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22 ABSTRACT

23 Introduction: Globally, children do not eat enough foods from the five food groups, with vegetable 

24 intake being persistently low. Early life is a crucial period for establishing vegetable acceptance and 

25 intake. Increased reliance by families on formal childcare has led to childcare settings playing an 

26 important role in shaping young children’s food intake. This study will use the Multiphase 

27 Optimisation Strategy to develop, optimise and evaluate the effectiveness of a multicomponent 

28 initiative package to increase 2-to-5-year-old children’s vegetable intake in long day care centres.

29 Methods:The Preparation Phase will use existing literature and best practice guidelines to develop 

30 three initiatives which aim to: (1) increase vegetable provision at mealtimes, (2) deliver a sensory 

31 vegetable-focused curriculum, and (3) use supportive mealtime practices to encourage children to 

32 taste vegetables. The Optimisation Phase (N=32 centres) will use a 12-week, eight-condition factorial 

33 experiment to test main and synergistic effects of the initiatives. The optimum combination of 

34 initiatives producing the largest increase in vegetable intake will be identified. The Evaluation Phase 

35 (N=20 centres) will test the effectiveness of the optimised package using a 12-week waitlist 

36 randomised controlled trial. Primary outcomes are vegetable intake and food group intake. Secondary 

37 outcomes are menu compliance with guidelines, staff knowledge and skills and reach. Process 

38 evaluation data will include fidelity, acceptability, barriers and facilitators, and compatibility with 

39 practice.  

40 Ethics and dissemination: This study has received ethics approval from the Flinders University 

41 Research Ethics Committee (Project No: 1873) for the Optimisation Phase. Approval for the 

42 Evaluation Phase will be obtained as amendment to current approval following completion of 

43 Optimisation Phase, which will identify the final optimised initiative package for evaluation. Findings 

44 will be disseminated to stakeholders in childcare sectors, in particular long day care centres and 

45 professional childcare bodies; as well as to researchers via peer-reviewed journals and conferences.

46 Trial Registration Number: Optimisation Phase - ACTRN12620001301954; Evaluation Phase – 

47 trial registration under review with Australia New Zealand Clinical Trial Registry. 
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48 Keywords: Multiphase Optimisation Strategy, Early Care and Education, childcare, nutrition, 

49 vegetable intake, early childhood, menu provision, feeding practices, sensory education, vegetable 

50 acceptance 

51

52 STRENGTHS AND LIMITATIONS OF THIS STUDY

53  This study will use the Multiphase Optimisation Strategy (MOST) framework to develop, 

54 optimise and evaluate a best-practice multicomponent initiative package which aims to increase 

55 children’s vegetable intake in long day care. 

56  The MOST framework is a novel approach for producing effective, efficient and scalable 

57 multicomponent interventions, which is a more rapid and less resource intensive than classical 

58 approaches using sequential pilot and RCT studies. 

59  The initiatives will equip cooks and educators with the knowledge and skills to implement the 

60 intervention to ensure sustainability outside of the research setting and will be developed with an 

61 adoption partner who works within the sector to provide a pathway to roll-out.

62  Notable limitations include the inability to conceal group allocation as participating centres are 

63 required to make organisational changes and possibility of contamination across centres from the 

64 same childcare provider which are enrolled in different conditions. 

65

66 INTRODUCTION

67 Globally, children do not eat enough foods from the five food groups and overconsume 

68 nutrient-poor foods and drinks.1 In particular, intake of vegetables is persistently low. Only 6.3% of 

69 Australian children eat the recommended amount of vegetables,2 with similar low intake in other 

70 countries.3-5 The first five years of life (i.e. early childhood) is a critical period when adequate 

71 nutrition is fundamental for growth and development, influencing a child’s lifelong health trajectory.6 

72 7 Early childhood is also an important period for establishing vegetable liking and acceptance, which 
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73 are associated with vegetable intake.8-10 Humans are born with an innate liking for sweet taste and a 

74 predisposition to reject foods with bitter flavours, such as vegetables.8 9 However, food preferences 

75 are most malleable in early childhood when young children can learn to like a range of foods, 

76 including vegetables, through a variety of mechanisms including early and repeated exposure.8 10 11 

77 Repeated exposure can overcome low willingness to try new foods and food rejection that occur as 

78 part of child development between ages two and six years, leading to increased vegetable intake.8 11 

79 Parents are a key influence on children’s food intake in the early years, but many young children also 

80 spend considerable time in non-parental formal and informal care arrangements where food is 

81 provided to them.12 13 Over half of 2-to-5 year old children in Australia attend formal centre-based 

82 early childhood education and care, most commonly long day care (LDC),13 14 where children spend 

83 on average three days (~30 hours) per week.15

84 LDC centres in Australia provide both full-time and part-time care to children aged six weeks 

85 to six years, for up to 12 hours a day.13 14 LDC generally includes an education element to prepare 

86 children for school and approximately 70% (variable by state and territory) of centres provide food 

87 that is prepared onsite for morning snack, lunch and afternoon snack, accounting for 40-60% of 

88 children’s daily food intake in care.16 17 Many also provide breakfast and a late snack.17 Australian 

89 LDC services must comply with a National Quality Framework which outlines standards for the 

90 sector, including for healthy eating.18 Menu planning guidelines that guide the provision of foods 

91 according to dietary guidelines are also common.19 Despite these standards, children’s food intake 

92 while in child care is not consistent with dietary guidelines 20-22 and menus at most LDC centres do 

93 not comply with menu guidelines.23 24 For example, 0- 55% of centres comply with guidelines for 

94 vegetable provision.23 25 26 Barriers reported by cooks to improving menu compliance with guidelines 

95 include perceptions about children’s likes and dislikes, increased cost and food wastage.27 Further, 

96 although educators report that promoting healthy eating is an important part of their role, use of 

97 feeding practices that create a supportive mealtime environment for tasting new foods and enjoying 

98 vegetables have not been consistently observed in practice.28 29 Given the pivotal role that early care 

99 settings can play in shaping children’s dietary intake and the importance of the early years for 
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100 establishing vegetable acceptance, there is a need to better support LDC centres to provide supportive 

101 environments for promoting vegetable intake.  

102 Childcare-based nutrition promotion strategies can be effective for improving children’s food 

103 intake in care.30 31 Interventions targeting improvements in vegetable intake in childcare settings have 

104 achieved small-moderate increases in intake ranging from one-quarter of a serve to 67g (1 serve = 

105 75g).32 33 In comparison, school-based interventions with older children achieved increases of 0.07 

106 servings of vegetables,34 suggesting that intervening at an earlier age when vegetable preferences are 

107 being formed can produce superior results. Multi-level (targeting individuals and environments) and 

108 multi-component nutrition promotion approaches in child care have been most successful.30 32 

109 Interventions which improved children’s healthy eating behaviours in care have targeted a 

110 combination of nutrition policies and food provision,31 35 staff training,35 36 educators’ nutrition 

111 knowledge and feeding practices,37 38 delivery of curricula and sensory education,31 35 37 role-

112 modelling and observational learning.39 Further, providing training and embedding interventions into 

113 everyday routines of the child care centre is likely to improve the sustainability of interventions.30 

114 Best practice guidelines for intervention design to increase young children’s vegetable intake also 

115 emphasise the need for multilevel and multicomponent approaches, which target both individuals and 

116 the environment, have more than one target audience (i.e. educators, children), focus on vegetables 

117 and making frequent contact with participants over at least six weeks.32 40 Accordingly, a 

118 multicomponent intervention with a strong vegetable focus, which combines strategies that target 

119 children, such as education and hands-on sensory experiences, with strategies targeting educators, 

120 cooks and the centre environment to support regular and repeated exposure to vegetables, is needed to 

121 produce optimum results for increasing vegetable intake in young children.30 

122 Delivery and evaluation of multicomponent interventions within community settings presents 

123 many challenges. Traditional approaches using randomised controlled trials (RCT) to evaluate the 

124 performance of several intervention components are resource intensive, requiring multiple trials or 

125 many experimental conditions with high cost and large sample sizes.  Conversely, evaluation of a 

126 multi-component intervention ‘package’ via RCT does not provide information about the relative 
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127 effectiveness of individual intervention components or the synergy between components. To 

128 overcome these limitations, the Multiphase Optimisation Strategy (MOST) uses a multi-phase 

129 experimental design to develop multi-component behavioural interventions.41 The MOST provides an 

130 efficient approach for identifying the most effective combination of intervention components, by 

131 testing main, additive and interactive effects of multiple interventions 42. Further, MOST embeds 

132 within its design evaluation of compatibility with practice and effectiveness within real-world 

133 settings, supporting the development of interventions that can be more readily translated into policy 

134 and practice.41  

135 This study will use the MOST experimental design to develop and evaluate a multicomponent 

136 initiative package for use in LDC centres to increase children’s vegetable intake while in care. The 

137 aims of this study are to 1) develop three initiatives targeting food provision, meal time practices and 

138 curriculum which integrate best practice guidelines for increasing vegetable intake in LDC 

139 (preparation phase), (2) identify the optimum combination of initiatives for increasing 2-to-5 year old 

140 children’s vegetable intake in LDC (optimisation phase), and (3) determine the effectiveness of the 

141 optimised initiative package for increasing children’s vegetable intake in care (evaluation phase). We 

142 hypothesise that the effects of the three initiatives for increasing vegetable intake will be synergistic, 

143 and secondly, that the optimised initiative package will increase children’s mean vegetable intake 

144 while in care by more than 0.5 serves.

145

146
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147 METHODS

148 Trial design 

149 This project will undertake the three stages of the MOST: the preparation phase will select and 

150 develop the initiatives to be tested; the optimisation phase will assess the independent and synergistic 

151 effects of the initiatives to identify the optimal initiative package; and the evaluation phase will test 

152 the effectiveness of the initiative package.41 The RE-AIM model will be used to evaluate the reach, 

153 efficacy/effectiveness, adoption, implementation and maintenance of the initiative package across the 

154 optimisation and evaluation phases.43 

155

156 INSERT FIGURE 1 HERE

157 Preparation Phase 

158 Three initiatives will be developed which draw on evidence for effective strategies for increasing 

159 vegetable intake and acceptance in the early years30 44 and align with best practice guidelines for 

160 increasing vegetable intake in LDC32 40 (Table 1). The target audience of the initiatives will be 

161 children, educators, and cooks. The initiatives will aim to increase educator’s and cook’s knowledge 

162 and skills to create a supportive environment that promotes children’s vegetable familiarisation, 

163 acceptance, and consumption (Figure 1). Changes to food provision via increasing vegetables on the 

164 menu, delivery of experiential and sensory curriculum activities and use of supportive feeding 

165 practices at mealtimes will increase vegetable availability and repeated exposure to vegetables.

166 Food provision initiative

167 The food provision initiative will support cooks to increase the provision of vegetables across all 

168 eating occasions, in the context of training to plan a menu that aligns with healthy menu guidelines.45 

169 Interventions supporting childcare centres to improve compliance with menu guidelines have 

170 increased children’s vegetable intake by 0.1-0.4 serves.25 46 Cooks will complete an online training 

171 module, use an online menu planning tool to review their menu and implement the 
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172 Table 1 – Description and alignment with Best Practice Guidelines of initiatives to increase 2-5-year-old children’s vegetable intake in long day care (LDC)

Initiative LDC Staff Description Initiative goals and objectives Best practice guidelines for 
vegetable intake in LDC(32, 40)

Food 
provision

Cooks Online cook’s training 
module supported by online 
menu assessment tool to 
increase vegetable provision 
in meals and snacks.

Goal: To support cooks to increase the provision of 
vegetables on the menu to align with guidelines and 
across all mealtimes
Objectives:
1. Increase cook’s knowledge and skills to provide 

a menu in line with menu planning guidelines
2. Reduce barriers to the provision of vegetables 

on the menu 
3. Support cooks to plan and monitor their 

provision of vegetables on the menu
Mealtime 
environment

Educator 
(mealtimes)

Online educator training 
module supported to 
encourage children to taste 
and enjoy vegetables at 
mealtimes.

Goal: To increase the use of mealtime practices 
which will promote children’s vegetable acceptance 
and intake
Objectives:
1. To increase educator’s knowledge and skills to 

use supportive feeding practices at mealtimes to 
increase children’s vegetable acceptance and 
intake

Curriculum Educator 
(teaching)

Lesson plans and teaching 
resources aligned with The 
Early Years Learning 
Framework (51), focusing on 
increasing vegetable liking 
and intake via repeated and 
other sensory exposure, 

Goal: To create an environment which supports 
children to enjoy, try and consume vegetables 
Objectives:
1. Increase children’s ability to describe their 

sensory perceptions when eating vegetables
2. Increase exposure to a variety of familiar and 

unfamiliar vegetables

1. Make vegetables the hero – 
have simple vegetable specific 
messages with a clear focus

2. Coordinate sustained effort 
across multiple players – 
coordinate long-term action 
among key players involved in 
promoting & proving vegetables

3. Grow knowledge and skills to 
support change – identify and 
act on gaps in knowledge and 
skills

4. Minimise barriers to increase 
success – understand and 
identify ways to address barriers

5. Plan for and commit to success 
– set clear and measurable 
vegetable-specific goals 

6. Create an environment that 
supports children to eat 
vegetables – make vegetables 
the easy choice, promote 
vegetable familiarisation & 
intake

7. Monitor and provide feedback 
on progress – monitor progress 
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sensory education and 
experiential learning

3. Support children to enjoy vegetables and be 
able to taste any vegetable

against goals at regular intervals

173

174  
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175 revised menu. The training will take approximately 45-55 minutes to complete and covers menu 

176 planning, importance of healthy eating, implementing menu guidelines and overcoming common 

177 barriers. Cooks will use an automated online menu assessment tool to assess compliance of their 

178 menu with guidelines. There are currently no South Australian guidelines, therefore Victorian Menu 

179 Planning Guidelines will be used, which align closely with previous South Australian guidelines.19 45 

180 Cooks will enter their current menu, recipes, and number of children for whom their menu caters and 

181 will receive an overview of compliance of the menu with guidelines for each food group. 

182 Recommendations by food group will be provided, identifying meal occasions (morning snack, lunch, 

183 and afternoon snack) and days where the menu needs to be revised to meet guidelines. According to 

184 the guidelines, children should be offered 1-1.5 serves of vegetables and legumes/beans per day (1 

185 serve = 75g vegetables or cooked beans, 1 cup of leafy greens), at least 2-3 different types of 

186 vegetables per day and at least 5 different types per week.45 Cooks will have four weeks to complete 

187 training, the menu assessment and revise their menu according to the recommendations provided 

188 before implementing the revised menu at their next menu change. 

189

190 Mealtime environment

191 The mealtime environment initiative will support educators to use mealtime practices that promote 

192 children’s vegetable acceptance and intake. The initiative will apply evidence for effective strategies 

193 that support development of vegetable acceptance development in other settings within a childcare 

194 setting.44 47 The initiative will aim to increase educator’s knowledge and skills to use feeding practices 

195 at mealtimes that will promote vegetable familiarisation via repeated exposure and opportunities to try 

196 vegetables, including the division of responsibility (‘educator provides, child decides’),48 repeated 

197 encouragement to try, use of neutral language, sensory tasting using the five senses and role 

198 modelling of vegetable intake.10 44 47 49 Educators will complete an interactive online training module 

199 (~45-55 minutes) which includes topics about the role of the educator in promoting healthy eating, 

200 creating supportive meal time environments, use of feeding practices, overcoming barriers related to 

201 food rejection and planning and implementing a strategy within their centre. The training module will 
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202 promote strategies to increasing vegetable acceptance and intake within the context of creating a 

203 mealtime environment which promotes healthy eating. Educators and teachers will then apply the 

204 knowledge and strategies learnt in training during mealtimes in the eight weeks of the implementation 

205 period (as described below). 

206 Curriculum 

207 The curriculum initiative will consist of a lesson package for educators that aims to provide 

208 opportunities for children to learn about, try and enjoy vegetables by increasing their exposure to a 

209 variety of familiar and unfamiliar vegetables. The curriculum is based on experiential learning, 

210 sensory education, and insights on vegetable preference development in children. The curriculum will 

211 be adapted from the evidence-based Taste & Learn vegetable education curriculum for primary school 

212 children (aged 5-12 years)50 to be suitable for younger children and align with The Early Years 

213 Learning Framework.51 Taste & Learn is effective for increasing children’s vegetable knowledge, 

214 verbalization skills, acceptance, and willingness to try vegetables.52 The curriculum will consist of the 

215 following elements:

216  A series of 16 short (~10-20min) lessons and hands-on activities delivered during intentional 

217 teaching time. Children will discover how to enjoy a variety of vegetables using sensory 

218 education and tasting lessons that focus on fun, involvement and experiential learning. 

219  A series of 16 snack time occasions where vegetables will be tasted and critical strategies to 

220 reinforce children’s enjoyment of vegetables can be consolidated. 

221  Supporting resources and activities to further familiarise children with vegetables and their 

222 senses (e.g. reading corner, songs) and a group reward chart to track progress of vegetables 

223 tasted 

224 Educators will be provided with written background information and lesson plans to teach and 

225 implement the program over the eight-week implementation period. The development process will 

226 engage early education experts to ensure that the curriculum is appropriate and aligns with usual 

227 teaching practice and everyday routines in LDC. 
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228 INSERT FIGURE 2 HERE

229 Optimisation Phase

230 Study design

231 The optimisation phase will use a factorial design to test the efficacy of the three initiatives for 

232 increasing vegetable intake in LDC centres. The objectives will be to (1) evaluate the relative and 

233 synergistic effects of three initiatives to identify the optimal package of initiatives for increasing 

234 children’s vegetable intake while in care, and (2) undertake a process evaluation to understand 

235 acceptability and factors that influence adoption of the initiatives. LDC centres will be randomly 

236 assigned to eight experimental conditions resulting from the crossing of the three initiatives, each of 

237 which has two conditions (present versus not present), and reflecting all possible combinations of 

238 initiative components, including a no-initiative control condition (Figure 2). This study design 

239 maximises the statistical power to identify the main effect of each individual initiative, as well as to 

240 identify which combination of these initiatives produces the largest effect for increasing children’s 

241 vegetable intake. 

242 Eligibility criteria

243 Private (non-Government) LDC centres will be eligible if they operate for at least eight hours per 

244 weekday (Monday to Friday), prepare food onsite, serve lunch and two between-meal snacks each day 

245 and enrol children aged two to five years. Centres will be excluded if they cater exclusively to 

246 children with special needs. Within participating centres, children aged 2-5 years enrolled in the 

247 centres and present on data collection days will be eligible to participate in data collection. Children 

248 with severe allergies or medical conditions that significantly affect their food intake and prevent them 

249 from consuming the standard centre menu will be excluded. 

250 Recruitment

251 LDC centres in metropolitan Adelaide, South Australia will be recruited. The majority of LDC centres 

252 in South Australia are part of large-chain providers,53 therefore private LDC providers will be 
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253 approached to provide endorsement for the study. Centres will be randomly sampled from provider 

254 lists, stratified by centre size and socio-economic status using the Socio-Economic Indexes for Areas 

255 (SEIFA).54 Randomly sampled centres will be sent information about the study by email to the 

256 Director. Centres will then be contacted by phone to determine interest in study participation. An 

257 information session about the study will be conducted at the centre to inform all staff of what is 

258 involved and allow the opportunity to ask questions. Centre directors will provide consent for their 

259 centre to participate in the study, and participating cooks and educators within centres will provide 

260 consent to be involved in initiatives and provide data. The standard electronic method of 

261 communication (i.e. communication Apps) within participating centres will be used to distribute 

262 information about the study to parents. These systems allow parents to notify the centre (via the App) 

263 when forms or notices have been opened and read. Parents will indicate that they wish to exclude 

264 children from data collection by electronically signing and returning the opt-out form via the App. 

265 This opt-out strategy has been used successfully in a previous study in South Australian LDC centres 

266 and is approved by the ethics committee.25

267 Randomisation and blinding 

268 Centres will be randomised to one of the eight experimental conditions at completion of baseline data 

269 collection by a member of the research team who is not directly involved in this study. Random 

270 allocation will be done using computer number sequence generation in Excel, stratified by 

271 socioeconomic status determined from postcodes (zip codes) using SEIFA54 and size of long day care 

272 centre. Research staff and participating centres will be blinded to intervention group allocation at 

273 baseline only. 
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274 Table 2 – Summary of evaluation data collected using the RE-AIM framework in the Multiphase Optimisation Strategy study evaluating the effectiveness of an 
275 initiative package to increase 2-5-year-old children’s vegetable intake in long day care 

OPTIMISATION PHASE EVALUATION PHASEOutcome measures Timepoint Instrument Timepoint Instrument
Response rate  - Study records

Proportion of LDC centres in state 
participating  BL Study records, ACECQA 

data 
Registration 

questionnaire, ACECQA 
data

REACH

Profile of participating children (age, 
gender, ATSI, ethnicity)  BL, 12w Centre data  BL, 12w SFS-ECEC

ADOPTION Characteristics & representativeness of 
centres (type of provider, centre size, SES, 
location, cook & educator experience in 
sector, previous training) 

 BL Baseline questionnaire – 
cook, educator, Director  BL Baseline questionnaire – 

cook, educator, Director

Child vegetable intake in care (serves/day)   BL, 12w SFS-ECECEFFICACY / 
EFFECTIVENESS -
Primary outcome 

Child intake of other food groups – fruit, 
grains, dairy, meat & alternatives, extras 
(serves/day) 


BL, 12w Plate waste

Knowledge (educators and cooks)  
Skills (self-report educators and cooks)  BL, 12w TDFQ – cook, educator, 

teacher (curriculum)  BL, 12w TDFQ – cook, educator, 
teacher (curriculum)

EFFICACY / 
EFFECTIVENESS - 
Impact Menu compliance with guidelines  BL, 12w Menu assessment  BL, 12w Website metrics 

Initiatives delivery (fidelity):
Initiative completion (cook’s training, menu 
assessment completion, educator training)  12w Website metrics  12w Website metrics

Reasons for non-completion  12w Follow-up questionnaire
Initiative implementation at centre (dose):

Menu implementation  12w Cook self-report in follow-up 
questionnaire  12w Cook self-report in 

follow-up questionnaire

Use of feeding practices at mealtimes  BL, 12w Educator TDFQ
 (skills domain)  BL, 12w Educator TDFQ

 (skills domain)
Curriculum delivery  12w Curriculum checklist  12w Curriculum checklist
Reasons for non-implementation  12w Follow-up questionnaire
Other:

IMPLEMENTATION 
- Fidelity & dose

Contamination & co-intervention  12w Follow-up questionnaire  12w Follow-up questionnaire
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Completion rate  12w Study records  - Study records
Reasons for withdrawal  - Study records

Acceptability (training & resources)  12w  12w TDFQ – cook, educator, 
teacher (curriculum)

Contextual factors influencing 
implementation (barriers & facilitators, 
beliefs about benefits & disadvantages, 
social influences)

 12w

Self-efficacy (educators and cooks)  12w

TDFQ – cook, educator, 
teacher (curriculum)

IMPLEMENTATION 
- Process

Feasibility  -
Interpretation of 

implementation & 
maintenance

 -
Interpretation of 

implementation & 
maintenance

MAINTENANCE 
(sustainability)

Compatibility with practice (part of regular 
practice, professional role to implement, 
intention to implement)

 12w TDFQ – cook, educator, 
teacher (curriculum)  12w TDFQ – cook, educator, 

teacher (curriculum)

276 Abbreviations: ACECQA = Australian Children’s Education & Care Quality Authority; ATSI = Aboriginal and Torres Strait Islander; BL = baseline; LDC = Long 
277 Day Care; m = month; SA = South Australia; SFS-ECEC = Short Food Survey – Early Care and Education; TDFQ – Theoretical Domains Framework 
278 Questionnaire; VIC = Victoria; w = week
279

280
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281 Study procedures 

282 Data collection will be conducted at baseline and at the conclusion of the 12-week 

283 intervention period (Figure 1). The intervention period will comprise a 4-week preparation period 

284 (completion of training, menu assessment and curriculum preparation) and 8-week implementation 

285 period (initiative delivery to children within centres). Centres allocated to the control condition will 

286 continue with their usual practice and will be offered access to intervention at the completion of 

287 follow-up data collection. Data collection of primary outcome data (children’s vegetable intake) will 

288 be conducted by trained research assistants within centres on two days each at baseline and follow-up 

289 (end of intervention period). Data collection will be undertaken on the same days of the week at 

290 baseline and follow-up within each centre to control as much as possible for differences in attendance 

291 patterns. Secondary data will be collected via cook and educator completed questionnaires at baseline 

292 and follow-up. The baseline questionnaire (~30-items) will collect data on staff characteristics, usual 

293 practices, knowledge, and skills. The follow-up questionnaire (~70-items) will collect data for 

294 knowledge, skills, process and impact measures (Table 2). Staff will be able to complete 

295 questionnaires online or as paper and pen questionnaires. Questionnaires will be provided on the first 

296 data collection day and staff will have a period of one week to complete them. Hard copies of data 

297 will be stored in locked filing cabinets in locked offices of the chief investigators at the Flinders 

298 University campus and electronic data will be stored on password protected Flinders University 

299 server. To protect participant confidentiality throughout the trial, LDC centres and individuals (staff 

300 and children) will be assigned ID codes and all data will be identified using this number. Prior to data 

301 entry, questionnaires will be coded by the chief investigator and data dictionary developed. Data from 

302 questionnaires will be entered by trained research assistants and double data entry will be conducted 

303 for 10% of measures. 

304 Strategies to minimise attrition and improve fidelity

305 To minimise centre attrition and increase fidelity, 8-10 SMS messages will be sent to participating 

306 educators and cooks over the 12-week intervention period, with timing of messages varying as 

307 relevant to the initiative. Message content will provide a reminder to complete elements of the 

Page 17 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

17

308 initiative and reinforce key messages of the initiatives. For example, for the food provision initiative 

309 messages will be sent weekly in the preparation phase when cooks are completing the training and 

310 assessing their menu and then fortnightly in the eight-implementation phase once the menu is 

311 implemented. Educators participating in the curriculum and mealtime environment initiatives will 

312 receive messages fortnightly in the preparation period and weekly in the implementation period when 

313 they are delivering the curriculum and using feeding practices at mealtimes. 

314 INSERT TABLE 2 HERE

315 Primary outcome measures

316 Dietary intake 

317 Children’s vegetable intake will be assessed within the context of total food intake while in care, 

318 estimated using the plate wastage method which is a standard method for assessment of food intake in 

319 child care 25. Data will be collected from all eligible children present on the day. Prior to each 

320 mealtime (morning tea, lunch, and afternoon tea) bowls/plates and cups will be labelled with ID 

321 stickers and weighed. As food is served each component of the meal will be weighed and weight 

322 recorded. Any additional servings provided to the children will also be weighed and recorded. At the 

323 end of the meal all plates with remaining food will be weighed. Food dropped from the child’s plate 

324 will be collected and added to the plate at the end of the meal for weighing. The amount of food 

325 consumed will be measured by subtracting the mass of the food waste left over from the initial mass. 

326 This will be done for each food group, including vegetables, and converted from grams to Australian 

327 Guide to Healthy Eating standard serves.55

328 Secondary outcome measures

329 Menu compliance with guidelines

330 Compliance of the centre menu with menu guidelines at baseline and follow-up will be assessed by 

331 menu audit completed using an online menu assessment tool. Centres will provide their current menu, 

332 recipes, purchase receipts and number of children catered for, which will be entered by research staff 
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333 into the online menu assessment tool. The outcome measures will be the proportion of centres 

334 complying with guidelines at both time points. 

335 Knowledge and skills 

336 For each initiative, staff knowledge and skills will be evaluated using the knowledge and skills scales 

337 of the Theoretical Domains Framework Questionnaire (TDFQ) for cooks developed by Seward.56 As 

338 described below, the questions for use with cooks will be adapted to be suitable for use with educators 

339 to evaluate the mealtime and curriculum initiatives. The knowledge scale will evaluate awareness and 

340 familiarity with each of the initiatives. The skills scale will evaluate the training and skills gained for 

341 each of the initiatives. Additional purpose-designed items will be added to the skills scale for the 

342 educator’s mealtime environment initiative questionnaires to evaluate use of feeding practices at 

343 mealtimes.

344 Acceptability 

345 The usability and acceptability of the cook’s training and menu assessment tool, educator’s training 

346 and curriculum will be evaluated using the content quality, motivation, presentation design, re-

347 usability and learning goal dimensions of the LORI framework for evaluating the quality of 

348 multimedia learning resources.57 Questions will be added to evaluate suitability of the duration/length 

349 of the initiatives. A questionnaire using the LORI framework which was completed by primary school 

350 teachers in the evaluation of Taste & Learn curriculum will be adapted for use in this study.58 

351 Contextual and behavioural factors

352 Contextual and behavioural factors that can influence initiative implementation will be evaluated, 

353 guided by the Theoretical Domains Framework (TDF). The TDF is an implementation framework that 

354 synthesizes and evaluates behaviour change constructs that may affect the implementation of 

355 evidenced based practices and guidelines.59 The following TDF domains will be evaluated: 

356 environmental context (barriers and facilitators), beliefs about consequences, social influences, beliefs 

357 about capability (self-efficacy) and three domains that evaluate compatibility with practice (part of 

358 regular practice, professional role to implement and intention to implement). The selection of domains 
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359 was guided by recommendations for a minimum data set of implementation determinants 60, expert 

360 consultation and previous studies evaluating implementation of interventions in the childcare setting.46 

361 61 To evaluate implementation of the food provision initiative, the specified domains from the TDFQ 

362 for cooks developed by Seward56 will be used, which has been evaluated with Australian LDC cooks 

363 and has good discriminant validity and reliability.56 The TDFQ for cooks will be adapted to evaluate 

364 the implementation of the curriculum and mealtime environment initiatives. The questionnaire will be 

365 piloted with LDC content experts and educators to determine acceptability and usability. Data 

366 collected will be used to assess the reliability (Cronbach’s alpha) and construct validity using factor 

367 analysis. 

368 Maintenance 

369 Three scales of the TDFQ evaluating compatibility with practice (part of regular practice, professional 

370 role to implement, intention to implement) will provide proxy measures for maintenance in the 

371 optimisation phase as it is not possible to collect longer term follow-up data in this study. 

372 Fidelity and dose

373 The extent to which the initiatives were delivered as planned to educators and cooks (fidelity) and 

374 implemented by staff at the centre (dose) will be evaluated. The outcome measures will be the 

375 proportion of participating cooks and educators that completed the training modules, menu assessment 

376 and delivered the curriculum and proportion of initiative components that were delivered to children. 

377 Initiative delivery will be determined using website metrics for training modules and menu 

378 assessment tool. Fidelity and dose of the curriculum initiative will be determined using an educator-

379 completed checklist of lessons and activities delivered. A question will be included in the cook’s 

380 follow-up questionnaire asking whether cooks implemented the revised menu. Use of feeding 

381 practices at mealtimes will be evaluated via addition of items to the skills scales of the TDFQ for 

382 educators, as described above. Open-ended questions will be included in the follow-up questionnaire 

383 to determine reasons for non-completion of initiatives. 

384 Reach and adoption  
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385 Reach, that is the proportion of the intended audience who participated in the study, will be evaluated 

386 based on the response rate and profile of attending children (age, gender, ethnicity, Aboriginal or 

387 Torres Strait Islander). Adoption will be evaluated as the characteristics and representativeness of 

388 participating centres in terms of type of provider (chain versus independent), centre size, 

389 socioeconomic status, location and characteristics of participating staff at centres including 

390 qualifications, experience in sector and previous training. Representativeness will be evaluated by 

391 comparison with ACECQA data for LDC centres in Adelaide.53 

392 Contamination 

393 Contamination and co-intervention will be evaluated by inclusion of a question in the follow-up 

394 questionnaire asking cooks and educators to report any other menu planning tools, nutrition-related 

395 training and resources used during the study period.

396 Covariates

397 At baseline, centre operational characteristics will be collected for postcode, operating days and 

398 hours, enrolments, attendance, number of Aboriginal or Torres Strait Islander children enrolled, meal 

399 provision, centre nutrition policy, menu cycle length and use of menu guidelines, nutrition-related 

400 programs and teaching resources At follow-up, centres will also report use of other nutrition policies 

401 or programs during the study. Staff characteristics will include number of staff employed and their 

402 role (i.e. cook, educator, kitchen assistant), hours worked per week, age, gender, years in current 

403 position as well as years employed in ECEC sector, and qualifications relevant to role. The age and 

404 gender of children participating in data collection will be collected at baseline and follow-up. 

405 Sample size

406 Sample size estimates for factorial experiments are based on the power required to detect the smallest 

407 effect.62 From prior research we assume an intraclass correlation coefficient of 0.1 for clustered data.46 

408 Based on these assumptions, with 80% power and a two-sided α of 0.05, 576-690 children, or 72-86 

409 participants for each of the eight experimental conditions, will allow detection of a small-moderate 

410 effect (d=0.31) on children’s vegetable intake.63 Recruitment of 32 centres, with 4 centres per 
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411 condition, will provide the required sample size. We will assume a 75% response rate based on past 

412 interventions in Australian childcare centres56 64 and therefore will expect to approach approximately 

413 45-50 LDC centres to recruit 32 centres. 

414 Statistical analysis

415 Descriptive statistics will be used to describe centre characteristics and demographics at baseline and 

416 chi-square and t-test statistics will be used to check for differences between groups. A factorial 

417 experiment using repeated measure ANOVA models will test the effects of the three initiatives on the 

418 primary outcome. Initial models will test whether each initiative (provided versus not provided) had a 

419 significant effect on vegetable intake across the 12-week intervention period (pre-post intervention 

420 effect). Subsequent models will test two and three-way interactions between initiative components to 

421 identify the effects of interactions between initiatives on outcomes. Analyses will control for 

422 covariates including child gender, age, and number of children at each timepoint. For secondary 

423 outcomes of impact, logistic regression and linear regression models will assess treatment effects. The 

424 mean change (continuous variables) or difference in proportions (dichotomous variables) in outcome 

425 from baseline to follow-up will be compared between groups. Between-group differences in scores for 

426 TDF domains will be evaluated using t-tests to assess the impact of contextual factors on intervention 

427 effectiveness.

428 Evaluation phase

429 Study design

430 This study will evaluate the reach, adoption, impact and effectiveness of the optimised initiative 

431 package for increasing children’s vegetable intake, using a waitlist randomised controlled trial 

432 conducted in target states, including but not limited to South Australia and Victoria. Centres in the 

433 intervention group will use the optimised package following completion of baseline measures. The 

434 waitlist control group will be asked not to change their current practice for the intervention period and 

435 will be provided access to the initiative package following completion of follow-up assessments. We 

436 hypothesise that the optimized initiative package will include all three initiatives and we plan to 

Page 22 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

22

437 collect evaluation data accordingly. If fewer initiatives are included in the initiative package, 

438 evaluation data will only be collected for included initiatives.  

439 Recruitment and participants

440 The recruitment approach will disseminate information about the optimised package widely across the 

441 LDC setting as well as directly to management of childcare providers, with an aim to achieve broad 

442 reach of the package in target states. Information will be disseminated through the Vegetable Intake 

443 Strategic Alliance (VISA),65 social media promotion and newsletters to stakeholders. Inclusion and 

444 exclusion criteria for LDC centres will be as per the optimization phase. Centres that participated in 

445 the optimization phase will be excluded. No exclusion criteria will be applied for children. 

446 Randomisation and blinding

447 Centres will be randomised to intervention or waitlist control group using stratified randomisation 

448 based on centre location (state) and socioeconomic status (using postcode to determine SEIFA index). 

449 Due to the nature of the study, blinding of the researchers or participating centres will not be possible 

450 Study procedures

451 This study will be delivered and evaluated online, with all measures self-completed by participating 

452 centres using online data collection instruments. This approach will support centres to monitor their 

453 own progress towards increasing children’s vegetable intake, which will align the initiative package 

454 with Best Practice Guidelines.32 40 Data will be collected at baseline and 12-weeks. Centres will 

455 register for the study using an online user registration form. At the first step of registration, the 

456 purpose of the study will be explained, and centres will be asked to read the detailed information sheet 

457 and sign a consent form. Centres will distribute information about the study to parents and opt-out 

458 consent from parents will be collected using the process described for the Optimisation Phase. The 

459 user registration form will collect information about the centre which will be used as covariates and to 

460 evaluate reach and adoption (Table 2). Educators and cooks who will be using the initiatives will 

461 complete a baseline questionnaire providing information about staff characteristics, knowledge and 

462 skills, as per the optimisation phase. Centres will then collect data about children’s current vegetable 

Page 23 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

23

463 intake and enter this into the online survey platform. At completion of baseline, centres will be 

464 allocated to the intervention or control group. At conclusion of the 12-week intervention period 

465 participating educators and cooks will complete evaluation questionnaires and centres will collect 

466 vegetable intake data as per baseline. Centres in the control group will receive access to the online 

467 package post-intervention and the intervention group will be encouraged to keep using the initiatives. 

468 Primary outcome measure

469 The primary outcome measure will be usual serves of vegetables per day at LDC. Individual child 

470 vegetable intake over the past month in care will be measured using the vegetable questions from the 

471 Short Food Survey for Early Care and Education (SFS-ECEC).66 The SFS-ECEC is a 47-item 

472 educator-completed questionnaire measuring children’s intake in care. Six questions measure the 

473 frequency and usual portion size of starchy, salad and cooked vegetables. The questionnaire is 

474 acceptable to educators and has appropriate validity for estimating intake at the group level.66 

475 Instructions and supporting resources for the SFS-ECEC will be provided as downloadable 

476 instructions. Each educator will complete the vegetable intake questions online for a randomly 

477 selected sample of at least 50% of children in their care, which equates to approximately 5-6 children 

478 per educator and approximately a thirty minute time commitment based on educator to child ratios 

479 defined under the National Quality Framework.67 

480 Secondary outcome measures

481 An online questionnaire in combination with website metrics will assess reach, adoption, impact, and 

482 fidelity as described for the optimisation phase and summarised in Table 2. The follow-up 

483 questionnaire will collect data for key implementation measures of acceptability, barriers and 

484 facilitators, compatibility with practice and intention to implement initiatives, which with adoption 

485 and fidelity data will enable evaluation of feasibility. 

486 Sample size 

487 Sample size was determined based on the a-priori hypothesis of an increase of 0.5 serves of 

488 vegetables per day achieved by the optimised initiative package (estimated effect size of d=0.65 using 

Page 24 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

24

489 standard deviation from prior research.46 At this effect size, with power at 0.8, p<0.05 and ICC=0.1, a 

490 sample 284 children is needed. Based on 15% attrition in prior studies and estimating data from 

491 approximately 20 children will be provided per centre, 20 LDC centres will need to be recruited. 

492 Statistical analysis 

493 Analyses will be conducted at the group level and conclusions about effectiveness will be based on 

494 group effect. Descriptive statistics will be generated for baseline measures. For the primary outcome, 

495 linear mixed modelling will assess between group differences in vegetable intake at 12-weeks. The 

496 primary outcome will be analysed using intention-to-treat principles. Models will control for baseline 

497 intake and potential confounding factors (i.e. baseline differences between groups). For secondary 

498 outcomes of impact, logistic regression and linear regression models will assess treatment effects. 

499 Mean follow up values (continuous variables) or difference in proportions (dichotomous variables) in 

500 outcome from baseline to follow-up will be compared between groups.

501 Patient and Public Involvement Statement

502 The initiative package was developed by researchers, dietitians, educators and sensory scientists with 

503 experience in education sectors and food provision in childcare settings. The curriculum development 

504 team included experts in LDC curriculum and LDC educators; and the curriculum was reviewed by 

505 educators for suitability during the development process. The educator module was developed in 

506 collaboration with an adoption partner who has experience delivering training to the LDC sector. LDC 

507 content experts were consulted during the development of evaluation instruments to ensure that all 

508 relevant process outcomes, in particular barriers and facilitators, were measured and language used 

509 was suitable. Final questionnaires were reviewed for suitability and usability by cooks and educators. 

510 The acceptability and feasibility of the initiatives in terms of time investment, barriers, compatibility 

511 with practice and participant burden will be assessed as part of the process evaluation. A summary of 

512 study results will be disseminated to participating centres, long day care providers participating and 

513 organisations within the long day care sector via email distribution. 

514
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515 DISCUSSION

516 This study will use the MOST framework to develop, optimise and evaluate a multi-

517 component initiative package to increase children’s vegetable intake in childcare. The initiative 

518 package will support cooks and educators to increase their knowledge and skills for providing 

519 vegetables on the menu, using supportive feeding practices at mealtimes, and delivering a sensory and 

520 experiential vegetable-focused curriculum. A strength of this study is use of the MOST framework. 

521 MOST differs from the classic resource intensive intervention evaluation process that uses sequential 

522 pilot and RCT studies, by using factorial experiments to optimise the intervention components before 

523 proceeding to evaluation using an RCT.41 This provides a more rapid and economical approach for 

524 producing effective, efficient and scalable multicomponent interventions.41 The initiatives will equip 

525 cooks and educators with the knowledge and skills to implement the intervention to ensure 

526 sustainability outside of the research setting and will be developed with an adoption partner who 

527 works within the sector to provide a pathway to roll-out. Growing use of internet technology enables 

528 online delivery of the initiatives which will provide the potential for increased reach and adoption by 

529 staff and centres for whom time and distance may prohibit participation in face to face training.68 

530 Some limitations to the study need to be acknowledged. The study design requires that 

531 participating LDC centres make organisational changes, therefore it is not possible to conceal group 

532 allocation which introduces a risk of bias. However, assessors and centres will be blinded at baseline 

533 data collection. In most Australian states, including South Australia, the majority of child care centres 

534 are managed by large providers,53 therefore there is a risk of intervention contamination across centres 

535 of the same provider who are enrolled in different conditions. Centres participating in both trials will 

536 be advised not to use any other training or initiatives during the study and data will be collected about 

537 any other programs used. 

538 In conclusion, this paper describes the design, delivery, and evaluation of a multi-component 

539 initiative package which aims to increase children’s vegetable intake in LDC. The initiative package 

540 applies evidence for vegetable preference development44 and Best Practice Guidelines for increasing 

541 vegetable intake in LDC settings.32 40 The optimised initiative package will be rolled out online for use 
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542 by LDC centres and has future potential to be adapted for use in other settings including family day 

543 care, out of school hours care and schools.

544

545 ETHICS APPROVAL AND DISSEMINATION

546 This study has received ethics approval from the Flinders University Research Ethics Committee 

547 (Project No: 1873) for the Optimisation Phase. Approval for the evaluation phase will be obtained as 

548 amendment to current approval at completion of Optimisation Phase, which will identify the final 

549 optimised initiative package for evaluation in the final phase. Findings will be disseminated to 

550 stakeholders in childcare sectors, in particular long day care centres and professional childcare bodies 

551 and researchers.  Results will also be disseminated to researchers via peer-reviewed journals and 

552 conferences. 

553
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558 and development corporation for Australian Horticulture. The project is being delivered by a 
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763 FIGURES

764

765 Figure 1 – Logic model for development of initiative package for use in long day care to increase 
766 children’s vegetable intake 

767 *Other sensory exposure -  sensory-based explorative behaviours through the five senses (sight, smell, 
768 touch, hearing, taste) to promote familiarization with vegetables 

769

770 Figure 2 – Study design for development and evaluation of initiative package for use in long day care 
771 to increase children’s vegetable intake 

772 *See Table 2 for outcome measures and instruments at all timepoints. Abbreviations: LDC = long day 
773 care; LDCC = long day care centres

774
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Development of initiatives:
1. Food provision
2. Mealtime environment
3. Curriculum

OPTIMISATION PHASE EVALUATION PHASE

Multiphase optimisation strategy (MOST) 

Figure 2 – Study design for development and evaluation of initiative package for use in long day care to increase children’s vegetable intake
*See Table 2 for outcome measures and instruments at all timepoints. Abbreviations: LDC = long day care; LDCC = long day care centres

Study information distributed via email to LDC providers

Invitation to participate sent via email to ~50 LDC centres

Assessment of eligibility, information sessions and consent 

Complete baseline assessments*

Group allocation to 8 conditions (N=32 LDCC; n=4 per condition)

Condition 1 2 3 4 5 6 7 8

Food provision P P P P

C
on

tro
l

Mealtime environment P P P P

Curriculum P P P P

Complete follow-up assessments*

12-week intervention period: 
Preparation - Weeks 1-4;  Initiative implementation – Weeks 5-12

Identification of optimised initiative package to increase 
children’s vegetable intake in LDC

Study information dissemination

Online registration à Study information, consent and assessment 
of eligibility via completion of user registration questionnaire 

LDC centres report baseline data via online questionnaires*

Group allocation

Initiative package (n=10 LDCC) Waitlist control (n=10 LDCC)

12-week intervention period

LDC centres report follow-up data via online questionnaires*

PREPARATION PHASE 

Control sites offered access to initiative package
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rationale
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relevant studies (published and unpublished) examining benefits and harms for each 
intervention
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6b Explanation for choice of comparators 3-6

Objectives 7 Specific objectives or hypotheses 6

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single 
group), allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory)

6,7, 12,21

Methods: Participants, interventions, and outcomes

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries 
where data will be collected. Reference to where list of study sites can be obtained

4,12,22

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres 
and individuals who will perform the interventions (eg, surgeons, psychotherapists)

12,22
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11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, 
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11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring 
adherence (eg, drug tablet return, laboratory tests)
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11d Relevant concomitant care and interventions that are permitted or prohibited during the trial 20

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, 
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Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, 
and visits for participants. A schematic diagram is highly recommended (see Figure)
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Allocation:
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generation
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Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign 
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Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, 
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17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a 
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Methods: Data collection, management, and analysis

Data collection 
methods
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the protocol

16-20,22-23

18b Plans to promote participant retention and complete follow-up, including list of any outcome data 
to be collected for participants who discontinue or deviate from intervention protocols

16-17

Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote 
data quality (eg, double data entry; range checks for data values). Reference to where details of 
data management procedures can be found, if not in the protocol

16

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other 
details of the statistical analysis plan can be found, if not in the protocol

21, 24

20b Methods for any additional analyses (eg, subgroup and adjusted analyses) 21, 24

20c Definition of analysis population relating to protocol non-adherence (eg, as randomised 
analysis), and any statistical methods to handle missing data (eg, multiple imputation)

21, 24

Methods: Monitoring
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Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; 
statement of whether it is independent from the sponsor and competing interests; and reference 
to where further details about its charter can be found, if not in the protocol. Alternatively, an 
explanation of why a DMC is not needed

N/A – DMC is not 
needed due to the 

nature of the 
intervention and 

minimal risk

21b Description of any interim analyses and stopping guidelines, including who will have access to 
these interim results and make the final decision to terminate the trial

N/A

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported 
adverse events and other unintended effects of trial interventions or trial conduct

N/A

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be 
independent from investigators and the sponsor

N/A

Ethics and dissemination

Research ethics 
approval

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval
26

Protocol 
amendments

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, 
outcomes, analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial 
registries, journals, regulators)

N/A

Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised 
surrogates, and how (see Item 32)

13, 22

26b Additional consent provisions for collection and use of participant data and biological specimens 
in ancillary studies, if applicable

N/A

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and 
maintained in order to protect confidentiality before, during, and after the trial

16
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Declaration of 
interests

28 Financial and other competing interests for principal investigators for the overall trial and each 
study site

27

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual 
agreements that limit such access for investigators

27

Ancillary and post-
trial care

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer 
harm from trial participation

N/A

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare 
professionals, the public, and other relevant groups (eg, via publication, reporting in results 
databases, or other data sharing arrangements), including any publication restrictions

26

31b Authorship eligibility guidelines and any intended use of professional writers 26

31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and 
statistical code

27

Appendices

Informed consent 
materials

32 Model consent form and other related documentation given to participants and authorised 
surrogates

Not attached as 
Appendices – can 
be provided upon 

request 

Biological 
specimens

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or 
molecular analysis in the current trial and for future use in ancillary studies, if applicable

N/A

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on 
the items. Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative 
Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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27 ABSTRACT

28 Introduction: Globally, children do not eat enough core foods, with vegetable intakes persistently 

29 low. Early life is critical for establishing vegetable acceptance and intake. Increased usage of formal 

30 childcare has led to the importance of childcare settings shaping children’s food intake. This study 

31 will use the multiphase optimisation strategy to develop, optimise and evaluate the effectiveness of a 

32 multicomponent initiative package to increase 2-to-5-year-old children’s vegetable intake in long day 

33 care centres.

34 Methods and analysis: The Preparation Phase will use existing literature and best practice 

35 guidelines to develop three initiatives aiming to: (1) increase vegetable provision at mealtimes, (2) 

36 deliver a vegetable-focused sensory curriculum, and (3) use supportive mealtime practices 

37 encouraging children’s tasting of vegetables. The Optimisation Phase (N=32 centres) will use a 12-

38 week, eight-condition factorial experiment to test main and synergistic effects of the initiatives. The 

39 optimum combination of initiatives producing the largest increase in vegetable intake will be 

40 identified. The Evaluation Phase (N=20 centres) will test the effectiveness of the optimised package 

41 using a 12-week waitlist randomised controlled trial. Primary outcomes are children’s vegetable 

42 intake and food group intake at long day care. Secondary outcomes are menu guideline compliance, 

43 cook and educator knowledge and skills, and reach. Process evaluation will include fidelity, 

44 acceptability, barriers and facilitators, and compatibility with practice. Repeated measures ANOVA 

45 with interaction effects (Optimisation Phase) and linear mixed modelling (Evaluation Phase) will test 

46 effects of the initiatives on vegetable intake.

47 Ethics and dissemination: This study has received ethics approval from the Flinders University 

48 Research Ethics Committee (Project No: 1873) for the Optimisation Phase. Approval for the 

49 Evaluation Phase will be obtained following completion of Optimisation Phase. Findings will be 

50 disseminated to stakeholders, including long day care centres and childcare organisations; and to 

51 researchers via peer-reviewed journals and conferences.
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52 Trial Registration Number: Optimisation Phase - ACTRN12620001301954; Evaluation Phase - 

53 ACTRN12620001323910p. 

54 Keywords: Multiphase optimisation strategy, Early Care and Education, childcare, nutrition, 

55 vegetable intake, early childhood, menu provision, feeding practices, sensory education, vegetable 

56 acceptance 

57

58 STRENGTHS AND LIMITATIONS OF THIS STUDY

59  This study will use the multiphase optimisation strategy (MOST) framework to develop, optimise 

60 and evaluate a best-practice multicomponent initiative package which aims to increase children’s 

61 vegetable intake in long day care. 

62  The MOST framework is a novel approach for producing effective, efficient and scalable 

63 multicomponent interventions, which is a more rapid and less resource intensive than classical 

64 approaches using sequential pilot and RCT studies. 

65  The initiatives will equip cooks and educators with the knowledge and skills to implement the 

66 intervention to ensure sustainability outside of the research setting and will be developed with an 

67 adoption partner who works within the sector to provide a pathway to roll-out.

68  Notable limitations include the inability to conceal group allocation as participating centres are 

69 required to make organisational changes and possibility of contamination across centres from the 

70 same childcare provider which are enrolled in different conditions. 

71

72 INTRODUCTION

73 Globally, children do not eat enough foods from the five food groups and overconsume 

74 nutrient-poor foods and drinks.1 In particular, intake of vegetables is persistently low. Only 6.3% of 

75 Australian children eat the recommended amount of vegetables,2 with similar low intake in other 

76 countries.3-5 The first five years of life (i.e. early childhood) is a critical period when adequate 
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77 nutrition is fundamental for growth and development, influencing a child’s lifelong health trajectory.6 

78 7 Early childhood is also an important period for establishing vegetable liking and acceptance, which 

79 are associated with vegetable intake.8-10 Humans are born with an innate liking for sweet taste and a 

80 predisposition to reject foods with bitter flavours, such as vegetables.8 9 However, food preferences 

81 are most malleable in early childhood when young children can learn to like a range of foods, 

82 including vegetables, through a variety of mechanisms including early and repeated exposure.8 10 11 

83 Repeated exposure can overcome low willingness to try new foods and food rejection that occur as 

84 part of child development between ages two and six years, leading to increased vegetable intake.8 11 

85 Parents are a key influence on children’s food intake in the early years, but many young children also 

86 spend considerable time in non-parental formal and informal care arrangements where food is 

87 provided to them.12 13 Over half of 2-to-5 year old children in Australia attend formal centre-based 

88 early childhood education and care, most commonly long day care (LDC),13 14 where children spend 

89 on average three days (~30 hours) per week.15

90 LDC centres in Australia provide both full-time and part-time care to children aged six weeks 

91 to six years, for up to 12 hours a day.13 14 LDC generally includes an education element to prepare 

92 children for school and approximately 70% (variable by state and territory) of centres provide food 

93 that is prepared onsite for morning snack, lunch and afternoon snack, accounting for 40-60% of 

94 children’s daily food intake in care.16 17 Many also provide breakfast and a late snack.17 Australian 

95 LDC services must comply with a National Quality Framework which outlines standards for the 

96 sector, including those for healthy eating.18 Menu planning guidelines that guide the provision of 

97 foods according to dietary guidelines are also common.19 Despite these standards, children’s food 

98 intake while in childcare is not consistent with dietary guidelines 20-22 and menus at most LDC centres 

99 do not comply with menu guidelines.23 24 For example, 0- 55% of centres comply with guidelines for 

100 vegetable provision.23 25 26 Barriers reported by cooks to improving menu compliance with guidelines 

101 include perceptions about children’s likes and dislikes, increased cost and food wastage.27 Further, 

102 although educators report that promoting healthy eating is an important part of their role, use of 

103 feeding practices that create a supportive mealtime environment for tasting new foods and enjoying 
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104 vegetables have not been consistently observed in practice.28 29 Given the pivotal role that early care 

105 settings can play in shaping children’s dietary intake and the importance of the early years for 

106 establishing vegetable acceptance, there is a need to better support LDC centres to provide supportive 

107 environments for promoting vegetable intake.  

108 Childcare-based nutrition promotion strategies can be effective for improving children’s food 

109 intake in care.30 31 Interventions targeting improvements in vegetable intake in childcare settings have 

110 achieved small-moderate increases in intake ranging from one-quarter of a serve (approximately 19g)  

111 to 67g (approximately 0.89 serves, with 1 serve = 75g based on Australian recommendations).32-34 In 

112 comparison, school-based interventions with older children achieved increases of 0.07 servings of 

113 vegetables (approximately 6g),35 suggesting that intervening at an earlier age when vegetable 

114 preferences are being formed can produce superior results. Multilevel (targeting individuals and 

115 environments) and multicomponent nutrition promotion approaches in childcare have been most 

116 successful.30 32 Interventions which improved children’s healthy eating behaviours in care have 

117 targeted a combination of nutrition policies and food provision,31 36 director and educator training,36 37 

118 educators’ nutrition knowledge and feeding practices,38 39 delivery of curricula and sensory 

119 education,31 36 38 role-modelling and observational learning.40 Further, providing training and 

120 embedding interventions into everyday routines of the childcare centre is likely to improve the 

121 sustainability of interventions.30 Best practice guidelines for designing interventions to increase 

122 children’s vegetable intake emphasise the need for multilevel and multicomponent interventions, 

123 which target both individuals and the environment, have more than one target audience (i.e. educators, 

124 children), target vegetables (i.e. rather than healthy eating) and are of sufficient intensity and duration 

125 (at least six weeks duration, with weekly participant contact).32 41 Accordingly, a multicomponent 

126 intervention with a strong vegetable focus, which combines strategies that target children, such as 

127 education and hands-on sensory experiences, with strategies targeting educators, cooks and the centre 

128 environment to support regular and repeated exposure to vegetables, is needed to produce optimum 

129 results for increasing vegetable intake in young children.30 
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130 Delivery and evaluation of multicomponent interventions within community settings presents 

131 many challenges. Traditional approaches using randomised controlled trials (RCT) to evaluate the 

132 performance of several intervention components are resource intensive, requiring multiple trials or 

133 multiple parallel conditions with high cost and large sample sizes. Although the RCT is the gold 

134 standard for evaluating the effectiveness of interventions, evaluation of multicomponent interventions 

135 solely via RCT does not provide information about the independent, relative and synergistic effects of 

136 intervention components. To overcome these limitations, the multiphase optimisation strategy 

137 (MOST) uses a multiphase experimental design to build effective, efficient and scalable 

138 multicomponent behavioural interventions.42 The MOST provides an efficient approach for 

139 identifying the most effective combination of intervention components, by testing main, additive and 

140 interactive effects of multiple interventions.43 Further, MOST embeds within its design evaluation of 

141 compatibility with practice and effectiveness within real-world settings, supporting the development 

142 of interventions that can be more readily translated into policy and practice.42  

143 This study will use the MOST framework to develop and evaluate a multicomponent initiative 

144 package for use in LDC centres to increase children’s vegetable intake while in care. The initiatives 

145 will use a paradigm that focuses on building acceptance and familiarity with vegetables, as a 

146 sustainable approached to increasing vegetable intake.44. This study will use a full factorial design 

147 during the optimisation phase to identify which components individually and in combination, produce 

148 the best initiative package subject to constraints. Utilising this approach will overcome limitations of 

149 studies testing either single intervention components or multicomponent interventions, that are unable 

150 to identify which component(s) or combination of components are most effective. This will support 

151 the development of feasible, efficient and effective initiative package that can be implemented in 

152 practice, without placing burden on LDC centres. The aims of this study are to (1) develop three 

153 initiatives targeting food provision, meal time practices and curriculum which integrate best practice 

154 guidelines for increasing vegetable intake in LDC (preparation phase), (2) identify the optimum 

155 combination of initiatives for increasing 2-to-5 year old children’s vegetable intake in LDC 

156 (optimisation phase), and (3) determine the effectiveness of the optimised initiative package for 
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157 increasing children’s vegetable intake in care (evaluation phase). We hypothesise that the effects of 

158 the three initiatives for increasing vegetable intake will be synergistic, and secondly, that the 

159 optimised initiative package will increase children’s mean vegetable intake while in care by more than 

160 0.5 serves.

161 METHODS AND ANALYSIS

162 Trial design 

163 This project will undertake the three stages of the MOST: the preparation phase will select and 

164 develop the initiatives to be tested; the optimisation phase will assess the independent and synergistic 

165 effects of the initiatives to identify the optimal initiative package; and the evaluation phase will test 

166 the effectiveness of the initiative package.42 The RE-AIM model will be used to evaluate the reach, 

167 efficacy/effectiveness, adoption, implementation and maintenance of the initiative package across the 

168 optimisation and evaluation phases.45 The optimisation phase will be conducted from December 2020 

169 to August 2021 and the evaluation phase will be conducted from January to August 2022. 

170

171 INSERT FIGURE 1 HERE

172 Preparation Phase 

173 Three initiatives will be developed which draw on evidence for effective strategies for increasing 

174 vegetable intake and acceptance in the early years30 44 and align with best practice guidelines for 

175 increasing vegetable intake in LDC, which recommend multilevel and multicomponent interventions 

176 that combine strategies targeting children and the centre environment. 32 41 (Table 1). The target 

177 audience of the initiatives will be children, educators, and cooks. The initiatives will aim to increase 

178 educator’s and cook’s knowledge and skills to create a supportive environment that promotes 

179 children’s vegetable familiarisation, acceptance, and consumption (Figure 1). Changes to food 

180 provision via increasing vegetables on the menu, delivery of experiential and sensory curriculum 
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181 activities and use of supportive feeding practices at mealtimes will increase vegetable availability and 

182 repeated exposure to vegetables.

183 Food provision initiative

184 The food provision initiative will support cooks to increase the provision of vegetables across all 

185 eating occasions, in the context of training to plan a menu that aligns with healthy menu guidelines.46 

186 Interventions supporting childcare centres to improve compliance with menu guidelines have 

187 increased children’s vegetable intake by 0.1-0.4 serves.25 47 Cooks will complete an online training 

188 module, use an online menu planning tool to review their menu and implement the  revised menu. The 

189 online training and menu assessment tool were developed by dietitians, with feedback from long day 

190 care centres. The training will take approximately 45-55 minutes to complete and covers menu 

191 planning, importance of healthy eating, implementing menu guidelines and overcoming common 

192 barriers. Cooks will use an automated online menu assessment tool to assess compliance of their 

193 menu with guidelines. There are currently no South Australian guidelines, therefore Victorian Menu 

194 Planning Guidelines will be used, which align closely with previous South Australian guidelines.19 46 

195 Cooks will enter their current menu, recipes, and number of children for whom their menu caters and 

196 will receive an overview of compliance of the menu with guidelines for each food group. 

197 Recommendations by food group will be provided, identifying meal occasions (morning snack, lunch, 

198 and afternoon snack) and days where the menu needs to be revised to meet guidelines. According to 

199 the guidelines, children should be offered 1-1.5 serves of vegetables and legumes/beans per day (1 

200 serve = 75g vegetables or cooked legumes/beans, 1 cup of leafy greens), at least 2-3 different types of 

201 vegetables per day and at least 5 different types per week.46 Cooks will have four weeks to complete 

202 training, the menu assessment and revise their menu according to the recommendations provided 

203 before implementing the revised menu at their next menu change. 
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204 Table 1 – Description and alignment with Best Practice Guidelines of initiatives to increase 2-5-year-old children’s vegetable intake in long day care (LDC)

Initiative LDC Staff Description Initiative goals and objectives Best practice guidelines for 
vegetable intake in LDC 32 41

Food 
provision

Cooks Online cook’s training 
module supported by online 
menu assessment tool to 
increase vegetable provision 
in meals and snacks.

Goal: To support cooks to increase the provision of 
vegetables on the menu to align with guidelines and 
across all mealtimes
Objectives:
1. Increase cook’s knowledge and skills to provide 

a menu in line with menu planning guidelines
2. Reduce barriers to the provision of vegetables 

on the menu 
3. Support cooks to plan and monitor their 

provision of vegetables on the menu
Mealtime 
environment

Educator 
(mealtimes)

Online educator training 
module supported to 
encourage children to taste 
and enjoy vegetables at 
mealtimes.

Goal: To increase the use of mealtime practices 
which will promote children’s vegetable acceptance 
and intake
Objectives:
1. To increase educator’s knowledge and skills to 

use supportive feeding practices at mealtimes to 
increase children’s vegetable acceptance and 
intake

Curriculum Educator 
(teaching)

Lesson plans and teaching 
resources aligned with The 
Early Years Learning 
Framework (51), focusing on 
increasing vegetable liking 
and intake via repeated and 
other sensory exposure, 

Goal: To create an environment which supports 
children to enjoy, try and consume vegetables 
Objectives:
1. Increase children’s ability to describe their 

sensory perceptions when eating vegetables
2. Increase exposure to a variety of familiar and 

unfamiliar vegetables

1. Make vegetables the hero – 
have simple vegetable specific 
messages with a clear focus

2. Coordinate sustained effort 
across multiple players – 
coordinate long-term action 
among key players involved in 
promoting & proving vegetables

3. Grow knowledge and skills to 
support change – identify and 
act on gaps in knowledge and 
skills

4. Minimise barriers to increase 
success – understand and 
identify ways to address barriers

5. Plan for and commit to success 
– set clear and measurable 
vegetable-specific goals 

6. Create an environment that 
supports children to eat 
vegetables – make vegetables 
the easy choice, promote 
vegetable familiarisation & 
intake

7. Monitor and provide feedback 
on progress – monitor progress 
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sensory education and 
experiential learning

3. Support children to enjoy vegetables and be 
able to taste any vegetable

against goals at regular intervals

205

206  
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207 Mealtime environment

208 The mealtime environment initiative will support educators to use mealtime practices that promote 

209 children’s vegetable acceptance and intake. The initiative will apply evidence for effective strategies 

210 that support development of vegetable acceptance development in other settings within a childcare 

211 setting.44 48 The initiative will aim to increase educator’s knowledge and skills to use feeding practices 

212 at mealtimes that will promote vegetable familiarisation via repeated exposure and opportunities to try 

213 vegetables, including the division of responsibility (‘educator provides, child decides’),49 repeated 

214 encouragement to try, use of neutral language, sensory tasting using the five senses and role 

215 modelling of vegetable intake.10 44 48 50 The training will be developed by a team of dietitians and 

216 researchers with knowledge of the long day care sector and a service delivery partner who delivers 

217 training and resources to the long day care sector. Educators will complete an interactive online 

218 training module (~45-55 minutes) which includes topics about the role of the educator in promoting 

219 healthy eating, creating supportive meal time environments, use of feeding practices, overcoming 

220 barriers related to food rejection and planning and implementing a strategy within their centre. 

221 Examples of interactive components include short quiz questions, reflection questions and planning 

222 activities for action within the long day care centre. The training module will promote strategies to 

223 increasing vegetable acceptance and intake within the context of creating a mealtime environment 

224 which promotes healthy eating. Educators and teachers will then apply the knowledge and strategies 

225 learnt in training during mealtimes in the eight weeks of the implementation period (as described 

226 below). 

227 Curriculum 

228 The curriculum initiative will consist of a lesson package for educators that aims to provide 

229 opportunities for children to learn about, try and enjoy vegetables by increasing their exposure to a 

230 variety of familiar and unfamiliar vegetables. The curriculum is based on experiential learning, 

231 sensory education, and insights on vegetable preference development in children. The curriculum will 

232 be adapted from the evidence-based Taste & Learn vegetable education curriculum for primary school 

233 children (aged 5-12 years)51 to be suitable for younger children and align with The Early Years 
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234 Learning Framework.52 Taste & Learn is effective for increasing children’s vegetable knowledge, 

235 verbalization skills, acceptance, and willingness to try vegetables.53 The curriculum will consist of the 

236 following elements:

237  A series of 16 short (~10-20min) lessons and hands-on activities delivered during intentional 

238 teaching time. Children will discover how to enjoy a variety of vegetables using sensory 

239 education and tasting lessons that focus on fun, involvement and experiential learning. 

240  A series of 16 snack time occasions where vegetables will be tasted and critical strategies to 

241 reinforce children’s enjoyment of vegetables can be consolidated. 

242  Supporting resources and activities to further familiarise children with vegetables and their 

243 senses (e.g. reading corner, songs) and a group reward chart to track progress of vegetables 

244 tasted 

245 Educators will be provided with written background information and lesson plans to teach and 

246 implement the program over the eight-week implementation period. The development process will 

247 engage early education experts, including researchers, early education teachers and dietitians with 

248 expertise in long day care, to ensure that the curriculum is appropriate and aligns with usual teaching 

249 practice and everyday routines in LDC. 

250 INSERT FIGURE 2 HERE

251 Optimisation Phase

252 Study design

253 The optimisation phase will use a full factorial design to test the efficacy of the three initiatives for 

254 increasing vegetable intake in LDC centres. The objectives will be to (1) evaluate the independent and 

255 combined effects of three initiatives to identify the optimised combination of initiatives for increasing 

256 children’s vegetable intake while in care, and (2) undertake a process evaluation to understand 

257 acceptability and factors that influence adoption of the initiatives. LDC centres will be randomly 

258 assigned to eight experimental conditions resulting from the crossing of the three initiatives, each of 

259 which has two conditions (present versus not present) and reflecting all possible combinations of 
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260 initiative components (Figure 2). This study design maximises the statistical power to identify the 

261 main effect of each individual initiative, as well as additive and synergistic effects of initiatives to 

262 identify the optimised initiative package that is efficient, scalable and effective for increasing 

263 children’s vegetable intake. The optimisation criterion is the initiative or combination of initiatives 

264 that deliver an increase of more than 0.5 serves of vegetables, anticipating that this should also be a 

265 statistically significant increase. The optimisation criterion has been determined based on a 

266 meaningful increase in the key outcome variable of vegetable intake, defined as an initiative effect 

267 greater than those currently seen in the literature.32 54 If none of the combinations of initiatives achieve 

268 the optimisation criterion, the package will consist of the intervention elements that show a 

269 statistically significant increase in vegetable intake, taking into consideration findings of the process 

270 evaluation.

271 Eligibility criteria

272 Private (non-Government) LDC centres will be eligible if they operate for at least eight hours per 

273 weekday (Monday to Friday), prepare food onsite, serve lunch and two between-meal snacks each day 

274 and enrol children aged two to five years. Centres will be excluded if they cater exclusively to 

275 children with special needs. Within participating centres, children aged 2-5 years enrolled in the 

276 centres and present on data collection days will be eligible to participate in data collection. Children 

277 with severe allergies or medical conditions that significantly affect their food intake and prevent them 

278 from consuming the standard centre menu will be excluded. 

279 Recruitment

280 LDC centres in metropolitan Adelaide, South Australia will be recruited. The majority of LDC centres 

281 in South Australia are part of large-chain providers,55 therefore private LDC providers will be 

282 approached to provide endorsement for the study. Centres will be randomly sampled from provider 

283 lists, stratified by centre size and socio-economic status using the Socio-Economic Indexes for Areas 

284 (SEIFA).56 Randomly sampled centres will be sent information about the study by email to the 

285 Director. Centres will then be contacted by phone to determine interest in study participation. An 
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286 information session about the study will be conducted at the centre to inform all staff of what is 

287 involved and allow the opportunity to ask questions. Centre directors will provide consent for their 

288 centre to participate in the study, and participating cooks and educators within centres will provide 

289 consent to be involved in initiatives and provide data. The standard electronic method of 

290 communication (i.e. communication Apps) within participating centres will be used to distribute 

291 information about the study to parents. These systems allow parents to notify the centre (via the App) 

292 when forms or notices have been opened and read. Parents will indicate that they wish to exclude 

293 children from data collection by electronically signing and returning the opt-out form via the App. 

294 This opt-out strategy has been used successfully in a previous study in South Australian LDC centres 

295 and is approved by the ethics committee.25

296 Randomisation and blinding 

297 Centres will be randomised to one of the eight experimental conditions at completion of baseline data 

298 collection by a member of the research team who is not directly involved in this study. Random 

299 allocation will be done using computer number sequence generation in Excel, stratified by 

300 socioeconomic status determined from postcodes (zip codes) using SEIFA56 and size of LDC centre. 

301 Research staff and participating centres will be blinded to intervention group allocation at baseline 

302 only. 
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303 Table 2 – Summary of evaluation data collected using the RE-AIM framework in the Multiphase Optimisation Strategy study evaluating the effectiveness of an 
304 initiative package to increase 2-5-year-old children’s vegetable intake in long day care 

OPTIMISATION PHASE EVALUATION PHASEOutcome measures Timepoint Instrument Timepoint Instrument
Response rate  - Study records

Proportion of LDC centres in state 
participating  BL Study records, ACECQA 

data 
Registration 

questionnaire, ACECQA 
data

REACH

Profile of participating children (age, 
gender, ATSI, ethnicity)  BL, 12w Centre data  BL, 12w SFS-ECEC

ADOPTION Characteristics & representativeness of 
centres (type of provider, centre size, SES, 
location, cook & educator experience in 
sector, previous training) 

 BL Baseline questionnaire – 
cook, educator, Director  BL Baseline questionnaire – 

cook, educator, Director

Child vegetable intake in care (serves/day)   BL, 12w SFS-ECECEFFICACY / 
EFFECTIVENESS -
Primary outcome 

Child intake of other food groups – fruit, 
grains, dairy, meat & alternatives, extras 
(serves/day) 


BL, 12w Plate waste

Knowledge (educators and cooks)  
Skills (self-report educators and cooks)  BL, 12w TDFQ – cook, educator, 

teacher (curriculum)  BL, 12w TDFQ – cook, educator, 
teacher (curriculum)

EFFICACY / 
EFFECTIVENESS - 
Impact Menu compliance with guidelines  BL, 12w Menu assessment  BL, 12w Website metrics 

Initiatives delivery (fidelity):
Initiative completion (cook’s training, menu 
assessment completion, educator training)  12w Website metrics  12w Website metrics

Reasons for non-completion  12w Follow-up questionnaire
Initiative implementation at centre (dose):

Menu implementation  12w Cook self-report in follow-up 
questionnaire  12w Cook self-report in 

follow-up questionnaire

Use of feeding practices at mealtimes  BL, 12w Educator TDFQ
 (skills domain)  BL, 12w Educator TDFQ

 (skills domain)
Curriculum delivery  12w Curriculum checklist  12w Curriculum checklist
Reasons for non-implementation  12w Follow-up questionnaire
Other:

IMPLEMENTATION 
- Fidelity & dose

Contamination & co-intervention  12w Follow-up questionnaire  12w Follow-up questionnaire
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Completion rate  12w Study records  - Study records
Reasons for withdrawal  - Study records

Acceptability (training & resources)  12w  12w TDFQ – cook, educator, 
teacher (curriculum)

Contextual factors influencing 
implementation (barriers & facilitators, 
beliefs about benefits & disadvantages, 
social influences)

 12w

Self-efficacy (educators and cooks)  12w

TDFQ – cook, educator, 
teacher (curriculum)

IMPLEMENTATION 
- Process

Feasibility  -
Interpretation of 

implementation & 
maintenance

 -
Interpretation of 

implementation & 
maintenance

MAINTENANCE 
(sustainability)

Compatibility with practice (part of regular 
practice, professional role to implement, 
intention to implement)

 12w TDFQ – cook, educator, 
teacher (curriculum)  12w TDFQ – cook, educator, 

teacher (curriculum)

305 Abbreviations: ACECQA = Australian Children’s Education & Care Quality Authority; ATSI = Aboriginal and Torres Strait Islander; BL = baseline; LDC = Long 
306 Day Care; m = month; SA = South Australia; SFS-ECEC = Short Food Survey – Early Care and Education; TDFQ – Theoretical Domains Framework 
307 Questionnaire; VIC = Victoria; w = week
308

309
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310 Study procedures 

311 Data collection will be conducted at baseline and at the conclusion of the 12-week 

312 intervention period (Figure 1). The intervention period will comprise a 4-week preparation period 

313 (completion of training, menu assessment and curriculum preparation) and 8-week implementation 

314 period (initiative delivery to children within centres). Centres allocated to the control condition will 

315 continue with their usual practice and will be offered access to intervention at the completion of 

316 follow-up data collection. Data collection of primary outcome data (children’s vegetable intake) will 

317 be conducted by trained research assistants within centres on two days each at baseline and follow-up 

318 (end of intervention period). Data collection will be undertaken on the same days of the week at 

319 baseline and follow-up within each centre to control as much as possible for differences in attendance 

320 patterns. Secondary data will be collected via cook and educator completed questionnaires at baseline 

321 and follow-up. The baseline questionnaire (~30-items) will collect data on staff characteristics, usual 

322 practices, knowledge, and skills. The follow-up questionnaire (~70-items) will collect data for 

323 knowledge, skills, process and impact measures (Table 2). Staff will be able to complete 

324 questionnaires online or as paper and pen questionnaires. Questionnaires will be provided on the first 

325 data collection day and staff will have a period of one week to complete them. Hard copies of data 

326 will be stored in locked filing cabinets in locked offices of the chief investigators at the Flinders 

327 University campus and electronic data will be stored on password protected Flinders University 

328 server. To protect participant confidentiality throughout the trial, LDC centres and individuals (staff 

329 and children) will be assigned ID codes and all data will be identified using this number. Prior to data 

330 entry, questionnaires will be coded by the chief investigator and data dictionary developed. Data from 

331 questionnaires will be entered by trained research assistants and double data entry will be conducted 

332 for 10% of measures. 

333 Strategies to minimise attrition and improve fidelity

334 To minimise centre attrition and increase fidelity, 8-10 SMS messages will be sent to participating 

335 educators and cooks over the 12-week intervention period, with timing of messages varying as 

336 relevant to the initiative. Message content will provide a reminder to complete elements of the 

Page 19 of 45

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

19

337 initiative and reinforce key messages of the initiatives. For example, for the food provision initiative 

338 messages will be sent weekly in the preparation phase when cooks are completing the training and 

339 assessing their menu and then fortnightly in the eight-implementation phase once the menu is 

340 implemented. Educators participating in the curriculum and mealtime environment initiatives will 

341 receive messages fortnightly in the preparation period and weekly in the implementation period when 

342 they are delivering the curriculum and using feeding practices at mealtimes. 

343 INSERT TABLE 2 HERE

344 Primary outcome measures

345 Children’s vegetable intake and dietary intake

346 Children’s vegetable intake will be assessed within the context of total food intake while in care, 

347 estimated using the plate wastage method which is considered a gold standard method for assessment 

348 of dietary intake as it uses direct observation and is not subject to recall or memory bias. Plate 

349 wastage methods have been used previously to asses food intake in childcare.25 47 57 Standardised data 

350 collection procedures will be followed in all centres. To minimise any potential effects of labelling 

351 plates/cups and the presence of research assistants on children’s intake, usual mealtime practices of 

352 the centre will be adhered to (e.g. educators serving, progressive mealtimes), researchers will stand 

353 off to the side, avoid interacting with children at mealtimes and will not provide any encouragement 

354 to children regarding their food intake. Data will be collected from all eligible children present on the 

355 day. Prior to each mealtime (morning tea, lunch, and afternoon tea) bowls/plates and cups will be 

356 labelled with ID stickers and weighed by research staff. As food is served each component of the meal 

357 (e.g. bread, pasta with sauce, milk) will be weighed by research staff and weight recorded. Any 

358 additional servings provided to the children will also be weighed and recorded. At the end of the meal 

359 all plates with remaining food will be weighed. Food dropped from the child’s plate will be collected 

360 and added to the plate at the end of the meal for weighing. The amount of food consumed will be 

361 measured by subtracting the mass of the food waste left over from the initial mass. Detailed 

362 information about recipes, including type and brands of foods, will be obtained from the centre cook. 
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363 For mixed meals, recipes will be entered into FoodWorks Professional version 10 (Xyris Software Pty 

364 Ltd, Queensland, Australia) to determine proportional ingredient weights and used to calculate weight 

365 of intake by food group for each recipe. This will be done for each food group, including vegetables, 

366 and converted from grams to Australian Guide to Healthy Eating standard serves.34

367 Secondary outcome measures

368 Menu compliance with guidelines

369 Compliance of the centre menu with menu guidelines at baseline and follow-up will be assessed by 

370 menu audit completed using an online menu assessment tool. Centres will provide their current menu, 

371 recipes, purchase receipts and number of children catered for, which will be entered by research staff 

372 into the online menu assessment tool. The outcome measures will be the proportion of centres 

373 complying with guidelines at both time points. 

374 Knowledge and skills 

375 For each initiative, staff knowledge and skills will be evaluated using the knowledge and skills scales 

376 of the Theoretical Domains Framework Questionnaire (TDFQ) for cooks developed by Seward.58 As 

377 described below, the questions for use with cooks will be adapted to be suitable for use with educators 

378 to evaluate the mealtime and curriculum initiatives. The knowledge scale will evaluate awareness and 

379 familiarity with each of the initiatives (For example – agreement with statement ‘I am aware of the 

380 goals of the menu planning guidelines’). The skills scale will evaluate the training and skills gained 

381 for each of the initiatives (For example – agreement with statement ‘I have the skills needed to plan a 

382 menu according to the menu planning guidelines’). Additional purpose-designed items will be added 

383 to the skills scale for the educator’s mealtime environment initiative questionnaires to evaluate use of 

384 feeding practices at mealtimes.

385 Acceptability 

386 The usability and acceptability of the cook’s training and menu assessment tool, educator’s training 

387 and curriculum will be evaluated using the content quality, motivation, presentation design, re-
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388 usability and learning goal dimensions of the LORI framework for evaluating the quality of 

389 multimedia learning resources.59 Questions will be added to evaluate suitability of the duration/length 

390 of the initiatives. A questionnaire using the LORI framework which was completed by primary school 

391 teachers in the evaluation of Taste & Learn curriculum will be adapted for use in this study.60 

392 Contextual and behavioural factors

393 Contextual and behavioural factors that can influence initiative implementation will be evaluated, 

394 guided by the Theoretical Domains Framework (TDF). The TDF is an implementation framework that 

395 synthesizes and evaluates behaviour change constructs that may affect the implementation of 

396 evidenced based practices and guidelines.61 The following TDF domains will be evaluated: 

397 environmental context (barriers and facilitators), beliefs about consequences, social influences, beliefs 

398 about capability (self-efficacy) and three domains that evaluate compatibility with practice (part of 

399 regular practice, professional role to implement and intention to implement). The selection of domains 

400 was guided by recommendations for a minimum data set of implementation determinants,62 expert 

401 consultation and previous studies evaluating implementation of interventions in the childcare setting.47 

402 63 To evaluate implementation of the food provision initiative, the specified domains from the TDFQ 

403 for cooks developed by Seward58 will be used, which has been evaluated with Australian LDC cooks 

404 and has good discriminant validity and reliability.58 The TDFQ for cooks will be adapted to evaluate 

405 the implementation of the curriculum and mealtime environment initiatives. The questionnaire will be 

406 piloted with LDC content experts and educators to determine acceptability and usability. Data 

407 collected will be used to assess the reliability (Cronbach’s alpha) and construct validity using factor 

408 analysis. 

409 Maintenance – compatibility with practice

410 Three scales of the TDFQ evaluating compatibility with practice (part of regular practice, professional 

411 role to implement, intention to implement) will provide proxy measures for maintenance in the 

412 optimisation phase as it is not possible to collect longer term follow-up data in this study. 

413 Fidelity and dose
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414 The extent to which the initiatives were delivered as planned to educators and cooks (fidelity) and 

415 implemented by staff at the centre (dose) will be evaluated. The outcome measures will be the 

416 proportion of participating cooks and educators that completed the training modules, menu assessment 

417 and delivered the curriculum and proportion of initiative components that were delivered to children. 

418 Initiative delivery will be determined using website metrics for training modules and menu 

419 assessment tool. Fidelity and dose of the curriculum initiative will be determined using an educator-

420 completed checklist of lessons and activities delivered. A question will be included in the cook’s 

421 follow-up questionnaire asking whether cooks implemented the revised menu. Use of feeding 

422 practices at mealtimes will be evaluated via addition of items to the skills scales of the TDFQ for 

423 educators, as described above. Open-ended questions will be included in the follow-up questionnaire 

424 to determine reasons for non-completion of initiatives. 

425 Reach and adoption  

426 Reach, that is the proportion of the intended audience who participated in the study, will be evaluated 

427 based on the response rate and profile of attending children (age, gender, ethnicity, Aboriginal or 

428 Torres Strait Islander). Adoption will be evaluated as the characteristics and representativeness of 

429 participating centres in terms of type of provider (chain versus independent), centre size, 

430 socioeconomic status, location and characteristics of participating staff at centres including 

431 qualifications, experience in sector and previous training. Representativeness will be evaluated by 

432 comparison with ACECQA data for LDC centres in Adelaide.55 

433 Contamination 

434 Contamination and co-intervention will be evaluated by inclusion of a question in the follow-up 

435 questionnaire asking cooks and educators to report any other menu planning tools, nutrition-related 

436 training and resources used during the study period.

437 Covariates

438 At baseline, centre operational characteristics will be collected for postcode, operating days and 

439 hours, enrolments, attendance, number of Aboriginal or Torres Strait Islander children enrolled, meal 

Page 23 of 45

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

23

440 provision, centre nutrition policy, menu cycle length and use of menu guidelines, nutrition-related 

441 programs and teaching resources At follow-up, centres will also report use of other nutrition policies 

442 or programs during the study. Staff characteristics will be collected via director and staff 

443 questionnaires, including number of staff employed and their role (i.e. cook, educator, kitchen 

444 assistant), hours worked per week, age, gender, years in current position as well as years employed in 

445 the early childhood education and care (ECEC) sector, and qualifications relevant to role. The age and 

446 gender of children participating in data collection will be collected at baseline and follow-up. 

447 Sample size

448 Sample size estimates for factorial experiments are based on the power required to detect the smallest 

449 effect.64 From prior research we assume an intraclass correlation coefficient of 0.1 for clustered data, 

450 with approximately 20 children per centre.47 Based on these assumptions, with 80% power and a two-

451 sided α of 0.05, 576-690 children, or 72-86 participants for each of the eight experimental conditions, 

452 will allow detection of a small-moderate effect (d=0.31) on children’s vegetable intake.65 Recruitment 

453 of 32 centres, with 4 centres per condition, will provide the required sample size. We will assume a 

454 75% response rate based on past interventions in Australian childcare centres58 66 and therefore will 

455 expect to approach approximately 45-50 LDC centres to recruit 32 centres. 

456 Statistical analysis

457 Descriptive statistics will be used to describe centre characteristics and demographics at baseline and 

458 check for differences between groups. A factorial experiment using repeated measure ANOVA 

459 models will test the effects of the three initiatives on the primary outcome. Initial models will test 

460 whether each initiative (provided versus not provided) had a significant effect on vegetable intake 

461 across the 12-week intervention period (pre-post intervention effect). Subsequent models will test two 

462 and three-way interactions between initiative components to identify the effects of interactions 

463 between initiatives on outcomes. Analyses will control for covariates including child gender, age, and 

464 number of children at each timepoint. For secondary outcomes of impact, logistic regression and 

465 linear regression models will assess treatment effects. The mean change (continuous variables) or 
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466 difference in proportions (dichotomous variables) in outcome from baseline to follow-up will be 

467 compared between groups. Between-group differences in scores for TDF domains will be evaluated 

468 using t-tests to assess the impact of contextual factors on intervention effectiveness.

469 Evaluation phase

470 Study design

471 This study will evaluate the reach, adoption, impact and effectiveness of the optimised initiative 

472 package for increasing children’s vegetable intake, using a waitlist randomised controlled trial 

473 conducted in target states, including but not limited to South Australia and Victoria. Centres in the 

474 intervention group will use the optimised package following completion of baseline measures. The 

475 waitlist control group will be asked not to change their current practice for the intervention period and 

476 will be provided access to the initiative package following completion of follow-up assessments. We 

477 hypothesise that the optimised initiative package will include all three initiatives and we plan to 

478 collect evaluation data accordingly. If fewer initiatives are included in the initiative package, 

479 evaluation data will only be collected for included initiatives.  

480 Recruitment and participants

481 The recruitment approach will disseminate information about the optimised package widely across the 

482 LDC setting as well as directly to management of childcare providers, with an aim to achieve broad 

483 reach of the package in target states. Information will be disseminated through the Vegetable Intake 

484 Strategic Alliance (VISA),67 social media promotion and newsletters to stakeholders. Inclusion and 

485 exclusion criteria for LDC centres will be as per the optimisation phase. Centres that participated in 

486 the optimisation phase will be excluded. No exclusion criteria will be applied for children. 

487 Randomisation and blinding

488 Centres will be randomised to intervention or waitlist control group using stratified randomisation 

489 based on centre location (state) and socioeconomic status (using postcode to determine SEIFA index). 

490 Due to the nature of the study, blinding of the researchers or participating centres will not be possible 
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491 Study procedures

492 This study will be delivered and evaluated online, with all measures self-completed by participating 

493 centres using online data collection instruments. This approach will support centres to monitor their 

494 own progress towards increasing children’s vegetable intake, which will align the initiative package 

495 with Best Practice Guidelines.32 41 Data will be collected at baseline and 12-weeks. Centres will 

496 register for the study using an online user registration form. At the first step of registration, the 

497 purpose of the study will be explained, and centres will be asked to read the detailed information sheet 

498 and sign a consent form. Centres will distribute information about the study to parents and opt-out 

499 consent from parents will be collected using the process described for the Optimisation Phase. The 

500 user registration form will collect information about the centre which will be used as covariates and to 

501 evaluate reach and adoption (Table 2). Educators and cooks who will be using the initiatives will 

502 complete a baseline questionnaire providing information about staff characteristics, knowledge and 

503 skills, as per the optimisation phase. Centres will then collect data about children’s current vegetable 

504 intake and enter this into the online survey platform. At completion of baseline, centres will be 

505 allocated to the intervention or control group. At conclusion of the 12-week intervention period 

506 participating educators and cooks will complete evaluation questionnaires and centres will collect 

507 vegetable intake data as per baseline. Centres in the control group will receive access to the online 

508 package post-intervention and the intervention group will be encouraged to keep using the initiatives. 

509 Primary outcome measure

510 The primary outcome measure will be usual serves of vegetables per day at LDC. Individual child 

511 vegetable intake over the past month in care will be measured using the vegetable questions from the 

512 Short Food Survey for Early Care and Education (SFS-ECEC).68 The SFS-ECEC is a 47-item 

513 educator-completed questionnaire measuring children’s intake in care. Six questions measure the 

514 frequency and usual portion size of starchy, salad and cooked vegetables. The questionnaire is 

515 acceptable to educators and has appropriate validity for estimating intake at the group level.68 

516 Instructions and supporting resources for the SFS-ECEC will be provided as downloadable 

517 instructions. Each educator will complete the vegetable intake questions online for a randomly 
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518 selected sample of at least 50% of children in their care, which equates to approximately 5-6 children 

519 per educator and approximately a thirty minute time commitment based on educator to child ratios 

520 defined under the National Quality Framework.69 

521 Secondary outcome measures

522 An online questionnaire in combination with website metrics will assess reach, adoption, impact, and 

523 fidelity as described for the optimisation phase and summarised in Table 2. The follow-up 

524 questionnaire will collect data for key implementation measures of acceptability, knowledge and skills 

525 of educators and cooks and compatibility with practice, which with adoption and fidelity data will 

526 enable evaluation of feasibility. 

527 Sample size 

528 The sample size calculation was determined based on the hypothesised effect of an increase of 0.5 

529 serves of vegetables from the optimised initiative package identified in the optimisation phase. An 

530 effect size of d=0.65 was calculated based on this hypothesised effect on vegetable intake and using 

531 standard deviation from prior research in Australian childcare centres.47 At this effect size, with power 

532 at 0.8, p<0.05 and ICC=0.1, a sample of 284 children is needed. Based on 15% attrition in prior 

533 studies and estimating data from approximately 20 children will be provided per centre, 20 LDC 

534 centres will need to be recruited. The sample size calculation will be confirmed at completion of the 

535 optimisation phase, when the effect size of the optimised initiative package is determined.  

536 Statistical analysis 

537 Analyses will be conducted at the group level and conclusions about effectiveness will be based on 

538 group effect. Descriptive statistics will be generated for baseline measures. For the primary outcome, 

539 linear mixed modelling will assess between group differences in vegetable intake at 12-weeks, 

540 controlling for baseline intake and potential confounding factors including any identified baseline 

541 differences between groups. The primary outcome will be analysed using intention-to-treat principles. 

542 For secondary outcomes of impact, logistic regression and linear regression models will assess 
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543 treatment effects. Mean follow up values (continuous variables) or difference in proportions 

544 (dichotomous variables) in outcome from baseline to follow-up will be compared between groups.

545 Patient and Public Involvement Statement

546 The initiative package was developed by researchers, dietitians, educators and sensory scientists with 

547 experience in education sectors and food provision in childcare settings. The curriculum development 

548 team included experts in LDC curriculum and LDC educators; and the curriculum was reviewed by 

549 educators for suitability during the development process. The educator module was developed in 

550 collaboration with an adoption partner who has experience delivering training to the LDC sector. LDC 

551 content experts were consulted during the development of evaluation instruments to ensure that all 

552 relevant process outcomes, in particular barriers and facilitators, were measured and language used 

553 was suitable. Final questionnaires were reviewed for suitability and usability by cooks and educators. 

554 The acceptability and feasibility of the initiatives in terms of time investment, barriers, compatibility 

555 with practice and participant burden will be assessed as part of the process evaluation. A summary of 

556 study results will be disseminated to participating centres, long day care providers participating and 

557 organisations within the long day care sector via email distribution. 

558

559 DISCUSSION

560 This study will use the MOST framework to develop, optimise and evaluate a 

561 multicomponent initiative package to increase children’s vegetable intake in childcare. The initiative 

562 package will support cooks and educators to increase their knowledge and skills for providing 

563 vegetables on the menu, using supportive feeding practices at mealtimes, and delivering a sensory and 

564 experiential vegetable-focused curriculum. A strength of this study is use of the MOST framework. 

565 MOST differs from the classic resource intensive intervention evaluation process that uses sequential 

566 pilot and RCT studies, by using factorial experiments to optimise the intervention components before 

567 proceeding to evaluation using an RCT.42 This provides a more rapid and economical approach for 

568 producing effective, efficient and scalable multicomponent interventions.42 The initiatives will equip 
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569 cooks and educators with the knowledge and skills to implement the intervention to ensure 

570 sustainability outside of the research setting and will be developed with an adoption partner who 

571 works within the sector to provide a pathway to roll-out. Growing use of internet technology enables 

572 online delivery of the initiatives which will provide the potential for increased reach and adoption by 

573 staff and centres for whom time and distance may prohibit participation in face to face training.70 

574 While face-to-face delivery of training can be valuable for sharing of experiences between educators, 

575 it is more resource intensive and requires moderation without necessarily adding value above online 

576 training.60 The cost of face-to-face training can also have implications on limiting the potential for 

577 scalability and sustainability. Therefore, as our aim was to deliver an initiative package that would be 

578 sustainable and scalable outside of the research setting, online delivery was used. The optimised 

579 initiative package will be rolled out online for use by LDC centres and has future potential to be 

580 adapted for use in other settings including family day care, out of school hours care and schools.

581 Some limitations to the study need to be acknowledged. The study design requires that 

582 participating LDC centres make organisational changes, therefore it is not possible to conceal group 

583 allocation which introduces a risk of bias. However, assessors and centres will be blinded at baseline 

584 data collection. In most Australian states, including South Australia, the majority of childcare centres 

585 are managed by large providers,55 therefore there is a risk of intervention contamination across centres 

586 of the same provider who are enrolled in different conditions. Centres participating in both trials will 

587 be advised not to use any other training or initiatives during the study and data will be collected about 

588 any other programs used. This study will be conducted in private long day care centres in two 

589 jurisdictions in Australia, limiting the generalisability of the findings outside of these jurisdictions. 

590

591

592 ETHICS APPROVAL AND DISSEMINATION

593 This study has received ethics approval from the Flinders University Research Ethics Committee 

594 (Project No: 1873) for the Optimisation Phase. Approval for the Evaluation Phase will be obtained as 
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595 amendment to current approval at completion of Optimisation Phase, which will identify the final 

596 optimised initiative package for evaluation in the final phase. Findings will be disseminated to 

597 stakeholders in childcare sectors, in particular long day care centres and professional childcare bodies 

598 and researchers.  Results will also be disseminated to researchers via peer-reviewed journals and 

599 conferences. 

600

601 FUNDING

602 This project is being conducted as part of VegKIT (www.vegkit.com.au). VegKIT is funded by Hort 

603 Innovation, using the vegetable research and development levy and contributions from the Australian 

604 Government (grant number VG16064). Hort Innovation is the grower-owned, not-for-profit research 

605 and development corporation for Australian Horticulture. The project is being delivered by a 

606 collaboration between CSIRO, Flinders University and Nutrition Australia. DZ is supported by the 

607 Early Prevention of Obesity in Childhood Centre of Research Excellence (EPOCH CRE). SK is 

608 supported by Flinders University Research Scholarship and Healthy Development Adelaide PhD 

609 Excellence Award. 

610

611 AUTHORS' CONTRIBUTIONS

612 RKG is a Principal Investigator of this study. The study was conceived, and funding obtained by 

613 RKG, DNC and AAMP. DZ and RKG led the design of the study with all authors contributing to 

614 study design through regular discussion. AAMP, MOCB with contribution from JCA, DZ and RKG 

615 designed and developed the curriculum initiative. RKG, DZ and JCA with contribution from SK 

616 designed and developed the food provision and meal environment initiatives. DZ drafted the 

617 manuscript and wrote the research protocol for the Flinders University Social Behavioural Research 

618 Committee with support from all authors. All authors have read and approved the final manuscript. 

619

Page 30 of 45

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

30

620 COMPETING INTERESTS

621 The authors declare that they have no competing interests. The funding body, Hort Innovation, has a 

622 vested interest in increasing vegetable intake. Hort Innovation had no input into the design of the 

623 study or preparation of this manuscript. Hort Innovation approved the manuscript for publication.

624

625 ACKNOWLEDGEMENTS

626 We would like to acknowledge the Healthy Eating Advisory Service, funded by the Victorian 

627 Department of Health and Human Services and delivered by Nutrition Australia (Victoria) for 

628 providing the cooks training module and the menu assessment tool (FoodChecker) for use in the study 

629 and collaboration in the development of the mealtime environment training module for educators. We 

630 would like to acknowledge the contribution of Janet Elliot, Amy Wakem and Ros Sambell in 

631 providing their expertise in the development of the curriculum initiative. 

632

633 AVAILABILITY OF DATA AND MATERIALS

634 The datasets which will be used and/or analysed during the current study will be available from the 

635 corresponding author on reasonable request.

Page 31 of 45

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

31

636 REFERENCES

637 1. Development Initiatives. 2018 Global Nutrition Report: Shining a light to spur action on nutrition. 
638 Bristol, UK, 2018.

639 2. Australian Bureau of Statistics. 4364.0.55.001 - National Health Survey: First Results, 2017-18 
640 Australia: Australian Bureau of Statistics; 2018 [Available from: 
641 https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4364.0.55.001~2017-
642 18~Main%20Features~Children%27s%20risk%20factors~120 accessed 20 August 2020 2020.

643 3. Moore LV, Thompson FE, Demissie Z. Percentage of youth meeting federal fruit and vegetable 
644 intake recommendations, Youth Risk Behavior Surveillance System, United States and 33 states, 
645 2013. Journal of the Academy of Nutrition and Dietetics 2017;117(4):545-53. e3.

646 4. NatCen Social Research UCL. Health Survey for England 2017 Children’s health: University 
647 College London, 2018.

648 5. Yngve A, Wolf A, Poortvliet E, et al. Fruit and vegetable intake in a sample of 11-year-old children 
649 in 9 European countries: The Pro Children Cross-sectional Survey. Annals of Nutrition and 
650 Metabolism 2005;49(4):236-45.

651 6. Mikkilä V, Räsänen L, Raitakari O, et al. Consistent dietary patterns identified from childhood to 
652 adulthood: The Cardiovascular Risk in Young Finns Study. British Journal of Nutrition 
653 2005;93(6):923-31.

654 7. Joint WHO/FAO Expert Consultation. Diet, nutrition and the prevention of chronic diseases: report 
655 of a joint WHO/FAO expert consultation, Geneva, 28 January - 1 February 2002. WHO Technical 
656 Report Series 916. Geneva, 2003.

657 8. Birch LL. Development of food preferences. Annual Review of Nutrition 1999;19(1):41-62.

658 9. Anzman-Frasca S, Ventura AK, Ehrenberg S, et al. Promoting healthy food preferences from the 
659 start: a narrative review of food preference learning from the prenatal period through early childhood. 
660 Obesity Reviews 2018;19(4):576-604.

661 10. Barends C, Weenen H, Warren J, et al. A systematic review of practices to promote vegetable 
662 acceptance in the first three years of life. Appetite 2019;137:174-97.

663 11. Dovey TM, Staples PA, Gibson EL, et al. Food neophobia and ‘picky/fussy’ eating in children: a 
664 review. Appetite 2008;50(2-3):181-93.

665 12. Australian Bureau of Statistics. 6202.0 - Labour Force, Australia, Jan 2018: Australian Bureau of 
666 Statistics; 2018 [Available from: 
667 https://www.abs.gov.au/ausstats/abs@.nsf/Previousproducts/6202.0Main%20Features3Jan%202018?
668 opendocument&tabname=Summary&prodno=6202.0&issue=Jan%202018&num=&view= accessed 
669 22 August 2020.

670 13. Australian Bureau Statistics. 4402.0—Childhood Education and Care, Australia, June 2017: 
671 Australian Bureau Statistics; 2018 [cited 2020 4th May]. Available from: 

Page 32 of 45

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4364.0.55.001~2017-18~Main%20Features~Children%27s%20risk%20factors~120
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4364.0.55.001~2017-18~Main%20Features~Children%27s%20risk%20factors~120
https://www.abs.gov.au/ausstats/abs@.nsf/Previousproducts/6202.0Main%20Features3Jan%202018?opendocument&tabname=Summary&prodno=6202.0&issue=Jan%202018&num=&view
https://www.abs.gov.au/ausstats/abs@.nsf/Previousproducts/6202.0Main%20Features3Jan%202018?opendocument&tabname=Summary&prodno=6202.0&issue=Jan%202018&num=&view
http://bmjopen.bmj.com/


For peer review only

32

672 www.abs.gov.au/Ausstats/abs@.nsf/0/8C168AD6F832388ACA2582750015950A?OpenDocument 
673 accessed 4th May 2020.

674 14. Raising Children Network. Child care in Australia 2019 [Available from: 
675 https://raisingchildren.net.au/grown-ups/work-child-care/organising-child-care/child-care-
676 types#centre-based-day-care-long-day-care-and-occasional-care-nav-title accessed 19 August 2020.

677 15. Department of Education Skills and Employment. Child Care in Australia report September 
678 quarter 2019: Australian Government; 2020 [Available from: https://www.education.gov.au/child-
679 care-australia-report-september-quarter-2019 accessed 16 August 2020.

680 16. Pollard CM, Lewis JM, Miller MR. Food service in long day care centres--an opportunity for 
681 public health intervention. Australian and New Zealand Journal of Public Health 1999;23(6):606-10.

682 17. Egan T, McDonald C. Feasiblity of collaborative approach to increase vegetable consumption 
683 among children. Adelaide: CSIRO, 2015.

684 18. Australian Children’s Education & Care Quality Authority. National Quality Framework 2020 
685 [Available from: www.acecqa.gov.au/nqf/national-law-regulations accessed 19 August 2020.

686 19. Spence A, Love P, Byrne RA, et al. Childcare food provision recommendations vary across 
687 Australia: jurisdictional comparison and nutrition expert perspectives. International Journal of 
688 Environmental Research and Public Health in press

689 20. Erinosho T, Dixon LB, Young C, et al. Nutrition practices and children's dietary intakes at 40 
690 child-care centers in New York City. Journal of the American Dietetic Association 2011;111(9):1391-
691 97.

692 21. Jones J, Wyse R, Wiggers J, et al. Dietary intake and physical activity levels of children attending 
693 Australian childcare services. Nutrition & Dietetics 2017;74(5):446-53.

694 22. Gerritsen S, Anderson SE, Morton SM, et al. Pre-school nutrition-related behaviours at home and 
695 early childhood education services: Findings from the Growing Up in New Zealand longitudinal 
696 study. Public Health Nutrition 2018;21(7):1222-31.

697 23. Yoong SL, Skelton E, Jones J, et al. Do childcare services provide foods in line with the 2013 
698 Australian Dietary guidelines? A cross-sectional study. Australia New Zealand Journal of Public 
699 Health 2014;38(6):595-6.

700 24. Sambell R, Wallace R, Lo J, et al. Increasing Food Expenditure in Long Day-Care by an Extra 
701 $0.50 Per Child/Day Would Improve Core Food Group Provision. Nutrients 2020;12(4):968.

702 25. Bell LK, Hendrie GA, Hartley J, et al. Impact of a nutrition award scheme on the food and 
703 nutrient intakes of 2-to 4-year-olds attending long day care. Public Health Nutrition 
704 2015;18(14):2634-42.

705 26. Benjamin Neelon SE., Vaughn A., Ball SC., et al. Nutrition practices and mealtime environments 
706 of North Carolina child care centers. Childhood Obesity 2012;8(3):216-23.

Page 33 of 45

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

www.abs.gov.au/Ausstats/abs@.nsf/0/8C168AD6F832388ACA2582750015950A?OpenDocument
https://raisingchildren.net.au/grown-ups/work-child-care/organising-child-care/child-care-types#centre-based-day-care-long-day-care-and-occasional-care-nav-title
https://raisingchildren.net.au/grown-ups/work-child-care/organising-child-care/child-care-types#centre-based-day-care-long-day-care-and-occasional-care-nav-title
https://www.education.gov.au/child-care-australia-report-september-quarter-2019
https://www.education.gov.au/child-care-australia-report-september-quarter-2019
www.acecqa.gov.au/nqf/national-law-regulations
http://bmjopen.bmj.com/


For peer review only

33

707 27. Seward K, Finch M, Yoong SL, et al. Factors that influence the implementation of dietary 
708 guidelines regarding food provision in centre based childcare services: a systematic review. 
709 Preventive Medicine 2017;105:197-205.

710 28. Love P, Walsh M, Campbell KJ. Knowledge, Attitudes and Practices of Australian Trainee 
711 Childcare Educators Regarding Their Role in the Feeding Behaviours of Young Children. 
712 International Journal of Environmental Research and Public Health 2020;17(10):3712.

713 29. Dev DA, McBride BA, Speirs KE, et al. “Great job cleaning your plate today!” Determinants of 
714 child-care providers’ use of controlling feeding practices: an exploratory examination. Journal of the 
715 Academy of Nutrition and Dietetics 2016;116(11):1803-09.

716 30. Matwiejczyk L, Mehta K, Scott J, et al. Characteristics of effective interventions promoting 
717 healthy eating for pre-schoolers in childcare settings: an umbrella review. Nutrients 2018;10(3):293.

718 31. Bell LK, Golley RK. Interventions for improving young children's dietary intake through early 
719 childhood settings: A systematic review. International Journal of Child Health and Nutrition 
720 2015;4:14-32.

721 32. Hendrie GA, Lease HJ, Bowen J, et al. Strategies to increase children's vegetable intake in home 
722 and community settings: a systematic review of literature. Maternal & Child Nutrition 
723 2017;13(1):e12276.

724 33. Nekitsing C, Blundell-Birtill P, Cockroft JE, et al. Systematic review and meta-analysis of 
725 strategies to increase vegetable consumption in preschool children aged 2-5 years. Appetite 
726 2018;127:138-54.

727 34. National Health and Medical Research Council. Australian Dietary Guidelines. Canberra, 2013.

728 35. Evans CEL., Christian MS., Cleghorn CL., et al. Systematic review and meta-analysis of school-
729 based interventions to improve daily fruit and vegetable intake in children aged 5 to 12 y. American 
730 Journal of Clinical Nutrition 2012;96(4):889-901.

731 36. Wolfenden L, Jones J, Williams CM, et al. Strategies to improve the implementation of healthy 
732 eating, physical activity and obesity prevention policies, practices or programmes within childcare 
733 services. Cochrane Database of Systematic Reviews 2016(10)

734 37. Sisson SB, Krampe M, Anundson K, et al. Obesity prevention and obesogenic behavior 
735 interventions in child care: a systematic review. Preventive Medicine 2016;87:57-69.

736 38. Zhou YE, Emerson JS, Levine RS, et al. Childhood obesity prevention interventions in childcare 
737 settings: systematic review of randomized and nonrandomized controlled trials. American Journal of 
738 Health Promotion 2014;28(4):e92-e103.

739 39. Ling J, Robbins LB, Wen F. Interventions to prevent and manage overweight or obesity in 
740 preschool children: A systematic review. International Journal of Nursing Studies 2016;53:270-89.

Page 34 of 45

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

34

741 40. Ward SA, Belanger MF, Donovan D, et al. Relationship between eating behaviors and physical 
742 activity of preschoolers and their peers: a systematic review. International Journal of Behavioral 
743 Nutrition and Physical Activity 2016;13(1):50.

744 41. Hendrie GA, Brindal E, Baird DL, et al. Best practice guidelines for increasing children’s 
745 vegetable consumption: A comprehensive report of the development of best practice guidelines to 
746 inform interventions aiming to increasing children’s consumption of vegetables. Adelaide, Australia, 
747 2018.

748 42. Collins LM. Optimization of Behavioral, Biobehavioral, and Biomedical Interventions. Online: 
749 Springer, Cham 2018.

750 43. Collins LM, Murphy SA, Nair VN, et al. A strategy for optimizing and evaluating behavioral 
751 interventions. Annals of Behavioral Medicine 2005;30(1):65-73.

752 44. Bell LK., Gardner C., Tian EJ., et al. Supporting strategies for enhancing vegetable liking in the 
753 early years of life: an umbrella review of systematic reviews. American Journal of Clinical Nutrition 
754 2021;113(5):1282-300.

755 45. Glasgow RE, Vogt TM, Boles SM. Evaluating the public health impact of health promotion 
756 interventions: the RE-AIM framework. American Journal of Public Health 1999;89(9):1322-27.

757 46. Healthy Eating Advisory Service. Menu planning guidelines for long day care Victoria: Nutrition 
758 Australia; 2020 [Available from: https://heas.health.vic.gov.au/early-childhood-services/menu-
759 planning/long-day-care/guidelines accessed 20 August 2020.

760 47. Yoong SL, Grady A, Seward K, et al. The Impact of a Childcare Food Service Intervention on 
761 Child Dietary Intake in Care: An Exploratory Cluster Randomized Controlled Trial. American 
762 Journal of Health Promotion 2019;33(7):991-1001.

763 48. Blissett J. Relationships between parenting style, feeding style and feeding practices and fruit and 
764 vegetable consumption in early childhood. Appetite 2011;57(3):826-31.

765 49. Satter E. Feeding dynamics: helping children to eat well. Journal of Pediatric Health Care 
766 1995;9(4):178-84.

767 50. Mura Paroche M, Caton SJ, Vereijken CM, et al. How infants and young children learn about 
768 food: A systematic review. Front Psychol 2017;8:1046.

769 51. Poelman AA, Cochet-Broch M, Cox DN, et al. VERTICAL: A sensory education program for 
770 Australian primary schools to promote children's vegetable consumption. Journal of Nutrition 
771 Education and Behavior 2017;49(6):527-28. e1.

772 52. Department of Education SaE. Belonging, Being & Becoming - The Early Years Learning 
773 Framework for Australia: Australian Government; 2019 [Available from: 
774 https://docs.education.gov.au/node/2632 accessed 20 August 2020.

Page 35 of 45

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

https://heas.health.vic.gov.au/early-childhood-services/menu-planning/long-day-care/guidelines
https://heas.health.vic.gov.au/early-childhood-services/menu-planning/long-day-care/guidelines
https://docs.education.gov.au/node/2632
http://bmjopen.bmj.com/


For peer review only

35

775 53. Poelman AA, Cochet-Broch M, Wiggins B, et al. Effect of Experiential Vegetable Education 
776 Program on Mediating Factors of Vegetable Consumption in Australian Primary School Students: A 
777 Cluster-Randomized Controlled Trial. Nutrients 2020;12(8):2343.

778 54. Collins LM, Trail JB, Kugler KC, et al. Evaluating individual intervention components: making 
779 decisions based on the results of a factorial screening experiment. Translational Behavioral Medicine 
780 2014;4(3):238-51.

781 55. Australian Children’s Education & Care Quality Authority. National Registers 2020 [Available 
782 from: https://www.acecqa.gov.au/resources/national-registers accessed 19 August 2020.

783 56. Australian Bureau of Statistics. 2033.0.55.001 - Census of Population and Housing: Socio-
784 Economic Indexes for Areas (SEIFA), Australia, 2016 Canberra: Australian Bureau of Statistics; 2018 
785 [Available from: https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001 accessed 20 August 
786 2020 

787 57. Seward K, Wolfenden L, Finch M, et al. Multistrategy childcare-based intervention to improve 
788 compliance with nutrition guidelines versus usual care in long day care services: a study protocol for a 
789 randomised controlled trial. BMJ Open 2016;6(6):e010786. doi: 10.1136/bmjopen-2015-010786

790 58. Seward K, Wolfenden L, Wiggers J, et al. Measuring implementation behaviour of menu 
791 guidelines in the childcare setting: confirmatory factor analysis of a theoretical domains framework 
792 questionnaire (TDFQ). International Journal of Behavioral Nutrition and Physical Activity 
793 2017;14(1):45.

794 59. Leacock TL, Nesbit JC. A framework for evaluating the quality of multimedia learning resources. 
795 Journal of Educational Technology & Society 2007;10(2):44-59.

796 60. Poelman AA, Cochet-Broch M, Beelen J, et al. Teacher Evaluation of an Experiential Vegetable 
797 Education Program for Australian Primary Schools: Does Face-to-Face Training Add Value above 
798 Digital Training? Nutrients 2021;13(5):1648.

799 61. Michie S, Johnston M, Abraham C, et al. Making psychological theory useful for implementing 
800 evidence based practice: a consensus approach. BMJ Quality & Safety 2005;14(1):26-33.

801 62. McKay H, Naylor P-J, Lau E, et al. Implementation and scale-up of physical activity and 
802 behavioural nutrition interventions: an evaluation roadmap. International Journal of Behavioral 
803 Nutrition and Physical Activity 2019;16(1):102.

804 63. Whiteside-Mansell L, Swindle T, Selig JP. Together, We Inspire Smart Eating (WISE): An 
805 Examination of Implementation of a WISE Curriculum for Obesity Prevention in Children 3 to 7 
806 Years. Global Pediatric Health 2019;6:2333794X19869811.

807 64. Dziak JJ, Nahum-Shani I, Collins LM. Multilevel factorial experiments for developing behavioral 
808 interventions: Power, sample size, and resource considerations. Psychological Methods 
809 2012;17(2):153.

810 65. Poelman AA, Cochet-Broch M, Cox DN, et al. Vegetable Education Program Positively Affects 
811 Factors Associated With Vegetable Consumption Among Australian Primary (Elementary) 
812 Schoolchildren. Journal of Nutrition Education and Behavior 2019;51(4):492-97. e1.

Page 36 of 45

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

https://www.acecqa.gov.au/resources/national-registers
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001
http://bmjopen.bmj.com/


For peer review only

36

813 66. Bell AC, Davies L, Finch M, et al. An implementation intervention to encourage healthy eating in 
814 centre-based child-care services: impact of the Good for Kids Good for Life programme. Public 
815 Health Nutrition 2015;18(9):1610-19.

816 67. VegKit. Vegetable Intake Strategic Alliance: VegKit; 2020 [Available from: 
817 https://www.vegkit.com.au/about/vegetable-intake-strategic-alliance/ accessed 23 August 2020.

818 68. Grady A, Fielding A, Golley RK, et al. Adaptation, acceptability and feasibility of a Short Food 
819 Survey to assess the dietary intake of children during attendance at childcare. Public Health Nutrition 
820 2020;23(9):1484-94.

821 69. Australian Children’s Education & Care Quality Authority. Educator to child ratios 2020 
822 [Available from: https://www.acecqa.gov.au/nqf/educator-to-child-ratios accessed 20 August 2020.

823 70. Australian Bureau of Statistics. 8146.0 - Household Use of Information Technology, Australia, 
824 2016-17 Canberra: Australian Bureau of Statistics; 2018 [Available from: 
825 https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/8146.0Main+Features12016-
826 17?OpenDocument accessed 17 September 2020.

827

Page 37 of 45

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-047618 on 2 D

ecem
ber 2021. D

ow
nloaded from

 

https://www.vegkit.com.au/about/vegetable-intake-strategic-alliance/
https://www.acecqa.gov.au/nqf/educator-to-child-ratios
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/8146.0Main+Features12016-17?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/8146.0Main+Features12016-17?OpenDocument
http://bmjopen.bmj.com/


For peer review only

37

828 FIGURES

829

830 Figure 1 – Logic model for development of initiative package for use in long day care to increase 
831 children’s vegetable intake 

832 *Other sensory exposure -  sensory-based explorative behaviours through the five senses (sight, smell, 
833 touch, hearing, taste) to promote familiarization with vegetables 

834

835 Figure 2 – Study design for development and evaluation of initiative package for use in long day care 
836 to increase children’s vegetable intake 

837 *See Table 2 for outcome measures and instruments at all timepoints. Abbreviations: LDC = long day 
838 care; LDCC = long day care centres

839
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Best Practice Guidelines for increasing 
vegetable intake in long day care (32,41); 
Vegetable education curriculum (51)

Figure 1 – Logic model for development of initiative package for use in long day care to increase children’s vegetable intake

*Other sensory exposure - sensory-based explorative behaviours through the five senses (sight, smell, touch, hearing, taste) to promote familiarization with vegetables 

Centre:
• ↑ Vegetable 

provision on 
menu (amount 
& variety

• Use of feeding 
practices at 
meal times

• Delivery of 
sensory-based 
curriculum
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Development of initiatives:
1. Food provision
2. Mealtime environment
3. Curriculum

OPTIMISATION PHASE EVALUATION PHASE

Multiphase optimisation strategy (MOST) 

Figure 2 – Study design for development and evaluation of initiative package for use in long day care to increase children’s vegetable intake
*See Table 2 for outcome measures and instruments at all timepoints. Abbreviations: LDC = long day care; LDCC = long day care centres

Study information distributed via email to LDC providers

Invitation to participate sent via email to ~50 LDC centres

Assessment of eligibility, information sessions and consent 

Complete baseline assessments*

Group allocation to 8 conditions (N=32 LDCC; n=4 per condition)

Condition 1 2 3 4 5 6 7 8

Food provision P P P P

C
on

tro
l

Mealtime environment P P P P

Curriculum P P P P

Complete follow-up assessments*

12-week intervention period: 
Preparation - Weeks 1-4;  Initiative implementation – Weeks 5-12

Identification of optimised initiative package to increase 
children’s vegetable intake in LDC

Study information dissemination

Online registration à Study information, consent and assessment 
of eligibility via completion of user registration questionnaire 

LDC centres report baseline data via online questionnaires*

Group allocation

Initiative package (n=10 LDCC) Waitlist control (n=10 LDCC)

12-week intervention period

LDC centres report follow-up data via online questionnaires*

PREPARATION PHASE 

Control sites offered access to initiative package
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SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

Section/item Item 
No

Description Addressed on 
page number:

Administrative information

Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial 
acronym

1

2a Trial identifier and registry name. If not yet registered, name of intended registry 3Trial registration

2b All items from the World Health Organization Trial Registration Data Set Trial registration 
through ANZCTR 

– as per p.3

Protocol version 3 Date and version identifier 1

Funding 4 Sources and types of financial, material, and other support 26

5a Names, affiliations, and roles of protocol contributors 1, 27Roles and 
responsibilities

5b Name and contact information for the trial sponsor 26

5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, 
and interpretation of data; writing of the report; and the decision to submit the report for 
publication, including whether they will have ultimate authority over any of these activities

27
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2

5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint 
adjudication committee, data management team, and other individuals or groups overseeing the 
trial, if applicable (see Item 21a for data monitoring committee)

N/A

Introduction

Background and 
rationale

6a Description of research question and justification for undertaking the trial, including summary of 
relevant studies (published and unpublished) examining benefits and harms for each 
intervention

3-6

6b Explanation for choice of comparators 3-6

Objectives 7 Specific objectives or hypotheses 6

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single 
group), allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory)

6,7, 12,21

Methods: Participants, interventions, and outcomes

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries 
where data will be collected. Reference to where list of study sites can be obtained

4,12,22

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres 
and individuals who will perform the interventions (eg, surgeons, psychotherapists)

12,22

11a Interventions for each group with sufficient detail to allow replication, including how and when 
they will be administered

7-11
Figure 1, Table 1

Interventions

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, 
drug dose change in response to harms, participant request, or improving/worsening disease)

N/A
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3

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring 
adherence (eg, drug tablet return, laboratory tests)

16,17,19-20

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial 20

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, 
systolic blood pressure), analysis metric (eg, change from baseline, final value, time to event), 
method of aggregation (eg, median, proportion), and time point for each outcome. Explanation 
of the clinical relevance of chosen efficacy and harm outcomes is strongly recommended

17-20,23
Table 2

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, 
and visits for participants. A schematic diagram is highly recommended (see Figure)

16,22-23
Figure 2, Table 2

Sample size 14 Estimated number of participants needed to achieve study objectives and how it was 
determined, including clinical and statistical assumptions supporting any sample size 
calculations

20,24

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size 12-13,22

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 
generation

16a Method of generating the allocation sequence (eg, computer-generated random numbers), and 
list of any factors for stratification. To reduce predictability of a random sequence, details of any 
planned restriction (eg, blocking) should be provided in a separate document that is unavailable 
to those who enrol participants or assign interventions

13,22

Allocation 
concealment 
mechanism

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially 
numbered, opaque, sealed envelopes), describing any steps to conceal the sequence until 
interventions are assigned

13,22
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4

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign 
participants to interventions

13,22

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, 
outcome assessors, data analysts), and how

13,22

17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a 
participant’s allocated intervention during the trial

N/A

Methods: Data collection, management, and analysis

Data collection 
methods

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any 
related processes to promote data quality (eg, duplicate measurements, training of assessors) 
and a description of study instruments (eg, questionnaires, laboratory tests) along with their 
reliability and validity, if known. Reference to where data collection forms can be found, if not in 
the protocol

16-20,22-23

18b Plans to promote participant retention and complete follow-up, including list of any outcome data 
to be collected for participants who discontinue or deviate from intervention protocols

16-17

Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote 
data quality (eg, double data entry; range checks for data values). Reference to where details of 
data management procedures can be found, if not in the protocol

16

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other 
details of the statistical analysis plan can be found, if not in the protocol

21, 24

20b Methods for any additional analyses (eg, subgroup and adjusted analyses) 21, 24

20c Definition of analysis population relating to protocol non-adherence (eg, as randomised 
analysis), and any statistical methods to handle missing data (eg, multiple imputation)

21, 24

Methods: Monitoring
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Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; 
statement of whether it is independent from the sponsor and competing interests; and reference 
to where further details about its charter can be found, if not in the protocol. Alternatively, an 
explanation of why a DMC is not needed

N/A – DMC is not 
needed due to the 

nature of the 
intervention and 

minimal risk

21b Description of any interim analyses and stopping guidelines, including who will have access to 
these interim results and make the final decision to terminate the trial

N/A

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported 
adverse events and other unintended effects of trial interventions or trial conduct

N/A

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be 
independent from investigators and the sponsor

N/A

Ethics and dissemination

Research ethics 
approval

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval
26

Protocol 
amendments

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, 
outcomes, analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial 
registries, journals, regulators)

N/A

Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised 
surrogates, and how (see Item 32)

13, 22

26b Additional consent provisions for collection and use of participant data and biological specimens 
in ancillary studies, if applicable

N/A

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and 
maintained in order to protect confidentiality before, during, and after the trial

16
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Declaration of 
interests

28 Financial and other competing interests for principal investigators for the overall trial and each 
study site

27

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual 
agreements that limit such access for investigators

27

Ancillary and post-
trial care

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer 
harm from trial participation

N/A

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare 
professionals, the public, and other relevant groups (eg, via publication, reporting in results 
databases, or other data sharing arrangements), including any publication restrictions

26

31b Authorship eligibility guidelines and any intended use of professional writers 26

31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and 
statistical code

27

Appendices

Informed consent 
materials

32 Model consent form and other related documentation given to participants and authorised 
surrogates

Not attached as 
Appendices – can 
be provided upon 

request 

Biological 
specimens

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or 
molecular analysis in the current trial and for future use in ancillary studies, if applicable

N/A

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on 
the items. Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative 
Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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