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Abstract 
 

The aim of this research is to develop a fruit and vegetable liking tool for use in 

caregivers and preschoolers that is a good representation of the preschooler’s actual 

fruit and vegetable intake. Accurate assessment of young children’s dietary intake is 

increasingly important, as evidence has linked diet with future health and wellbeing. 

Young children’s food intake can be difficult to assess, as they lack many skills and 

concepts to report on their intake. Food liking may provide an indication of dietary 

intake. A cross-sectional validation study of 101 children, aged 51.40 ± 6.35 months 

(mean ± SD), and their caregivers, was conducted to assess children’s fruit and 

vegetable liking using a newly developed caregiver’s liking tool, and a children’s liking 

tool. A 5-point scale was used for the children, and a continuum scale for the 

caregivers. The maximum liking and disliking scores were 45 and - 45 respectively.  

The tools were compared and validated against a fruit and vegetable intake record. 

The total mean liking score was 18.53 ± 12.34 out of a possible liking score of 45 for 

the children’s tool compared with 17.46 ± 9.65 for the caregiver’s tool. The children’s 

and caregiver’s results showed a higher liking of fruit (24.20 ± 15.24 and 29.17 ± 10.73) 

than vegetables (11.06 ± 18.16 and 6.13 ± 12.84) respectively. The children’s daily 

mean intake of fruits and vegetables was 7.27 ± 3.03 servings, composed of 3.87 ± 

1.77 servings for fruit, and 3.39 ± 1.78 servings for vegetables. 

The children’s and caregiver’s tools were moderately correlated with each other 

(r=0.284, P<0.001). The caregiver’s tool was validated against the intake record 

(r=0.350, P<0.001), but the children’s tool was not (r=-0.066, P=0.512). Both the 

caregiver’s and children’s tools showed high reproducibility (r=0.874, P<0.001 and 

r=0.691, P<0.001) respectively.  

This study provides evidence that a caregiver’s fruit and vegetable liking tool may be 

used to assess liking and intake of fruit and vegetables in preschool aged children. The 
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children’s fruit and vegetable liking tool may also be useful to assess their liking of fruits 

and vegetables. 
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Preface 
 

This validation study was conducted at the Institute of Food, Nutrition and Human 

Health, Massey University, Auckland, New Zealand. The child’s fruit and vegetable 

liking tool, the caregiver’s fruit and vegetable liking tool and the fruit and vegetable 

intake record were developed by this candidate. Assessment of validity of these tools 

and intake record (as part of The Development of a Fruit and Vegetable Liking Tool in 

Preschool Aged Children study) took place between May 2013 and July 2013, and was 

carried out by one MSc student, this candidate. The candidate’s supervisors, Dr 

Rozanne Kruger and Dr Kathryn Beck were responsible for the concept and overall 

study design. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

iv 
 

Acknowledgements 
 

This research was completed with the help and support of many people, without which 

it would not have been achieved. 

Firstly, I would like to thank the 101 children and their caregivers, who took the time out 

of their busy lives and were so enthusiastic about this study. 

Secondly, I would like to thank my wonderful supervisors, Dr Rozanne Kruger and Dr 

Kathryn Beck, for their knowledge, guidance and support throughout this research and 

thesis process. 

I would also like to thank all my amazing classmates, who have been so supportive 

throughout the past two years.   

Finally, I would like to thank my parents, who have supported me my whole life, without 

them I would not have been able to achieve what I have. 

 

 

 

  



 

v 
 

Contents 
Abstract .................................................................................................................................. i 

Preface ................................................................................................................................. iii 

Acknowledgements ............................................................................................................... iv 

List of Tables ...................................................................................................................... viii 

List of Figures ....................................................................................................................... xi 

List of Abbreviations ............................................................................................................ xii 

CHAPTER ONE .................................................................................................................... 1 

1 Introduction ........................................................................................................................ 2 

CHAPTER TWO ................................................................................................................. 11 

2 Literature Review ............................................................................................................. 12 

2.1 Childhood health and rates of childhood overweight and obesity ............................... 12 

2.2 Current intakes of fruits and vegetables .................................................................... 16 

2.3 Fruit and vegetable intake and associations with health and disease ........................ 20 

2.4 Factors influencing food choices in young children .................................................... 26 

2.4.1 Food preferences ................................................................................................... 31 

2.4.2 Establishment of early eating habits ....................................................................... 32 

2.4.3 Exposure to fruit and vegetables ............................................................................ 34 

2.4.3.1 Neophobia ........................................................................................................... 38 

2.4.4 Physical environment ............................................................................................. 40 

2.5 Dietary assessment in young children ....................................................................... 41 

2.5.1 Issues with dietary assessment in young children .................................................. 41 

2.5.1.1 Cognitive Development ....................................................................................... 41 

2.5.1.2 Accuracy of reporting ........................................................................................... 42 

2.5.1.3 Attention span ..................................................................................................... 43 

2.5.1.4 Child-guardian interaction .................................................................................... 43 

2.5.1.5 Reporting by parents or caregivers ...................................................................... 44 

2.5.1.6 Appropriate dietary assessment tools .................................................................. 45 

2.5.2 Comparison of dietary assessment tools ................................................................ 46 

2.5.3 Food records .......................................................................................................... 47 

2.5.4 Food recalls ............................................................................................................ 49 

2.5.5 Food frequency questionnaires .............................................................................. 51 

2.5.6 Food preference or liking ........................................................................................ 55 

2.5.6.1 Strategies for assessing food liking or preference ............................................... 56 

Parent reporting ........................................................................................................... 56 

Tasting methods .......................................................................................................... 57 



 

vi 
 

Age appropriate ........................................................................................................... 58 

Visual exposure ........................................................................................................... 60 

2.6 Assessment of validity and reproducibility of dietary assessment tools ...................... 61 

2.6.1 Validity .................................................................................................................... 61 

2.6.2 Reproducibility ........................................................................................................ 62 

2.6.3 Statistical analysis .................................................................................................. 62 

2.7 Conclusion................................................................................................................. 63 

CHAPTER THREE .............................................................................................................. 65 

3 Methods ........................................................................................................................... 66 

3.1 Study design .............................................................................................................. 66 

3.2 Ethical approval ......................................................................................................... 67 

3.3 Design and development of the fruit and vegetable liking tools .................................. 67 

3.3.1 Initial design of the caregiver’s fruit and vegetable tool ........................................... 68 

3.3.2 Initial design of the children’s fruit and vegetable tool ............................................. 69 

3.3.3 Fruit and vegetable intake record ........................................................................... 71 

3.3.4 Pilot study and final design of tools ......................................................................... 72 

3.4 Study population ........................................................................................................ 76 

3.5 Recruitment and sampling ......................................................................................... 76 

3.6 Data collection ........................................................................................................... 77 

3.6.1 First visit .............................................................................................................. 78 

3.6.2 At home .............................................................................................................. 79 

3.6.3 Second visit ........................................................................................................ 79 

3.7 Data handling and analysis ........................................................................................ 80 

3.8 Statistics .................................................................................................................... 82 

CHAPTER FOUR ................................................................................................................ 85 

4 Results ............................................................................................................................. 86 

4.1 Characteristics of study children ................................................................................ 86 

4.2 Caregiver’s fruit and vegetable liking tool .................................................................. 88 

4.3 Children’s fruit and vegetable liking tool ..................................................................... 90 

4.4 Fruit and vegetable intake record .............................................................................. 92 

4.5 Comparison of caregiver’s and children’s liking tool, and intake record ..................... 94 

4.6 Validation of caregiver’s fruit and vegetable liking tool ............................................... 95 

4.7 Reproducibility of caregiver’s tool .............................................................................. 97 

4.8 Validation of children’s fruit and vegetable liking tool ................................................. 99 

4.9 Reproducibility of children’s tool .............................................................................. 100 

4.10 Comparison between the children’s tool and the caregiver’s tool ........................... 102 



 

vii 
 

CHAPTER FIVE................................................................................................................ 105 

5 Discussion ..................................................................................................................... 106 

5.1 Characteristics of the participating children ............................................................. 106 

5.2 Caregiver’s fruit and vegetable liking tool ................................................................ 106 

5.3 Children’s fruit and vegetable liking tool .................................................................. 107 

5.4 Fruit and vegetable intake record ............................................................................ 108 

5.5 Comparison of caregiver’s and children’s liking tool, and intake record ................... 111 

5.6 Validity of the caregiver’s fruit and vegetable liking tool ........................................... 112 

5.7 Reproducibility of the caregiver’s fruit and vegetable liking tool ............................... 114 

5.8 Validity of the children’s fruit and vegetable liking tool ............................................. 115 

5.9 Reproducibility of the children’s fruit and vegetable liking tool ................................. 116 

5.10 Comparison of the caregiver’s and children’s fruit and vegetable liking tool ........... 116 

5.11 Summary of validation and reproducibility of tools ................................................. 117 

CHAPTER SIX .................................................................................................................. 121 

6 Conclusion ..................................................................................................................... 122 

6.1 Introduction ............................................................................................................. 122 

6.2 Summary of results ................................................................................................. 122 

6.3 Conclusions ............................................................................................................. 123 

6.4 Strengths of the study ............................................................................................. 125 

6.5 Limitations of study .................................................................................................. 126 

6.5 Recommendations for future research ..................................................................... 128 

References ....................................................................................................................... 131 

Appendices ....................................................................................................................... 147 

Appendix One - Human Ethics Approval Letter ............................................................. 149 

Appendix Two - Information Sheet ................................................................................ 153 

Appendix Three - Participant Consent Form .................................................................. 159 

Appendix Four - Contact Details and Health Questionnaire ........................................... 163 

Appendix Five - Study Recruitment Poster .................................................................... 167 

Appendix Six - Recruitment Advertising Letter and Blurb .............................................. 171 

Appendix Seven - Caregiver’s Fruit and Vegetable Liking Tool ..................................... 175 

Appendix Eight - Children’s Fruit and Vegetable Liking Tool - Pictures ......................... 183 

Appendix Nine - Children’s Fruit and Vegetable Liking Tool Recording Sheet ............... 199 

Appendix Ten - Fruit and Vegetable Intake Record ....................................................... 207 

 

 



 

viii 
 

List of Tables 
 

Chapter 1 

1.1 Summary of dietary assessment validation studies in young children 6 

 

Chapter 2 

2.1 Summary of fruit and vegetable intake studies undertaken internationally 19 

2.2 Meta-analysis on fruit and vegetable intake associated with cancer  21 

2.3 Meta-analysis on fruit and vegetable intake associated with  

cardiovascular disease        23  

2.4 Meta-analysis on fruit and vegetable intake associated with type 2  

diabetes mellitus        25  

2.5 Summary of studies of factors affecting food choice and consumption 27 

2.6 Summary of studies on food preference tracking    33 

2.7 Summary of studies investigating associations between maternal and  

child food preferences       34 

2.8 Summary of studies on exposure to fruit and vegetables   36 

2.9 Advantages and disadvantages of use of food records to assess  

dietary intake         47 

2.10 Studies that have assessed the validity and accuracy of food records  

to assess dietary intake in young children     49 

2.11 Advantages and disadvantages of use of food recalls to assess  

dietary intake         50 

2.12 Studies that have assessed the validity and accuracy of food recalls to  

assess dietary intake in young children     51 

2.13 Advantages and disadvantages of use of a food frequency questionnaire  

to assess dietary intake       52 

2.14 Studies that have assessed the validity and accuracy of FFQ for  

dietary assessment        54 

2.15 Advantages and disadvantages of use of food liking or preference tools  

to assess dietary intake       56 



 

ix 
 

2.16 Studies using food liking or preferences to assess dietary intake  60 

 

Chapter 3 

3.1 Items included in the caregiver’s tool      74 

3.2 Items in the children’s tool       75 

 

Chapter 4 

4.1 Characteristics of children participating in fruit and vegetable liking  

study          87 

4.2 Caregiver’s fruit and vegetable liking tool score    88 

4.3 Caregiver’s fruit and vegetable liking scores, by age group   89 

4.4 Fruit and vegetable exposure       90 

4.5 Children’s fruit and vegetable liking tool scores    91 

4.6 Children’s fruit and vegetable liking tool scores, split by age  91 

4.7 Daily and total fruit and vegetable intake     92 

4.8 Most frequently consumed fruit from fruit and vegetable intake record 93 

4.9 Most frequently consumed vegetables from fruit and vegetable intake  

record          93 

4.10 Comparison of ranked fruits and vegetables between caregiver’s and  

children’s tools, and intake record      94 

4.11 Validation of caregiver’s fruit and vegetable liking tool against fruit and  

vegetable intake record, using Pearson’s correlations   95 

4.12 Validation of the caregiver’s fruit and vegetable liking tool against fruit  

and vegetable intake record, using cross-classification and weighted  

κ-coefficient          96 

4.13 Validation of shortened caregiver’s fruit and vegetable liking tool against  

shortened fruit and vegetable intake record using ten items from the  

children’s tool, using Pearson’s correlations     96 

4.14 Reproducibility of caregiver’s fruit and vegetable liking tool using  

Pearson’s correlations and paired t-test     98 

 



 

x 
 

4.15 Reproducibility of the caregiver’s fruit and vegetable liking tool using  

cross-classification and weighted κ-coefficient    99 

4.16 Validation of the children’s fruit and vegetable liking tool using Pearson’s  

correlations         100 

4.17 Reproducibility of children’s fruit and vegetable liking tool using Pearson’s  

correlations and paired t-test       101 

4.18 Comparison of caregiver’s and children’s fruit and vegetable liking tools  

using correlations and paired t-tests      103 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

xi 
 

List of Figures 
 

Chapter 2 

2.1 National Nutrition Survey - proportion of overweight and obese children,  

split by ethnicity        13 

2.2 Proportion of overweight and obesity in NZ children 2010, split by  

ethnicity group         14 

2.3 Proportion of overweight and obesity in NZ children 2010, split by  

age group         15 

2.4 Proportion of NZ children meeting fruit and vegetable intake  

recommendations 2010       17 

2.5 Daily intake of fruit and vegetables by NZ children 2010, split by  

age group         18 

2.6 Conceptual model of components in food choice process   29 

2.7 Conceptual food choice model      31 

 

Chapter 3 

3.1 Conceptual design of study       67 

3.2 Version 1 of caregiver’s tool       69 

3.3 Version 2 of caregiver’s tool       69 

3.4 Version 1 of children’s tool       70 

3.5 Version 2 of children’s tool       70 

3.6 Sample of the final version of the fruit and vegetable intake record  71 

3.7 Sample of the final version of the caregiver’s tool scale   73 

3.8 Sample of the final version of the children’s fruit and vegetable liking  

tool          76 

3.9 Timeline of study        78 

3.10 Example of coding of caregiver’s fruit and vegetable liking tool  80 

3.11 Coding of the children’s tool       81 

  



 

xii 
 

List of Abbreviations 

 
BMI  Body Mass Index 

CADET Child and Diet Evaluation Tool 

CHD  Coronary Heart Disease 

CVD  Cardiovascular Disease 

df  Degrees of Freedom 

DLW  Doubly Labelled Water 

FFQ  Food Frequency Questionnaire 

FR  Food Record 

ICC  Intra Class Correlation  

Κw  Weighted Kappa 

MUHECN Massey University Human Ethics Committee - Northern 

n  Number of Participants   

NZ  New Zealand 

NZEO  New Zealand European and Other 

OECD  Organisation for Economic Co-operation and Development 

P-value Probability Value 

r  Pearson’s Correlation Coefficient 

SD  Standard Deviation 

t  T-test Statistic 

T2DM  Type 2 Diabetes Mellitus 

TEE  Total Energy Expenditure 

UK  United Kingdom 

USA  United States of America  


