 

sums/number work will help 

you to get a job when you are 

older? 

Do you think being able to use 

the computer will help you to 

get a job when you are older? 

Do you think being able to do 

science will help you to get a 

job when you are older? 
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There was an increase with age in the percentage of children who gave positive open 

responses in relation to how science helps people and that it will be better later in 

their school lives. There was a decrease with age in the percentage of positive 

responses about how harmful science can be [Appendix 10(vi)]. 

 

When compared with other age groups, fewer of the positive responses given by 

10/11 year olds were about how science helps with learning [Appendix 10(vii)]. 

More 10/11 year olds talked about how science helps you to get a job, even though 

they were the least positive about the importance of science for getting a job in the 

closed questions. The majority of responses about science as medically helpful came 

from 6/7 year olds.  

 

aged 10 (boy): Yes, I think it helps people get jobs like a scientist  

aged 6 (girl): Yes, in the hospitals, maybe, like if you’re doing a test on 

somebody and you found out that you got it and the person 

was alive  

 

Earlier work by Yager and Penick (1986) also found a decline in the usefulness of 

studying science for the future between elementary students and 13 year olds and 17 

year olds respectively. There is a decline with age in the importance of science for 

getting a job (Figure 5.25). However, in their open responses, more 10/11 year olds 

mention the importance of science to help you learn and to help you get a job. 

Nevertheless, the decline with age in appreciation of the need for science (for a 

future job) is more marked than for reading and sums/number work, especially for 

girls. Osborne and Collins (2001) also found that 16 year olds saw less value in 

science for future employment compared with English and mathematics. Evidence of 

this trend at primary level is a concern given that Blatchford (1992) found that 

children were aware of future careers before going to secondary school. Does this 

mean that primary school children are already dismissing science as part of their 

future long before (six years) they make their post-16 choices? Data from the open 

responses of 6/7 year olds, however, suggests that young children are aware of the 

value of science. More children aged 6/7 compared with the older children talked 

about the use of science in a medical capacity. Pell and Jarvis (2001, p885) also 

found that their highest mean in their scale ‘what I really think of science’ was for 
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the item ‘Science has made us better and safer medicines’. Overall, the total sample 

also felt that science was as important as other subjects for getting a job. Osborne 

and Collins (2001, p447) also found that 16 year olds see ‘the general career value of 

science’ and describe the inconsistency between this view and uptake as a ‘marketing 

problem’ with science. There is a lack of specific examples of how science links with 

jobs (Osborne and Collins, 2001). Perhaps it is the link between the value of science 

(for example, medically) and how this can be translated into a career needs to be 

made more explicit beginning at primary level. Jurd (2001, p30) found that 9-11 year 

olds had positive attitudes to science but did not relate it to the outside world and 

suggested that science be portrayed as relevant to many jobs by, for example, 

bringing visitors and parents into the classroom to talk about their work. 

 

Analysis of the children’s negative responses about how harmful science can be 

evidenced that there was an increase with age in the number of children who 

mentioned getting hurt or dying and the dangers of electricity [Appendix 10(viii)]. 

More of the negative responses given by 8/9 year olds were about chemistry and 

explosions and as with the findings in section 5.5.1 gender, the majority were from 

8/9 year old boys: 

 

aged 8 (boy): A little, with the chemistry boom, it happened to my 

brother with my chemists set, he added a tube instead of 

what I told him to add and it blew up in his face  

aged 11 (girl): Yes, because if you’re doing an experiment and it blows 

up it could harm you  

aged 10 (boy): Yes, you can electrocute yourself 

 

Ormerod and Duckworth (1975) discuss children’s feelings about the social 

implications of science and scientists’ activities. They mention Lowery (1967) who 

suggested that 11 year old children view science as ‘not safe’ (Ormerod and 

Duckworth, 1975, p89). With regard to the current sample, a possible overlap of this 

suggestion with the emphasis on dangerous elements in science must be viewed with 

caution. Breakwell and Beardsell (1992, p194) looked at influences upon science 

attitudes and activities for 11-14 year olds and concluded that school science and 

science out of school should be treated separately because: 
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Actual experience with science at school does not seem to be related to 

attitude towards science as a worthwhile societal enterprise 

…Education science and societal science are seen by the target 

audience as quite separate things 

 

Therefore, the ‘dangers’ mentioned may be related to children’s understanding of out 

of school science. That is not to say these ideas should be ignored with regard to 

school science. Perhaps they could be used to emphasis and link with, especially for 

boys, the jobs that people do (another highly rated utility) in relation to safety, for 

example. 

 

A higher percentage of 8/9 year olds talked about science as good for learning later 

in school (Appendix 10(ix)]. There was a decrease with age in the percentage of 

positive responses about being older and smarter later in school. There was an 

increase with age in the number of children who mentioned that they will be doing 

more chemistry or explosions later in school: 

 

aged 8 (girl): Yes, because you get to learn more things, more about the 

world and all  

aged 7 (boy): I think they’ll be better in P7 cause you’ll smarter more  

aged 10 (girl): Yes, because you would be allowed to use chemicals 

 

Woodward and Woodward (1998a) asked 120 children in their final term of primary 

school which subject they were most looking forward to. They found that science 

was mentioned more times (15.3%) than what would be expected if it was selected at 

random. Woodward and Woodward (1998a, p48) offered a possible explanation: that 

‘real’ science would be carried out in secondary school whereas the children may not 

have viewed science in primary school as authentic. Campbell (2001) also found that 

children in their final year of primary school thought science in secondary school 

would involve more experimentation and have a more challenging content. The open 

responses from children in the current sample would suggest a similar train of 

thought about activities that do not usually take place in primary school (for 

example, explosions) and how science will help them learn more. A reflection on this 

data links to further findings from Campbell (2001) and older findings from Brown 

(1970) who both concluded that children’s expectation were not met. Indeed, many 

studies discuss a decline in attitudes as children transfer from primary to secondary 

school. Donnelly (2001) considered the attitudes of 84 pupils in their last year of 
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primary school and their first year of secondary school. She found a decline in 

attitudes towards science between these two age groups. Jarman (1997) found that 

secondary school teachers said their year 8 pupils were less enthusiastic and cited 

repetition as a possible cause. Perhaps children come to secondary school expecting 

more ‘exciting’, ‘explosive’ science only to discover that they repeat a lot of work 

from primary school. An important point for further consideration, especially related 

to a decline in positive attitudes towards science with age (Osborne et al, 2003). 

 

5.5.3 Science ability level 

In their closed responses, children of different abilities thought similarly about the 

importance of being able to use the computer, do science, do sums/number work and 

read for getting a job. Children of different abilities also gave a similar percentage of 

positive responses in the open questions about the importance of science [Appendix 

10(x)]. 

 

5.5.4 Socio-economic group 

Both groups of children responded similarly in the closed questions about the 

importance of all four school activities (using the computer, science, sums/number 

work and reading) for getting a job. However, a higher percentage of children who 

were not entitled to free school meals gave more positive open responses for all three 

items related to the importance of science [Appendix 10(xiv)]. 

 

Further analysis of the positive responses in relation to how science helps people 

indicated that children who were not entitled to free school meals may have given 

more varied positive responses as opposed to highlighting any particular issue 

[Appendix 10(xv)]. 

 

Children who were not entitled to free school meals talked more about how harmful 

chemistry and explosions are and about getting hurt and dying [Appendix 10(xvi)]. 

More of the responses from children who were entitled to free school meals talked 

about the dangers of electricity: 
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no FSM (girl, aged 9): Yes, because if you are ever using chemistry or 

even acid and something might go wrong  

FSM (boy, aged 9): Yes, if you were working with electricity it might 

give you a shock 

 

It is interesting to note that children who were not entitled to free school meals were 

less positive about how science will be better later in school because they will be 

older and smarter [Appendix 10(xvii)] 

 

FSM (girl, aged 8): Yes, because when you’re in P4 and all you don’t 

think it’s that interesting but when you’re in P6 and 

7 it’s more interesting and harder and you grow up 

more and realise you have to learn things and have 

to be interested in it 

 

Nevertheless, analysis of the number of positive or negative responses given by the 

children indicated that 63% of the total number of coded segments were given by 

children who were not entitled to free school meals. With the exception of electricity, 

this suggests that children who were not entitled to free school gave more varied 

responses overall in relation to the utility of science. Both groups felt as positive 

about science for getting a job in their closed responses and indeed Hadden and 

Johnstone (1982) found that socio economic group had no effect on their expressions 

of studying science later in life. Reiss (2000, p153) also pointed out that the 

correlation coefficients for studies comparing home background and intention to 

study science at university is low and there is ‘a lot of scatter’. 

 

5.5.5 School and class group 

Children in Southtown PS, when compared with the other schools, were significantly 

more positive about the importance of computers (at p<0.05) and science (at 

p<0.001) for getting a job. However, children in Midtown PS were significantly less 

positive (p<0.01) about the importance of computers (Figure 5.27). 

 

Children in Northtown PS were significantly more positive (p<0.001) about the 

importance of being able to read to get a job.  On the other hand, children in Oldtown 

PS were significantly less positive (at p<0.05) about the importance of being able to 

read to get a job (Figure 5.27).  
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Figure 5.27: The percentage of positive response, mean values and significant differences for 

‘getting a job’ items. Significance was calculated by comparing each school to all the other 

schools in the sample [*sig. at p<0.05, **sig. at p<0.01, ***sig. at p<0.001].  

 

 

Individual classes were compared with their counterparts in other schools (using an 

ANOVA). Children in each primary group were compared with children in the same 

primary in other schools. The class findings are in keeping with those outlined in 

Figure 5.27. With particular reference to science, children in P4 and P6 in Southtown 

PS were significantly more positive about the importance of being able to do science 

for getting a job (both at p<0.001). Children in P6 in Newtown PS were also 

significantly more positive about the importance of science for a job (at p<0.01). The 

positive emphasis from children in Southtown PS and Newtown PS are in keeping 

with the significantly positive overall means evidenced for the ‘interest in and 

enjoyment of science’ items. In the open responses all of the children in Southtown 

PS gave positive responses for ‘Do you think science helps people? How?’. As with 

previous findings related to school and class (sections 5.2.5 and 5.3.6) it would 

appear that school is a more significant determinant of ideas about the utility of 

science than class group. George (2006) considered the attitudes about the utility of 

science for 444 students in middle and high school and found a relationship between 

the school and their success in communicating these attitudes to pupils. As already 

mentioned Southtown PS have been more involved in improving science in their 
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school and it may be possible that children in this school are also more positive about 

the utility of science when compared with other schools in the sample. 

 

5.6 Overview of findings for children’s attitudes to science 

Four aspects of primary children’s attitudes towards science were considered. Table 

5.5 gives a detailed overview of the findings with respect to all the factors (gender, 

age, science ability level, socio-economic group, school and class group), for 

children’s ‘attitudes to science topics’ and their ‘interest in and enjoyment of school 

science’. Table 5.6 gives a detailed overview of the findings with respect to all the 

factors for children’s ‘perceived difficulty’ in science and their ‘ideas about the 

utility of science’. Corresponding section and appendix numbers are given alongside 

each of the main findings in Tables 5.5 and 5.6. Findings are also grouped in relation 

to data from the questionnaire and data from the open questions.  
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Table 5.5 An overview of the findings related to children’s attitudes to science topics and their interest in and enjoyment of science.  As well as 

findings for the overall sample, other findings are presented with respect to factors that may affect children’s ideas. The corresponding appendices 

and chapter sections for each finding has also been included 
 

  section& 

appendix 
 section& 

appendix science topics interest and enjoyment 
Overall 

sample 
 Most popular topics: ‘keeping healthy’, 

‘animals’ and ‘daytime’ 

 Least popular topics: ‘light’, ‘pushes and 

pulls’, ‘parts of a flower’ 

sect 5.2 QUESTIONNAIRE: 

 less positive when comparing science with other activities. 

 Positive when the word ‘science’ is mentioned but not when they are 

asked to devote more time to it. 

OPEN QUESTIONS: 

 Most frequently mentioned ‘fun’ (17%), ‘experiments’ (14%) and that 

science is good for learning (13%) 

 Most frequent dislike is too much/a lot of writing, especially for 

experiments 

sect 5.3 

 

 

 

 

app 8(i) 

 

Gender  Girls generally more positive about the 

majority of topics 

 Little difference between boys and girls in 

their overall preference 

 No trend for boys/girls in relation to 

phys/chem/biology division-prefer current 

interest and natural phenomenon topics 

sect 5.2.1 QUESTIONNAIRE: 

 Girls were slightly more positive than boys 

OPEN QUESTIONS: 

 girls gave more positive responses and talked more about the ‘learning’ 

but a greater percentage of girls’ negative responses were about writing 

 negative responses: majority of boys said elements of science were hard 

and they did not like plants. 

sect 5.3.1 

 

 

app 8(ii), 

(iii), (iv) 

 

app 8(iv) 

Age 

 

 

 General decline with age for 15 out of 18 

topics 

 Children are beginning to feel less positive 

about certain aspects at a younger age than 

previously thought (6/7 years old) 

 Decline is not just related to physical 

science topics. For example there was a 

significant decline in positive attitudes 

towards ‘how you grow, ‘seasons’, and 

‘plants’. 

sect 5.2.2 QUESTIONNAIRE: 

 There was a decline with age for six items: ‘children should have to do 

science’, ‘join a science after school club’, ‘like revising for science 

tests’, ‘like doing science tests’, ‘like thinking about science’, ‘like 

science more than other lessons’ 

OPEN QUESTIONS: 

 There was a decrease in positive responses with age-suggests that 

evidence for a deterioration is present in open responses: 

– less 10/11 year olds talk about science as fun , a greater percentage of 

negative responses from 10/11 year olds were about plants (all boys) 

– more 10/11 year olds talked about a dislike of writing up experiments 

– general dislike of writing by older children in this sample, especially 

girls 

sect 5.3.2 

 

 

 

 

app 8(vi) 

 

app 8(vii) 

 

app 8(ix) 

app 8(v) 

Age and 

gender 
 It is not just girls who are causing a decline 

with age 

sect 5.2.3 QUESTIONNAIRE: 

 boys and girls are positive about experimental work  but: girls are more 

sect 5.3.3 
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 An erosion of interest towards some topics 

may begin at an earlier age for girls 

 A clear cut gender divergence of interest in 

certain science areas may not begin as 

young as primary school 

positive about fair testing and older boys like problem solving  

 

Science 

ability 
 Little difference with ability. 

 Medium ability children were significantly 

more positive about three science topics 

sect 5.2.4 QUESTIONNAIRE: 

 high ability children- highest % of positive responses to 8 out of the 14 

items 

 Medium ability children-most positive responses to 3 items 

 low ability children-most positive responses to 2 items. 

OPEN QUESTIONS: 

 low ability children-lowest percentage of positive responses for four out 

of five questions 

 a greater percentage of high ability children talked about ‘experiments’ 

 more low and medium ability children dislike writing 

 complex, subtle differences in the attitudes of children of different 

abilities are brought to light when they are asked about specific aspects 

of children’s experience of science (interest in and enjoyment of ) as 

opposed to content (‘topics’). 

sect 5.3.4 

 

 

 

 

app 8(x) 

 

app 8(xi) 

app 8(xii) 

 

Socio 

economic 

group 

 Little difference between children of 

different socio economic groups 

sect 5.2.4 QUESTIONNAIRE: 

 no significant differences between children who were and were not 

entitled to FSM for all 14 items  

OPEN QUESTIONS: 

 A greater percentage of children who were not entitled to FSM gave 

more positive responses to all five questions 

 a similar % of responses from children in both groups were about too 

much writing /writing up experiments  

 open responses offered a greater depth to understanding the subtle issues  

sect 5.3.5 

 

 

 

app8(xiii) 

 

app 

8(xvi) 

School 

and class 

group 

 School had a greater effect than class 

group 

 Children in Oldtown PS significantly less 

positive overall, and specifically in relation 

to eight topics  

sect 5.2.5 QUESTIONNAIRE: 

 children in Midtown PS were significantly less positive for 10 items 

 children in Southtown PS and Newtown PS were significantly more 

positive  

 findings from Southtown PS substantiate an earlier claim (section 5.2.5, 

school and class group) that enjoyment increases when children are 

involved in more investigative science 

sect 5.3.6 

 

app 9 
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Table 5.6 An overview of the findings related to children’s perceived difficulty in science and their ideas about the utility of science.  As well as 

findings for the overall sample, findings are presented with respect to factors that may affect children’s ideas. The corresponding appendices and 

chapter sections for each finding has also been include 
 

   section& 

appendix 
 section& 

appendix 
perceived difficulty utility of science 

Overall 

sample 

OPEN QUESTIONS: 

 Conflicting results:  

– hardest 5 things-‘writing’, ‘electricity’, 

‘making things’, ‘plants’, ‘my body’ 

– easiest 5 things- ‘electricity’, ‘my body’, 

‘animals/minibeasts’, ‘growing plants’, 

‘making things’ 

sect 5.4 QUESTIONNAIRE: 

 being able to do science (67%) was of the same importance for getting a 

job as  the computer (69%), do sums/number work (66%) and read 

(70%) 

OPEN QUESTIONS: 

 most positive about how much science helps people, less positive 

answers about how harmful science can be 

sect 5.5 

Gender    QUESTIONNAIRE: 

 boys (69%) were as positive as girls (65%) about the importance of 

being able to do science for getting a job 

OPEN QUESTIONS: 

 girls- only slightly more positive about how science helps people and 

how harmful science can be 

 both talked frequently on the academic benefits of science later in school 

but more of the boys’ answers were about how it’s helpful for learning 

sect 

5.5.1 

 

app 

10(ii) 

app 

10(iii) 

& 3(v) 

Age and 

gender 

 

 

QUESTIONNAIRE: 

 significantly more boys found science hard 

and there was a significant decrease with 

age in whether or not science is hard but 

there were no significant differences 

between girls of different ages or boys of 

different ages  

OPEN QUESTIONS: 

 a similar number of boys and girls talked 

about writing as ‘hard’, especially the 

amount of writing and recording: the 

majority came from 8/9 year olds, followed 

closely by 6/7 years olds. Therefore, writing 

for science is most difficult for children in 

the middle years of primary 

 neither more boys nor girls find ‘electricity’ 

(a physics topic) difficult as they progress 

sect 

5.4.1 

QUESTIONNAIRE: 

 gradual decline with age in the % of children who said that computers 

and science were important for getting a job 

OPEN QUESTIONS: 

 an increase with age in the percentage of children who gave positive 

open responses in relation to how science helps people and that it will be 

better later in their school lives. There was a decrease with age in the 

percentage of positive responses about how harmful science can be 

 less of the positive responses given by 10/11 year olds were about how 

science helps with learning and 6/7 year olds gave the majority of 

responses about science as medically helpful 

 increase with age in the number of children who mentioned getting hurt 

or dying and the dangers of electricity and a higher % came from boys 

 higher percentage of 8/9 year olds talked about science as good for 

learning later in school and an increase with age in the % of children 

who said they’ll be doing more chemistry/explosions later in school 

sect 

5.5.2 

 

 

app10(v

i) 

 

 

 

app 

10(vii) 

 

 

app 

10(viii) 

 

app 
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through primary school. 

 boys and girls aged 10/11 accounted for the 

majority of comments related to ‘my body’ 

as the easiest science topic and that it is ‘not 

difficult to learn’ 

 children’s comments about how easy they 

find the practical elements of ‘mini-beasts’ 

and ‘growing plants’ as opposed to labelling 

them, suggests that children find learning 

through practical work easier at primary 

level. 

10(ix) 

Science 

ability 

OPEN QUESTIONS: 

 More low/medium ability children 

mentioned the same topics and activities as 

‘hard’ and ‘easy’, except for ‘writing’- 

seven out of the eleven responses were from 

low/medium ability children who 

considered writing in science difficult. 

 for low/medium ability children, a dislike of 

writing is linked to the fact that they find it 

difficult (section 5.2 science ability level) 

sect 

5.4.2 

QUESTIONNAIRE: 

 children of different abilities thought similarly about the importance of 

being able to use the computer, do science, do sums/number work and 

read for getting a job 

OPEN QUESTIONS: 

 similar percentage of positive responses from all abilities  

 less low ability children talked about chemistry/explosions and getting 

hurt/dying with regard to the harmfulness of science and higher % of 

positive answers on science being better later from high ability pupils 

sect 

5.5.3 

 

 

app 

10(x) 

app 

10(xii) 

app 

10(xiii) 

Socio 

economic 

group 

OPEN QUESTIONS: 

 A contradictory picture: children who were 

not entitled to FSM accounted for the 

majority of responses related to ‘hard’ 

science and ‘easy’ science 

 children who were not entitled to FSM may 

simply have found it easier to voice what 

they find easy and/or difficult in science 

 

sect 

5.4.3 

QUESTIONNAIRE: 

 Both groups responded similarly about the importance of using the 

computer, science, sums/number work and reading for getting a job.  

OPEN QUESTIONS: 

 a higher percentage of children who were not entitled to FSM gave more 

positive responses for all three items  

 63% of the total number of coded segments were given by children who 

were not entitled to FSM so they may have given more varied positive 

responses as opposed to highlighting any particular issue 

sect 

5.5.4 

 

 

 

app 

10(xiv) 

School 

and class 

group 

OPEN QUESTIONS: 

 children in Southtown PS gave a greater 

number and variety of responses 

 children in every class from P3 to P6 in 

every school commented on the fact that 

‘writing’ in science is hard 

 

sect 

5.4.4 

QUESTIONNAIRE: 

 Southtown- sig. more positive about the importance of computers 

(p<0.05) and science (p<0.001) for getting a job 

 Newtown- sig. more positive (p<0.001) for the importance of reading 

 Midtown- sig. less positive (p<0.01) about the importance of computers 

 Oldtown- sig. less positive (at p<0.05) about the importance of reading 

OPEN QUESTIONS: 

 Southtown-positive answers- ‘Do you think science helps people?How?’ 

sect 

5.5.5 



 

 184 

The most significant factors underlying children’s attitudes towards all aspects of 

science were age, gender, age and gender (factored together) and school. Therefore 

the four main findings in relation to the factors considered are presented below: 

 

(1) Age: a general decline in positive attitudes with age 

There was a general decline with age for 15 out of 18 topics and six out of 14 items 

related to ‘interest and enjoyment’(Table 5.5, ‘age’). The decline in positive attitudes 

towards topics is beginning to take place at a younger age than previously thought 

(6/7 years old) and is not just related to physical science topics. Deterioration in 

positive responses about interest in and enjoyment of science was also evident in 

open responses, especially among 10/11 year olds. For example they mention ‘fun’ 

less (Table 5.5, ‘age’).  

 

There was a significant decrease with age in whether or not the children in this 

sample found science ‘hard’. There was a general decline in the percentage of 

children who said that science (and computers) was important for getting a job 

(Table 5.6, ‘age’). The trend for maths and English showed an initial decline but 

increased from 6/7 to 10/11 years old. However, it was 10/11 year olds who were the 

least positive about the importance of science for getting a job. 

 

(2) Gender: girls are generally more positive but there are subtle similarities between 

boys and girls at primary level: 

Girls were significantly more positive about six out of 18 topics and three out of 14 

items related to their interest in and enjoyment of school science. However, there was 

little difference between boys and girls in the order of preference for topics and no 

trend for either gender in relation to their preference for physics/chemistry/biology 

topics. Both boys and girls prefer topics of current interest and natural phenomena. 

With regard to open responses, girls were also more positive and talked more about 

how science helps ‘learning’ but a greater percentage of girls’ negative responses 

were about writing (Table 5.5, ‘gender’).  

 

The majority of boys’ negative responses were related to science as ‘hard’ and they 

did not like plants. Boys (69%) were as positive as girls (65%) about the importance 

of being able to do science for getting job. Girls were only slightly more positive 
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about how science helps people and how harmful it can be but more boys talked 

about helpfulness with respect to learning. Boys and girls talked frequently about the 

academic benefits of science and how it will be better later in school (Table 5.6, 

‘gender’). 

 

(3) Age and gender: both must be considered at primary level 

It is not just girls who evidence a decline in interest with age for science topics but an 

erosion of interest in some topics may begin at a younger age for girls. A clear cut 

divergence of interest between science areas (biology, chemistry, and physics) may 

not begin as early as primary school. This finding is supported by the fact that there 

was a significant decline in the positive attitudes of boys and girls to science topics in 

different areas (‘how you grow’, ‘seasons’, ‘different materials’, ‘plants’). Boys and 

girls were positive about experimental work but older girls are significantly more 

positive about fair testing and older boys are significantly more positive about 

problem solving. This would suggest that older boys and girls may be positive about 

different aspects of science, which supports the claim that age and gender must be 

considered at primary level (Table 5.5, ‘age and gender’).  

 

Children’s comments about how easy they find ‘mini-beasts’ and ‘growing plants’ 

(as opposed to labelling them) also suggests that they find practical work easier at 

primary level. In particular, writing in science is most difficult for boys and girls in 

the middle years of primary school. There was an increase with age for positive 

responses about how helpful science can be and about how it will be better later in 

school. In particular, a greater percentage of 10/11 year old children thought they 

would be doing chemistry/explosions in science when they are older and the majority 

of responses about the medical benefits of science came from 6/7 year olds. There 

was a decrease with age in responses about the harmfulness of science but most of 

the responses about getting hurt/dying came from boys. Although boys were more 

likely to mention getting hurt or dying whilst doing science, a greater percentage of 

boys said science helps you to ‘learn’. Subtle differences between age groups (about 

the helpfulness of science) and boys and girls (about the harmfulness of science) 

bring to light the importance of age and gender sensitivity in primary science (Table 

5.6, ‘age and gender’). 
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(4) School: the effect of school is greater than class group because of a marked 

contrast between two individual schools (Oldtown PS and Southtown PS) 

Children in Oldtown PS were significantly less positive overall, especially in relation 

to eight science topics (Table 5.5, ‘school’) and the importance of being able to read 

to get a job (Table 5.6, ‘school). Children in Midtown PS were also less positive, 

especially in relation to interest and enjoyment (10 items, Table 5.5, ‘school’) and 

the importance of computers for getting a job (Tables 5.6, ‘school). Children in 

Southtown PS were more positive about their interest in and enjoyment of science 

(Table 5.5, ‘school’). Children in Southtown PS were also significantly more positive 

about the importance of science and computers for getting a job (Tables 5.6, 

‘school’). The overall positive attitudes of children in Southtown PS were 

substantiated by the fact that they gave more positive open responses about how 

science helps people and gave a greater number and variety of responses about 

perceived difficulty (Table 5.7, ‘school’). Children in every school and in every class 

from P3 to P6 commented on the fact that ‘writing’ is hard. 

 

Other findings 

Children’s science ability level was also an underlying factor with regard to their 

‘interest and enjoyment of school science’. Given that science ability level was not 

considered a major underlying factor with regard to children’s attitudes towards 

topics, this would suggest that ability level affects attitudes towards children’s 

experiences (interest in and enjoyment) of science as opposed to what is taught 

(topics). In particular, high ability children are more positive about their interest in 

and enjoyment of science. High ability children gave the highest percentage of 

positive responses to 8 out of 14 interest and enjoyment items in comparison to 3 out 

of 14 for medium ability children and 2 out of 14 for low ability children. Also, low 

ability children gave the lowest percentage of positive open responses for four out of 

five items. In fact complex, subtle differences between children of difference abilities 

were brought to light in open questions: a greater percentage of high ability children 

talked positively about ‘experiments’ and more low and medium ability children 

dislike writing (Table 5.6, ‘science ability level’). 

 

Although not significant, interesting trends with respect to ‘perceived difficulty’ 

arose between children of different abilities. For low/medium ability children their 
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dislike of writing may be linked to the fact that they find it difficult: seven out of 11 

responses about writing being difficult came from low/medium ability children 

(Table 5.6, ‘science ability level’). 
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CHAPTER 6- CHILDREN’S IDEAS AND UNDERSTANDINGS 

 

6.1 Introduction 

Children’s ideas about two different concepts were considered. The concept of 

‘living’ is a current topic on the Northern Ireland curriculum. As yet, the topic of 

‘daytime’ is not on the Northern Ireland curriculum. However, the Revised Northern 

Ireland Curriculum affords greater autonomy for teachers. Consideration of the 

‘technology challenges of living in space’ is specifically mentioned in the Revised 

Curriculum guidelines (see section 3.8 for further information on the revised 

curriculum for science). Therefore, astronomy may find its way into primary 

classrooms.  Children’s ideas were investigated using semi-structured interviews and 

drawings with sentences. This chapter presents and discusses the main findings from 

the interview and drawings/sentences for both concepts. Findings about the 

children’s ideas are presented with respect to gender, age, science ability level, socio 

economic group, school and class in order to allow direct comparison with children’s 

attitudes to science (chapter 7). 

 

Three overall themes emerged from the data on both concepts: ‘scientific’, socio-

cultural and ‘other’. It is important to note that the theme ‘scientific’ referred to 

‘scientifically’ based explanations, observations or theories. In other words, some of 

the children’s explanations were not completely scientifically correct. The 

‘scientific’ theme is therefore referred to in inverted commas throughout this study. 

There were several ‘codes’ within each theme. The themes, codes and description of 

each code are shown in Table 6.1. The code references are also detailed in Table 6.1. 

These references are given at the end of any quoted material.  
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Table 6.1 Details of the themes, code names, code references and descriptions of each code for 

responses related to children’s ideas and understandings of ‘living’ and ‘daytime’ 
 

 

‘Living’ 
Theme Code name Code 

reference 

Description 

‘scientific’ characteristics LS-c references to any if the 7 characteristics of living things 

habitats LS-hb references to animals and plants and where they live and/or 

why a certain place is natural for the life and growth of an 

organism 

animals 

(naming) 

LS-a used when the children were asked:  

name living/alive things or what lives/is alive/is  living? etc… 

health/how body 

works/body parts 

LS-h references to keeping healthy, how the human body works of 

the naming of specific body parts (without their relation to a 

characteristic/function) 

contested LS-con phrases/responses within this theme but their code was 

contested 

alive vs dead LS-ad references to alive/living compared to death/dying 

lifecycles LS-l references to the lifecycle of any living thing 

plants (naming) LS-p used when the children were asked:  

name living/alive things or what lives/is alive/is living? etc… 

awake/asleep LS-aw references to living things as awake and/or asleep 

 

socio-

cultural 

‘social’ LC-s of or pertaining to social explanations 

objects (naming) LC-o used when the children were asked:  

name living/alive things or what lives/is alive/is living? etc… 

religious LC-r of or pertaining to religious explanations 

contested LC-con phrases/responses within this theme but their code was 

contested 

 

other other L-ot other references including don’t know/yes/no/no response 
 

‘Daytime’ 
THEME Code name Code 

reference 

Description 

‘scientific’ visual DS-v explanations based on what the children see/have seen 

theories DS-thS other theories 

 DS-thO ‘scientifically’ correct theories 

contested DS-con phrases/responses within this theme but their code was 

contested 

weather LS-w of or pertaining to weather conditions 

biological DS-b references to other biological concepts  

sensed DS-s comments based on the other senses (apart from visual and 

auditory) 

auditory DS-a explanations based on what the children hear/have heard 

 

socio-

cultural 

‘social’ DC-s of or pertaining to social explanations 

religious DC-r of or pertaining to religious explanations 

time DC-t references with specific times mentioned 

contested DC-con phrases/responses within this theme but their code was 

contested 

 

other other D-ot other references including don’t know/yes/no/no response 

 

 

The majority of interview and sentence responses for both concepts were coded as 

‘scientific’. In other words, the majority of responses were about ‘scientifically’ 

based explanations, observations or theories (correct or otherwise). For example, 

with regard to the concept of ‘living’ the most common responses were about 
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‘characteristics’ of living things, ‘habitats’ and naming animals. For ‘daytime’ the 

majority of children talked about their ‘visual’ observations of daytime or proposed 

theories (correct or otherwise) for how daytime happens.  

  

Findings on the concept of ‘living’ are presented in section 6.1 and findings about 

‘daytime’ are presented in section 6.2. A complex pattern unfolded when children’s 

ideas about ‘living’ and ‘daytime’ were analysed with respect to gender, age, ability, 

socio economic group, school and class. The most considerable differences for both 

concepts arose between children of different ages and abilities and between children 

in different schools. There was a general increase in ‘scientific’ responses with age 

but children of a medium ability gave less ‘scientific’ responses overall. Age was 

also a major factor relating to children attitudes to science which is explored further 

in Chapter 7. The obvious difference between individual schools presents a tentative 

link with children’s attitudes. Children in Oldtown PS had less positive attitudes to 

science and generally gave less ‘scientific’ responses. However, children in 

Southtown PS had the most positive attitudes to science and gave a high percentage 

of ‘scientific’ responses for both concepts (see chapter 7 for further details). 

 

6.2 Ideas about ‘living’ 

Analysis of all the answers/phrases given by the children to all of the interview 

questions suggested that a higher percentage of responses and phrases were 

‘scientific’ in nature (75%). That is, the children tended to base their discussions, 

explanations and responses on scientifically related ideas and observations (Figure 

6.1). Descriptions of each coding group within the corresponding themes for ‘living’ 

(for example ‘characteristics’) as well as the coding reference are detailed at the 

beginning of this chapter, in Table 6.1. 
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TOTAL SAMPLE: % of 'scientific' coded responses for interviews about living

alive vs dead (4%)

lifecycle (3%)

plants (naming)-(2%)

awake/asleep (0.2%)

contested (5%)

10%

15%

75%

characteristics

habitats

animals (naming)

health/how body 

works/body parts

31%

15%

6%

9%

      'scientific'               socio cultural               other
 

Figure 6.1 A pie chart to show the percentage of interview responses which were based on three 

overall themes from the interviews about ‘living’. A breakdown of the codes within the theme 

‘scientific’ is also included in this chart. 

 

The percentage of responses for each code within the ‘scientific’ theme is also 

outlined in Figure 6.1. The majority of coded ‘scientific’ responses were related to 

one or more of the characteristics of living things, for example: 

 

Interviewer: What kind of things do living things have to do? 

 

girl (aged 6): Living things need to do, grow and have babies, if they don’t 

have babies then sometimes, this world won’t have more 

people…[LS-c] 

 

girl (aged 7): Eat and drink [LS-c] 

boy (aged 9): They (plants) have to do something as well, well, they can eat 

as well cause well they drink as well, they drink the water so do 

flowers and we eat food [LS-c] 

 

boy (aged 10): breathe, eat, drink [LS-c] 

 

Many of the children’s responses (21%) involved naming animals/plants, talking 

about health and body parts and explaining that living as the opposite of dead: 

 

Interviewer: What kind of things are living? 

 

girl (aged 9): Plants, people, dogs, cats, fishes [LS-a, LS-p] 

 

 

Interviewer: What do you think living means? 
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girl (aged 8): Living means that, living would mean that, amm, you have, 

you have to keep healthy and keep well and don’t, 

and…don’t drink fizzy things or don’t eat fat food [LS-h] 

 

boy (aged 5): It, it, it means that every, some people don’t die some do 

other times. Well, some people do die but some people don’t 

die. [LS-ad] 

 

A further 18% of the responses considered ‘scientific’ were about other biological 

concepts such as references to habitats and lifecycles: 

 

interviewer: What can living things do? 

 

girl (aged 5): Like some dolphins live in the sea…amm., people live in 

houses [LS-hb] 

 

 

interviewer: What happens to living things? 

 

girl (aged 8): Well, like a lifecycle they’re born and they get older and older 

and they die. [LS-l] 

 

 

Fifteen percent of the coded responses from the interviews about ‘living’ were themed 

as socio-cultural. Figure 6.2 details the percentage of responses for each code in the 

socio-cultural theme.  

 

TOTAL SAMPLE: % of 'socio cultural' coded responses for interviews about 'living'

75%

10% 'social'

objects (naming)

religious

contested (1%)

15%

3%

2%

1%

9%

      'scientific'               socio cultural               other
 

Figure 6.2 A pie chart to show the percentage of interview responses which were based on three 

overall themes. A breakdown of the codes within the socio-cultural theme is also included in this 

chart. 
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The majority of responses within the socio-cultural theme were related to social 

behaviour/observations, for example: 

 
interviewer: What do the things that are alive have to do? 

 

boy (aged 5): They really have, have, have to do what they want to do except, 

except that if they’re kids, then, then they’ll have to do what 

they’re mummy tells them or their daddy tells them…because, 

cause their daddy and mummy is the boss of them  

[DC-s] 

 

 

interviewer: Where do living things live? 

 

girl (aged 6): In their homes or with their family and their Granda and they 

can feed their fish with their fish food [DC-s, DS-b] 

 

Children in all six schools involved in the current study completed drawings about 

‘living’ with sentences on what they think ‘living’ means (see Appendix 11 for a 

sample of drawings and corresponding sentences about ‘living’). A similar pattern 

emerged for the overall themes. The percentage of sentence responses for each code 

within the ‘scientific’ theme outlined in Figure 6.3 

 

TOTAL SAMPLE: % of 'scientific' coded responses for sentences about living

1%

23% 76%

characteristics

animals (naming)

habitats

alive vs dead

health/how body 

works/body parts

plants (naming)-(5%)

awake/asleep (0.5%)

lifecycles (3%)

11%

12%

14%

21%

9%

5%

      'scientific'               socio cultural               other

 
Figure 6.3 A pie chart to show the percentage of sentence responses which were based on three 

overall themes about ‘living’. A breakdown of the codes within the theme ‘scientific’ is also 

included in this chart. 

 

 

Some subtle differences between the interview data and drawing/sentence data come 

to light when the individual codes were considered. The children mentioned 
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‘characteristics’ less and their sentences incorporated a greater diversity of codes 

within the ‘scientific’ theme (see examples in Figure 6.4). 

 

 

 

Figure 6.4 Sample drawings and sentences about ‘living’ with sentences themed as ‘scientific’ 

 

 

 

 

 

 

 
girl (aged 5): Means you’re very, very 

healthy [LS-h] 

 

 
boy (aged 5): The birds go asleep but there’s 

a bird and he’s flying to his 

nest. They don’t hibernate [LS-

b] 

 

 
 

girl (aged 8): Drinking, breathing, eat 

healthy, exercise, excrete [LS-

c, LS-h] 

 

 
girl (aged 10): people living and not dying 

[LS-ad] 
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More of the sentence data (22%) focused on ‘social’ aspects of ‘living’, for example: 

 

 

 

Figure 6.5 Sample drawings and sentences about ‘living’ with sentences themed as ‘social’ 

 

Although there are subtle differences between the interview data (carried out in three 

of the six schools) and the sentences from the drawings (carried out in all six 

schools), it is interesting to note that the overall pattern of themed responses is very 

similar. That is the vast majority of responses are ‘scientific’ in nature. 

 

 

 
25G boy (aged 5): going out shopping [LC-s] 

 

 
86K boy (aged 9): living means caring about 

other people and being 

happy [LC-s] 

 

 

 
22H girl (aged 6): friendship [LC-s] 

 

 
91L girl (aged 10): Living means having fun 

and enjoying yourself 

[LC-s] 
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6.2.1 Gender 

There was little difference in the responses given by boys and girls in their 

interviews and sentences about ‘living’. Girl’s responses were 76% ‘scientific’ and 

18% socio-cultural. Likewise, boy’s responses were 74% ‘scientific’ and 19% socio-

cultural. Appendix 12A details pie charts comparing the percentage of coded 

responses within each theme for boys and girls. Many studies with older 

children/students conclude that there are some differences with respect to gender. 

Martin et al (2000) found statistically significant differences in two aspects of third 

level girls’ understanding of ‘Life in the Ocean’. The female marine biology students 

performed more favorably than their male counterparts in two aspects of their 

concept maps, ‘branching’ and ‘crosslinks’ (Martin et al, 2000, p310). Secondary 

level boys’ were reported to have performed better in more specific classification 

studies, involving closed responses, carried out by Lazarowitz (1981) and Tamir et al 

(1981). Interestingly Lazarowitz (1981) compared students in grades 7 (year 9) and 9 

(year 11) and only reported a gender difference among the older children. Wang et al 

(2007, p455) stated that findings from the literature are ‘inconsistent’ with regard to 

the ‘influence of gender’. Wang et al (2007) found no significant differences when 

they considered gender as a factor in high school students understanding of 

biological concepts in a test. Looft (1974) found no gender difference with younger 

children (mean age 7.15 years) when he compared verbal (interview) and non verbal 

(card sorting) methods to investigate their understanding of ‘living’. The current 

study goes further to conclude that there were no gender differences when less 

structured verbal (semi-structured interviews) and non verbal (drawings and 

sentences) methods were used. In other words, the responses from boys and girls 

about ‘living’ did not differ greatly when they were given the opportunity to give 

‘free responses’ and answer spontaneously (drawings and sentences) as opposed to 

completing a measure of their performance in set tasks. 

 

6.2.2 Age 

There was an overall increase with age in the percentage of ‘scientific’ based 

responses for interviews about ‘living’. The most considerable difference occurred 

between 4/5 year olds and 6/7 year olds. Figure 6.6 details the ‘scientific’ responses 

given by 4/5 and 6/7 year olds.  
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Theme interviews 

4/5 6/7  8/9  10/11  

‘scientific’ 

 

 

 

 

 

 

 

 

    
TOTAL: 59% 72% 83% 79% 

 

socio-  

cultural 

 

 

 

 

 

 

 

     

TOTAL: 27% 18% 8% 12% 

Other 14% 10% 9% 9% 
 

Key: 

 animals  

      (naming) 

 habitats 

 lifecycles 

 

 

 alive vs dead 

 characteristics 

 plants  

     (naming) 

 

 

 health/how  

     body works/ 

     body parts  

 awake/asleep 

 

 

 social 

 objects  

     (naming) 

 religious 

 

 

 contested 

 

Figure 6.6 Pie charts to show the percentage of interview responses given by children of 

different ages. A breakdown of the codes within the ‘scientific’ and socio-cultural 

themes are also included in these charts. 

 

The younger children focused on explanations based on ‘habitats’ during their 

interviews. This focus shifted to the ‘characteristics’ of living things among older 

children. For example:  

 

interviewer: Where do living things live? 

 

boy (aged 4): Ahh, be, they don’t, some crawlies live on the ground, some 

people live in houses. [LS-hb] 

 

girl (aged 5): Snakes live in the tree and dogs live in thing, a cat lives in a 

house too and that’s all [LS-hb] 
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girl (aged 7): They need water, food and fresh air and amm, and some living 

things need cold places, some living things need warm things 

[LS-c] 

 

 

interviewer: Where do living things live? 

 

girl (aged 5): Ammm, living means, like, living in a house and that’s it [LS-

hb] 

 

girl (aged 9): Living means to move, to drink, to exercise and that’s all I can 

think of. [LS-c, LS-h] 

 

boy (aged 10): Ammm, living means that it, it can move, it can eat and it has, 

it’s alive. [LS-c, LS-ad] 

 

Murphy (1987) considered the five to seven year olds’ conceptions of ‘living’. 

Murphy (1987, p76) found that children of this age may distinguish between living 

and non living in terms of ‘whether or not a creature is active in its ‘home’. In other 

words, their responses: 

 

appear to correspond directly to the biological concept of an ecological niche, that 

is, the functional role of an organism in its habitat within the community 

(Murphy, 1987, p99) 

 

Younger children in the current study may also distinguish between living and non 

living in a similar way – that is, by referring to where people and/or animals live and 

what activities they do there. 

 

Corresponding with an increase in ‘scientific’ responses, there was an overall 

decrease in the percentage of socio-cultural responses. This trend was most apparent 

between 4/5 year olds and 6/7 year olds and related specifically to a decrease in 

‘social’ responses (see Figure 6.6).  

 

The overall percentage of ‘scientific’ sentence responses did not increase between 

age groups. In fact, the youngest children gave the highest percentage of ‘scientific’ 

responses. This was because children aged 4/5 focused on naming animals and 

habitats in their sentences. The decrease in ‘scientific’ sentence responses was most 

apparent between 4/5 and 6/7 year olds (see Figure 6.7). 
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Themes sentences 

4/5 6/7  8/9  10/11  

‘scientific’ 

    
TOTAL: 80% 72% 77% 74% 

  

socio-

cultural 

    
TOTAL: 15% 26% 22% 25% 

OTHER: 5% 2% 1% 1% 
 

Key: 

 animals  

      (naming) 

 habitats 

 lifecycles 

 

 

 alive vs dead 

 characteristics 

 plants  

     (naming) 

 

 

 health/how  

     body works/ 

     body parts  

 awake/asleep 

 

 

 social 

 objects  

     (naming) 

 religious 

 

 

 

 contested 

 

Figure 6.7 A table to show the percentage of sentence responses given by children of 

different ages. Breakdowns of the codes within the ‘scientific’ and socio-cultural 

themes are also included in these charts. 

 

The responses given by older children became more diverse [see Appendix 12B]. 

Unlike the interview data, the percentage of sentences about ‘social’ aspects of living 

things increased considerably between children aged 4/5 and 6/7 years old (see 

Figure 6.7). The table in Appendix 12B compares the percentage of interview and 

sentence responses given within each theme, for children in each age band.  

 

Ochiai (1989) suggested that we cannot explain children’s judgments of life in a 

simple way as they reflect a complicated process, even when children are simply 

asked whether or not an object is alive. Ochiai (1989, p77) also pointed out that it is 
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‘difficult to specify which knowledge is used in different situations’. A complicated 

and diverse process is demonstrated both in findings from the current study and in 

findings from the literature. In the current study, different trends emerged with age 

when children were asked about their understanding of ‘living’ using different 

methods (semi structured interviews and spontaneous drawings/sentences), which 

could be considered ‘different situations’ (Ochiai, 1989, p77). With this in mind 

inferences made from the findings of the current study and subsequent correlations 

with other studies were viewed with caution. 

 

It can be argued that findings from the current study support Inagaki and Hatano’s 

(1996, p2823) claim that ‘children as young as 5 years have an integrated category of 

living things’. A central tenet of the work carried out by Inagaki and Hatano is that 

young children have a body of knowledge about biological phenomena that amounts 

to a form of biology because it has three fundamental elements (Inagaki, 1993; 

Inagaki and Hatano, 1997). The first is knowledge about the living non-living 

distinction and they showed, through three of their studies that five year olds can 

make this distinction and have a concept of it (Inagaki and Hatano, 1996). In the 

current study 35% of sentence responses from 4/5 year olds referenced animals are 

living things. However, a greater percentage of 4/5 year olds talked about ‘habitats’ 

and this percentage decreased thereafter with more children talking about the 

characteristics of living things. Therefore, findings from the current study support 

Murphy’s (1987) conclusion that children aged between five and seven may be 

thinking about ‘living’ in terms of a biological niche (what an organism does in its 

habitat and within its community). Murphy (1987, p87) suggested that consideration 

of the fact that ‘different animals have different homes’ is a good starting point for 

teaching about animals and living things. This can then be developed and built upon 

as opposed to ignored when we begin teaching about the characteristics of living 

things. 

 

Toyama (2000) conducted a study on children’s thinking about digestion and 

respiration. Toyama (2000, p229) used a mixture of open-ended and forced-choice 

formats and concluded that young children (mean age 4.8 years) ‘preferred biological 

over perceptual insights’. Indeed, by age 6/7 children in the current study began to 

talk a lot more about what they perceived with respect to the ‘characteristics’ of 
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living things (moving, eating, growing). On the other hand, Strommen (1995, p291) 

specifically claimed that first grade children rarely used ‘foods and habitats’ as a 

basis for their answers. Closer analysis of the methods used in this study may 

account for such an observation, the children were given pairs of ‘things that live in 

the forest’ and were asked to say what was ‘alike’ and ‘different’ about them 

(Strommen, 1995, p287). The current study suggests that when young children were 

given the opportunity to spontaneously draw what they thought ‘living’ meant they 

included the concept of a ‘habitat’ and to an even greater extent than older primary 

level children. Kerr et al (2006) compared the conceptions of student teachers and 

children in relation to ‘living’. Through the use of a word game, both samples were 

given the opportunity to spontaneously say what they thought ‘living’ meant. Kerr et 

al (2006) found that the children talked more about niche and people living in their 

houses (habitat). The student teachers attempted to name the characteristics of living 

things: these tended to be characteristics that they could perceive or perhaps 

characteristics that they remembered from their own school experience (Kerr et al, 

2006).  It would appear that younger children are more likely to talk about ‘habitats’ 

and what living things do there when compared with older children. Once again, the 

difference in findings from studies by Stommen (1995) and Toyama (2000) and how 

they relate to the current study demonstrates the complexity of children’s thoughts in 

different situations. 

 

In his review of literature on children’s biological understanding Rowlands (2001) 

stated that from the age of seven one line of development in children’s thinking 

relates to greater knowledge about ‘specific internal organs’. A similar trend can be 

noted in the children’s drawings/sentence responses in the current study: there was a 

gradual increase in the percentage of responses about health/how the body 

works/body parts between 4/5 year olds and 8/9 year olds. However, this trend was 

not evident in the interview data.  

 

Various age related studies using an assortment of methodologies conclude that 

children’s biological concepts become more ‘scientific’ as they get older. They move 

towards more ‘scientifically’ accepted ideas. For example, Trowbridge and Mintzes 

(1988, p567) concluded that many students progressed ‘toward scientifically 

acceptable ideas’ about animal classification. Trowbridge and Mintzes (1998) 
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compared the conceptions of fifth, eighth and tenth grade students and university 

students using pictorial classifications, free-response items and verbal classifications. 

Caravita and Falchetti (2005) presented evidence for a greater awareness of the life 

status of bones with age when they considered yes/no responses of third (7/8 year 

olds) to eleventh (16/17 year olds) grade students. Stavy and Wax (1989) found that 

correct classification rose from 15% among the youngest children (8/9 years old) to 

50% among the oldest children (11/12 years old). In the current study, the findings 

did not support a simple increase in ‘scientific’ responses for both ‘instruments’ 

because the youngest children (4/5 year olds) gave a higher percentage of ‘scientific’ 

responses in their spontaneous drawings/sentences. More specifically, the 

spontaneous method of probing ideas and understandings (drawings/pictures) 

demonstrated an increase in the diversity of responses as opposed to an overall 

increase in the percentage of ‘scientific’ responses as demonstrated in the interview 

data. It would appear that the relationship between children’s ideas and their age is 

open to consideration and interpretation. The more optimistic among us could 

conclude that children’s understandings ‘scientifically’ improve with age, if they are 

probed in a given way and dependent upon what one considers to be an 

‘improvement’ (diverse thought or ability to draw ‘habitats’ and name animals).  

 

6.2.3 Science ability level  

Slight differences were apparent between children of different abilities in the 

interview data. Interviews with medium ability children evidenced the lowest 

proportion of ‘scientific’ based responses and more ‘social’ responses. High ability 

children gave the highest percentage of ‘scientific’ responses. For example: 

 

interviewer: What do living things need? 

 

medium ability girl (aged 8): Living things need somewhere to sleep at 

night…and they need comfort. [LC-s] 

high ability boy (aged 7): Food and sleep and water [LS-c] 

 

 

interviewer: How do you know things are living? 

 

medium ability girl (aged 10): Cause there’s things outside that don’t…talk 

or speak. [LC-s] 

high ability boy (aged 7): Because they were moving, they were 

actually…they were breathing [LS-c] 
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However, low ability children gave more responses related to ‘habitats’ when 

compared with medium and high ability children who focused more on the 

‘characteristics’ of living things. For example: 

 

interviewer: Where do living things live? 

 

low ability girl (aged 11): Am, (they live in) the ground and stuff and like it moves 

about and travels and stuff. [LS-hb] 

 

Figure 6.8 shows the percentage of interview responses in each theme and the codes 

within the ‘scientific’ and socio-cultural theme. 

 

 

 
LOW ABILITY: % of 'scientific' coded responses for interviews about living

76%

13%

11%

habitats

health/how body 

works/body parts

characteristics

contested

animals (naming)

lifecycles (5%)

awake/asleep (1%)

alive vs dead (2%)

plants (naming)-(2%)

7%

13%

16%

24%

6%

LOW ABILITY: % of 'socio cultural' coded responses for interviews about living

objects (naming)

contested

religious

'social'

76%

13%

11%

2%

3%

3%

3%

 
MEDIUM ABILITY: % of 'scientific' coded responses for interviews about living

plants (naming)-(2%)

lifecycles (2%)

alive vs dead (4%)

contested

health/how body 

works/body parts

animals (naming)

habitats

characteristics

17%

11%

70%

5%

15%

32%

5%

5%

MEDIUM ABILITY: % of 'socio cultural' coded responses for interviews about living

contested (1%)

religious

objects (naming)

'social'

70%

11%

17%

2%

3%

12%

 
HIGH ABILITY: % of 'scientific' coded responses for interviews about living

health/how body 

works/body parts 

(3%)

plants (naming)-(2%)

awake/asleep (0.3%)

alive vs dead (4%)

lifecycles (5%)

contested (5%)

animals (naming)

habitats

characteristics

82%
10%

8%

14%

14%

35%

HIGH ABILITY: % of 'socio cultural' coded responses for interviews about living

10%

8%

82%

'social'

objects (naming)

religious

contested (0.3%)

1%

3%

6%

      'scientific'               socio cultural               other   
Figure 6.8 Pie charts to show the percentage of interview responses given by children of 

different abilities. A breakdown of the codes within the themes ‘scientific’ and socio-

cultural are also included in these charts. 
 

It is interesting to note that the youngest children in the sample and low ability 

children were also more likely to talk about ‘living’ in terms of ‘habitats’ (see section 

6.2.2). This may suggest that ‘habitats’ is part of the earliest concept of ‘living’. 
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Indeed Murphy (1987) also found that children aged five to seven talked about living 

in terms of where things live (habitats) and what they do there .  

 

There was a general increase in the percentage of ‘scientific’ sentence responses with 

ability; in particular, more theoretical explanations (see Appendix 12C for sentence 

data related to children of different abilities).  

 

Lazarowitz (1981) found a significant difference between high school students’ 

performance in a classification test and their results from an intelligence test. Tamir 

et al (1981) also used a test on classification but found no significant difference 

when compared with high school students’ teacher assessed science achievement. 

The majority of studies compare ability using ‘test’ conditions. Evidence from the 

current study goes further to suggest that when there are no test conditions primary 

school children of a higher ability (teacher assessed) are beginning to theorise more 

with respect to the concept of ‘living’ things. 

 

6.2.4 Socio economic group  

The responses from children of different socio economic groups in the current study 

were very similar both with respect to the interviews and sentences (see Appendix 

12D). Tamir et al (1981, p244) found only one statistically significant difference for 

students who were ‘culturally disadvantaged’ related to their ability to classify 

plants. The current study suggests that there is little difference in children from 

different socio economic groups with regard to how they talk about the concept of 

‘living’. 

 

6.2.5 School and class group  

There was little difference in the percentage of ‘scientific’ responses given by 

children in the majority of schools, both in their interviews and sentences. However, 

it is interesting to note the rank order of schools according to the percentage of 

‘scientific’ responses (see Figure 6.9). The socio-cultural responses are not compared 

in Figure 6.9 as they correspond with the ‘scientific’ data (that is, schools with a 
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higher percentage of ‘scientific’ responses have a lower percentage of socio-cultural 

responses). 

 

 SCHOOLS: % of ‘scientific’ coded responses for interviews and sentences about ‘living’ 
 
                
 

                                              M             S   D N  O  Ne 

_________________↓_____↓_↓↓_↓_↓___________________ 
100%                                                                                                                       50%  
 

 
KEY: 

M-Midtown     S-Southtown     D-Downtown     N-Northtown     O-Oldtown     Ne-Newtown       
 

Figure 6.9 Proportionate lines to show the percentage of ‘scientific’ responses given by 

children in different schools in their interviews and sentences about ‘living’  

 

Children in Midtown PS gave the most ‘scientific’ based responses. Children in 

Oldtown PS and Newtown PS gave the lowest percentage of ‘scientific’ responses. 

Placing the schools in rank order according to the percentage of ‘scientific’ responses 

will allow direct comparison with the data relating to children’s attitudes to science. 

 

Individual classes were compared with their counterparts in other schools, both in 

their interview and sentence responses. As with the whole school data, the 

percentage of ‘scientific’ responses for each corresponding class group was ranked. 

Similar to the pattern outlined in Figure 6.9, children in almost every primary in 

Oldtown PS gave the lowest percentage of ‘scientific’ responses in their interview 

data. The exception was children in P1 in Oldtown PS. The percentage of ‘scientific’ 

responses for some classes in Northtown PS (interviews: P4, P5, P7 and sentences: 

P2, P4, P6) did not evidence the whole school pattern. Children in these classes gave 

a higher percentage of ‘scientific’ responses than the whole school average (74%). 

Therefore, in keeping with the whole school findings (Figure 6.9) classes in Oldtown 

PS and Newtown PS were also ranked at the bottom. The table in Appendix 12E 

compares further details on the percentage of coded and themed interview and 

sentence responses given by children in all the schools.  

 

Bondi (1991) used multi-level modelling techniques to compare the reading abilities 

of children in different primary schools in Scotland. Bondi (1991, p213) found 



 

 206 

‘systematic variations’ between primary schools, therefore implying that the reading 

level of a child with average background characteristics can vary depending on 

which school they belong to. Bourke (1998) considered school level variables as 

predictors of student achievement in reading and found that children in school in 

poorer areas had lower reading achievement. Primary school level indicators (FSM 

entitlement) were chosen because they added a “community” context (Bourke, 1998, 

p3). In the case of the current sample the percentage of children entitled to FSM was 

recorded as for each school. In order for comparisons to be drawn the schools are 

ranked in Figure 6.10 according to FSM (highest to lowest percentage of children 

entitled). 

 

 SCHOOLS: % of children entitled to FSM 

 

FSM 
                       Old                   Down   Mid       New   North  South 

__________↓__________↓__↓______↓___↓___↓__________ 

100%                                                                                         0%  

 

  
Figure 6.10 Proportionate lines to show the percentage of children entitled 

to Free School Meals. School names have been abbreviated.  

 

 

There is very little similarity between the FSM entitlement and the rank order of 

‘scientific’ responses given by the children in their interviews and sentences about 

‘living’. However, consideration of the rank orders for Oldtown PS may suggest that 

there is relationship between FSM, deprivation and percentage of ‘scientific’ 

responses. At Oldtown PS 80% of the children were entitled to Free School Meals. 

Arnold and Kaufman (1992, p44) stated that the validity and utility of findings from 

work on school effects have been challenged because studies have been ‘plagued by 

methodological problems’. This is mainly due to the fact the student-level effects and 

school-level effects are often erroneously intertwined.  

 

In an attempt to overcome this issue Arnold and Kaufman conducted a large study 

that examined maths and science results from the National Assessment of 

Educational Progress (NAEP) 1985-6 at three grade levels. Arnold and Kaufman 

(1992) considered the NAEP results with respect to within school (student-level) and 

between school (school-level) effects. Arnold and Kaufman (1992) found that 
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students who had a lower socio economic status performed less well (student-level 

effects) and the NAEP results were lower in schools serving disadvantaged 

populations (school-level effects). It would appear, in the case of Oldtown PS that 

student-level effects and school-level effects (FSM) are prevalent. It is important to 

note, however, that such an association applied only to Oldtown PS, one school out 

of six. Also, a high percentage of children in Midtown PS were entitled to Free 

School Meals (52%). However, children in Midtown PS gave the highest percentage 

of ‘scientific’ responses in their interviews and sentences about ‘living’.  Therefore, 

with respect to the current study, other factors may have contributed to the 

differences in ‘scientific’ responses given by children in different schools.  

 

Wilson et al (2002) made a case for the effect of the organisation of the learning 

environment on achievement at school level. They concluded that school 

environment (including the use of constructivist teaching, staff expectation for 

behaviour and mutual respect as well as partnerships in the community) has a 

positive impact on student achievement (Wilson et al, 2002). As with the findings 

related to attitudes towards science, it is important to note that very different school 

‘environments’ were observed by the researcher, namely, a loss of morale and focus 

on Oldtown PS due to imminent closure. On the other hand, children in Southtown 

PS and Midtown PS had been involved in recent science education projects with 

other researchers. The principal of Southtown PS also received a lifetime 

achievement award in primary science (see section 4.6.1 for more detailed field notes 

on individual schools). Although a tentative link, in the case of the current study, the 

‘immeasurable’ characteristics of individual schools may have more of an impact on 

children’s ideas and understanding of the concept of ‘living’, especially when the 

children themselves are consulted about what they think as opposed to examining 

‘measured’ test results/demographic statistics.  

 

6.3 Ideas about ‘daytime’ 

As with the ‘living’ interviews analysis of all the answers/phrases given by the 

children to all of the interview questions suggested that a greater percentage of 

responses and phrases were ‘scientific’ in nature (73%). That is, the children tended 

to base their discussions, explanations and responses on scientifically related ideas 
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and observations (Figure 6.11). Descriptions of each coding group within the themes 

for ‘daytime’ (for example ‘theories’) as well as the coding reference are detailed at 

the beginning of this chapter, in Table 6.1. 

 

TOTAL SAMPLE: % of 'scientific' coded responses for interviews about daytime

73%

13%

14%

other theories

 'scientifically' 

correct theories

visual

contested

biological (2%)

weather (4%)

auditory (0.3%)

sensed (1%)

21%

26%

6%

      'scientific'                    socio cultural               other

13%

6%

 
Figure 6.11 A pie chart to show the percentage of responses which were based on three overall 

themes from the interviews about ‘daytime’. A breakdown of the codes within the theme 

‘scientific’ is also included in this chart. 

 

Within the theme of ‘scientific’ the children mainly attempted to outline theories 

(‘scientifically’ correct or otherwise) about daytime and how it happens. The 

children also talked about what they see (‘visual’): 

 

interviewer: How does daytime happen? 

 

boy (aged 4): When, when it’s not dark. [DS-v] 

 

boy (aged 9): I think daytime happens by when the earth goes round and the 

sun goes round and the sun would be shinning on the path of 

that bit and the moon would be shinning on the other bit and it 

would be daytime over here and night time somewhere else 

[DS-thO] 

 

girl (aged 6): When it, when it’s morning the sun comes up rising and shine and then 

sometimes you might have a cock-a-doodle-do and it wakes you up [DS-v, 

DS-a] 

 

girl (aged 9): Daytime happens when the world spins around and shows it’s morning 

and night time [DS-thS] 

 

 

interviewer: What happens for daytime? 
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boy (aged 9): If the sun doesn’t rise it’ll be night time [DS-v]… The other 

part of the planet’s facing the sun so we can see it [DS-thS] 

 

boy (aged 11): The sun will come over and the moon will go where the sun is 

[DS-v] 

 

girl (aged 9): It moves round us, yes, most people are at the sun and when the 

sun goes away, when the sun goes away, it’s away like different 

countries like Africa and all [DS-thO] 

 

A further 7% of ‘scientific’ responses were about the weather, biological concepts or 

observations made from their other senses (that is not visual/auditory): 

 

interviewer: How does daytime happen? 

 

girl (aged 7): When it’s…sunny or rainy [DS-w] 

 

 

interviewer: What happens in daytime? 

 

boy (aged 9): Plants grow when the sun’s hitting it and that’s all. [DS-b] 

 

 

interviewer: Anything else you would like to say? 

 

girl (aged 6): The sun gives heats, if we’re too cold then the sun will shine 

some light that makes us warmer [DS-s] 

 

Fourteen percent of the interview responses about ‘daytime’ were themed as socio-

cultural. Figure 6.12 details the break down of codes within the socio-cultural theme. 
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TOTAL SAMPLE: % of 'socio cultural' coded responses for interviews about daytime

contested (0.4%)

time

religious

'social'

14%

13%

73%

9%

3%

2%

      'scientific'               socio cultural               other

 
Figure 6.12 A pie chart to show the percentage of responses which were based on three overall 

themes from the interviews about ‘daytime’. A breakdown of the codes within the socio-cultural 

theme is also included in this chart. 

 

The majority of responses within the socio-cultural theme (9%) were related to social 

behaviour/observations, for example: 

 

interviewer: I’m trying to figure out how, how daytime happens, what 

happens for daytime? 

 

boy (aged 5): Ahh, well, all the people play, carefully sometimes…all the 

people don’t play carefully sometimes but [DC-s] 

 

 

interviewer: Right, and what happens in daytime? 

 

boy (aged 10): You get up and you walk about and stuff [DC-s] 

 

girl (aged 5): you go out to play [DC-s] 

 

girl (aged 6): You can go out to play in the park or play with your friends and 

go to school and play with your friends at dinnertime. [DC-s] 

 

Children in all six schools involved in the current study completed drawings about 

‘daytime’ with sentences on how they think ‘daytime’ happens (see Appendix 13 for 

a sample of drawings and corresponding sentences about ‘daytime’). A similar 

pattern emerged for the overall themes. The percentage of sentence responses for 

each code within the ‘scientific’ theme is outlined in Figure 6.13 
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TOTAL SAMPLE: % of 'scientific' coded responses for sentences about daytime

2%

16% 82%

visual

other theories

 'scientifically' 

correct theories

biological (4%)

weather (3%)

auditory (0.2%)

sensed (1%)

19%

40%

      'scientific'               socio cultural               other

15%

 
Figure 6.13 A pie chart to show the percentage of drawing responses which were based on three 

overall themes about ‘daytime’. A breakdown of the codes within the theme ‘scientific’ is also 

included in this chart 

 

However, some differences between the interview data and sentence data become 

apparent when the codes within the ‘scientific’ theme are considered. The children’s 

sentences were more ‘scientific’ and more were based on ‘visual’ explanations (see 

Figure 6.14): 
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Figure 6.14 Sample drawings and sentences about ‘daytime’ with sentences themed as ‘scientific’ 

and coded as ‘visual’ 

 

There was very little difference within the socio-cultural theme between the 

interviews and the sentences. Figure 6.15 shows the percentage of coded sentence 

responses for the socio-cultural theme.  

 

 

 
boy (aged 7): Sun’s rising [DS-v]  

boy (aged 10): daytime means it’s light [DS-

v] 

 
girl (aged 5): moon lights up in the sky [DS-

v] 

 

 
girl (aged 8): the sun and all the houses [DS-

v] 
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TOTAL SAMPLE: % of 'socio cultural' coded responses for sentences about daytime

16%

'social'

time

religious

2%

82%

10%

4%

2%

      'scientific'               socio cultural               other

 
Figure 6.15 A pie chart to show the percentage of sentence responses which were based on three 

overall themes about ‘daytime’. A breakdown of the codes within the socio-cultural theme is also 

included in this chart 

 

 

6.3.1 Gender 

There was little difference in the responses given by boys and girls in their 

interviews about ‘daytime’. Girls gave slightly more socio-cultural responses but the 

breakdown of codes within the socio-cultural theme was the same for boys and girls 

(See appendix 14A for more detail). 

 

Boys gave a higher percentage of ‘scientific’ responses (85%) when compared with 

the girls (79%) in their sentences about ‘daytime’. For example: 
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Figure 6.16 Sample drawings and sentences by boys and girls about ‘daytime’ 

 

Bryce and Blown (2006) found that only 36 studies out of 69 gave details of gender 

in their analysis of literature on children’s cosmologies, with only 21 studies 

reporting findings for almost equal numbers of boys and girls in their samples. Bryce 

and Blown (2007) reflected on personal communications with researchers in this 

field and emphasised that there have been little or no gender effects, resulting in a 

lack of focus on this variable. Nevertheless, Bryce and Blown (2007, p1663) outlined 

‘conflicting’ results when gender has been addressed, that is, no gender effect or an 

effect in favour of boys. Indeed, findings from the current study suggest that there 

 
boy (aged 10): The planets orbit the sun and 

every time they get to a point 

the sun shines on them [DS-

thS] 

 
boy (aged 7): When the sun hits Ireland it 

pretends to be brighter for 

daytime [DS-v] 

 
girl (aged 9): The children go out to play 

[DC-s] 

 
girl (aged 11): I think time makes it happen 

like when the time is right [DC-

t] 
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was little gender effect in the children’s interview responses. Also, the higher 

instance of ‘scientific’ responses in the boys’ sentence data corresponds with 

tentative results from some studies regarding more ‘favourable’ findings from boys. 

Many studies involving adults (Lightman, Miller and Leadbeater, 1987) and 

secondary school children (Sadler, 1993; Schoon, 1989; Trumper, 2001) report more 

positive findings for boys. However, an apparent inconsistency in findings related to 

gender is more obvious when one considers studies involving primary school 

children. Oakes (1947) surveyed 153 children aged 4-13 in the USA and Klein 

(1982) interviewed 24 (14 boys, 10 girls) Anglo-American and Mexican-American 

children aged 7-8 years old. Neither study, with their different methodologies and 

samples, found a gender difference. However, Za’rour (1976) compared 110 

Christian and Moslem children’s (55 boys and 55 girls) cosmologies in Lebanon. The 

children were aged 4-9 years old and Za’rour (1976) concluded that boys were more 

advanced in their concepts. In a more complex comparative study Sneider and Pulos 

(1983) found a gender effect with respect to attainment and concluded that boys 

showed a deeper understanding of cosmology than girls. It is important to note that 

Sneider and Pulos (1983) compared American children from their own study with 

another study conducted in the USA and studies conducted in Israel and Nepal. This 

comparative sample involved: 

 

American samples 

159 children aged 9-14 (Sneider and Pulos, 1983) 

52 children aged 8 (Nussbaum and Novak, 1976) 

  

Israeli samples 

240 children aged 10-14 (Nussbaum, 1979) 

114 children aged 7-8 (Nussbaum and Sharoni-Dagan, 1983) 

 

Nepali samples 

256 children aged 8-12 (Mali and Howe, 1979) 

 

Although an important finding, comparison is difficult for many reasons including 

the lack of specificity with regard to the number of boys and girls involved (Bryce 

and Blown (2007). Recently, Bryce and Blown (2007, p1662) conducted a larger 

study with specific reference to the gender of the children involved and in an attempt 

to overcome ‘profound differences in interpretation’ due to the abundant research 

methodologies and cultural differences. Their longitudinal study involved a mixture 
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of methodologies (interview, drawings, and play-dough models) with large samples 

spanning pre-school, primary and secondary age groups from different cultures: 

 

New Zealand sample: 

444 children aged 2-18 (217 boys, 227 girls) 

 

Chinese sample: 

242 children aged 2-18 (129 boys, 113 girls) 

 

Bryce and Blown (2007, p1656) concluded that ‘boys’ and girls’ development and 

intuitive understandings are similar’. They found that differences between boys and 

girls conceptual acquisition were not statistically significant and their knowledge 

acquisition, cognitive development and conceptual change followed similar trends, 

irrespective of culture and ethnic group (Bryce and Blown, 2007). The current study 

also considered more than one methodology and found that the responses given by 

boys and girls were similar for interviews about ‘daytime’ (and interviews and 

sentences about ‘living’). However, a greater percentage of ‘scientific’ responses 

from boys in the drawing/sentence data about ‘daytime’ is more in line with some of 

the older studies (Za’rour, 1976; Sneider and Polus, 1983). Such subtle differences 

were also evident in more specific aspects of Bryce and Blown’s (2007, p1668) 

study, however, they found that girls were better able to describe (interviews) and 

visually represent (drawings) their cosmologies and boys ‘displayed greater 

awareness of gravity’. Nevertheless, the overriding conclusive evidence of the 

current study and that carried out by Bryce and Blown (2007) is on the similarity 

between genders.  

 

Some studies have attempted to account for more favourable results from boys. 

Sneider et al (1979) mentioned that personal experience, such as owning a telescope 

(boys), directly influences children. It is difficult to ascertain if such specific 

experiences have a bearing on the current sample because their study was about the 

effect of an astronomy exhibit on visitors aged 13 to adult (Sneider et al, 1979).  

Sharp and Kuerbis (2005) tentatively ascribed the greater accuracy of 9-11 year old 

boys (in a 66 item survey administered in one-to-one interviews) with background 

information collected in earlier interviews. The background information related to  
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television-viewing habits, the sorts of books and comics read, and the 

computer games played. 

                                                                 (Sharp and Kuerbis, 2005, p133) 

 

Murphy (1990) also showed that early childhood experience such as the environment 

at home can have an effect on children’s interests later in life. Johnson and Murphy 

(1986) found that boys take part in more science related hobbies at home such as 

helping to fix the car. There is a possibility that pastime preferences affected the 

responses given by boys in the current study, but further work would need to be 

carried out to specifically consider the relationship between personal experience and 

boys’ and girls’ understanding of astronomy (see chapter 7 for possible links 

between ideas/understanding and preferences in primary school science). 

Interestingly, Sharp and Kuerbis (2005) found that the qualitative and quantitative 

gender differences were not significant after a 10 week intervention programme on 

formal astronomy teaching. Such a finding is relevant to the current study because 

less gender difference emerged for the concept of ‘living’ (a curriculum topic) as 

opposed to ‘daytime’ (a non-curricular topic).  

 

6.3.2 Age 

There was an overall increase with age in the percentage of ‘scientific’ based 

responses for interviews and sentences about ‘daytime’. In the interviews, the most 

considerable increase occurred between 6/7 year olds and 8/9 year olds (see Figure 

6.17). 
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theme interviews 
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other 8% 13% 15% 13% 
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Figure 6.17 Pie charts to show the percentage of responses given by children of 

different ages in their interviews about ‘daytime’. A breakdown of the codes within 

the ‘scientific’ and socio-cultural themes are also included in these charts. 

 

The interview responses from children aged 8/9 and older were more theoretical in 

nature, the majority of younger children’s responses (aged four to seven) were 

‘visual’ explanations. For example:  

 

interviewer: how does daytime happen? 

 

boy (aged 4): when, when it’s not dark [DS-v] 

 

girl (aged 6): When it, when it’s morning the sun comes up rising and shine 

and then sometimes you might have a cock-a-doodle-do and it 

wakes you up [DS-v, DS-a] 

 

girl (aged 9): I think daytime happens from the sky, the moon and the earth… 

mostly at night they, if you went to sleep and they all mix up 

together, the  sky, the moon and the earth cause amm, when 
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they all mix up together then it’s like light and dark in the sky 

at the same time [DS-thO] 

 

boy (aged 9): [this child had modeling clay and chose to demonstrate which 

‘parts’ of the earth he was referring toI think daytime happens 

because the moon and the, the moon travelling around the earth 

and the, block the sun and then, making that part night time and 

then this part daytime and then whenever the moon travels 

round to here, it makes this part daytime and this part night time 

[DS-thS]… because the sun is really, really big and it’s 

probably about up to there and it’s probably going, it, well light 

can’t really go like this but it probably, probably light goes 

really, really fast and it probably goes out there (towards other 

planets) and then it gets that far in a couple of seconds and then 

it probably bounces off a planet that’s far out there and then 

comes back till it gets, to touch there (one side of earth) [DS-

thO] 

 

Corresponding with an increase in ‘scientific’ responses, there was an overall 

decrease, with age, in the percentage of socio-cultural responses. Again, this trend 

was most apparent between 6/7 year olds and 8/9 year olds and related specifically to 

a decrease in ‘social’ responses (see Figure 6.17).  

 

With regard to the sentence data, there was also an increase in ‘scientific’ sentence 

responses and theoretical explanations with age. However, it was only children aged 

10/11 whose ‘scientific’ responses were mainly theoretical (see Figure 6.18). The 

percentage of socio-cultural sentence responses decreased with age. 
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theme Sentences 

4/5 6/7  8/9  10/11  

‘scientific’ 

    
TOTAL: 73% 78% 81% 88% 

 

socio- 

cultural 

    
TOTAL: 23% 20% 19% 10% 

OTHER: 4% 2% 0 2% 
 

Key: 
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Figure 6.18 Pie charts to show the percentage of responses given by children of 

different ages in their sentences about ‘daytime’. A breakdown of the codes within 

the ‘scientific’ and socio-cultural themes are also included in these charts. 

 

The table in Appendix 14B compares details on the ‘scientific’ and socio-cultural 

interview and sentence responses given by children in all age bands. 

 

An overall increase with age towards more ‘scientifically’ accepted ideas about 

astronomy at primary level has been reported in many studies. Vosniadou and her 

colleagues have conducted numerous studies on children’s conceptions of various 

elements of astronomy. Vosniadou et al (2005, p348) compared five to ten year old 

children’s conceptions before and after using a globe as a model of the earth and 

concluded that: 
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The older children gave a greater number of scientifically correct 

responses than the younger children 

  

Vosniadou et al (2005) probed 42 children’s conceptions using questions, drawings 

and model making. They also stated that these findings (an increase in correct 

scientific responses with age) replicated results from earlier studies (Vosniadou and 

Brewer, 1992, 1994; Vosniadou, 1994; Vosniadou, 2004). Sharp (1996, p707) 

explored the astronomical beliefs (which included day and night) of 10/11 year olds 

and found that they had an ‘impressive factual and procedural knowledge’. Children 

aged 10/11 in the current study also possessed logical theories to explain how day 

and night happen: 

 

interviewer: how does daytime happen? 

 

girl (aged 10): Cause the amm, the earth goes around the sun and if the sun’s 

at this side it can’t be in that side at the same time so, like, up in 

Belfast and down in Australia, so it’s be like night time in 

Australia and daytime here. [DS-thS] 

boy (aged 10): Daytime happens by energy coming through the sun and it 

explodes because it’s too warm and it gives light to us [DS-thS] 

 

Sharp (1996, p707) suggested specifically that older primary children could 

understand ‘complex and abstract information’. Many studies view children’s ideas 

as ‘non-scientific’, especially when referring to young children. For example, Stahly 

et al (1999) considered the conceptions of four individual children aged 8/9 about the 

lunar phases. They concluded that the children’s conceptions ‘are divergent from the 

scientific perspective’ and only have ‘components that are consistent with it’ Stahly 

et al (1999, p173). The current study involved more children and suggests that even 

very young children (aged 4/5 years old) can relate ‘daytime’ to ‘scientific’ 

observations and other ‘biological’ phenomenon  and children aged 6/7 years old are 

beginning to theorize about ‘daytime’ (see Figure 6.19). Sharp and Kuerbis (2005) 

reviewed some of the literature and also agreed that children’s ideas ‘become 

increasingly scientific’ with age. However, Sharp and Kuerbis (2005) also stated that 

it was: 

 

reasonable to conclude that very young children possess very limited 

ideas about the solar system, if any at all… 
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Considering that Sharp and Kuerbis’ (2005) study focused on children aged 9-11 

years old, ‘very young’ children could be aged 4/5 years old. It could be argued that 

the 4/5 year olds in the current study were able to talk ‘scientifically’ because their 

responses were based on visual observations, an important element of ‘science’. For 

example:  

 

interviewer: how does daytime happen? 

 

boy (aged 4): When, when it’s not dark. [DS-v] 

boy (aged 4): (this child is talking about the sun) Down from the mountains, 

down, down, down, down until the night comes up with the 

moon and the stars [DS-v] 

 

And some 4/5 year olds are theorizing about how daytime happens: 

 

interviewer: how does daytime happen? 

 

girl (aged 5): Ahh, it turns around, goes round in a big circle…when the 

planet turns over to the sun and the sun shines and see when, 

every day when I go sleep my mummy keeps the door open 

because in case I get scared [DS-thS] 

 

Indeed Blown and Bryce (2006, p1458) termed the development in their results 

towards the scientific view as progression from a ‘lower phase of scientific 

understanding to a higher phase’. A considerable conclusion, given that the study 

conducted by Blown and Bryce (2006, p1411) involved 686 children from 2-18 years 

old as they observed, drew, modelled and discussed the ‘apparent motion of Sun and 

Moon, and other features of the Earth. Blown and Bryce (2006, p1411) went so far as 

to say that ‘children’s cosmologies were far richer than previously thought’. Findings 

from the current study would suggest that young children are thinking about 

‘daytime’ in a ‘rich’ way based on accurate observations and solid theories.    

 

The individual nature of children’s responses is also important. Nussbaum (1979) 

concluded that there was a trend in the conceptions of 240 children aged 9-13 but ‘no 

specific defined pathway’ existed. Although the sample size was much smaller, 

Stahly et al (1999) stressed that each child progressed at an individual rate. 

Progression and delineation of children’s ideas is so individual that they can even 

‘switch’ concepts during an interview and ‘manipulate them dynamically’ whilst 

they are trying to make sense of the world (Blown and Bryce, 2006). The 
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individualistic nature of children’s ideas can be highlighted in this excerpt from the 

current study: 

 

interviewer: how does that happen (this child was talking about how it is 

night time somewhere else in the world)? 

 

girl (aged 10): Cause the amm, the earth goes around the sun and if the 

sun’s at this side it can’t be in that side at the same time so, 

like, up in Belfast and down in Australia, so it’s be like night 

time in Australia and daytime here. 

 

interviewer: Why? 

 

girl: Cause, cause at different points, different points of the day the sun 

moves and it can’t be at night time here, it’ll be sunny over 

there and daytime over there. 

 

interviewer: So what moves? 

 

girl: The sun. It moves round the earth…we orbit the sun. We go round the 

sun or the sun goes round us. 

 

Although the current study presents evidence for an increase in ‘scientific’ based 

ideas with age one must consider the context of this study when drawing parallels 

with previous studies for two reasons. Firstly, the context of the curriculum and 

secondly, the fact that it compared different children of different ages and not a 

longitudinal study which probed the same children’s ideas as they get older. Many 

previous studies mentioned in this section relate to countries where astronomy was 

being taught as part of the curriculum. Baxter’s (1989) study is often compared with 

recent studies as a ‘pre-National Curriculum’ survey. Direct comparisons could be 

deemed impossible (Sharp, 1996) because, although astronomy is not formally part 

of the Northern Ireland curriculum, findings from the current study are not from a 

‘pre-National Curriculum’ survey. However, it is interesting to point out that Baxter 

(1989, p504) found that the dominance of ideas related to ‘directly observable 

features’ (e.g. the sun being covered by the hills or clouds) decreased with age and 

they talked/drew more about ‘the movement of astronomical objects’.  

 

The current study was not longitudinal and did not track the ideas of individual 

children as they got older. Nevertheless, the current study adds to the principal tenet 

of cross-age (Baxter, 1989; Nussbaum, 1979; Trumper, 2001; Vosniadou et al, 2005) 

and longitudinal studies (Blown and Bryce, 2006) alike; that children can think 
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‘scientifically’ about ‘daytime, albeit in relation to their observations (‘visual’) or 

theories. 

 

6.3.3 Science ability level and socio economic group 

As with the interviews about ‘living’, medium ability children evidenced the lowest 

proportion of ‘scientific’ based responses and more ‘social’ responses. However, the 

children’s ‘scientific’ explanations became more theoretical with ability (see Figure 

6.19). 
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Figure 6.19 Pie charts to show the percentage of responses given by children of different abilities 

in their interviews about ‘daytime’. A breakdown of the codes within the ‘scientific’ and socio- 

cultural themes is also included in these charts. 

 

There was a sharper increase with ability in ‘scientific’ responses in the sentence data 

in comparison to the interview data (see Figure 6.20).  
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Figure 6.20 Pie charts to show the percentage of responses given by children of different abilities 

in their sentences about ‘daytime’. A breakdown of the codes within the ‘scientific’ and socio-

cultural themes is also included in these charts. 
 

It is also worth noting that the increase in ‘scientific’ sentence responses for 

‘daytime’ was much greater than the increase evidenced in the ‘living’ sentence 

responses. For example: 
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Figure 6.21 Sample drawings and sentences about ‘daytime’ by children of different abilities 

 

 

Children who were not entitled to free school meals gave slightly more ‘scientific’ 

based responses and less socio-cultural based responses in their interviews about 

‘daytime’ (see Figure 6.22).  

 

 
 

high ability girl (aged 10): The earth turns 

around and when we are near the sun 

then it’s morning, if the sun is far away 

then it is evening [DS-thS] 

 
low ability boy (aged 8):By God’s powers 

[DC-r] 

 
medium ability girl (aged 10): At daytime you 

have to have light but at night time the 

sun stays there but the moon goes over 

it and the sun gives the moon light[DS-

thO]. The moon has no light of its own 

[DS-thS] 

 

 
high ability boy (aged 10): We orbit the sun 

[DS-thS] 
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Figure 6.22 Pie charts to show the percentage of responses given by children in different socio 

economic groups in their interviews about ‘daytime’. A breakdown of the codes within the 

‘scientific’ and socio-cultural themes is also included in these charts. 
 

There was little difference in the sentence responses given by children in different 

socio economic groups (see Appendix 14C for further details).  

 

Many studies involving children of primary ages have attempted to control for the 

effect of ability and/or socio-economic status. As a result it is difficult to draw 

comparisons between findings from the current study and findings from other 

studies. For example: 

 

Studies including primary age children: 

 

Sharp (1996, p689): ‘schools were selected on the basis of…their wide 

socio-economic catchments’ 

‘schools were asked to provide a wide cross-section 

of abilities’ 

Klein (1982, p95-96): ‘a basic goal was to eliminate, as far as possible, the 

variable of socio-economic backgrounds…all the 

children in the study were from the low and low-

middle socio-economic group’ 

Baxter (1989, p503): ‘The sample covered the full range of abilities (based 

on their teachers’ judgements)’ 

Stahly et al (1999, p162): selected for ‘academic ability...to reflect the 

composition of the class’ 

Sharp and Kuerbis (2005, p128): ‘…primary school with mixed 

socioeconomic catchment’ 

Nussbaum and Sharoni-Dagan (1983, p102): ‘This school represented a 

good example of the Israeli attempt to integrate 

children of different SESs (socioeconomic status). 

Therefore, the prospective generalization of our 
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conclusion to the wider Israeli population could be 

quite valid’ 

Blown and Bryce (2006): children were ‘matched by class teacher in the 

basis of…general ability, and socio-economic 

status.’ 

 

In other words, researchers tend to select samples that represent a given population 

(Stahly et al, 1999; Nussbaum and Sharoni-Dagan, 1983; Bryce and Blown, 2006). 

Many studies have equal numbers/a range of children with different abilities and/or 

socio economic status (Sharp, 1996; Baxter, 1989; Sharp and Kuerbis, 2005) or the 

ability levels/socio economic status are clearly stated from the outset (Klein, 1982). 

With reference to the current study, it is important to note that 40% of the sample 

was entitled to free school meals (FSM) in comparison to 20% entitlement for all of 

Northern Ireland. The percentage of children in the current study with different 

science abilities was 21% low ability, 48% medium ability and 31% high ability. The 

current sample mainly represents schools with lower socio-economic status in 

comparison to the rest of Northern Ireland and has a spread of children of different 

abilities. In a similar fashion to other studies in the area, conclusions can only be 

drawn in relation to such a specific sample: an increase in ‘theoretical’ responses 

(interviews) and overall ‘scientific’ responses (sentences/drawings) with ability and a 

slight difference between socio economic groups in favour of children who are not 

entitled to free school meals. 

 

6.3.4 School and class group 

There was some variation in interview and sentence responses given by children in 

different schools. The schools were placed in rank order with respect to ‘scientific’ 

responses (Figure 6.23) so that comparisons could be drawn with the ‘living’ data 

(see section 6.2.5, Figure 6.9). The socio-cultural responses are not compared in 

Figure 6.23 as they correspond with the ‘scientific’ data (that is, schools with a 

higher percentage of ‘scientific’ responses have a lower percentage of socio-cultural 

responses). 
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 SCHOOLS: % of ‘scientific’ coded responses for interviews and sentences  

about ‘daytime’ 
 

                

 

                              D     M               N Ne        S         O                

___________↓__↓______↓↓____↓___↓__________________ 
100%                                                                                                                       50%  
 

 
KEY: 

D-Downtown     M-Midtown     N-Northtown     Ne-Newtown     S-Southtown     O-Oldtown      
 

Figure 6.23 Proportionate lines to show the percentage of ‘scientific’ responses given by 

children in different schools in their interviews and sentences about ‘daytime’  
 

 

Children in Oldtown PS gave the lowest percentage of ‘scientific’ responses in their 

interview and sentence responses about ‘daytime’.  

 

Individual classes were compared with their counterparts in other schools, both in 

their interview and sentence responses. The percentage of ‘scientific’ responses for 

each corresponding class group was ranked. Similar to the pattern outlined in Figure 

6.23, children in almost every class in Oldtown PS gave the lowest percentage of 

‘scientific’ responses in their interview data.  

 

Further analysis of the sentences showed that the general trend in ‘scientific’ 

responses was a little different to that shown in Figure 6.23. The ‘scientific’ 

responses given by children in three individual classes in Midtown PS (P4, P6 and 

P7) were ranked lower than that shown in Figure 6.23. The ‘scientific’ responses 

given by children in three individual classes in Northtown PS (P3, P4 and P6) and 

four classes in Southtown PS (P3, P4, P5 and P7) were ranked higher than that 

shown in Figure 6.23. The table in Appendix 14D compares further details on the 

percentage of coded and themed interview and sentence responses given by children 

in all the schools.  

 

The percentage of ‘scientific’ responses differed from the pattern shown in Figure 

6.10 for more classes in more schools for the ‘daytime’ responses compared to the 

‘living’ responses. This may suggest that class group had a greater effect on the 

children’s responses about ‘daytime’ compared with their responses about ‘living’. 
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Nussbaum and Sharoni-Dagan (1983) attempted to account for difference between 

two classes of second grade children in their study on ‘preconceptions’ about the 

earth as a cosmic body. The investigators involved in the study ‘observed differences 

in the teachers’ styles’ in relation to their expectations for discipline and 

‘constructive work’ (Nussbaum and Sharoni-Dagan, 1983, p108). Another possibility 

related to teaching methods is outlined by Vosniadou et al (2005): children are more 

likely to give correct responses about a model of the earth if a globe is used in the 

teaching process. The notion that understanding astronomy presents challenges for 

teachers and trainees is well cited (Parker and Heywood, 1998; Sharp and Kuerbis, 

2005; Summers and Mant, 1995; Trumper, 2003). Parker and Heywood (1998) found 

a prominence of alternative views and stated that their results concur with those of 

Summers and Mant (1995): that there is a ‘mismatch’ of English/Welsh primary 

teachers’ understanding and the requirements of the curriculum in the area of the 

‘Earth’s place in the universe’ (Summers and Mant, 1995, p3). Trumper (2003) 

concluded that there were serious differences between Israeli student teachers’ 

understandings of some basic astronomical concepts and the accepted scientific 

views. 

 

Nevertheless, the significance of class group in relation to ‘daytime’ should not be 

overemphasised. In the context of Northern Ireland, ‘daytime’ is not a topic on the 

current curriculum (unlike English, Welsh and Israeli curriculum). Therefore, within 

the class context, any credence given to the topic of ‘daytime’ would be teacher 

dependent from the outset and a higher percentage of ‘scientific’ responses from 

some classes may simply reflect teacher preference as opposed to other factors 

(content knowledge, class ability, teaching methods etcetera). 

 

Consequently, the ranking of responses from children in Oldtown PS is perhaps more 

important than class effect. As with the data related to ‘living’ (see section 6.2.5) the 

responses from children in Oldtown PS for ‘daytime’ are ranked at the bottom. 

Again, consideration of the rank orders for Oldtown PS may suggest that there is 

relationship between FSM, deprivation and percentage of ‘scientific’ responses 

(Figure 6.12), this time, in the case of a non-curricular topic. 
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6.4 Overview of children’s ideas 

The most considerable differences arose between children of different ages and 

abilities and between children in different schools. Table 6.2 gives a detailed 

overview of the findings with respect to all the factors, for both concepts. Table 6.2 

also shows that interview and drawings/sentence findings from the overall sample, 

findings related to age, and findings with respect to science ability were not pooled 

because they highlighted subtle differences between concepts or with respect to the 

factor under consideration. The main findings with respect to the different factors, 

concepts and methods used were age, school and science ability level. 
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Table 6.2 An overview of the findings related to children’s ideas about the science concepts ‘living’ and ‘daytime’. As well as findings for the 

overall sample, other findings are presented with respect to factors that may affect children’s ideas. The corresponding appendices and chapter 

sections for each finding has also been included 
 

 science concept appendix chapter 

sections ‘living’ ‘daytime 
Overall 

sample 

Interview findings: 

 Mainly ‘scientific’ (75%) responses about 

‘characteristics’ (31%) 

 15% were socio-cultural - mainly about ‘social’ 

behaviour/observations (9%) 

Interview findings: 

 Mainly ‘scientific’ responses (73%) which were 

‘theoretical’ explanations (34%) 

 14% were socio-cultural - mainly about social 

behaviour/observations (9%) 

 living: 

6.1 

daytime: 

6.2 

Drawing/sentence findings: 

 Mainly ‘scientific’ responses (76%) with more 

diversity of responses than interviews 

 23% were socio-cultural - almost all about ‘social’ 

behaviour/explanations (22%) 

Drawing/sentence findings: 

 Mainly ‘scientific’ responses (82%) which refer to 

‘visual’ explanations (40%) 

 16% were socio-cultural - mainly about ‘social’ 

behaviour/observations (10%) 

 

Gender Interview and drawing/sentence findings: 

 Very little difference between boys and girls 

Interview findings: 

 Girls (17%) gave more socio-cultural responses than 

boys (13%) 

living:12A 

daytime:14A 

            

living: 

6.2.1 

daytime: 

6.3.1 Drawing/sentence findings: 

 Boys (85%) gave a higher percentage of ‘scientific’ 

responses than girls (79%) 

 

Age Interview findings: 

 Overall increase in ‘scientific’- general move from 

talking about ‘habitats’ to ‘characteristics’ of living 

things  

 Overall decrease in socio-cultural responses with age 

 Greatest difference between 4/5 and 6/7 year olds 

Interview findings: 

 Overall increase in ‘scientific’ – general move from 

‘visual’ responses to ‘theoretical’ explanations 

 Overall decrease in socio-cultural responses with age 

 Greatest difference between 6/7 and 8/9 year olds 

living:12B 

daytime:14B 

living: 

6.2.2 

daytime: 

6.3.2 

Drawing/sentence findings: 

 Youngest children gave the highest percentage of 

‘scientific’ responses - they were inclined to name 

animals (35%) 

 Overall increase in socio-cultural responses with age 

Drawing/sentence findings: 

 Overall increase in ‘scientific’ – general move from 

‘visual’ responses to ‘theoretical’ explanations 

 Overall decrease in socio-cultural responses with age 

 

Science 

ability 

Interview findings: 

 Medium ability children gave the lowest percentage of 

‘scientific’ responses (70%) 

 High ability children gave the highest percentage of 

Interview findings: 

 Medium ability children gave the lowest percentage of 

‘scientific’ responses (70%) 

 High and low ability children gave the highest 

living:12C 

 

living: 

6.2.3 

daytime: 

6.3.3 
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‘scientific’ responses (82%) 

 General move from talking about ‘habitats’ to 

‘characteristics’ of living things with ability 

percentage of ‘scientific’ responses (75%) 

 General move towards ‘theoretical’ explanations with 

ability  

Drawing/sentence findings: 

 Increase in ‘scientific’ responses with ability  

Drawing/sentence findings: 

 Very sharp increase in ‘scientific’ responses with ability, 

especially ‘theoretical’ explanations 

 

Socio 

economic 

group 

Interview and drawing/sentence findings: 

 Very similar responses from both socio economic 

groups 

Interview findings: 

 Children who were not entitled to Free School Meals 

(75%) gave more ‘scientific’ responses than those who 

were entitled (69%) 

living:12D 

daytime:14C 

               

living: 

6.2.4 

daytime: 

6.3.3 

Drawing/sentence findings: 

 Very similar responses from both socio economic groups 

 

School 

and class 

group 

Interview and drawing/sentence findings: 

 Rank order by school (lowest to highest) of ‘scientific’ 

responses was Newtown PS – Oldtown PS – 

Northtown PS – Downtown PS – Southtown PS – 

Midtown PS 

 The percentage of ‘scientific’ responses for all classes 

in Northtown PS (interviews:P4,P5,P7 and sentences: 

P2, P4, P6) did not evidence the whole school pattern. 

Therefore, classes in Oldtown PS and Newtown PS 

were generally ranked at the bottom. 

 

 

Interview  and drawing/sentence findings: 

 Rank order by school (lowest to highest) of ‘scientific’ 

responses was Oldtown PS – Southtown PS – Newtown 

PS – Northtown PS – Midtown PS – Downtown PS 

 Almost every class in Oldtown PS (except P1 and P7) 

had the lowest percentage of ‘scientific’ interview and 

sentence responses when compared with their 

counterparts in other schools 

 The percentage of ‘scientific’ sentence responses for 

some classes did not evidence this rank pattern:  

 

– Midtown PS (P4,P6,P7):lower               Therefore,   

– Northtown PS (P3,P4,P6): higher          classes in  

– Southtown PS (P3,P4,P5,P7):higher      Northtown 

                                                                   and Southtown   

                                                                   were generally  

                                                                   ranked at the 

                                                                   top   

living:12E 

daytime:14D 

living: 

6.2.5 

daytime: 

6.3.4 
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The most significant factors underlying children’s attitudes towards both concepts 

were age, school and science ability level. Therefore the three main findings in 

relation to the factors considered are presented below: 

 

(1) Age: a general increase in the percentage of ‘scientific’ responses 

There was a general increase in ‘scientific’ interview responses with age and a 

general decrease in socio-cultural based responses for both concepts. However, the 

most considerable increase in ‘scientific’ interview responses occurred between 

different age groups for each concept: between 4/5 and 6/7 for ‘living’ and between 

6/7 and 8/9 for ‘daytime’. The sentence responses for ‘daytime’ followed the same 

pattern as interview responses for ‘daytime’. However, sentence responses for 

‘living’ evidenced a decrease in ‘scientific’ responses and an increase in socio-

cultural based responses (Table 6.2). 

 

(2) Science ability level: medium ability children gave the lowest percentage of 

‘scientific’ responses in their interviews about both concepts 

Medium ability children gave the lowest percentage of ‘scientific’ responses in their 

interviews about both concepts. There was an increase in ‘scientific’ sentence 

responses with ability for both concepts (Table 6.2). 

 

(3) School: the effect of school is greater than class group because of a marked 

contrast between schools (Oldtown PS - lowest percentage of ‘scientific’ responses 

for both concepts) 

Children in Oldtown PS gave less ‘scientific’ responses in their interviews about both 

concepts when compared with children in other schools. The effect of school is 

greater than the effect of class group for both concepts. When the effect of class 

group is taken into consideration Oldtown PS was again ranked at the bottom with 

regard to the percentage of ‘scientific’ sentence responses (for both concepts). 

Children in Midtown PS gave the highest percentage of ‘scientific’ sentence 

responses for ‘living’. Children in Southtown PS and Northtown PS gave the highest 

percentage of ‘scientific’ sentence responses for ‘daytime (Table 6.2). 
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CHAPTER 7-GENERAL DISCUSSION AND CONCLUSIONS 

 

7.1 Introduction 

This chapter outlines and discusses the main findings from the two areas considered 

in this study: children’s attitudes to science and their ideas and understandings about 

science concepts. Conclusions are outlined in relation to the third and fourth research 

questions: possible links between children’s attitudes and their ideas and 

understandings are considered. Implications for curriculum development, 

instructional design and assessment practice are outlined. In general, children’s 

attitudes towards science and their ideas and understandings of science concepts 

were shown to be tentatively linked, because three factors affected both aspects (age, 

school and, to a lesser extent, science ability level). 

 

The main findings suggest that positive attitudes towards science declined with age, 

yet the percentage of ‘scientific’ responses about both concepts increased with age. 

Children in Oldtown PS were the least positive about science and yielded the lowest 

percentage of ‘scientific’ responses. In stark contrast, children in Southtown PS were 

the most positive and gave a high percentage of ‘scientific’ responses. The factors 

that may have contributed to the contrast between schools are explored further in 

section 7.2.1. High ability children were more positive about their interest in and 

enjoyment of science and their perceived difficulty but medium ability children gave 

the lowest percentage of ‘scientific’ responses in their interviews about both 

concepts. Although there was a general increase in ‘scientific’ sentence responses 

with ability, low ability children gave the same percentage of ‘scientific’ responses 

as high ability children in their interviews about ‘daytime’ (76%). 

 

7.2 General discussion 

I attempted to convey the ‘voices’ of children in primary school by exploring 

children’s thoughts about science. Listening to children’s ‘voices’ about science is a 

way of consulting those for whom education is designed (Cook-Sather, 2005). 

Jenkins discussed numerous studies related to children’s ‘voices’ about science and 

concluded that students and teachers could still learn a lot from “exploring jointly 
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and constructively the task in which they are mutually engaged” (Jenkins, 2006, 

p79). With respect to the current study, listening to children’s voices is twofold. 

Firstly, young children are able to successfully articulate and convey their likes, 

dislikes and feelings about what is taught in primary science, their interest and 

enjoyment, what they find difficult and where they see the usefulness in science. 

Secondly, children can tell us in great detail about what they already know in science 

and how they think about the concepts we teach them or are about the teach them.    

 

7.2.1 Attitudes to science and ideas and understandings 

The major factors which underlie primary children’s attitudes to science and their 

ideas and understandings of science concepts, for the current study, are represented 

in Figure 7.1. Age had the greatest effect on the two areas: all four aspects of 

children’s attitudes and ideas and understandings of both concepts. Although the 

effect of age was greater, the importance of school also had an impact on all four 

aspects of children’s attitudes to science and their ideas and understandings of both 

concepts. 

 

 
 

class 

group

gender

age

age and gender

school

science ability level

socioeconomic 

group

Attitudes to science

gender

socioeconomic

group

class

group

age

science ability level

school

Ideas and understandings of science concepts

 

 
Figure 7.1 Factors which underlie four aspect of children’s attitudes to science and their ideas and 

understandings of two concepts. Although the factors are shown from the most to least affective, 

they are not drawn to scale. The major factors affecting both attitudes and ideas and 

understandings were age and school (highlighted). 
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Science ability level affected two out of four aspects of children’s attitudes towards 

science (‘interest in and enjoyment of science’ and ‘perceived difficulty’). Gender 

had an impact on all four aspects of children’s attitudes to science; it had no effect on 

their ideas and understandings of science concepts. The effect of socioeconomic 

group was evident for two aspects of children’s attitudes to science and did not 

impact upon their ideas and understandings of science concepts. Children who were 

not entitled to free school meals were more positive in their open questions about 

their interest in and enjoyment of science and their ideas about the utility of science.  

 

Children’s attitudes and ideas and understandings are linked by the two overarching 

factors that had a considerable effect on both aspects: age and school. However, it is 

important to note that a causal relationship has not been demonstrated, attitudes and 

ideas and understandings are only linked in so far as age and gender affect both. 

These factors were deemed as the most considerable because they affected all four 

aspects of children’s attitudes to science (‘topics’, ‘interest in and enjoyment of 

science’, ‘perceived difficulty’ and ‘ideas about the utility of science’) and ideas and 

understandings of both concepts (‘living’ and ‘daytime’). The next section will 

attempt to explore the tentative links between attitudes and ideas and understandings 

using the overlapping effects of age and school as a starting point. Possible links in 

relation to the factors which effect between both aspects are then explored further by 

investigating children’s attitudes to the two concepts that were investigated with 

respect to ideas and understandings. 

 

7.2.2 Exploring possible links between attitudes and ideas and understandings 

An overview of main findings with respect to each factor and the resulting 

trends/patterns in attitudes and ideas and understandings are presented in Figure 7.2. 

It is obvious that children’s attitudes towards science are affected by a greater 

number of factors in comparison to their ideas and understandings. Nevertheless, the 

attitudinal findings and the responses about both concepts were affected by age and 

school. Although science ability level had an impact on both aspects, it is not 

considered as a conclusive finding in this chapter. This is because ability only 

affected two out of four aspects of children’s attitudes towards science (unlike age 
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and school, both of which had an impact on all four aspects of children’s attitudes). 

Also, there was no obvious trend with ability for the interview responses about both 

concepts (that is, ‘scientific’ responses did not increase or decrease with ability).  
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High ability children were more positive about interest/enjoyment 

of science – low ability children least positive in open questions. 

Girls were more positive about science topics and their 

interest in and enjoyment of science BUT girls are less 

positive about topics at a younger age than boys

There was little difference between boys and girls in their 

order of preference about topics- boys and girls prefer 

topics of current interest/natural phenomena (not topics 

specific to a subject area).

There was an increase with age in the 

percentage of ‘scientific’ response for ‘living’

There was an overall increase in the ‘scientific’

sentence responses with ability BUT medium ability 

children gave the lowest percentage of ‘scientific’

interview responses for both concepts

Attitudes to science Ideas and understandings of science concepts

no difference between boys and girls for 

either concept

no difference between socioeconomic groups

no difference between class groups

Children not entitled to FSMs - more positive 

responses in open questions about interest in and 

enjoyment of science and about the utility of science. 

Writing was mentioned as difficult by more children in the 

middle years of primary school

An increase with age for positive response about how helpful 

science can be. 

no difference between class groups

Overall, children in Oldtown PS gave the lowest percentage of 

‘scientific’ responses and children in Southtown PS gave a high 

percentage of ‘scientific’ responses.

More boys talked about the harmfulness of science for getting 

hurt/dying. more older girls talked about their dislike of writing. 

Boys and girls are positive about practical work and find it easier 

than written work

There was a general decline with age in positive 

attitudes towards science topics, interest in and 

enjoyment of science, perceived difficulty and the 

utility of science.

Children in Oldtown PS had the least positive attitudes to 

science and children in Southtown PS were the most positive

AGE

SCHOOL

SCIENCE 

ABILITY LEVEL

There was an increase with age in the percentage of 

‘scientific’ response for ‘daytime’, especially in the 

drawings/sentences

In the interviews about ‘living’ younger children talked 

about ‘habitats’ and there was an increase in 

responses related to ‘characteristics’ with age

In the interviews and sentences about ‘daytime’ younger children 

talked about ‘visual’ observations and there was an increase in 

responses related to ‘theories’ with age

 
 

 

 

Figure 7.2 A Venn diagram to show the main findings for both aspects of the study and the factors/findings which link them

KEY:                 gender                 age                 school                 science ability level                 socio economic status                 class group 
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The findings presented in Figure 7.2 show that although attitudes towards science 

decline with age, the percentage of ‘scientific’ response increased with age for both 

concepts. Children in different schools can have contrasting attitudes towards science 

and ideas and understandings of science concepts. That is, children in one school 

(Oldtown PS) had the least positive attitudes and gave the lowest percentage of 

‘scientific’ responses and children in another school (Southtown PS) had the most 

positive attitudes and gave a high percentage of ‘scientific’ responses.  

 

The next two subsections present data that illustrate the overall links (in terms of the 

factors that affected both aspects) and patterns (shown in Figure 7.2) between 

children’s attitudes to science and their ideas and understandings of science concepts. 

This illustrative data considers findings at two levels: at an individual level and at a 

school level. Consideration of individual children demonstrates the trends that are 

evident as a result of age. The school level findings demonstrate the effect of school 

on children’s attitudes and ideas and understandings. 

 

Illustrative participants- the effect of age 

Data relating to four children were chosen to illustrate the overall findings related to 

age. The oldest and youngest boys and girls were selected because age had the 

greatest effect on attitudes and ideas and understandings. As demonstrated in Figure 

7.1, gender was not a major factor with regard to ideas and understandings but it 

must be taken into account given its overarching effect on attitudes (i.e. gender as a 

factor on its own and when it is considered with age). Due to the fact that science 

ability level was an underlying factor with respect to ideas and understandings all 

four selected children were of a high ability. The overall results for each of the four 

children are shown in Table 7.1. 
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Table 7.1 Overall findings with respect to attitudes and ideas and understandings for four 

exemplar participants 
 

 ATTITUDES TO 

SCIENCE 

 IDEAS AND UNDERSTANDINGS 

Overall 

mean value 

for closed 

questions 

(out of 3.00)
20

 

percentage 

of positive 

open 

responses 

percentage of 

‘scientific’ 

responses for 

‘living’ 

percentage of 

‘scientific’ 

responses for 

‘daytime’ 

average 

percentage of 

‘scientific’ 

responses 

youngest girl 2.77 - 68% 79% 74% 

youngest boy 2.62 - 92% 61% 76% 

       

oldest girl 2.21 70%  89% 88% 89% 

oldest boy 2.18 44% 92% 77% 85% 

 

 

The children represented in Table 7.1 exemplify the results from this study. The 

younger children were more positive about science than the older children in their 

closed responses. The girls were more positive than boys of the same age. Although 

the oldest girl was only slightly more positive about science in the closed questions, 

she was much more positive than her male counterpart in the open questions. The 

older children also tended to give a higher percentage of ‘scientific’ responses on 

average and there was little difference between boys and girls of the same age (last 

column, Table 7.1).  

 

If the children represented in Table 7.1 are taken to represent the current sample a 

link between attitudes and ideas and understandings is difficult to substantiate. For 

example, if the overall mean values for the attitudinal data in comparison with the 

average percentage of ‘scientific’ responses are taken at face value one might suggest 

that children who are more positive about science are less likely to mention 

‘scientific’ elements of concepts. However, the percentage of ‘scientific’ responses 

given by the youngest boy for ‘living’ (92%) and the percentage of ‘scientific’ 

responses given by the youngest girl for ‘daytime’ (79%) emphasises that children’s 

individualism must be taken into account. Findings can only present general patterns 

that apply to most of a given sample. Although children are taught a given 

curriculum at a given time, how the information is deciphered, ingested, understood 

                                                 
20

 The overall  mean values presented in Table 7.1  are out of a possible 3.00 (the most positive value) because the children 

chose from three possible responses in the closed questions (‘yes’, ‘not sure’, ‘no’) 
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(or not) and expressed is particular to each person and his/her lifelong experiences, 

both inside and outside school. However, the current study also brings to light the 

importance of what happens inside school in relation to children’s experiences of 

science. 

 

Illustrative participants- the effect of school  

Overall data on all six schools are shown in Table 7.2. In a similar fashion to the data 

presented for individual children in Table 7.1, the overall mean value for all the 

closed questions about children’s attitudes are given as well as the overall percentage 

of positive responses in their open questions about science. A sub sample of children 

answered the open questions about science; therefore, it is not possible to provide an 

overall percentage of positive responses for all schools.  

 

Table 7.2 Overall findings with respect to attitudes and ideas and understandings for four 

exemplar participants 
 

 ATTITUDES TO 

SCIENCE 

 IDEAS AND UNDERSTANDINGS 

Overall 

mean value 

for closed 

questions 

(out of 3.00)
21

 

percentage 

of positive 

open 

responses 

percentage of 

‘scientific’ 

responses for 

‘living’ 

percentage of 

‘scientific’ 

responses for 

‘daytime’ 

average 

percentage of 

‘scientific’ 

responses 

Southtown 2.52 62% 77% 73% 75% 

Newtown 2.50 - 70% 78% 74% 

Downtown 2.48 - 75% 89% 82% 

Northtown 2.37 54% 74% 79% 76% 

Midtown  2.34 - 83% 86% 85% 

Oldtown  2.23 54% 72% 69% 71% 

 

 

The data outlined in Table 7.2 shows a possible tentative link between attitudes and 

ideas and understandings. In particular, children in Oldtown PS were the least 

positive in their open and closed questions about their attitudes to school and they 

gave the lowest percentage of ‘scientific’ responses on average. Children in 

Southtown PS were the most positive in their closed and open responses attitudinal 

responses and also gave a high percentage of ‘scientific’ responses about ‘living’. 

                                                 
21

 The overall  mean values presented in Table 7.2  are out of a possible 3.00 (the most positive value) because the children 

chose from three possible responses in the closed questions (‘yes’, ‘not sure’, ‘no’) 
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However, this possible relationship between attitudes and ideas and understandings 

does not apply to all schools. For example, in Midtown PS children’s attitudes 

towards science were not very positive when compared with other schools but they 

gave the highest average percentage of ‘scientific’ responses overall for ‘daytime’. 

Nevertheless, such contrasting results for Oldtown PS and Southtown PS are 

important in relation to other information pertaining to each school (taken from 

section 4.6.1): 

 

Demographic/socioeconomic factors: Oldtown PS had the highest 

percentage of children entitled to free school meals and 

Southtown PS the lowest percentage of children entitled to free 

school meals. Oldtown was the smallest school in the sample 

with smaller classes and more composite classes.  

 

Field notes:  Oldtown PS was due to close as a result of falling numbers. 

Morale in the Oldtown PS was very low and teachers were not 

positive compared to other schools. Children in Southtown PS 

have been involved in numerous science research projects 

designed to enhance interest in and enjoyment of school science 

through use of practical work and discussion. Southtown PS 

have their own child friendly ‘science lab’ in a separate 

classroom where a teacher with science as a specialist subject 

has been employed in the past. Additionally, the principal of 

Southtown PS received a lifetime achievement in primary 

science award in 2004. 

 

One could argue that the contrast between Oldtown PS and Southtown PS is a result 

of the school’s socioeconomic status. However, the field notes collected on each 

school gives greater depth to the possible contributing factors behind the differences 

between them. Wilson et al (2002) used a structural equation modelling approach to 

consider the relations among school ‘environment’ variables and student 

achievement. ‘Environment’ variables were taken to be: the school is an ethical, safe 

and studious environment, relationships are based on mutual respect and the staff 

teach, model and expect responsible behaviour. They found a positive relationship in 

the form of a ‘direct pathway’ from school ‘environment’ to student achievement 

(Wilson et al, 2002, p13). Thomas et al (2000) took into account various background 

variables, including school variables such as ‘teacher support’. They found that 

attitude difference between schools was greater at primary level when compared with 

secondary level (Thomas et al, 2000). Although not causal, in the current study the 

effect of school can tentatively link aspects of children’s experiences and attitudes 

towards science in primary school. 
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Comparing attitudes to both science concepts 

Links between attitudes and ideas and understandings were also considered by 

looking at children’s attitudes to the two investigated concepts (‘living’ and 

‘daytime’) in terms of the factors that affected them. That is, their responses to items 

of the questionnaire that relate to the concept of ‘living’ (outlined below) were 

combined:  

 
‘living’ items : Would you like to learn more about… 

– how you grow?  

– your body? 

– keeping healthy? 

– animals? 

– plants? 

– living things and what they do? 

– the parts of a flower? 

– lifecycles? 

 

The responses to items of the questionnaire relating to the concept of ‘daytime’ 

(outlined below) were also combined: 

 
‘daytime’ items : Would you like to learn more about… 

– the seasons?  

– the sun and how daytime happens? 

– light? 

 

The combined results for both concepts were then compared with respect to the 

major factors that affected attitudes and ideas and understandings: age, gender, age 

and gender and school. Graphical representations of these comparisons are outlined 

in Figure 7.3. 
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Age comparative graph for items related to each concept
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Age and gender comparative graph for items related to each concept

**

**

*

*
*

***

0

20

40

60

80

100

girls boys girls boys

 'daytime' items  'living' items

age

%
 p

o
s

it
iv

e
 r

e
s

p
o

n
s

e
s

 t
o

  a
ll

 i
te

m
s

  4/5   6/7   8/9  10/11

 
            mean (girls):  2.86      2.65      2.46      2.28                               2.77      2.67      2.52      2.47 

                      n (girls):   49         87         87         90                                 49         87         87         90 

               mean (boys):  2.75      2.49      2.28      2.11                              2.66      2.58      2.34      2.35           

                      n (boys):   50        109       87         88                                  50        109        87         88   
 

 

          

School comparative graph for items related to each concept
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Figure 7.3 Comparative graphs for the children’s attitudes towards items related to the two 

investigated concepts (‘living’ and ‘daytime’) [*sig. at p<0.05, **sig. at p<0.01, ***sig. 

at p<0.001].    
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Overall, children in this sample were more positive about the items related to 

‘daytime’. It could be argued the pupils in the current sample are more positive about 

‘daytime’ because it is non-curricular topic and is therefore ‘different’. However, 

Jarman and McAleese (1996) considered 15 year olds’ attitudes to science in 

Northern Ireland since a revision of the curriculum in 1990 when ‘Earth in Space’ 

became a component. Interestingly, the focus on astronomy in the study arose from 

the positive findings and it was not the original purpose of the study. The students 

were more positive about astronomy in comparison to biology, chemistry and 

physics at the beginning of Key Stage 4 and at the end (Jarman and McAleese, 

1996). This would suggest that pupils are still positive about astronomy, even when it 

is part of the curriculum.  

 

Another possibility is that the topic of ‘living’ is repeated in some form in every year 

of primary school and therefore children may be less positive about it as opposed to 

‘daytime’. Further evidence for the decline in attitudes towards ‘living’ (and the 

possibility that this is a consequence of repetition) is presented in section 5.2.2. The 

most significant decline with age occurred for the topics ‘how you grow’, ‘seasons’ 

and ‘plants’. 

 

The findings presented in Figure 7.3 are in keeping with the overall decline in 

positive attitudes with age (see sections 5.2.2 and 5.3.2 and 5.4.1 and 5.5.2). Even 

though the majority of children were more positive about ‘daytime’, the decline in 

positive attitudes with age was more significant for ‘daytime’. The decline in positive 

attitudes towards ‘daytime’ began at a younger age (6/7 years old) when compared 

with attitudes towards ‘living’ (8/9 years old). As a result 10/11 year olds responded 

less positively about both concepts. In order to consider possible links between 

attitudes and ideas and understandings in terms of the factors which affect them it is 

necessary to revisit the findings related to the ideas and understandings of both 

concepts (see sections 6.2.2 and 6.3.2). There was a general increase in the 

percentage of ‘scientific’ responses with age for both concepts, with 10/11 year olds 

presenting the highest percentage of ‘scientific’ responses for ‘daytime’. This would 

suggest that attitudes towards some science topics can decline with age but ideas and 

understandings can become more ‘scientific’. Willson (1983) conducted a meta-
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analysis of science attitude-achievement literature. He suggested that, in primary 

school, children will like science if they do well in it (Willson, 1983). The current 

study presents evidence to the contrary, in fact, positive attitudes to science declined 

with age and yet children gave more ‘scientific’ responses in their interviews and 

sentences about both concepts. Other studies involving primary school children also 

support the idea that children can do well in science but may not like it (Murphy and 

Beggs, 2003; Pell and Jarvis 2001; Weinburgh, 1995). Willson (1983) was referring 

to children’s ‘achievement’ in science. In the current study, the percentage of 

‘scientific’ responses was calculated from children’s free responses (semi-structured 

interviews and drawings/sentences). This may highlight that children can feel less 

positive about aspects of science but be able to talk/draw about concepts 

‘scientifically’.  

 

Willson (1983) also suggested that at secondary and university level students who 

already like science are more likely to do well in it because they select science for 

further study. It is important to note that, in Northern Ireland, the majority of 10/11 

year olds are engaged in repetitive testing in preparation for the transfer test. Figure 

5.3 shows that 10/11 year olds are the least positive about both concepts, even 

though children in this sample were generally more positive about ‘daytime’. C. 

Murphy et al (2006) compared the attitudes of children in Northern Ireland and 

Oman and found that the decline in positive attitudes was greater in Northern Ireland. 

They concluded that the testing in upper primary school is one of the factors that 

could account for the difference between the attitudes of children in Northern Ireland 

and Oman. With reference to the current study, it would appear that although older 

children ‘performed’ quite well in their interviews and sentences about both concepts 

they are not necessarily positive about them. Therefore, this could suggest that 

children in primary school are already beginning to feel less positive about science 

which may have an impact on their future choices.  

 

Gender had the same effect on both concepts. Overall, girls were significantly more 

positive about both concepts. However, when age and gender were factored together 

the decline in positive attitudes at 8/9 years old for ‘living’ was more significant for 

boys. Nevertheless, when gender is accounted for, the decline in the positive attitudes 

of boys and girls follows a similar pattern to the overall decline with age.  
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The findings related to school in Figure 7.3 also mirror the overall findings related to 

attitudes and ideas and understandings. Children in Oldtown PS were significantly 

less positive about ‘daytime’ (at p<0.01) and ‘living’ (at p<0.01) when compared 

with other schools. Children in Oldtown PS also gave fewer ‘scientific’ responses in 

their interviews about their ideas and understandings of both concepts.  

 

 

7.2.3 Attitudes, ideas and understandings – implications 

Kuhn and Lao (1998) suggested that there was a potential for a cross-paradigm 

perspective which integrates cognitive and affective domains. Evidence from the 

current study would suggest that such integration is possible. Although no causal 

relationship is demonstrated, the findings presented in Figure 7.2 link cognitive and 

affective domains in the form of factors which affect both aspects and give rise to 

associations between attitudes (affective) and ideas and understandings (cognitive). 

Tables 7.1 and 7.2 illustrate a link in terms of the factors investigated, that is, with 

reference to children of different ages (at and individual level) and children from 

different schools (at school level). Finally, the graphs presented in Figure 7.3 go 

further to suggest a relationship between children’s attitudes (affective) to the 

concepts under consideration (cognitive). 

   

Given that age had the greatest effect on both aspects (attitudes and ideas and 

understandings), the current study emphasises the importance of age sensitivity 

around children’s attitudes to school science and the knowledge they already have 

about the concepts we teach them in science classes. There is evidence in the current 

study to suggest an element of ‘age sensitivity’ at primary level is complex.  

 

In general, it is obvious that as children progress through primary school in Northern 

Ireland they are becoming less positive about science. The current study suggests that 

this decline in positive attitudes may begin earlier than previously thought. Children 

as young as 6/7 years old were significantly less positive about some science topics 

(Figure 5.2, section 5.2.2) and about aspects of their interest in and enjoyment of 

science (Figure 5.13, section 5.3.2). There was also a decline with age in the 

percentage of children who thought science is useful for getting a job (Figure 5.25, 
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section 5.5.2). In particular 10/11 year olds were the least positive age group in the 

sample (see Figure 7.3 which mirrors much of the earlier attitudinal data in the 

current study). This decline is not due to science becoming more difficult, in fact, the 

percentage of children who said science lessons were hard significantly decreased 

with age (Figure 5.23, section 5.4.1). In other words, children are beginning to feel 

less positive about science at primary level for other reasons. In the open questions, 

children in the current study talked about how they like ‘fun’ science and 

‘experiments’ and dislike ‘writing’. The process of preparation for transfer may also 

have contributed to less positive attitudes presented by 10/11 year olds. 

 

Other studies have suggested that attitudes towards science could be affected by 

many issues, including continuity and progression (repetition of topics) (Jarman, 

1997), teacher confidence in teaching science (Harlen et al, 1995; Murphy et al, 

2005), lack of subject knowledge which can have an impact on pedagogy (Banks et 

al, 2007; Council for Science and Technology, 2000; Osborne and Simon, 1996), the 

effect of testing (C. Murphy et al, 2006), practical investigation (Murphy et al, 2004; 

Smyth and Hannon, 2002) and resources (Murphy et al, 2005).  

 

In particular the issue surrounding continuity and progression is more commonly 

discussed in relation to transition between primary and secondary school. Evidence 

from the current study suggests that there is a decline in positive attitudes long before 

transition; therefore, I would argue that issues of continuity and progression are 

specifically addressed at primary level. Blatchford (1992) found that children were 

aware of future careers before going to secondary school. The current study presents 

alarming evidence for a decline in the percentage of children who think being able to 

do science is important for getting a job when they are older (Figure 5.25, section 

5.5.2). This decline is more marked for science than for reading and sums/number 

work and is most significant for 10/11 year old children. Does this mean that primary 

school children are already dismissing science as part of their future long before they 

make their post-16 choices? The focus on increasing the number of young people 

who choose science careers must therefore concentrate on primary school children  

 

Although findings from the current study lend support to some of the suggested 

issues which might explain a decline in positive attitudes (continuity and 
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progression, the impact of testing, practical work), direct causal links can not be 

made. However, I would suggest that more emphasis is placed on what children have 

to say about their experiences of primary science, especially given the fact that they 

explained and supported the significant quantitative results in their open responses. 

For example, children’s positive thoughts on how science helps us and its usefulness 

could be carefully considered and positively nurtured to prevent a decline in interest 

and positive attitudes later in school (Power, 1981). 

 

The diversity and detailed nature of the ideas and understandings presented by 

children in the current study serves as a directive in itself towards an ‘age sensitive’ 

approach. Children of different ages presented subtle differences in their wealth of 

ideas. Driver et al (1985a) suggested that the ideas presented by children are often 

personal and incoherent in the eyes of the teacher and may not mirror what or how 

teachers think about a concept. I feel that this is indeed the case – during the 

interviews the children often talked about ‘living’ or ‘daytime’ in a way that I could 

never have guessed! They never ceased to amaze me in their perceptive and yet 

supported ideas for what they think about concepts.  

 

Driver et al (1985b) suggested that we should look at children’s ideas in order to 

adapt teaching. Given the knowledge children bring to the classroom, Gooday and 

Wilson (1996) discussed the possibility that we may be misguided in our starting 

points for topics. Kerr et al (2007) conducted a study which compared student 

teachers’ and children’s conceptions and emphasised the importance of probing and 

appreciating children’s ideas at the beginning of a topic.  

 

The wealth of ideas presented and discussed by children supports the notion of 

probing children’s ideas. However, it goes further to suggest that many children are 

already thinking ‘scientifically’ about some concepts (‘living’ and daytime’), that 

their thinking progresses as they move through primary school and their thoughts and 

theories are often complex within and between concepts. I would therefore argue that 

we do not rely on the ‘progression’ outlined by a curriculum. In other words, we can 

not assume that children of a certain age ‘know’ or ‘understand’ a given amount 

about a topics at a given time in their progression through a curriculum. For example, 

children (especially older children) were able to talk about ‘daytime’ in a ‘scientific’ 
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way and present ‘theories’ about it even though it is not currently part of the 

Northern Ireland curriculum. It is perhaps more valuable to probe children’s ideas 

throughout their development and even during a topic. The importance of regularly 

addressing children’s ideas using different methods is supported by the fact that there 

were subtle differences between the ideas of children in the same class/school and 

many children presented slightly different elements of their conceptions in their 

interviews in comparison with their ideas/understandings. With reference to the 

children’s interviews in the current study, I would go so far as to say that children’s 

ideas can ‘change’ during a discussion (interview). For example, some children 

disagreed with themselves, mentioned new things later in an interview and referred 

back to earlier aspect and others ‘jumped’ between two different viewpoints. In 

particular, one child ‘jumped’ between a religious explanation of how daytime 

happens and the ‘correct’ scientific explanation. Vygotsky also suggested that the 

development of ideas (in this case throughout a topic/school life) is more important 

than measured attainment in a test (Kozulin, 1986). Vygotsky argued that 

 

the progress in concept formation by a child achieved in corporation with 

an adult would be a much more sensitive gauge of the child’s intellectual 

abilities 

(Kozulin, 1986, p35) 

 

In other words, children’s ideas should be considered as they evolve and change 

during the process of learning about a new topic in co-operation with others (more 

able peers or teacher). 

 

As a primary school teacher, my experiences throughout this project have had an 

impact on my teaching. I am more aware of what children like and do not like about 

science, as a result I have reflected upon some activities that I frequently use in 

school because I think children will enjoy them! The diversity of ideas presented by 

children has had a strong impact on my teaching. I have a greater awareness of some 

of the ideas children hold about concepts - many of these were surprising and did not 

‘match’ what I thought children would say. Through the process of data collection, 

discussion or drawing about a topic may be the first time some children have had to 

think about a topic and put their thoughts into words. Encouraging children to talk 

about what they think without the fear of ‘being wrong’ (on the part of teacher and 
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pupil) opens up a shared learning environment. Therefore, I am also a lot more 

confident in and aware of the importance of probing and discussing children’s ideas 

throughout a topic. 

 

The current study also suggests that as children in Northern Ireland progress through 

primary school their ideas and understandings about science concepts becomes more 

‘scientific’ and yet there is a decline in positive attitudes towards science. A tentative 

conclusion could be arrived at: if we use children’s ideas about concepts in an 

attempt to plan and implement lessons (which evolve) that link with and appreciate 

children’s ideas, they may enjoy science! 

 

An ‘age sensitive’ outlook for science obviously impacts upon planning and 

implementation at school level. In addition, the stark contrast between two of the 

schools in the current study presents further implications at school level. The 

children in Southtown PS were the most positive about science and gave a high 

percentage of ‘scientific’ responses for both concepts. Perhaps other schools could 

follow their lead by engaging with science and promoting it in a similar way. For 

example: more practical science teaching, employing teachers who are science 

specialists and general promotion of a science learning environment (by the 

principal). 

 

7.2.4 The current climate – a period of ‘revision’- curriculum level implications 

The findings from the current study are timely given the current climate in Northern 

Ireland. At present, most schools are in the process of implementing all or some 

aspects of the Revised Northern Ireland curriculum (see section 3.8 for background 

information). In the ‘Big Picture’ of the Revised Curriculum teachers are encouraged 

to foster positive attitudes and dispositions towards learning by planning and 

implementing appropriate learning experiences. Findings from the current study offer 

an insight into what children like doing in primary science which could be utilised in 

the drive to foster positive attitudes.  

 

A major element of the whole curriculum skills and capabilities is to promote and 

develop ‘Thinking Skills and Personal Capabilities’ (p8-9). Investigative science 
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offers an ideal opportunity to encourage children to think, solve problems, make 

decisions, manage information and be creative (all of which are outlined under the 

umbrella of ‘Thinking Skills and Personal Capabilities’). More specifically, children 

should be encouraged to make connections ‘between learning in different contexts’ 

(p8). The children in the current sample presented ideas and understandings in very 

different contexts when given the opportunity to talk freely about their thoughts. For 

example, some children thought about ‘living’ in terms of ‘living in my house’ and 

others attempted to list the seven characteristics of living things. An awareness of 

children’s ideas in different contexts will help teachers to encourage children to 

make connections between different contexts. As part of the aspect labelled ‘being 

creative’ (p9) children should also be encouraged to experiment with ideas and 

questions. Probing and teasing out children’s ideas through discussion and drawing 

will help them to be creative and think about their own ideas and the ideas of others. 

 

The Revised Northern Ireland Curriculum also outlines suggestions for ‘planning for 

coherence and progression’. Part of this planning should specifically address ‘where 

the children are’ (p10). As already discussed, I would suggest that it is not sufficient 

to address where the children are using only one method (e.g. discussion) at the 

beginning of a topic. The current study shows that children’s ideas and 

understandings are multifaceted, complex, ever changing and presented in different 

ways depending on the method used. Therefore, in keeping with the focus on 

‘Assessment for Learning’ (p11), it is important that ‘where the children are’ is 

frequently revisited throughout a topic using a diversity of assessment methods. 

 

In the Revised Curriculum, science forms part of ‘The World Around Us’ element of 

the curriculum together with history and geography. The preamble to the guidance 

material on ‘The World Around Us’ states that children are  

 

naturally curious and often ask profound questions about themselves and 

the nature of the world around us 

[The Northern Ireland Curriculum Primary, CCEA, 2007] 

 

Therefore children should be encouraged to express and share their thoughts and 

ideas to ‘explore and find age appropriate answers’. The current study offers an 

insight into some of the thoughts and ideas presented by children in primary school. 
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The data also demonstrates that children are capable of expressing and sharing their 

ideas and understandings from a very young age. 

 

7.3. Conclusions  

The conclusions drawn and the corresponding research questions are outlined below: 

 

1. Which factors may underlie children’s attitudes to science? 

 

The attitudes towards science, for children in this sample, were mainly 

affected by age, gender, age and gender (factored together) and school. There 

was a general decline with age for all four attitudinal aspects considered: 

topic, interest and enjoyment, perceived difficulty and ideas about the utility 

of science. This decline was significantly evident in the quantitative data and 

obvious in the qualitative data. The current study also presents evidence for a 

decline in positive attitudes towards science at a younger age than previously 

thought (6/7 years old). Also, a decline with age is not just related to physical 

science topics at primary level. 

 

Girls were generally more positive than boys about science but subtle 

similarities between boys and girls at primary level were also brought to 

light. For example, there was little difference in the order of preference for 

science topics coupled with the fact that boys and girls prefer topics of 

current interest and natural phenomena. Boys and girls talked frequently in 

their open responses about the academic benefits of science and how it will 

be better later in school. Interestingly, although girls were generally more 

positive, they talked more about their dislike of writing in science.  

 

When age and gender were considered together it became obvious that both 

must be considered at primary level for many reasons, namely: it is not just 

girls who are contributing to a decline in interest with age but this erosion 

may begin a bit earlier for girls, there is no clear cut gender divergence in 

interest towards areas of science (chemistry, physics, biology) at primary 

level, older boys and girls like different aspects of practical work and the 
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majority of children mention practical aspects as ‘easy’. Although a greater 

number of older children talk about the academic benefits of science, fewer 

children mention science as ‘fun’. More specifically, boys and girls in the 

middle years of primary school find writing in science ‘hard’.  

 

The effect of school was greater than the effect of class groups for all aspects 

of children’s attitudes towards science. Overall, children in Oldtown PS were 

less positive about what is taught in science (topics) and children in Midtown 

PS were less positive about their interest in and enjoyment of science. 

Children in Southtown PS and Newtown PS were more positive overall; in 

particular, children in Southtown PS were significantly more aware of the 

importance of science for getting a job and about how science helps people 

(open responses). It is also interesting to note that children in every school 

and in every class from P3 to P6 commented on the fact that ‘writing’ in 

science is hard. 

 

Science ability level had an effect on one aspect of children’s attitudes to 

science: their ‘interest in and enjoyment of school science’. Higher ability 

children were more positive in their closed responses about interest in and 

enjoyment of school science. Medium ability children gave the most positive 

responses to four out of five open questions about their interest in and 

enjoyment of school science. 

 

 

2. Might these same factors affect children’s ideas and understandings 

of different science concepts? 

 

There was some difference between the factors that had the greatest effect on 

ideas and understandings when compared with the factors that had the 

greatest effect on children’s attitudes to science. The children’s ideas and 

understandings were mainly affected by age, science ability level and school. 

Unlike children’s attitudes, their ideas and understandings were not affected 

by gender, or socioeconomic group.  
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Another major finding is that the pattern of results related to different ages, 

ability and schools were slightly different between concepts and between the 

methods used to investigate the concepts. 

 

With regard to age, there was a general increase in ‘scientific’ interview 

responses with age and a general decrease in socio-cultural based responses 

for both concepts. The most considerable increase in ‘scientific’ interview 

responses occurred between different age groups for each concept: between 

4/5 and 6/7 for ‘living’ and between 6/7 and 8/9 for ‘daytime’. The sentence 

responses for ‘daytime’ followed the same pattern as interview responses for 

‘daytime’. However, sentence responses for ‘living’ evidenced a decrease in 

‘scientific’ responses and an increase in socio-cultural based responses. It is 

important to note that the sentence responses were collected as part of the 

children’s drawings. Therefore, with regard to ‘living’, children may present 

different aspects of their ideas when asked to do so using an alternative 

method (drawing), other than talking about it or answering written (exam) 

questions.  

 

Although there was a general increase in ‘scientific’ sentence responses with 

ability, medium ability children gave the lowest percentage of ‘scientific’ 

responses in their interviews about both concepts. Low ability children gave 

the same percentage of ‘scientific’ responses in their interviews about 

‘daytime’. 

 

Children in Oldtown PS gave fewer ‘scientific’ responses in their interviews 

about both concepts when compared with children in other schools. The 

effect of school is greater than the effect of class group for both concepts. 

When the effect of class group is taken into consideration Oldtown PS was 

again ranked at the bottom with regard to the percentage of ‘scientific’ 

sentence responses (for both concepts). Children in Midtown PS gave the 

highest percentage of ‘scientific’ sentence responses for ‘living’. Children in 

Southtown PS and Northtown PS gave the highest percentage of ‘scientific’ 

sentence responses for ‘daytime’ 
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3. Are children’s ideas and understandings of science concepts 

influenced by their attitudes towards science in school? 

 

It would appear that evidence from the current study emphasises the 

importance of the underlying factors that effect children’s attitudes to science 

and their ideas and understandings of science concepts. There is little 

evidence from the current study to support a causal link between the two 

areas but rather a common factor that had the greatest effect on both attitudes 

and ideas and understandings: children’s age. In general, children’s attitudes 

towards science decline with age but the percentage of ‘scientific’ response 

about both concepts increase with age.  

 

Although the effect of age was greater, the importance of school also merits 

consideration as it also affected all four aspects of children’s attitudes to 

science and their ideas and understandings of both concepts. Children in 

Southtown PS were the most positive about science and gave a high 

percentage of ‘scientific’ responses for both concepts. However, the reverse 

was evident for children in Oldtown PS – they were the least positive about 

science and gave the lowest percentage of ‘scientific’ responses for both 

science concepts. 

 

 

4. What are the implications of these findings for curriculum 

development, instructional design and assessment practice? 

 

Consideration of attitudes towards science must start in primary school 

because children as young as 6 are beginning to feel less positive about 

aspects of school science. They were very definite about what they like 

(experiments) and do not like (writing) which could be have a huge effect 

later in their school lives, especially when choosing future careers. 

 

Topics should not be judged and grouped in science areas (Qualter, 1993), 

the pattern is more complex at primary level. It is interesting to note that not 
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all physics topics are disliked (‘daytime’, ‘electricity’). Haussler et al (1998) 

also found that boys and girls liked physics topics that were related to natural 

phenomena (e.g. how daytime happens) and how physics helps people (e.g. 

in a medical capacity). Therefore, we need to focus on the topics related to 

children’s interests (Dawson, 2000; Christidou, 2006), such as astronomy. 

 

The diversity and wealth of ideas and understandings presented by the 

children in relation to just two science concepts speaks volumes and calls for 

a greater consideration and awareness of what children already know. 

Findings from the current study suggests that we might be misguided in our 

starting points for topics (Gooday and Wilson, 1996) because children can 

think about concepts in different ways and may even think differently about 

the same word in different contexts (Kerr et al, 2006). 

 

The subtle differences between the ideas presented by the children in their 

drawings/sentences when compared with their interviews may have 

implications for assessment practice. It could be argued that it is important to 

use a diversity of methods to collect information on what children know 

about a topic at a given point. Given the current emphasis on Assessment for 

Learning (formative assessment) in the Northern Ireland revised curriculum, 

as opposed to a reliance on assessment of learning (summative assessment), 

using a variety of methods to assess throughout a topic may give a clearer 

and more comprehensive overview of what children know and understand. 

 

Given that age and gender were the main factors underling children’s 

attitudes and age also impact upon their ideas and understandings, maybe we 

need to revisit the idea of a “gender sensitive education” (Martin, 1985) and 

encompass an “age sensitive” element that incorporates awareness of boys as 

well as girls thoughts, as they get older. 

 

School affected both attitudes and ideas and understandings. This emphasises 

the importance of a whole school approach in fostering positive attitudes 

towards and engagement with science as well as valuing children’s ideas 

about science concepts.  
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7.4 Limitations of the research 

This study employed a range of research methods to collect quantitative and 

qualitative data on primary school children’s attitudes to science and their ideas and 

understandings of two science concepts. The methods were chosen and adapted 

because of their appropriateness for the sample, collection and subsequent analysis. 

Both the data collection methods and the analysis applied were triangulated for the 

purposes of reliability and validity (see section 4.8). However, every piece of 

research has its limitations and flaws. The main limitations of the current study are 

detailed below: 

 

 This was not a longitudinal study as the same children’s attitudes and ideas 

and understandings of concepts were not tracked as they moved through 

primary school. The current study can not claim to have dealt with attitude 

change or the development of concepts with time. Rather, this was a scoping 

study and a ‘snap shot’ of children’s attitudes and ideas have been analysed, 

compared and linked. 

 Different methodologies were used to consider different aspects. That is, 

questionnaires and semi-structured open questions were used to investigate 

attitudes and interviews, sentences and drawings were used to probe ideas 

and understandings. Although general comparisons could be made, the study 

could have been improved by using the same methodologies to consider both 

aspects to allow for investigation of causal links. For example: the use of 

drawings and sentences to consider children’s attitudes to science, the use of 

questions from the attitudes questionnaire in open interviews, the use of a 

three point scale to reply to ideas about ‘living’ and ‘daytime’ (‘true, ‘false’, 

‘not sure’). 

 The use of different methodologies in terms of the research instruments and 

setting may have affected the findings. That is, the attitudinal data was 

collected using a ‘written’ style instrument in a classroom setting. Although 

the drawings/sentences were collected in the same way, the ideas and 

understandings interviews were conducted outside the classroom (one-to-one) 

in a more informal way. The children were also reminded that the 
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questionnaire items were about science in school, whereas, the ideas 

interviews and drawings did not attempt to access what the children learnt 

about these concepts in school. In fact, learning in school was not mentioned 

in the collection of drawings/sentences or in the interviews. An example of a 

possible effect related to research instrument and setting is the fact that 

gender was a major factor affecting children’s attitudes towards science but 

had no affect on their ideas and understandings (see Figure 7.2). Likewise 

socio-economic group had a small effect on attitudes to science but no effect 

on ideas and understandings. Perhaps if the same research instruments were 

used (for example: the use of drawings and sentences to consider children’s 

attitudes to science) there may have been more similarity in the factors which 

effected both aspects. 

 Potential researcher bias may also have affected the findings. In an attempt to 

address bias between different researchers, I collected all the data. However, 

this did not remove my potential bias. In particular, the interviews and 

interpretation of the data may have been influenced by the fact that I am a 

teacher. For example, in a few earlier interviews I attempted to facilitate the 

children towards ‘correct answers’ – following discussions with other 

researchers I attempted to avoid this in further interviews. I made every effort 

to ensure that they were led by what the children brought to light and not 

focused on ‘factual’ answers. On reflection, if I were to conduct similar semi-

structured interviews with children again, I would include focus groups. This 

is because I have gained some more experience in conducting focus groups 

with children and observed that the way in which children challenge each 

other’s ideas in a peer group setting adds further richness to the data as 

opposed to how I would challenge them as a teacher. 

 Younger children were only asked about the word ‘school’ in their semi-

structured attitudes questions as their misunderstanding around ‘science’ was 

made clear at the pilot stage. For example, many children thought that they 

did not do science in school and science only happens in laboratories. 

Therefore, results from the attitudinal qualitative data can only be generalised 

to older children 
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 This study was set in the context of the current curriculum and can not be 

referred to with regard to the Revised Curriculum currently being 

implemented in Northern Ireland. However, it provides a detailed baseline for 

future comparison after implementation of the Revised Curriculum at primary 

level 

 As with any research study, it was impossible to control for every variable. 

For example the effect on children who were taught in composite classes (two 

classes in the current study), the influence of parental attitudes, the influence 

of peers were not considered 

 It is important to note that the children’s ability levels were teacher assessed 

and so comparisons with other sample which used academic assessment 

levels can not be drawn (for example results in national tests) 

 Findings from the current study can only be generalised to urban schools 

 

7.5 Suggestions for further research 

This work sets the precedent for the importance and value of listening to primary 

school children’s voices about primary science. Not only are very young children 

capable of voicing their opinions about how science is taught but they are also adept 

at telling us about what they already know in relation to specific scientific concepts. 

However, a longitudinal study which tracks the attitudes and ideas and 

understandings of children as they progress through primary school would firmly 

address the transient nature of attitudes and ideas and understandings. In particular, 

links between both aspects could be considered in greater depth through use of the 

same research instruments. The effect of school was unexpected in the current study 

and so could be considered as a major focus in further research. For example, 

consideration of the impact of additional school variables (pupil teacher ratio, school 

ethos, learning environment, leadership, resources, partnerships, teacher input). 

Within such a study, children’s ideas and understandings about more scientific 

concepts could also be addressed, including topics of current international interest. 

For example, it would be extremely useful for future curriculum planning and 

development to consider children’s ideas about global warming and protecting our 
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environment-do they understand more as a result of an attempt at public awareness 

through the media? 

 

Given the current climate of change and revision in the Northern Irish primary 

system, the current study could be repeated after full implementation of the Revised 

Northern Ireland curriculum and assessment changes (abolition of the transfer 

procedure). A comparison of future data with the current data would provide a 

valuable insight into the impact of such change. 

 

7.6 Distinctiveness and contributions of the study 

Despite the limitations, the current study has made a valuable contribution to the 

field of primary science education. The main contributions are outlined below: 

 This study is one of a small number to incorporate the attitudes of such a 

large number of younger children as well as children in upper primary school. 

It clearly demonstrates that young children can voice their likes, dislikes and 

concerns from a very young age and that their viewpoint should be 

considered and nurtured to help improve upon the current trend of a decline 

in positive attitudes towards science at primary level 

 The findings from the investigation into children’s ideas and understandings 

bring to light the complexity of thoughts and theories they hold both within 

the same concept and between concepts. As a primary school teacher, I was 

overwhelmed by the diversity of notions younger and older children hold 

about the concept of ‘living’-a topic which they are have experience of from a 

very young age and are ‘taught’ about from the beginning of their school 

lives. 

 The subtle differences between children’s ideas presented in their interviews, 

drawings and sentences bring to light the importance of using a variety of 

methods to attempt to access information on such complex constructs 

 Findings from the current study calls for, in particular, an age sensitive 

science curriculum (see Figure 7.1). However, it goes further to suggest that 

we need to be age sensitive within primary school as well as between primary 

and secondary school. Also, we may need to revisit the idea of a ‘gender 
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sensitive education’ (Martin, 1985) to incorporate changes for boys as well as 

girls of different ages. Although not reported in the thesis, children involved 

in the current study were asked to name something they would like to learn 

about in school. The most popular suggestions were: reading, animals and 

computers (P1), animals, how you make things and football (P2), animals, 

‘science’ and football (P3), football, animals, my body/heart (P4), animals, 

maths and my body (P5), art, football and animals (P6), animals, art and 

computers (P7).   

 Unlike many other studies, I considered and reported on the possible effect of 

a comprehensive list of variables: age, gender, ability level, socioeconomic 

status, and school and class group. Many studies report findings related to age 

and gender because they have been deemed as having the most pronounced 

effect, especially in relation to children’s attitudes to science. A more detailed 

picture has been painted and gives more of an insight into many groups of 

children as opposed to differences/similarities between boys and girls of 

different ages. 

 This study also brings to light the effect of school on children’s attitudes and 

their ideas and understandings of concepts. This finding has both social and 

methodological implications. The school a child attends can have an impact 

on their attitude towards a given aspect of the curriculum and their 

‘performance’ in that subject. The methodological implications are twofold: 

– The effect of school must be considered in studies related to 

children and their attitudes and/or their ideas and understandings 

of concepts 

– It is advisable to collect a variety of details and observations 

about the schools in a sample, not just information pertaining to 

socioeconomic and demographic factors. 
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APPENDICES 

Appendix 1: A detailed overview of primary level studies 

considering children’s attitudes to science 
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Appendix 2: Interview structure for ideas and understandings 

Preamble: 

I would like to have a like to have a little chat with you today 

about some things. I am really interested in hearing what you think about 

‘living’/‘how daytime happens’ and any ideas that you have. You can ask me 

about what I think as well.  

There are no right or wrong answers and no one is going to listen 

to this chat except me (i.e. not teacher etc). Nobody knows everything 

about ‘living’/’how daytime happens’, some people just have ideas. I would 

like to listen to your ideas so that maybe we can help other children 

learn about these things and help teachers to make really interesting 

lessons that other children will understand. Is that OK? Shall we start? 
 

LIVING                                        DAYTIME 

Areas for discussion:                         Areas for discussion: 
Animals                                                           How we know it’s day/night 

Living and non-living                                        How it happens (revolution)     

What they can/need to do                              Sun/moon/stars/solar 

system 

Where they live                                              Clouds 

 

PROBES 

Question formats: 

I think…..what do you think? 

Where/when/what/why/how do you think….? 

In your meaning of the word…? 

 

In response to ’I don’t know’/a pause that’s too long: 

Let me put that another way…. 

You’re not sure? Can you tell me what you’re not sure about? 

Sure let’s leave that now and we can come back to it later 

 

If the child’s response is hard to understand: 

Repeat their answer as a question 

Not sure what you are trying to tell me…can you tell me in a different 

way/explain what you mean? 

 

Keep reminding: I just want to know what you think, there are no right 

or wrong answers, we only have ideas about these things 
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Appendix 3: Cover letter to accompany ‘Principal’s pack’ 

 

School of Education 

Queen’s University Belfast 

69/71 University Street 

Belfast 

BT7 1HL 

UK 

 

17 April 2006 

 

Dear *********** 

   Please find enclosed a copy of all the questionnaires, the 

permission letter for parents and the recording sheet for children’s details. The 

‘children’s details’ record will only have the children’s first names on it and will 

remain completely confidential. I will also record most of these details in the school 

(permission dependent), leaving only the ‘ability levels’ to be completed by teachers.  

 

I have also enclosed a brief outline of my research. I look forward to speaking with 

you soon and do not hesitate to contact me with any further queries on ***********. 

Thank you very much for your time. 

 

Yours faithfully 

 

 

Karen Kerr 
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Appendix 4: Parental ‘opt-in’ consent form 

 

                                                                                             School of Education 

                                                                                             Queen’s University Belfast 

69/71 University Street 

Belfast 

BT7 1HL 

UK 

 

16 January 2006 

Dear Parent/Guardian 

                                 I am a science teacher and a researcher in the area of science 

education at Queen’s University, Belfast under the direction of Dr. Colette Murphy 

and Dr. Jim Beggs. I am in the process of carrying out research on children’s 

attitudes towards science and their ideas about science concepts. Through my work I 

hope to point out the importance of positive attitudes towards science so that our 

children will achieve well in science subjects throughout school. This will hopefully 

offer them more opportunities later in life. 

 

My work involves carrying out a special science lesson with some children. This 

lesson will involve the completion of a questionnaire, drawing, a game and some 

discussion about science topics (‘living’ and ‘daytime’). I would also like to collect 

the following general information about your child: 

 

 age and gender 

 overall ability level and science ability level 

 ethnic origin 

 whether or not your child is entitled to free school meals 

 

Some children may be recorded talking about their ideas on science topics. I will be 

the only person that will listen to these tapes. All of this information will be treated 

in the strictest confidence in accordance with ethical guidelines for working with 

children. Your child will also remain anonymous throughout and no individual 

school or child will be mentioned in the final report. 

 

I would greatly appreciate it if you would give your permission for your child to be 

involved and/or recorded by completing the slip below. These slips can be returned 

to your child’s teacher before Friday 20
th

 January 2006. 

 

Yours faithfully 

 

 

Karen Kerr 

 

DELETE AS APPROPRIATE: 

I do/do not give permission for my child to be involved in a special science lesson 

I do/do not give permission for my child to be recorded talking about science topics 

Signed: ________________________ (parent/guardian)      Date:  ____/____/____ 
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Appendix 5: Parental ‘opt-out’ consent form for use in one school 

 

                                                                                    School of Education  

                                                                                    Queen’s University Belfast 

                                                                                    69/71 University Street 

                                                                                    Belfast 

                                                                                    BT7 1HL 

 

        1
st
 June 2006 

 

Dear Parent/Guardian 

   I am writing about an earlier letter on the science research that 

is being carried out in your child’s school. Your child’s name or the name of the 

school will not be used in my work. The details that I would like to collect about 

your child are:  

 

 age and gender 

 overall ability level and science ability level 

 ethnic origin 

 whether or not your child is entitled to free school meals 

 

If you do not want your child’s details to be collected for this could you please let 

the school know by Friday 9
th

 June. Thank you. 

 

Yours Faithfully 

 

 

Karen Kerr 
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Appendix 6A: Copy of attitudes questionnaire for P3-7 (half size) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

 

A. Practice 
 

 

 

 

Name: 

 

Reference:  

 

 

 

 

yes  not sure no 

 

 

1. Do you like television? 

 
 

 

 
 

 

 
 

 

 

2. Do you like spiders? 

 
 

 

 
 

 

 
 

 

 
 

 

           

 

B. About school 
 

 
 

1. Do you like writing?  

 
 

 

 
 

 

 
 

 

 

2. Do you like reading?  

 
 

 

 
 

 

 
 

 
 

3. Do you like drawing?  

 
 

 

 
 

 

 
 

 
 

4. Do you like sums/number work?  

 
 

 

 
 

 

 
 

 
 

5. Do you like using the computer?  

 
 

 

 
 

 

 
 

 
 

6. Do you like working by yourself?  

 
 

 

 
 

 

 
 

 
 

7. Do you like working in a group?  
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C. About learning 
 

 
 

1. Do you like coming to school?  

 
 

 

 
 

 

 
 

 

 

2. Would you like to make more 

things?   

 
 

 

 
 

 

 
 

 
 

3. Would you like to learn more about 

how you grow?  

 
 

 

 
 

 

 
 

 
 

4. Would you like to learn more about 

your body?  

 
 

 

 
 

 

 
 

 
 

5. Would you like to learn more about 

the seasons?  

 
 

 

 
 

 

 
 

 
 

6. Would you like to learn more about 

keeping healthy?  

 
 

 

 
 

 

 
 

 
 

7. Would you like to learn more about 

animals?  

 
 

 

 
 

 

 
 

 
 

 
 

 

           

 

D. About learning 
 

 
 

1. Would you like to learn more about 

plants?  

 
 

 

 
 

 

 
 

 

 

2. Would you like to learn more about 

living things and what they do? 

 
 

 

 
 

 

 
 

 
 

3. Would you like to learn more about 

different materials?  

 
 

 

 
 

 

 
 

 
 

4. Would you like to learn more about 

heating and cooling things?  

 
 

 

 
 

 

 
 

 
 

5. Would you like to learn more about 

pushes and pulls?  

 
 

 

 
 

 

 
 

 
 

6. Would you like to learn more about 

electricity?  

 
 

 

 
 

 

 
 

 
 

7. Would you like to learn more about 

the sun and how daytime happens? 
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E. About learning 
 

 
 

1. Would you like to learn more about 

the parts of a flower? 

 
 

 

 
 

 

 
 

 

 

2. Would you like to learn more about 

how to look after our environment? 

 
 

 

 
 

 

 
 

 
 

3. Would you like to learn more about 

sound?  

 
 

 

 
 

 

 
 

 
 

4. Would you like to learn more about 

light?  

 
 

 

 
 

 

 
 

 
 

5. Would you like to learn more about 

lifecycles?  

 
 

 

 
 

 

 
 

 
 

6. Would you like to learn more about 

energy?  

 
 

 

 
 

 

 
 

 

 
7. 

 

 What else would you most like to learn about in school? (1 answer) 

 

 

            

          

 

F. About what you think 
 

 
 

1. Do you think you are good at growing 

seeds?  

 
 

 

 
 

 

 
 

 

 

2. Do you think you are good at making 

things? 

 
 

 

 
 

 

 
 

 
 

3. Do you think you are good at learning 

about living things and what they do? 

 
 

 

 
 

 

 
 

 
 

4. Do you think you are good at learning 

about the sun and how daytime happens?  

 
 

 

 
 

 

 
 

 

 

 

 
5. What would you most like to be when you are older? (1 answer) 
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G. About when you are older 
 

           

 
 

1. Do you think being able to use the 

computer will help you get a job when you 

are older? 

 

  

 
 

 

 
 

 

 
 

 

 

2. Do you think being able to do 

sums/number work will help you get a job 

when you are older?  

 
 

 

 
 

 

 
 

 

 

3. Do you think being able to read will help 

you get a job when you are older?  

 
 

 

 
 

 

 
 

 

 

4. Do you think being able to do science 

will help you get a job when you are older?  

 
 

 

 
 

 

 
 

 

 

 

 

 

           

 

H. About science lessons 
 

 
 

1. Do you like science lessons?  

 
 

 

 
 

 

 
 

 

 

2. Do you like solving problems to do 

with science?  

 
 

 

 
 

 

 
 

 
 

3. Do you like revising for science 

tests? 

 
 

 

 
 

 

 
 

 
 

4. Do you like doing science tests?  

 
 

 

 
 

 

 
 

 
 

5. Do you like watching programmes 

about science on TV?  

 
 

 

 
 

 

 
 

 
 

6. Do you like thinking about science? 

 
 

 

 
 

 

 
 

 
 

7. Do you like doing work with fair 

testing?  

 
 

 

 
 

 

 
 

 
 

 
 



 

 308 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

 

I. About science lessons 
 

 
 

1. Do you like science lessons more 

than other lessons? 

 
 

 

 
 

 

 
 

 

 

2. Do you think science lessons are 

hard? 

 
 

 

 
 

 

 
 

 
 

3. Do you think science lessons are 

interesting?  

 
 

 

 
 

 

 
 

 
 

4. Do you think all children should 

have to learn science at school?  

 
 

 

 
 

 

 
 

 
 

5. Do you look forward to science 

lessons?  

 
 

 

 
 

 

 
 

 
 

6. Would you like there to be more 

science lessons in school? 

 
 

 

 
 

 

 
 

 
 

7. Would you like to join a science 

after school club? 

 
 

 

 
 

 

 
 

 
 

 
 

 

       

 

J. Drawing 
 

 
Draw a picture and write a sentence about 

what you think ‘living’ means 

 

 

 

 

 

 

 

 

 

 

 

 

 

Draw a picture and write a sentence about 

how you think ‘daytime’ happens 
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 Open questions are over the page 

You can have a go at these if you want to 
 

 

 

 
 
1. What do you like best about science?  

   Why? 
       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Did you always like science?        

   Why? 
      

 
 
 

     

 
3. Is there any part of science you have not 

liked? 

   Why? 
       

 

 

 

 

 

 

 

 

 

 

 

 

4. What is the hardest thing you have done in 

science? 

   Why? 
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5. What is the easiest thing you have done in 

science?  

   Why? 
       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Do you think you do too much writing in 

science?        

   Why? 
      

 

 
 

     

 
7. Do you think science helps people?  

   How? 
       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. Do you think science can be harmful?        

   How? 
      

 

 
 

 
      

 

 

 

 

 

 

 

 

 

 

 

 

 
 
9. Do you think science lessons might be better 

later on?  

   Why? 
       

 

 

 

 

 

 

 

 

 

 

 

 

10. Is there anything else you would like to say 

about science lessons in school?        

   If so, what would you like to say? 
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Appendix 6B: Copy of adapted questionnaire for P1-3 (half size) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         

 

A. Practice 
 

 

 

Name: 

 

Reference:  

 

 
 

 

yes not sure no 

 

 

1. 
 

 

 

 
 

 
 

 
 

 

 

2. 
 

 

 

 
 

 
 

 
 

 

 

 

 

           

 

B. About school 
 

 

 
 

1.  

 
 

 

 
 

 

 
 

 

 

2.  

 
 

 

 
 

 

 
 

 
 

3.  

 
 

 

 
 

 

 
 

 
 

4.  

 
 

 

 
 

 

 
 

 
 

5.  
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C. About school 
 

 

 

 
 

1.  

 
 

 

 
 

 

 
 

 

 

2.  

 
 

 

 
 

 

 
 

 
 

3.  

 
 

 

 
 

 

 
 

 
 

4.  

 
 

 

 
 

 

 
 

 

 

 

            

         

 

D. About learning 
 

 
 

1.  

 
 

 

 
 

 

 
 

 

 

2.  

 
 

 

 
 

 

 
 

 
 

3.  

 
 

 

 
 

 

 
 

 
 

4.  

 
 

 

 
 

 

 
 

 
 

5.  
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F. About learning 
 

 

 

 
 

1.  

 
 

 

 
 

 

 
 

 

 

2.  

 
 

 

 
 

 

 
 

 

 

 

 
 

3. 

 

 What else would you like to learn about in school? 

 

 

 

 

            

          

         

 

E. About learning 
 

 

 
 

1.  

 
 

 

 
 

 

 
 

 

 

2.  

 
 

 

 
 

 

 
 

 
 

3.  

 
 

 

 
 

 

 
 

 
 

4.  
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G. About what you think 
 

          

 
 

1.  

 
 

 

 
 

 

 
 

 

 

2.  

 
 

 

 
 

 

 
 

 
 

3.  

 
 

 

 
 

 

 
 

 
 

4.  

 
 

 

 
 

 

 
 

 

 

 
 

5. 
 

What would you most like to be when you are older? (1 answer) 
 
 

 

 

          

         

 

H. About when you grow up 
 

 

 

 
 

1.  

 
 

 

 
 

 

 
 

 

 

2.  

 
 

 

 
 

 

 
 

 
 

3.  

 
 

 

 
 

 

 
 

 
 

4.  
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I. Drawing 
 

 
Draw a picture and write a sentence about 

what you think ‘living’ means 

 

 

 

 

 

 

 

 

 

 

 

 

 

Draw a picture and write a sentence about 

how you think ‘daytime’ happens 

   

  

 

 

       

 

 

 

 

 

 

 

 

 

 Open questions are overleaf 

(to be scribed by researcher) 
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1. What things do you like learning about (the     

most) in school?  

   Why? 
      *researcher scribes answer here* 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. What things do you not like learning about  

(the least) in school?        

   Why? 
     *researcher scribes answer here* 

 

 
 

   

 
3. What is the hardest thing you have learned 

about in school? 

   Why? 
      *researcher scribes answer here* 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. What is the easiest thing you have learned 

about in school? 

   Why? 
      *researcher scribes answer here* 
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Appendix 6C: Questions to accompany younger children’s copy of 

the questionnaire 

 
A.CLOSED QUESTIONS 

Pg 1- ‘A. Practice’ 

1. Do you like television? 
2. Do you like spiders? 

 

Pg 2- ‘B. About school’ 
1. Do you like writing? 

2. Do you like reading? 

3. Do you like drawing? 
4. Do you like sums/number work? 

5. Do you like using the computer? 

 
Pg 3- ‘C. About school’ 

1. Do you like working by yourself? 

2. Do you like working in a group? 
3. Do you like coming to school? 

4. Would you like to make more things? 

 
Pg 4- ‘D. About learning’ 

1. Would you like to learn more about how you grow? 

2. Would you like to learn more about your body? 
3. Would you like to learn more about the seasons/spring, summer, autumn, winter? 

4. Would you like to learn more about keeping healthy? 
5. Would you like to learn more about animals? 

 

Pg 5- ‘E. About learning’ 
1. Would you like to learn more about plants? 

2. Would you like to learn more about living things and what they do? 

3. Would you like to learn more about different materials? 
4. Would you like to learn more about heating and cooling things? 

5. Would you like to learn more about pushes and pulls? 

 
Pg 6- ‘F. About learning’ 

1. Would you like to learn more about electricity? 

2. Would you like to learn more about the sun and how daytime happens? 
3. What else would you like to learn about in school?             

 

Pg 7 – ‘G. About what you think’ 
1. Do you think you are good at growing seeds? 

2. Do you think you are good at making things? 

3. Do you think you are good at learning about living things and what they do? 
4. Do you think you are good at learning about the sun and how daytime happens? 

5. What would you like to be when you are older (if you could be anything at all, one answer)? 

 

Pg 8 – ‘H. About when you are older’ 

1. Do you think being able to use the computer will help you to get a job when you are older? 

2. Do you think being able to do sums/number work will help you to get a job when you are older? 
3. Do you think being able to read will help you to get a job when you are older? 

4. Do you think being able to make things, learn about living things and how daytime  

     happens will help you get a job when you are older?  
 

Pg 9- ‘I. Drawing’   

Draw a picture and write a sentence about what you think ‘living’ means 
Draw a picture and write a sentence about how you think ‘daytime’ happens 

 

 

 

 

 

 

 

 

 

 



 

 318 

Appendix 7: Factor analysis 
 

Factors 

 

Item 

 

Loading 

 

Mean 

 

SD 

 

n 

Attitudes 

to school 

Do you like writing? 0.58 2.39 0.79 639 

Do you like coming to school? 0.58 2.39 0.80 643 

Do you like reading? 0.57 2.57 0.71 639 

Do you like working by yourself? 0.46 2.31 0.83 639 

Do you like sums/number work? 0.34 2.35 0.82 642 

Do you like using the computer? 0.34 2.90 0.37 644 

Do you like drawing? 0.32 2.77 0.55 640 

      

Attitudes 

to science 

topics 

Would you like to learn more about sound? 0.62 2.34 0.80 465 

Would you like to learn more about the seasons? 0.61 2.30 0.82 641 

Would you like to learn more about light? 0.59 2.31 0.79 465 

Would you like to learn more about keeping 

healthy? 

0.57 2.76 0.55 644 

Would you like to learn more about the parts of a 

flower? 

0.57 2.10 0.88 465 

Would you like to learn more about the sun and how 

daytime happens? 

0.55 2.61 2.68 641 

Would you like to learn more about living things and 

what they do? 

0.53 2.62 0.65 644 

Would you like to learn more about plants? 0.50 2.30 0.84 643 

Would you like to learn more about energy? 0.50 2.60 0.67 465 

Would you like to learn more about heating and 

cooling? 

0.50 2.50 0.75 643 

Would you like to learn more about lifecycles? 0.49 2.50 0.76 465 

Would you like to learn more about different 

materials? 

0.48 2.43 0.79 641 

Would you like to learn more about pushes and 

pulls? 

0.48 2.18 0.86 641 

Would you like to learn more about animals? 0.46 2.67 0.65 644 

Would you like to learn more about how you grow? 0.45 2.48 0.76 640 

Would you like to learn more about how to look 

after our environment? 

0.43 2.57 0.70 465 

Would you like to learn more about electricity? 0.42 2.59 0.69 641 

Would you like to learn more about your body? 0.41 2.53 0.72 640 

      

Interest in 

and 

enjoyment 

of school 

science  

Do you look forward to science lessons? 0.81 2.30 0.83 388 

Would you like there to be more science lessons in 

school? 

0.78 2.10 0.86 388 

Do you like science lessons? 0.67 2.58 0.71 389 

Would you like to join a science after school club? 0.65 2.04 0.88 389 

Do you like science lessons more than other lessons? 0.64 1.85 0.86 388 

Do you like doing science tests? 0.62 2.15 0.87 388 

Do you like thinking about science? 0.60 2.20 0.77 386 

Do you think science lessons are interesting? 0.56 2.69 0.61 386 

Do you like solving problems to do with science? 0.50 2.50 0.75 389 

Do you like watching programmes about science on 

TV? 

0.48 2.23 0.86 386 

Do you like revising for science tests? 0.41 2.14 0.87 388 

Do you like doing work with fair testing? 0.35 2.43 0.68 388 

Do you think science lessons are hard? 0.32 2.18 0.81 389 

Do you think all children should have to learn 

science at school? 

0.16 2.37 0.81 389 

      

Ideas 

about the 

utility of 

science 

Do you think being able to do sums/number work 

will help you get a job when you are older? 

0.73 2.50 0.76 636 

Do you think being able to read will help you get a 

job when you are older? 

0.62 2.54 0.75 641 

Do you think being able to do science will help you 

get a job when you are older? 

0.61 2.55 0.70 634 

Do you think being able to use the computer will 

help you get a job when you are older? 

0.52 2.58 0.69 643 



 

 319 

Appendix 8: Interest in and enjoyment of science OPEN GRAPHS 
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(i) The percentage of positive, negative and neither positive nor negative responses given by                            n=      69        69             63        65              64       65             64        65             57        63     

the sub sample of children who answered the open questions related to ‘interest of and                   (ii) The percentage of positive responses given by boys and girls in their open responses related to  
enjoyment of school science’                                                                                                                     ‘interest in  and enjoyment of school science’ 
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Is there any part of science you have not liked? Why?
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n= 69 girls, 69 boys                                                                                                                                         n= 69 girls, 69 boys 

(iii) The percentage of positive responses, by category, given by girls and boys                                             (iv) The percentage of negative responses, by category, given by girls and boys  

 in relation to how science lessons might be better later in their school lives.                                                        in relation to parts of science they have not liked 
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Do you think you do too much writing in science? Why?
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                                              n= 64 girls, 65 boys                                                                                           n=     31    61    43          28    57    43             29    56    44             28    58    43          26    58    36 

   
(v) The percentage of negative responses, by category, given by girls and boys           (vi) The percentage of positive responses given by children in different age groups in the open responses about  

     in relation to how much writing they do in science                                                         interest  in and enjoyment of school science’ 
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Is there any part of science you have not liked? Why?
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                         n= 31 children aged 6/7, 61 children aged 8/9, 43 children aged 10/11                                                                      n= 29 children aged 6/7, 56 children aged 8/9, 44 children aged 10/11 

(vii) The percentage of positive responses, by category, given by children in different age                         (viii) The percentage of negative responses, by category, given by children in different       
       age groups in relation to what they like best about science                                                                           groups in relation to the parts of science they have not liked    
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Do you think you do too much writing in science? Why?

31%

15%

38%

17%

43%

36%

0

10

20

30

40

50

too much/a lot writing up experiments

category of response

%
 o

f 
n

e
g

a
ti

v
e

 r
e

s
p

o
n

s
e

s

  6/7 

  8/9 

 10/11

    

6%

35%
38%

45%

90%

22%

43%

58%

48%

91%

13%

42%40%

51%

85%

0

20

40

60

80

100

like best alw ays like not liked too much w riting anything else

open questions-enjoyment of science

%
 o

f 
p

o
s
it

iv
e
 r

e
s
p

o
n

s
e
s

low

med

high

 
             n= 28 children aged 6/7, 58 children aged 8/9, 43 children aged 10/11           (x) The percentage of positive responses given by children of different abilities in their open responses related to  

(ix) The percentage of negative responses, by category, given by children in                  ‘interest in and enjoyment of school science’ 
      different  age groups in relation to how much writing they do in science 
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                  n= 20 low ability children, 63 medium ability children, 52 high ability children                                        n= 21 low ability children, 60 medium ability children, 48 high ability children 
(xi) The percentage of positive responses, by category, given by children of different abilities                 (xii) The percentage of negative responses, by category, given by children of different abilities  

      in relation to what they like best about science                                                                                             in  relation to parts of science they have not liked 
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 (xiii) The percentage of positive responses given by children of different socio-economic groups in their                                                      n= 51 children entitled to FSM, 84 not entitled to FSM 
         open responses related to interest of and enjoyment of school science                                                                   (xiv) The percentage of positive responses, by category, given by children of different               

                                                                                                                                                                                                 socioeconomic groups in relation to what they like best about science 
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                                        n= 49 children entitled to FSM, 80 not entitled to FSM                                                                                                     n= 50 children entitled to FSM, 79 not entitled to FSM 

(xv) The percentage of negative responses, by category, given by children of different socio-economic groups              (xvi) The percentage of negative responses, by category, given by children of different  
        in relation to the parts of science they have not liked                                                                                                    socio-economic groups in relation to how much writing they do in science
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Appendix 9: Interest in and enjoyment of science ANOVA-schools 

 

Mean values and significant differences by school for the items related to ‘enjoyment 

of school science’. The p values represent significant differences (highlighted by T-

tests) between individual schools when compared with all the other schools [*sig. at 

p<0.05, **sig. at p<0.01, ***sig. at p<0.001]. 

 

Questionnaire 

item 

 

mean 

ANOVA 

F value Sig. 

between 

groups 
South- 

town 

North- 

town 

Old- 

town 

Mid- 

town 

Down- 

town 

New- 

town 

Do you look 

forward to 
science 

lessons? 

2.53* 2.44 2.32 1.92*** 2.39 2.62*** 8.793 P < 

0.001 

Would you like 
there to be 

more science 

lessons in 
school? 

2.47*** 2.29 2.18 1.72*** 2.05 2.44*** 9.757 P < 

0.001 

Do you like 

science 

lessons? 

2.73 2.62 2.29* 2.42** 2.71 2.77** 4.574 P < 

0.001 

Would you like 

to join a 

science after 
school club? 

2.25 2.16 2.24 1.75*** 2.09 2.25 4.123 P < 0.01 

Do you like 

science more 

than other 
lessons? 

2.13** 2.11 1.76 1.62* 1.82 1.98 3.955 P < 0.01 

Do you like 

doing science 
tests? 

2.29 1.96 2.13 2.03 2.16 2.44** 2.605 P < 0.05 

Do you like 

thinking about 
science? 

2.69*** 2.19 2.00 1.95*** 2.21 2.41* 8.502 P < 

0.001 

Do you think 

science lessons 

are interesting? 

2.94*** 2.64 2.37* 2.53* 2.86 2.84* 7.802 P < 

0.001 

Do you like 

solving 

problems to do 
with science? 

2.60 2.49 2.18* 2.36* 2.59 2.75*** 4.288 P < 0.01 

Do you like 

watching 

programmes 
about science 

on TV? 

2.49** 2.37 2.08 1.98*** 1.98 2.32 3.913 P < 0.01 

Do you like 
revising for 

science tests? 

2.21 1.68 1.97 2.16 2.23 2.34* 3.796 P < 0.01 

Do you like 

doing work 
with fair 

testing? 

2.56 2.31 2.05** 2.28** 2.76 2.52 8.206 P < 

0.001 

Do you think 
all children 

should have to 

do science at 
school? 

 2.63** 2.18 2.24 2.36 2.42 2.38  
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Appendix 10: Ideas about the utility of science OPEN GRAPHS 
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(i) The percentage of positive, negative and neither positive nor negative responses given by the sub sample of                        n=          63      65                      63      64                     64       65  

    children who answered the open questions related to ‘ideas about the utility of science’                                           (ii) The percentage of positive responses given by boys and girls in their open responses  

                                                                                                                                                                                                 related to ‘ideas about the utility of science’ 
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Do you think science can be harmful? How?
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                                                              n= 63 girls, 65 boys                                                                                                                                                                  n= 64 girls, 65 boys 

(iii) The number of positive responses, by category, given by girls and boys in relation to how                               (iv) The number of negative responses, by category, given by girls and boys in relation  
      science helps people                                                                                                                                                     to how they think science can be harmful 
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Do you think science lessons might be better later on? Why?
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                                                             n= 63 girls, 64 boys                                                                                                n=       28     57     43                 28     57     42               28     57     43 

(v) The number of positive responses, by category, given by girls and boys in relation to how science             (vi) The percentage of positive responses given by children in different age groups in the open  

     lessons might be better later in their school lives.                                                                                                 responses about ‘ideas about the utility of science’ 
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                        n= 28 children aged 6/7, 57 children aged 8/9, 43 children aged 10/11                                                                     n= 28 children aged 6/7, 57 children aged 8/9, 44 children aged 10/11 

(vii) The percentage of positive responses, by category, given by children in different age groups in             (viii) The percentage of positive responses, by category, given by children in different ages  
       relation to how science helps people                                                                                                                    groups  in relation to how science can be harmful 
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Do you think science lessons might be better later on? Why?
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                       n= 28 children aged 6/7, 57 children aged 8/9, 42 children aged 10/11                                       (x) The percentage of positive responses given by children of difference abilities in the  

(ix) The percentage of positive responses, by category, given by children in different age groups in                      open responses about ‘ideas about the utility of science’ 
      relation to how science lessons might be better later in their school lives. 
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(xi) The percentage of positive responses, by category, given by children of different abilities in          (xii) The percentage of negative responses, by category, given by children of different abilities in  
      relation to how science helps people                                                                                                           relation to how science can be harmful 
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Do you think science lessons might be better later on? Why?
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(xiii) The percentage of negative responses, by category, given by children of different abilities in relation             (xiv) The percentage of positive responses given by children in different socio-economic 
        to how science might be better later on in school                                                                                                          groups  for the open responses about ‘ideas about the utility of science’ 
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(xv) The percentage of positive responses given by children in different socio-economic groups for          (xvi) The percentage of negative responses given by children in different socio-economic groups  

       the open responses about how science helps people                                                                                        for the open responses about how science can be harmful 
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Do you think science might be better later on? Why?
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(xvii) The percentage of positive responses given by children in different socio-economic groups for  
         the open responses about how science might be better later in school 
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Appendix 11: Sample drawings and corresponding sentences about ‘living’ 

 

 

 

 

 

 

 

 

 

 
 

3S: girl, 5, high, no, P1
22

         5N: girl, 5, low, no, P1               8O: girl, 5, medium, yes, P1          6S: boy, 4, medium, no, P1       1N: boy, 5, medium, no ,P1 

 

 

 

 

 

 

 

 

 

 

 
 

 

4O: boy, 5, low, yes, P1             18S: girl, 6, medium, yes, P2      24S: girl, 7, medium, yes, P3      15N: girl, 6, high, no, P2             28N: girl, 7, medium, no, P3 

 

                                                 
22

 Details are shown in the following order: child’s reference number (which includes their school), gender, age, science ability level, Free School Meal entitlement 

(yes or no) and primary group. School labels are S=Southtown PS, N= Northtown PS, O=Oldtown PS 

 
All my family, Spot the cat 

and a dog trying to catch up 

from her 

 

 
 

 

 
 

 

 

 

 
 

 

 

 

 

 
Living means getting 

healthy. I live in Northern 

Ireland but I’m from China 

 

 
 

Like you’re living in a house 

 

 

 
It means that you’re not going 

to die by any nightmares cause 

they’re not true 

 

 
Thinking, living with your 

family and having fun 

 

 
 

A girl dancing in her house 

 

 
 

A house 
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9O: girl, 6, medium, yes, P2      15O: girl, 7, medium, yes, P3        31O: girl, 7, medium, no, P4        13S: boy, 6, high, yes, P2            23S: boy, 7, high, no, P3 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

29S: boy, 7, high, yes P4         19N: boy, 6, medium, yes, P2        27N: boy, 7, high, no, P3          10O: boy, 6, medium, yes, P2         34S: girl, 8, medium, no, P4 

 

 

 

 

 
 

 

 
 

A dog 

 
 

Boy playing football 

 

 

 

 
 

A horse 

 

 

 

 
Eating fruit, running and 

drinking milk, drinking 

water 

 

 
 

It means about living with 

your family 

 

 
It’s something where you’re 

living, in a house, a big 

house. I like living with my 

mummy 

 

 
 

A cat living in a wee box 

 

 
 

A doggy is a living thing 

 

 
 

It means that you live every 

day in your house 
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46S: girl, 9, medium, no, P5     31N: girl, 8, low, yes, P4             40N: girl, 9, low, no, P5            43O: girl, 9, medium, yes, P5       47O: girl, 9, medium, no, P6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
38S: boy, 9, medium, yes, P5     36N: boy, 9, high, no, P5           30O: boy, 8, medium, yes, P4      38O: boy, 9, medium, no, P5       48S: girl, 10, medium, yes, P6 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 
 

 

 

 
 

Living is about exercising 

and healthy eating 

 

 
 

This shows that you live by 

your heart beats 

 

 

 
 

Living is about skipping for getting 

healthy. You need to eat to get more 

energy and keep living and you need to 

drink diluted juice, only slightly a bit of 

juice in. Always eat healthy food. 

 

 

 
 

If people are dying, care and 

help them live 

 

 

 

 
 

I think living is the most 

precious gift we ever had 

 

 
 

All living things and plants 

and animals and trees 

 

 
 

I think it’s about following 

God 
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58S: girl, 11, low, yes, P7        61N: girl, 11, high, yes, P7          50S: boy, 10, high, no, P6            61S: boy, 10, high, no, P7          55N: boy, 10, high, no, P6    

 

 

 

 

 

 

 

 

 

 

 

 

 

 
64N: boy, 11, medium, no, P7     51O: boy, 10, high, yes, P6       54O: boy, 10, medium, yes, P7    62O: boy, 11, medium, yes, P7 

 
 

I am running 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 
I think living means you’re 

breathing and alive because if 

you were dead you wouldn’t be 

living 

 

 
 

Growing 

 

 
 

I think living means growth 

 

 
 

Ronaldo 

 

 
 

I think living means being 

alive 

 

 
 

Living and keeping yourself 

alive, eat healthy 
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Appendix 12A: Gender comparative graphs for interviews and sentences about ‘living’ 

  

GIRLS: % of 'scientific' coded responses for interviews and sentences about 'living'
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GIRLS: % of 'socio cultural' coded responses for interviews and sentences about 

'living'
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religious (1%)

objects (naming)

social6%

76% 18%

2%

14%

 
 

BOYS: % of 'scientific' coded responses for interviews and sentences about 'living'

health/how body 

works/body parts

awake/asleep (0.1%)

contested  (3%)

lifecycles (3%)

plants (naming)-(4%)

alive vs dead

animals (naming)

habitats

characteristics

19%

7%

74%

6%
7%

11%

12%

28%

 

BOYS: % of 'socio cultural' coded responses for interviews and sentences about 

'living'

objects (naming)-

(1%)

religious (1%)

social

7%

19%74%
17%

      'scientific'                socio cultural               other

 
 

Pie charts to compare the percentage of themed and coded responses given by boys and girls in their interviews and sentences about ‘living’. A breakdown of the 

codes within the ‘scientific’ and socio-cultural themes are also included. 
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Appendix 12B: Age comparative graphs for interviews and sentences  about ‘living’ 

A table to compare the percentage of themed and coded responses given by children of different ages in their interviews and sentences about ‘living’. 

A breakdown of the codes within the themes ‘scientific’ and socio-cultural are also included. 
 

theme interviews  sentences 

4/5 6/7  8/9  10/11  4/5 6/7  8/9  10/11  

‘scientific’ 

 

 

 

 

 

 

 

 

        
TOTAL: 59% 72% 83% 79% 80% 72% 77% 74% 

  

socio  

cultural 

 

 

 

 

 

 

 

 

        
TOTAL: 27% 18% 8% 12% 15% 26% 22% 25% 

other 14% 10% 9% 9% 5% 2% 1% 1% 
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Appendix 12C: Science ability comparative graphs for sentences about ‘living’  

 
LOW ABILITY: % of 'scientific' coded responses for sentences about living
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LOW ABILITY: % of 'scientific' coded responses for sentences about living
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MEDIUM ABILITY: % of 'scientific' coded responses for sentences about living

plants (naming)-(4%)

lifecycles (3%)
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25%
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12%
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MEDIUM ABILITY: % of 'socio cultural' coded responses for sentences about living

religious (1%)

'social'

73%

2%

25%
24%

 
HIGH ABILITY: % of 'scientific' coded responses for sentences about living

habitats

plants (naming)

awake/asleep (1%)

lifecycles (3%)

health/how body 

works/body parts

animals (naming)

alive vs dead

characteristics

1%

19% 80%

6%

14%

14%

26%

10%
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HIGH ABILITY: % of 'socio cultural' coded responses for sentences about living

religious (0.4%)

'social'
80%

1%

19%
19%

      'scientific'               socio cultural               other

  
Pie charts to compare the percentage of themed and coded responses given by children of 

different abilities in their sentences about ‘living’. A breakdown of the codes within the 

‘scientific’ and socio-cultural are also included. 
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Appendix 12D: Free School Meal entitlement - comparative graphs for interviews and sentences about ‘living’ 

 
ENTITLED TO FSM: % of 'scientific' coded responses for interviews and sentences 
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NO FSM: % of 'scientific' coded responses for interviews and sentences about 'living'
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plants (naming)-(3%)

alive vs dead

health/how body 

works/body parts

animals (naming)

habitats

characteristics

76%
19%

5%

6%

7%

12%

14%

28%

 

NO FSM: % of 'socio cultural' coded responses for interviews and sentences about 

'living'

religious (1%)

contested (0.4%)

objects (naming)-

(1%)

social

5%

19%76%

17%

      'scientific'               socio cultural               other

  
Pie charts to compare the percentage of themed and coded responses given by children of different socio economic groups in their interviews and 

sentences about ‘living’. A breakdown of the codes within the ‘scientific’ and socio-cultural themes are also included. 
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Appendix 12E: School - comparative graphs for interviews and sentences about ‘living’ 

A table to compare the percentage of themed and coded responses given by children in different schools in their 

interviews and sentences about ‘living’. A breakdown of the codes within the themes ‘scientific’ and socio-cultural are 

also included. The data is presented in rank order with respect to the percentage of ‘scientific’ responses 
 

theme interviews and sentences (pooled data) 

Midtown PS Southtown PS Downtown PS Northtown PS Oldtown PS Newtown PS 

‘scientific’ 

 

 

 

 

 

 

 

 

      
TOTAL: 83% 77% 75% 74% 72% 70% 

 

socio  

cultural 

 

 

 

 

 

 

 

 

      
TOTAL: 15% 13% 25% 14% 2% 29% 

other 2% 10% 0 7% 7% 1% 
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Appendix 13: Sample drawings and corresponding sentences about ‘daytime’ 

 

 

 

 

 

 

 

 

 

 

 
3S: girl, 5, high, no, P1

23
          5N: girl, 5, low, no, P1               8O: girl, 5, medium, yes, P1          6S: boy, 4, medium, no, P1        1N: boy, 5, medium, no, P1 

 

 

 

 

 

 

 

 

 

 

 

 
4O: boy, 5, low, yes, P1            18S: girl, 6, medium, yes, P2      24S: girl, 7, medium, yes, P3      15N: girl, 6, high, no, P2               28N: girl, 7, medium, no, P3 

 

 

                                                 
23

 Details are shown in the following order: child’s reference number (which includes their school), gender, age, science ability level, Free School Meal entitlement 

(yes or no) and primary group. School labels are S=Southtown PS, N= Northtown PS, O=Oldtown PS 

 
 

The sunshine 

 

 

 
 

 

 
 

 

 

 
 

 

 

 

 

 
People wake and go around 

places. They do work 

 

 
Like when the leaves fall off 

the trees 

 

 

 
The birds go asleep but there’s 

a bird and he’s flying to his 

nest. They don’t hibernate 

 

 
When the sun shines at the 

earth, then the sun goes down 

 

 
 

You can play out in the sun 

 

 
 

The sun 
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9O: girl, 6, medium, yes, P2     15O: girl, 7, medium, yes, P3       31O: girl, 7, medium, no, P4       13S: boy, 6, high, yes, P2            23S: boy, 7, high, no, P3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

29S: boy, 7, high, yes P4          19N: boy, 6, medium, yes, P2                                                          27N: boy, 7, high, no, P3            10O: boy, 6, medium, yes, P2    

 

 

 

          

 

 
 

 

 
 

Sun’s rising 

 
 

Sun rising 

 

 

 

 
 

 

 

 
When the sun hits Ireland it 

pretend to be brighter for 

daytime 

 

 
 

It happens in the summer 

 

 
 

I like playing with my 

pussycat 

 

 
 

The world changes. It moves 

around really slowly 

 
God makes it happen 

because he shines the sun 

down 

 

It turns, goes into night and 

magically it turns into 

morning. It goes grey, then 

red, it goes sunny in the 

morning so it does. Suddenly 

you wake up and sometimes 

it rains when it’s day. It’s 

sunny when you wake up and 

the rain can go away. 

Sometimes the sun goes away 

and turns to ice 
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34S: girl, 8, medium, no, P4     46S: girl, 9, medium, no, P5       31N: girl, 8, low, yes, P4             40N: girl, 9, low, no, P5              43O: girl, 9, medium, yes, P5             

 

 

 

 

 

 

 

 

 

 

 

 

 

 
47O: girl, 9, medium, no, P6       38S: boy, 9, medium, yes, P5     36N: boy, 9, high, no, P5          30O: boy, 8, medium, yes, P4       38O: boy, 9, medium, no, P5     

 

 

          

 

 
 

The sun and all the houses 

 

 

 

 
 

 

 

 
 

 

 

 
The moon goes up and then the 

sun starts to come down then it’s 

night and bright. The children go 

out to play 

 
 

Daytime happens by the 

earth travels around the sun 

 

 
I think the sun moves around 

and the darkness comes to us. 

The sun is going in front of the 

moon like an eclipse 

 

 
 

By the sun and moon and 

stars 

 

 

 

 
The sun rises up from the 

hills and the sun lightens up 

the earth, that keeps the 

earth light 

 

 

 
 

When the heat hits the 

clouds 

 

 
 

God created it, the sun 
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48S: girl, 10, medium, yes, P6    58S: girl, 11, low, yes, P7         61N: girl, 11, high, yes, P7            50S: boy, 10, high, no, P6             61S: boy, 10, high, no, P7                
 

 

 

 

 

 

 

 

 

 

 

 

 
55N: boy, 10, high, no, P6        64N: boy, 11, medium, no, P7      51O: boy, 10, high, yes, P6       54O: boy, 10, medium, yes, P7      62O: boy, 11, medium, yes, P7 

 
 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
The world moves around to 

give the sun energy and 

makes it very bright 

 

 
 

The sun goes down and the 

moon goes up 

 

 
I think daytime happens 

because the sun revolves the 

earth 

 

 

 
 

 

 

 
 

 

 

 
The planets orbit the sun and 

every time they get to a 

point the sun shines on them 
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Appendix 14A: Gender comparative graphs for interviews about ‘daytime’ 

 
Pie charts to compare the percentage of themed and coded responses given by boys and girls in their interviews about ‘daytime’. A breakdown of 

the codes within the ‘scientific’ and socio-cultural themes are also included.  

GIRLS: % of 'scientific' coded responses for interviews about daytime

auditory (0.4%)

sensed (1%)

biological (1%)

weather (5%)

contested

visual

other theories

 'scientifically' 

correct theories

17%

71%

12%

6%

26%

21%

11%

GIRLS: % of 'socio cultural' coded responses for interviews about daytime

contested (1%)

time

religious

'social'

71%
17%

12%

3%

4%

9%

3%

 

BOYS: % of 'scientific' coded responses for interviews about daytime

sensed (1%)

auditory (0.2%)

biological (2%)

weather (4%)

contested

visual

 'scientifically' 

correct theories

other theories

73%

13%

14%

6%

25%

21%

14%

BOYS:% of 'socio cultural' coded responses for interviews about daytime

contested

time

religious

'social'

73%

14%

13%

1%

1%

3%

8%

1%

      'scientific'               socio cultural               other

1%
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Pie charts to compare the percentage of themed and coded responses given by boys and girls in their sentences about ‘daytime’. A breakdown 

of the codes within the ‘scientific’ and socio-cultural themes are also included. 

 

 

 

 

 

GIRLS: % of 'scientific' coded responses for sentences about daytime

2%

19% 79%

visual

other theories

 'scientifically' 

correct theories

biological

sensed (1%)

weather (2%)
14%

36%

6%

20%

GIRLS: % of 'socio cultural' coded responses for sentences about daytime

religious

time

'social'

79%

2%

19%

2%

5%

12%

5%

     

BOYS: % of 'scientific' coded responses for sentences about daytime

1%

14% 85%

visual

other theories

 'scientifically' 

correct theories

weather (5%)

biological (3%)

auditory (0.4%)

sensed (1%)

18%

42%

16%

BOYS: % of 'socio cultural' coded segments for sentences about daytime

time

religious

'social'

85%

1%

14%

3%

3%

8%

      'scientific'               socio cultural               other

3%
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Appendix 14B: Age comparative graphs for interviews and sentences about ‘daytime’ 

A table to compare the percentage of themed and coded responses given by children of different ages in their interviews and sentences about ‘living’. 

A breakdown of the codes within the themes ‘scientific’ and socio-cultural are also included. 
 

theme interviews  sentences 

4/5 6/7  8/9  10/11  4/5 6/7  8/9  10/11  

‘scientific’ 

 

 

 

 

 

 

 

 

        
TOTAL: 70% 68% 74% 78% 73% 78% 81% 88% 

  

socio  

cultural 

 

 

 

 

 

 

 

 

        
TOTAL: 22% 19% 11% 9% 23% 20% 19% 10% 

other 8% 13% 15% 13% 4% 2% 0 2% 
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Appendix 14C: Free School Meal entitlement - comparative graphs for sentences about ‘daytime’ 

 
Pie charts to compare the percentage of themed and coded responses given by children of different socio economic groups in their sentences about 

‘daytime’. A breakdown of the codes within the ‘scientific’ and ‘socio economic’ themes are also included. 

ENTITLED TO FSM: % of 'scientific' coded responses for sentences about daytime

sensed (0.5%)

biological (1%)

auditory (0.5%)

weather (5%)

visual

 'scientifically' 

correct theories

other theories

81%16%

1%

35%

23%

16%

ENTITLED TO FSM: % of 'socio cultural' coded responses for sentences about daytime

religious

time

'social'

81%

1%

16%

3%

3%

10%

3%

 
NO FSM: % of 'scientific' coded responses for sentences about daytime

sensed (1%)

weather (2%)

biological (6%)

 'scientifically' 

correct theories

other theories

visual

81%17%

2%

16%

41%

15%

NO FSM: % of 'socio cultural' coded responses for sentences about daytime

religious

time

'social'

81%

2%

17%

2%

5%

10%

      'scientific'               socio cultural               other

5%

 



 

 346 

Appendix 14D: School - comparative graphs for interviews and sentences about ‘daytime’ 

A table to compare the percentage of themed and coded responses given by children in different schools in their 

interviews and sentences about ‘daytime’. A breakdown of the codes within the themes ‘scientific’ and socio-cultural 

are also included. The data is presented in rank order with respect to the percentage of ‘scientific’ responses 
 

theme interviews and sentences (pooled data) 

Downtown PS Midtown PS Northtown PS Newtown PS Southtown PS Oldtown PS 

‘scientific’ 

 

 

 

 

 

 

 

 

      
TOTAL: 89% 86% 79% 78% 73% 69% 

socio  

cultural 

 

 

 

 

 

 

 

 

      
TOTAL: 11% 12% 12% 20% 13% 21% 

other 0 2% 9% 2% 14% 10% 

 

 


