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ABSTRACT
Introduction  Globally, children do not eat enough core 
foods, with vegetable intakes persistently low. Early 
life is critical for establishing vegetable acceptance 
and intake. Increased usage of formal childcare has 
led to the importance of childcare settings shaping 
children’s food intake. This study will use the multiphase 
optimisation strategy to develop, optimise and evaluate 
the effectiveness of a multicomponent initiative package 
to increase 2-to-5-year-old children’s vegetable intake in 
long day care centres.
Methods and analysis  The preparation phase will 
use existing literature and best practice guidelines to 
develop three initiatives aiming to: (1) increase vegetable 
provision at mealtimes, (2) deliver a vegetable-focused 
sensory curriculum and (3) use supportive mealtime 
practices encouraging children’s tasting of vegetables. 
The optimisation phase (N=32 centres) will use a 12-
week, eight-condition factorial experiment to test main 
and synergistic effects of the initiatives. The optimum 
combination of initiatives producing the largest increase 
in vegetable intake will be identified. The evaluation phase 
(N=20 centres) will test the effectiveness of the optimised 
package using a 12-week waitlist randomised controlled 
trial. Primary outcomes are children’s vegetable intake and 
food group intake at long day care. Secondary outcomes 
are menu guideline compliance, cook and educator 
knowledge and skills, and reach. Process evaluation will 
include fidelity, acceptability, barriers and facilitators, and 
compatibility with practice. Repeated measures ANOVA 
with interaction effects (optimisation phase) and linear 
mixed modelling (evaluation phase) will test effects of the 
initiatives on vegetable intake.
Ethics and dissemination  This study has received 
ethics approval from the Flinders University Research 
Ethics Committee (Project No: 1873) for the optimisation 
phase. Approval for the evaluation phase will be obtained 
following completion of optimisation phase. Findings will 
be disseminated to stakeholders, including long day care 

centres and childcare organisations; and to researchers 
via peer-reviewed journals and conferences.
Trial registration numbers  ACTRN12620001301954, 
ACTRN12620001323910p.

INTRODUCTION
Globally, children do not eat enough foods 
from the five food groups and overconsume 
nutrient-poor foods and drinks.1 In partic-
ular, intake of vegetables is persistently low. 

Strengths and limitations of this study

►► This study will use the multiphase optimisation 
strategy (MOST) framework to develop, optimise 
and evaluate a best-practice multicomponent ini-
tiative package which aims to increase children’s 
vegetable intake in long day care.

►► The MOST framework is a novel approach for pro-
ducing effective, efficient and scalable multicompo-
nent interventions, which is a more rapid and less 
resource intensive than classical approaches using 
sequential pilot and randomised controlled trial 
studies.

►► The initiatives will equip cooks and educators with 
the knowledge and skills to implement the interven-
tion to ensure sustainability outside of the research 
setting and will be developed with an adoption part-
ner who works within the sector to provide a path-
way to roll-out.

►► Notable limitations include the inability to conceal 
group allocation as participating centres are re-
quired to make organisational changes and possibil-
ity of contamination across centres from the same 
childcare provider which are enrolled in different 
conditions.
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Only 6.3% of Australian children eat the recommended 
amount of vegetables,2 with similar low intake in other 
countries.3–5 The first 5 years of life (ie, early childhood) is 
a critical period when adequate nutrition is fundamental 
for growth and development, influencing a child’s lifelong 
health trajectory.6 7 Early childhood is also an important 
period for establishing vegetable liking and acceptance, 
which are associated with vegetable intake.8–10 Humans 
are born with an innate liking for sweet taste and a predis-
position to reject foods with bitter flavours, such as vege-
tables.8 9 However, food preferences are most malleable in 
early childhood when young children can learn to like a 
range of foods, including vegetables, through a variety of 
mechanisms including early and repeated exposure.8 10 11 
Repeated exposure can overcome low willingness to try 
new foods and food rejection that occur as part of child 
development between ages 2 and 6 years, leading to 
increased vegetable intake.8 11 Parents are a key influence 
on children’s food intake in the early years, but many 
young children also spend considerable time in non-
parental formal and informal care arrangements where 
food is provided to them.12 13 Over half of 2-to-5 year old 
children in Australia attend formal centre-based early 
childhood education and care (ECEC), most commonly 
long day care (LDC),13 14 where children spend on 
average 3 days (~30 hours) per week.15

LDC centres in Australia provide both full-time and 
part-time care to children aged 6 weeks to 6 years, for up 
to 12 hours a day.13 14 LDC generally includes an education 
element to prepare children for school and approximately 
70% (variable by state and territory) of centres provide 
food that is prepared onsite for morning snack, lunch and 
afternoon snack, accounting for 40%–60% of children’s 
daily food intake in care.16 17 Many also provide breakfast 
and a late snack.17 Australian LDC services must comply 
with a National Quality Framework which outlines stan-
dards for the sector, including those for healthy eating.18 
Menu planning guidelines that guide the provision of foods 
according to dietary guidelines are also common.19 Despite 
these standards, children’s food intake while in childcare 
is not consistent with dietary guidelines20–22 and menus at 
most LDC centres do not comply with menu guidelines.23 24 
For example, 0%–55% of centres comply with guidelines 
for vegetable provision.23 25 26 Barriers reported by cooks 
to improving menu compliance with guidelines include 
perceptions about children’s likes and dislikes, increased 
cost and food wastage.27 Further, although educators report 
that promoting healthy eating is an important part of their 
role, use of feeding practices that create a supportive meal-
time environment for tasting new foods and enjoying vege-
tables have not been consistently observed in practice.28 29 
Given the pivotal role that early care settings can play in 
shaping children’s dietary intake and the importance of the 
early years for establishing vegetable acceptance, there is a 
need to better support LDC centres to provide supportive 
environments for promoting vegetable intake.

Childcare-based nutrition promotion strategies can be 
effective for improving children’s food intake in care.30 31 

Interventions targeting improvements in vegetable intake 
in childcare settings have achieved small-moderate 
increases in intake ranging from one-quarter of a serve 
(approximately 19 g) to 67 g (approximately 0.89 serves, 
with one serve=75 g based on Australian recommenda-
tions).32–34 In comparison, school-based interventions 
with older children achieved increases of 0.07 servings 
of vegetables (approximately 6 g),35 suggesting that inter-
vening at an earlier age when vegetable preferences are 
being formed can produce superior results. Multilevel 
(targeting individuals and environments) and multicom-
ponent nutrition promotion approaches in childcare have 
been most successful.30 32 Interventions which improved 
children’s healthy eating behaviours in care have targeted 
a combination of nutrition policies and food provi-
sion,31 36 director and educator training,36 37 educators’ 
nutrition knowledge and feeding practices,38 39 delivery 
of curricula and sensory education,31 36 38 role-modelling 
and observational learning.40 Further, providing training 
and embedding interventions into everyday routines of 
the childcare centre is likely to improve the sustainability 
of interventions.30 Best practice guidelines for designing 
interventions to increase children’s vegetable intake 
emphasise the need for multilevel and multicomponent 
interventions, which target both individuals and the 
environment, have more than one target audience (ie, 
educators, children), target vegetables (ie, rather than 
healthy eating) and are of sufficient intensity and dura-
tion (at least 6 weeks duration, with weekly participant 
contact).32 41 Accordingly, a multicomponent interven-
tion with a strong vegetable focus, which combines strate-
gies that target children, such as education and hands-on 
sensory experiences, with strategies targeting educators, 
cooks and the centre environment to support regular and 
repeated exposure to vegetables, is needed to produce 
optimum results for increasing vegetable intake in young 
children.30

Delivery and evaluation of multicomponent inter-
ventions within community settings presents many 
challenges. Traditional approaches using randomised 
controlled trials (RCT) to evaluate the performance of 
several intervention components are resource intensive, 
requiring multiple trials or multiple parallel conditions 
with high cost and large sample sizes. Although the RCT 
is the gold standard for evaluating the effectiveness of 
interventions, evaluation of multicomponent interven-
tions solely via RCT does not provide information about 
the independent, relative and synergistic effects of inter-
vention components. To overcome these limitations, the 
multiphase optimisation strategy (MOST) uses a multi-
phase experimental design to build effective, efficient and 
scalable multicomponent behavioural interventions.42 
The MOST provides an efficient approach for identifying 
the most effective combination of intervention compo-
nents, by testing main, additive and interactive effects of 
multiple interventions.43 Further, MOST embeds within 
its design evaluation of compatibility with practice and 
effectiveness within real-world settings, supporting the 
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development of interventions that can be more readily 
translated into policy and practice.42

This study will use the MOST framework to develop and 
evaluate a multicomponent initiative package for use in 
LDC centres to increase children’s vegetable intake while 
in care. The initiatives will use a paradigm that focuses on 
building acceptance and familiarity with vegetables, as a 
sustainable approached to increasing vegetable intake.44 
This study will use a full factorial design during the opti-
misation phase to identify which components individually 
and in combination, produce the best initiative package 
subject to constraints. Using this approach will overcome 
limitations of studies testing either single intervention 
components or multicomponent interventions, that are 
unable to identify which component(s) or combination 
of components are most effective. This will support the 
development of feasible, efficient and effective initiative 
package that can be implemented in practice, without 
placing burden on LDC centres. The aims of this study 
are to (1) develop three initiatives targeting food provi-
sion, meal time practices and curriculum which integrate 
best practice guidelines for increasing vegetable intake 
in LDC (preparation phase), (2) identify the optimum 
combination of initiatives for increasing 2-to-5 year old 
children’s vegetable intake in LDC (optimisation phase) 
and (3) determine the effectiveness of the optimised 
initiative package for increasing children’s vegetable 
intake in care (evaluation phase). We hypothesise that 
the effects of the three initiatives for increasing vegetable 
intake will be synergistic, and second, that the optimised 
initiative package will increase children’s mean vegetable 
intake while in care by more than 0.5 serves.

METHODS AND ANALYSIS
Trial design
This project will undertake the three stages of the MOST: 
the preparation phase will select and develop the initia-
tives to be tested; the optimisation phase will assess the 
independent and synergistic effects of the initiatives to 
identify the optimal initiative package; and the evaluation 
phase will test the effectiveness of the initiative package.42 
The RE-AIM model will be used to evaluate the reach, 
efficacy/effectiveness, adoption, implementation and 
maintenance of the initiative package across the optimi-
sation and evaluation phases.45 The optimisation phase 
will be conducted from December 2020 to August 2021 
and the evaluation phase will be conducted from January 
to August 2022.

Preparation phase
Three initiatives will be developed which draw on 
evidence for effective strategies for increasing vegetable 
intake and acceptance in the early years30 44 and align with 
best practice guidelines for increasing vegetable intake in 
LDC, which recommend multilevel and multicomponent 
interventions that combine strategies targeting children 
and the centre environment32 41 (table  1). The target 

audience of the initiatives will be children, educators and 
cooks. The initiatives will aim to increase educator’s and 
cook’s knowledge and skills to create a supportive envi-
ronment that promotes children’s vegetable familiarisa-
tion, acceptance and consumption (figure  1). Changes 
to food provision via increasing vegetables on the menu, 
delivery of experiential and sensory curriculum activities 
and use of supportive feeding practices at mealtimes will 
increase vegetable availability and repeated exposure to 
vegetables.

Food provision initiative
The food provision initiative will support cooks to 
increase the provision of vegetables across all eating occa-
sions, in the context of training to plan a menu that aligns 
with healthy menu guidelines.46 Interventions supporting 
childcare centres to improve compliance with menu 
guidelines have increased children’s vegetable intake by 
0.1–0.4 serves.25 47 Cooks will complete an online training 
module, use an online menu planning tool to review 
their menu and implement the revised menu. The online 
training and menu assessment tool were developed by 
dietitians, with feedback from LDC centres. The training 
will take approximately 45–55 min to complete and covers 
menu planning, importance of healthy eating, imple-
menting menu guidelines and overcoming common 
barriers. Cooks will use an automated online menu assess-
ment tool to assess compliance of their menu with guide-
lines. There are currently no South Australian guidelines, 
therefore Victorian Menu Planning Guidelines will be 
used, which align closely with previous South Austra-
lian guidelines.19 46 Cooks will enter their current menu, 
recipes, and number of children for whom their menu 
caters and will receive an overview of compliance of the 
menu with guidelines for each food group. Recommen-
dations by food group will be provided, identifying meal 
occasions (morning snack, lunch and afternoon snack) 
and days where the menu needs to be revised to meet 
guidelines. According to the guidelines, children should 
be offered 1–1.5 serves of vegetables and legumes/beans 
per day (one serve=75 g vegetables or cooked legumes/
beans, 1 cup of leafy greens), at least 2–3 different types 
of vegetables per day and at least five different types per 
week.46 Cooks will have 4 weeks to complete training, the 
menu assessment and revise their menu according to the 
recommendations provided before implementing the 
revised menu at their next menu change.

Mealtime environment
The mealtime environment initiative will support 
educators to use mealtime practices that promote chil-
dren’s vegetable acceptance and intake. The initiative 
will apply evidence for effective strategies that support 
development of vegetable acceptance development in 
other settings within a childcare setting.44 48 The initia-
tive will aim to increase educator’s knowledge and skills 
to use feeding practices at mealtimes that will promote 
vegetable familiarisation via repeated exposure and 
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opportunities to try vegetables, including the division 
of responsibility (‘educator provides, child decides’),49 
repeated encouragement to try, use of neutral language, 
sensory tasting using the five senses and role modelling 
of vegetable intake.10 44 48 50 The training will be devel-
oped by a team of dietitians and researchers with knowl-
edge of the LDC sector and a service delivery partner 
who delivers training and resources to the LDC sector. 
Educators will complete an interactive online training 
module (~45–55 min) which includes topics about the 
role of the educator in promoting healthy eating, creating 
supportive meal time environments, use of feeding 

practices, overcoming barriers related to food rejection 
and planning and implementing a strategy within their 
centre. Examples of interactive components include 
short quiz questions, reflection questions and planning 
activities for action within the LDC centre. The training 
module will promote strategies to increasing vegetable 
acceptance and intake within the context of creating a 
mealtime environment which promotes healthy eating. 
Educators and teachers will then apply the knowledge 
and strategies learnt in training during mealtimes in 
the 8 weeks of the implementation period (as described 
below).

Table 1  Description and alignment with best practice guidelines of initiatives to increase 2-to-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 LDC32 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

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 and 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 and intake

7.	 Monitor and provide 
feedback on progress—
monitor progress against 
goals at regular intervals

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, sensory 
education and experiential 
learning

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

3.	 Support children to enjoy 
vegetables and be able to 
taste any vegetable
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Curriculum
The curriculum initiative will consist of a lesson package 
for educators that aims to provide opportunities for chil-
dren to learn about, try and enjoy vegetables by increasing 
their exposure to a variety of familiar and unfamiliar vege-
tables. The curriculum is based on experiential learning, 
sensory education, and insights on vegetable preference 
development in children. The curriculum will be adapted 
from the evidence-based Taste & Learn vegetable educa-
tion curriculum for primary school children (aged 5–12 
years)51 to be suitable for younger children and align with 
The Early Years Learning Framework.52 Taste & Learn is 
effective for increasing children’s vegetable knowledge, 
verbalisation skills, acceptance, and willingness to try 
vegetables.53 The curriculum will consist of the following 
elements:

►► A series of 16 short (~10–20 min) lessons and hands-on 
activities delivered during intentional teaching time. 
Children will discover how to enjoy a variety of vegeta-
bles using sensory education and tasting lessons that 
focus on fun, involvement and experiential learning.

►► A series of 16 snack time occasions where vegetables 
will be tasted and critical strategies to reinforce chil-
dren’s enjoyment of vegetables can be consolidated.

►► Supporting resources and activities to further famil-
iarise children with vegetables and their senses (eg, 
reading corner, songs) and a group reward chart to 
track progress of vegetables tasted

Educators will be provided with written background 
information and lesson plans to teach and implement 
the programme over the 8-week implementation period. 
The development process will engage early education 
experts, including researchers, early education teachers 

and dietitians with expertise in LDC, to ensure that the 
curriculum is appropriate and aligns with usual teaching 
practice and everyday routines in LDC.

Optimisation phase
Study design
The optimisation phase will use a full factorial design 
to test the efficacy of the three initiatives for increasing 
vegetable intake in LDC centres. The objectives will be 
to (1) evaluate the independent and combined effects of 
three initiatives to identify the optimised combination of 
initiatives for increasing children’s vegetable intake while 
in care and (2) undertake a process evaluation to under-
stand acceptability and factors that influence adoption of 
the initiatives. LDC centres will be randomly assigned to 
eight experimental conditions resulting from the crossing 
of the three initiatives, each of which has two conditions 
(present vs not present) and reflecting all possible combi-
nations of initiative components (figure  2). This study 
design maximises the statistical power to identify the main 
effect of each individual initiative, as well as additive and 
synergistic effects of initiatives to identify the optimised 
initiative package that is efficient, scalable and effective 
for increasing children’s vegetable intake. The optimisa-
tion criterion is the initiative or combination of initiatives 
that deliver an increase of more than 0.5 serves of vege-
tables, anticipating that this should also be a statistically 
significant increase. The optimisation criterion has been 
determined based on a meaningful increase in the key 
outcome variable of vegetable intake, defined as an initia-
tive effect greater than those currently seen in the litera-
ture.32 54 If none of the combinations of initiatives achieve 
the optimisation criterion, the package will consist of the 

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 familiarisation with vegetables.
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intervention elements that show a statistically significant 
increase in vegetable intake, taking into consideration 
findings of the process evaluation.

Eligibility criteria
Private (non-government) LDC centres will be eligible 
if they operate for at least 8 hours per weekday (Monday 
to Friday), prepare food onsite, serve lunch and two 
between-meal snacks each day and enrol children aged 
2–5 years. Centres will be excluded if they cater exclu-
sively to children with special needs. Within participating 
centres, children aged 2–5 years enrolled in the centres 
and present on data collection days will be eligible to 
participate in data collection. Children with severe aller-
gies or medical conditions that significantly affect their 
food intake and prevent them from consuming the stan-
dard centre menu will be excluded.

Recruitment
LDC centres in metropolitan Adelaide, South Australia 
will be recruited. The majority of LDC centres in South 
Australia are part of large-chain providers,55 therefore, 
private LDC providers will be approached to provide 
endorsement for the study. Centres will be randomly 
sampled from provider lists, stratified by centre size and 
socioeconomic status using the Socio-Economic Indexes 
for Areas (SEIFA).56 Randomly sampled centres will be 
sent information about the study by email to the director. 
Centres will then be contacted by phone to determine 
interest in study participation. An information session 
about the study will be conducted at the centre to inform 

all staff of what is involved and allow the opportunity to 
ask questions. Centre directors will provide consent for 
their centre to participate in the study, and participating 
cooks and educators within centres will provide consent 
to be involved in initiatives and provide data. The stan-
dard electronic method of communication (ie, commu-
nication Apps) within participating centres will be used 
to distribute information about the study to parents. 
These systems allow parents to notify the centre (via 
the App) when forms or notices have been opened and 
read. Parents will indicate that they wish to exclude chil-
dren from data collection by electronically signing and 
returning the opt-out form via the App. This opt-out 
strategy has been used successfully in a previous study 
in South Australian LDC centres and is approved by the 
ethics committee.25

Randomisation and blinding
Centres will be randomised to one of the eight experi-
mental conditions at completion of baseline data collec-
tion by a member of the research team who is not directly 
involved in this study. Random allocation will be done 
using computer number sequence generation in Excel, 
stratified by socioeconomic status determined from post-
codes (zip codes) using SEIFA56 and size of LDC centre. 
Research staff and participating centres will be blinded to 
intervention group allocation at baseline only.

Study procedures
Data collection will be conducted at baseline and at the 
conclusion of the 12-week intervention period (figure 1). 

Figure 2  Study design for development and evaluation of initiative package for use in LDC to increase children’s vegetable 
intake *See table 2 for outcome measures and instruments at all time points. LDC long day care; LDCC, long day care centres.
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The intervention period will comprise a 4-week prepara-
tion period (completion of training, menu assessment 
and curriculum preparation) and 8-week implementation 
period (initiative delivery to children within centres). 
Centres allocated to the control condition will continue 
with their usual practice and will be offered access to 
intervention at the completion of follow-up data collec-
tion. Data collection of primary outcome data (children’s 
vegetable intake) will be conducted by trained research 
assistants within centres on 2 days each at baseline and 
follow-up (end of intervention period). Data collec-
tion will be undertaken on the same days of the week at 
baseline and follow-up within each centre to control as 
much as possible for differences in attendance patterns. 
Secondary data will be collected via cook and educator 
completed questionnaires at baseline and follow-up. The 
baseline questionnaire (~30 items) will collect data on staff 
characteristics, usual practices, knowledge and skills. The 
follow-up questionnaire (~70 items) will collect data for 
knowledge, skills, process and impact measures (table 2). 
Staff will be able to complete questionnaires online or 
as paper and pen questionnaires. Questionnaires will be 
provided on the first data collection day and staff will have 
a period of 1 week to complete them. Hard copies of data 
will be stored in locked filing cabinets in locked offices of 
the chief investigators at the Flinders University campus 
and electronic data will be stored on password protected 
Flinders University server. To protect participant confi-
dentiality throughout the trial, LDC centres and individ-
uals (staff and children) will be assigned ID codes and all 
data will be identified using this number. Prior to data 
entry, questionnaires will be coded by the chief investi-
gator and data dictionary developed. Data from question-
naires will be entered by trained research assistants and 
double data entry will be conducted for 10% of measures.

Strategies to minimise attrition and improve fidelity
To minimise centre attrition and increase fidelity, 8–10 
short message service (SMS) text messages will be sent 
to participating educators and cooks over the 12-week 
intervention period, with timing of messages varying as 
relevant to the initiative. Message content will provide a 
reminder to complete elements of the initiative and rein-
force key messages of the initiatives. For example, for the 
food provision initiative messages will be sent weekly in 
the preparation phase when cooks are completing the 
training and assessing their menu and then fortnightly in 
the eight-implementation phase once the menu is imple-
mented. Educators participating in the curriculum and 
mealtime environment initiatives will receive messages 
fortnightly in the preparation period and weekly in the 
implementation period when they are delivering the 
curriculum and using feeding practices at mealtimes.

Primary outcome measures
Children’s vegetable intake and dietary intake
Children’s vegetable intake will be assessed within the 
context of total food intake while in care, estimated 

using the plate wastage method which is considered a 
gold-standard method for assessment of dietary intake 
as it uses direct observation and is not subject to recall 
or memory bias. Plate wastage methods have been used 
previously to asses food intake in childcare.25 47 57 Stan-
dardised data collection procedures will be followed in 
all centres. To minimise any potential effects of labelling 
plates/cups and the presence of research assistants on 
children’s intake, usual mealtime practices of the centre 
will be adhered to (eg, educators serving, progressive 
mealtimes), researchers will stand off to the side, avoid 
interacting with children at mealtimes and will not 
provide any encouragement to children regarding their 
food intake. Data will be collected from all eligible chil-
dren present on the day. Prior to each mealtime (morning 
tea, lunch and afternoon tea) bowls/plates and cups will 
be labelled with ID stickers and weighed by research staff. 
As food is served each component of the meal (eg, bread, 
pasta with sauce, milk) will be weighed by research staff 
and weight recorded. Any additional servings provided 
to the children will also be weighed and recorded. At 
the end of the meal all plates with remaining food will 
be weighed. Food dropped from the child’s plate will 
be collected and added to the plate at the end of the 
meal for weighing. The amount of food consumed will 
be measured by subtracting the mass of the food waste 
left over from the initial mass. Detailed information 
about recipes, including type and brands of foods, will be 
obtained from the centre cook. For mixed meals, recipes 
will be entered into FoodWorks Professional V.10 (Xyris 
Software, Queensland, Australia) to determine propor-
tional ingredient weights and used to calculate weight of 
intake by food group for each recipe. This will be done 
for each food group, including vegetables and converted 
from grams to Australian Guide to Healthy Eating stan-
dard serves.34

Secondary outcome measures
Menu compliance with guidelines
Compliance of the centre menu with menu guidelines 
at baseline and follow-up will be assessed by menu audit 
completed using an online menu assessment tool. Centres 
will provide their current menu, recipes, purchase 
receipts and number of children catered for, which will 
be entered by research staff into the online menu assess-
ment tool. The outcome measures will be the proportion 
of centres complying with guidelines at both time points.

Knowledge and skills
For each initiative, staff knowledge and skills will be eval-
uated using the knowledge and skills scales of the Theo-
retical Domains Framework Questionnaire (TDFQ) for 
cooks developed by Seward.58 As described below, the 
questions for use with cooks will be adapted to be suit-
able for use with educators to evaluate the mealtime and 
curriculum initiatives. The knowledge scale will evaluate 
awareness and familiarity with each of the initiatives (eg, 
agreement with statement ‘I am aware of the goals of the 
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Table 2  Summary of evaluation data collected using the RE-AIM framework in the multiphase optimisation strategy study 
evaluating the effectiveness of an initiative package to increase 2-to-5-year-old children’s vegetable intake in LDC

Outcome measures

Optimisation phase Evaluation phase

Time point Instrument Time point Instrument

Reach Response rate ✓ – Study records  �   �

Proportion of LDC 
centres in state 
participating

✓ BL Study records, 
ACECQA data

✓ Registration 
questionnaire, 
ACECQA data

Profile of participating 
children (age, gender, 
ATSI, ethnicity)

✓ BL, 12 w Centre data ✓ BL, 12 w SFS-ECEC

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

✓ BL Baseline 
questionnaire—
cook, educator, 
director

✓ BL Baseline 
questionnaire—
cook, educator, 
director

Efficacy/
Effectiveness—Primary 
outcome

Child vegetable intake in 
care (serves/day)

✓ BL, 12 w Plate waste ✓ BL, 12 w SFS-ECEC

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

✓  �   �

Efficacy/
Effectiveness—Impact

Knowledge (educators 
and cooks)

✓ BL, 12 w TDFQ—cook, 
educator, teacher 
(curriculum)

✓ BL, 12 w TDFQ—cook, 
educator, teacher 
(curriculum)Skills (self-report 

educators and cooks)
✓ ✓

Menu compliance with 
guidelines

✓ BL, 12 w Menu assessment ✓ BL, 12 w Website metrics

Implementation—
Fidelity and dose

Initiatives delivery 
(fidelity):

 �   �   �   �

Initiative completion 
(cook’s training, menu 
assessment completion, 
educator training)

✓ 12 w Website metrics ✓ 12 w Website metrics

Reasons for non-
completion

✓ 12 w Follow-up 
questionnaire

 �   �

Initiative implementation 
at centre (dose):

 �   �   �   �

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

✓ 12 w Cook self-report 
in follow-up 
questionnaire

Use of feeding practices 
at mealtimes

✓ BL, 12 w Educator TDFQ
(skills domain)

✓ BL, 12 w Educator TDFQ
(skills domain)

Curriculum delivery ✓ 12 w Curriculum 
checklist

✓ 12 w Curriculum checklist

Reasons for non-
implementation

✓ 12 w Follow-up 
questionnaire

 �   �

Other:  �   �   �   �

Contamination and 
cointervention

✓ 12 w Follow-up 
questionnaire

✓ 12 w Follow-up 
questionnaire

Completion rate ✓ 12 w Study records ✓ – Study records

Reasons for withdrawal ✓ – Study records  �   �

Continued
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menu planning guidelines’). The skills scale will evaluate the 
training and skills gained for each of the initiatives (eg, 
agreement with statement ‘I have the skills needed to plan a 
menu according to the menu planning guidelines’). Additional 
purpose-designed items will be added to the skills scale for 
the educator’s mealtime environment initiative question-
naires to evaluate use of feeding practices at mealtimes.

Acceptability
The usability and acceptability of the cook’s training and 
menu assessment tool, educator’s training and curric-
ulum will be evaluated using the content quality, moti-
vation, presentation design, reusability and learning goal 
dimensions of the LORI framework for evaluating the 
quality of multimedia learning resources.59 Questions will 
be added to evaluate suitability of the duration/length of 
the initiatives. A questionnaire using the LORI framework 
which was completed by primary school teachers in the 
evaluation of Taste & Learn curriculum will be adapted 
for use in this study.60

Contextual and behavioural factors
Contextual and behavioural factors that can influence 
initiative implementation will be evaluated, guided by 
the TDF. The TDF is an implementation framework that 
synthesises and evaluates behavioural change constructs 
that may affect the implementation of evidenced based 
practices and guidelines.61 The following TDF domains 
will be evaluated: environmental context (barriers and 
facilitators), beliefs about consequences, social influ-
ences, beliefs about capability (self-efficacy) and three 

domains that evaluate compatibility with practice (part 
of regular practice, professional role to implement and 
intention to implement). The selection of domains was 
guided by recommendations for a minimum data set of 
implementation determinants,62 expert consultation 
and previous studies evaluating implementation of inter-
ventions in the childcare setting.47 63 To evaluate imple-
mentation of the food provision initiative, the specified 
domains from the TDFQ for cooks developed by Seward 
et al58 will be used, which has been evaluated with Austra-
lian LDC cooks and has good discriminant validity and 
reliability.58 The TDFQ for cooks will be adapted to eval-
uate the implementation of the curriculum and mealtime 
environment initiatives. The questionnaire will be piloted 
with LDC content experts and educators to determine 
acceptability and usability. Data collected will be used to 
assess the reliability (Cronbach’s alpha) and construct 
validity using factor analysis.

Maintenance: compatibility with practice
Three scales of the TDFQ evaluating compatibility with 
practice (part of regular practice, professional role to 
implement, intention to implement) will provide proxy 
measures for maintenance in the optimisation phase as 
it is not possible to collect longer-term follow-up data in 
this study.

Fidelity and dose
The extent to which the initiatives were delivered as 
planned to educators and cooks (fidelity) and imple-
mented by staff at the centre (dose) will be evaluated. 

Outcome measures

Optimisation phase Evaluation phase

Time point Instrument Time point Instrument

Implementation—
Process

Acceptability (training 
and resources)

✓ 12 w TDFQ—cook, 
educator, teacher 
(curriculum)

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

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

✓ 12 w  �   �

Self-efficacy (educators 
and cooks)

✓ 12 w  �   �

Feasibility ✓ – Interpretation of 
implementation 
and maintenance

✓ – Interpretation of 
implementation and 
maintenance

Maintenance 
(sustainability)

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

✓ 12 w TDFQ—cook, 
educator, teacher 
(curriculum)

✓ 12 w TDFQ—cook, 
educator, teacher 
(curriculum)

ACECQA, Australian Children’s Education & Care Quality Authority; ATSI, Aboriginal and Torres Strait Islander; BL, baseline; LDC, Long 
Day Care; m, month; RE-AIM, Reach, effectiveness, adoption, implementation and maintenance framework; SA, South Australia; SFS-
ECEC, Short Food Survey – Early Care and Education; TDFQ, Theoretical Domains Framework Questionnaire; VIC, Victoria; w, week.

Table 2  Continued



10 Zarnowiecki D, et al. BMJ Open 2021;11:e047618. doi:10.1136/bmjopen-2020-047618

Open access�

The outcome measures will be the proportion of partici-
pating cooks and educators that completed the training 
modules, menu assessment and delivered the curric-
ulum and proportion of initiative components that were 
delivered to children. Initiative delivery will be deter-
mined using website metrics for training modules and 
menu assessment tool. Fidelity and dose of the curric-
ulum initiative will be determined using an educator-
completed checklist of lessons and activities delivered. 
A question will be included in the cook’s follow-up 
questionnaire asking whether cooks implemented the 
revised menu. Use of feeding practices at mealtimes 
will be evaluated via addition of items to the skills scales 
of the TDFQ for educators, as described above. Open-
ended questions will be included in the follow-up ques-
tionnaire to determine reasons for non-completion of 
initiatives.

Reach and adoption
Reach, that is the proportion of the intended audience 
who participated in the study, will be evaluated based 
on the response rate and profile of attending children 
(age, gender, ethnicity, Aboriginal or Torres Strait 
Islander). Adoption will be evaluated as the character-
istics and representativeness of participating centres in 
terms of type of provider (chain vs independent), centre 
size, socioeconomic status, location and characteristics 
of participating staff at centres including qualifications, 
experience in sector and previous training. Representa-
tiveness will be evaluated by comparison with Australian 
Children’s Education & Care Quality Authority data for 
LDC centres in Adelaide.55

Contamination
Contamination and cointervention will be evaluated by 
inclusion of a question in the follow-up questionnaire 
asking cooks and educators to report any other menu 
planning tools, nutrition-related training and resources 
used during the study period.

Covariates
At baseline, centre operational characteristics will be 
collected for postcode, operating days and hours, enrol-
ments, attendance, number of Aboriginal or Torres 
Strait Islander children enrolled, meal provision, centre 
nutrition policy, menu cycle length and use of menu 
guidelines, nutrition-related programmes and teaching 
resources At follow-up, centres will also report use of 
other nutrition policies or programmes during the study. 
Staff characteristics will be collected via director and staff 
questionnaires, including number of staff employed and 
their role (ie, cook, educator, kitchen assistant), hours 
worked per week, age, gender, years in current position 
as well as years employed in the ECEC sector and qualifi-
cations relevant to role. The age and gender of children 
participating in data collection will be collected at base-
line and follow-up.

Sample size
Sample size estimates for factorial experiments are based 
on the power required to detect the smallest effect.64 
From prior research we assume an intraclass correlation 
coefficient of 0.1 for clustered data, with approximately 20 
children per centre.47 Based on these assumptions, with 
80% power and a two-sided α of 0.05, 576–690 children 
or 72–86 participants for each of the eight experimental 
conditions, will allow detection of a small-moderate effect 
(d=0.31) on children’s vegetable intake.65 Recruitment 
of 32 centres, with 4 centres per condition, will provide 
the required sample size. We will assume a 75% response 
rate based on past interventions in Australian child-
care centres,58 66 and therefore, will expect to approach 
approximately 45–50 LDC centres to recruit 32 centres.

Statistical analysis
Descriptive statistics will be used to describe centre char-
acteristics and demographics at baseline and check for 
differences between groups. A factorial experiment using 
repeated measures analysis of variance models will test the 
effects of the three initiatives on the primary outcome. 
Initial models will test whether each initiative (provided 
vs not provided) had a significant effect on vegetable 
intake across the 12-week intervention period (pre–post 
intervention effect). Subsequent models will test two and 
three-way interactions between initiative components to 
identify the effects of interactions between initiatives on 
outcomes. Analyses will control for covariates including 
child gender, age and number of children at each time 
point. For secondary outcomes of impact, logistic regres-
sion and linear regression models will assess treatment 
effects. The mean change (continuous variables) or 
difference in proportions (dichotomous variables) in 
outcome from baseline to follow-up will be compared 
between groups. Between-group differences in scores for 
TDF domains will be evaluated using t-tests to assess the 
impact of contextual factors on intervention effectiveness.

Evaluation phase
Study design
This study will evaluate the reach, adoption, impact 
and effectiveness of the optimised initiative package for 
increasing children’s vegetable intake, using a waitlist 
randomised controlled trial conducted in target states, 
including but not limited to South Australia and Victoria. 
Centres in the intervention group will use the optimised 
package following completion of baseline measures. The 
waitlist control group will be asked not to change their 
current practice for the intervention period and will 
be provided access to the initiative package following 
completion of follow-up assessments. We hypothesise 
that the optimised initiative package will include all 
three initiatives and we plan to collect evaluation data 
accordingly. If fewer initiatives are included in the initia-
tive package, evaluation data will only be collected for 
included initiatives.
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Recruitment and participants
The recruitment approach will disseminate informa-
tion about the optimised package widely across the LDC 
setting as well as directly to management of childcare 
providers, with an aim to achieve broad reach of the 
package in target states. Information will be dissemi-
nated through the Vegetable Intake Strategic Alliance,67 
social media promotion and newsletters to stakeholders. 
Inclusion and exclusion criteria for LDC centres will be 
as per the optimisation phase. Centres that participated 
in the optimisation phase will be excluded. No exclusion 
criteria will be applied for children.

Randomisation and blinding
Centres will be randomised to intervention or waitlist 
control group using stratified randomisation based on 
centre location (state) and socioeconomic status (using 
postcode to determine SEIFA index). Due to the nature 
of the study, blinding of the researchers or participating 
centres will not be possible

Study procedures
This study will be delivered and evaluated online, with all 
measures self-completed by participating centres using 
online data collection instruments. This approach will 
support centres to monitor their own progress towards 
increasing children’s vegetable intake, which will align 
the initiative package with Best Practice Guidelines.32 41 
Data will be collected at baseline and 12 weeks. Centres 
will register for the study using an online user registration 
form. At the first step of registration, the purpose of the 
study will be explained, and centres will be asked to read 
the detailed information sheet and sign a consent form. 
Centres will distribute information about the study to 
parents and opt-out consent from parents will be collected 
using the process described for the optimisation phase. 
The user registration form will collect information about 
the centre which will be used as covariates and to evaluate 
reach and adoption (table 2). Educators and cooks who 
will be using the initiatives will complete a baseline ques-
tionnaire providing information about staff characteris-
tics, knowledge and skills, as per the optimisation phase. 
Centres will then collect data about children’s current 
vegetable intake and enter this into the online survey 
platform. At completion of baseline, centres will be allo-
cated to the intervention or control group. At conclusion 
of the 12-week intervention period participating educa-
tors and cooks will complete evaluation questionnaires 
and centres will collect vegetable intake data as per base-
line. Centres in the control group will receive access to 
the online package postintervention and the intervention 
group will be encouraged to keep using the initiatives.

Primary outcome measure
The primary outcome measure will be usual serves of 
vegetables per day at LDC. Individual child vegetable 
intake over the past month in care will be measured using 
the vegetable questions from the Short Food Survey for 

Early Care and Education (SFS-ECEC).68 The SFS-ECEC 
is a 47-item educator-completed questionnaire measuring 
children’s intake in care. Six questions measure the 
frequency and usual portion size of starchy, salad and 
cooked vegetables. The questionnaire is acceptable to 
educators and has appropriate validity for estimating 
intake at the group level.68 Instructions and supporting 
resources for the SFS-ECEC will be provided as down-
loadable instructions. Each educator will complete the 
vegetable intake questions online for a randomly selected 
sample of at least 50% of children in their care, which 
equates to approximately 5–6 children per educator and 
approximately a thirty minute time commitment based 
on educator to child ratios defined under the National 
Quality Framework.69

Secondary outcome measures
An online questionnaire in combination with website 
metrics will assess reach, adoption, impact and fidelity as 
described for the optimisation phase and summarised in 
table 2. The follow-up questionnaire will collect data for 
key implementation measures of acceptability, knowledge 
and skills of educators and cooks and compatibility with 
practice, which with adoption and fidelity data will enable 
evaluation of feasibility.

Sample size
The sample size calculation was determined based on the 
hypothesised effect of an increase of 0.5 serves of vege-
tables from the optimised initiative package identified 
in the optimisation phase. An effect size of d=0.65 was 
calculated based on this hypothesised effect on vegetable 
intake and using SD from prior research in Australian 
childcare centres.47 At this effect size, with power at 0.8, 
p<0.05 and ICC=0.1, a sample of 284 children is needed. 
Based on 15% attrition in prior studies and estimating 
data from approximately 20 children will be provided 
per centre, 20 LDC centres will need to be recruited. The 
sample size calculation will be confirmed at completion 
of the optimisation phase, when the effect size of the opti-
mised initiative package is determined.

Statistical analysis
Analyses will be conducted at the group level and 
conclusions about effectiveness will be based on group 
effect. Descriptive statistics will be generated for base-
line measures. For the primary outcome, linear mixed 
modelling will assess between group differences in vege-
table intake at 12 weeks, controlling for baseline intake 
and potential confounding factors including any identi-
fied baseline differences between groups. The primary 
outcome will be analysed using intention-to-treat princi-
ples. For secondary outcomes of impact, logistic regres-
sion and linear regression models will assess treatment 
effects. Mean follow-up values (continuous variables) or 
difference in proportions (dichotomous variables) in 
outcome from baseline to follow-up will be compared 
between groups.
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Patient and public involvement statement
The initiative package was developed by researchers, 
dietitians, educators and sensory scientists with experi-
ence in education sectors and food provision in childcare 
settings. The curriculum development team included 
experts in LDC curriculum and LDC educators; and 
the curriculum was reviewed by educators for suitability 
during the development process. The educator module 
was developed in collaboration with an adoption partner 
who has experience delivering training to the LDC sector. 
LDC content experts were consulted during the develop-
ment of evaluation instruments to ensure that all relevant 
process outcomes, in particular barriers and facilitators, 
were measured and language used was suitable. Final 
questionnaires were reviewed for suitability and usability 
by cooks and educators. The acceptability and feasibility 
of the initiatives in terms of time investment, barriers, 
compatibility with practice and participant burden will be 
assessed as part of the process evaluation. A summary of 
study results will be disseminated to participating centres, 
LDC providers participating and organisations within the 
LDC sector via email distribution.

DISCUSSION
This study will use the MOST framework to develop, opti-
mise and evaluate a multicomponent initiative package 
to increase children’s vegetable intake in childcare. The 
initiative package will support cooks and educators to 
increase their knowledge and skills for providing vege-
tables on the menu, using supportive feeding practices 
at mealtimes, and delivering a sensory and experiential 
vegetable-focused curriculum. A strength of this study 
is use of the MOST framework. MOST differs from the 
classic resource intensive intervention evaluation process 
that uses sequential pilot and RCT studies, by using facto-
rial experiments to optimise the intervention compo-
nents before proceeding to evaluation using an RCT.42 
This provides a more rapid and economical approach for 
producing effective, efficient and scalable multicompo-
nent interventions.42 The initiatives will equip cooks and 
educators with the knowledge and skills to implement 
the intervention to ensure sustainability outside of the 
research setting and will be developed with an adoption 
partner who works within the sector to provide a pathway 
to roll-out. Growing use of internet technology enables 
online delivery of the initiatives which will provide the 
potential for increased reach and adoption by staff and 
centres for whom time and distance may prohibit partic-
ipation in face to face training.70 While face-to-face 
delivery of training can be valuable for sharing of expe-
riences between educators, it is more resource intensive 
and requires moderation without necessarily adding 
value above online training.60 The cost of face-to-face 
training can also have implications on limiting the poten-
tial for scalability and sustainability. Therefore, as our aim 
was to deliver an initiative package that would be sustain-
able and scalable outside of the research setting, online 

delivery was used. The optimised initiative package will be 
rolled out online for use by LDC centres and has future 
potential to be adapted for use in other settings including 
family day care, out of school hours care and schools.

Some limitations to the study need to be acknowledged. 
The study design requires that participating LDC centres 
make organisational changes, therefore it is not possible 
to conceal group allocation which introduces a risk of bias. 
However, assessors and centres will be blinded at baseline 
data collection. In most Australian states, including South 
Australia, the majority of childcare centres are managed 
by large providers,55 therefore, there is a risk of interven-
tion contamination across centres of the same provider 
who are enrolled in different conditions. Centres partic-
ipating in both trials will be advised not to use any other 
training or initiatives during the study and data will be 
collected about any other programmes used. This study 
will be conducted in private LDC centres in two jurisdic-
tions in Australia, limiting the generalisability of the find-
ings outside of these jurisdictions.

ETHICS APPROVAL AND DISSEMINATION
This study has received ethics approval from the Flinders 
University Research Ethics Committee (Project No: 1873) 
for the Optimisation Phase. Approval for the Evaluation 
Phase will be obtained as amendment to current approval 
at completion of optimisation phase, which will identify 
the final optimised initiative package for evaluation in the 
final phase. Findings will be disseminated to stakeholders 
in childcare sectors, in particular LDC centres and profes-
sional childcare bodies and researchers. Results will also 
be disseminated to researchers via peer-reviewed journals 
and conferences.

Author affiliations
1Caring Futures Institute, College of Nursing and Health Sciences, Flinders 
University, Bedford Park, South Australia, Australia
2Commonwealth Scientific and Industrial Research Organisation (CSIRO) Health & 
Biosecurity, North Ryde, New South Wales, Australia
3Commonwealth Scientific and Industrial Research Organisation (CSIRO) Agriculture 
and Food, North Ryde, New South Wales, Australia
4Nutrition Australia (Victoria), Carlton, Victoria, Australia
5Commonwealth Scientific and Industrial Research Organisation (CSIRO) Health & 
Biosecurity, Adelaide, South Australia, Australia

Twitter Shabnam Kashef @ShabnamKashef and Rebecca K Golley @ProfGolley

Acknowledgements  We would like to acknowledge the Healthy Eating Advisory 
Service, funded by the Victorian Department of Health and Human Services and 
delivered by Nutrition Australia (Victoria) for providing the cooks training module 
and the menu assessment tool (FoodChecker) for use in the study and collaboration 
in the development of the mealtime environment training module for educators. We 
would like to acknowledge the contribution of Janet Elliot, Amy Wakem and Ros 
Sambell in providing their expertise in the development of the curriculum initiative.

Contributors  RKG is a principal investigator of this study. The study was 
conceived, and funding obtained by RKG, DNC and AAMP. DZ and RKG led the 
design of the study with all authors contributing to study design through regular 
discussion. AAMP, MOC-B with contribution from JCA, DZ and RKG designed and 
developed the curriculum initiative. RKG, DZ and JCA with contribution from SK 
designed and developed the food provision and meal environment initiatives. DZ 
drafted the manuscript and wrote the research protocol for the Flinders University 

https://twitter.com/ShabnamKashef
https://twitter.com/ProfGolley


13Zarnowiecki D, et al. BMJ Open 2021;11:e047618. doi:10.1136/bmjopen-2020-047618

Open access

Social Behavioural Research Committee with support from all authors. All authors 
have read and approved the final manuscript.

Funding  This project is being conducted as part of VegKIT (​www.​vegkit.​com.​
au). VegKIT is funded by Hort Innovation, using the vegetable research and 
development levy and contributions from the Australian Government (grant 
number VG16064). Hort Innovation is the grower-owned, not-for-profit research 
and development corporation for Australian Horticulture. The project is being 
delivered by a collaboration between CSIRO, Flinders University and Nutrition 
Australia. DZ is supported by the Early Prevention of Obesity in Childhood Centre of 
Research Excellence (EPOCH CRE). SK is supported by Flinders University Research 
Scholarship and Healthy Development Adelaide PhD Excellence Award.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to 
the Methods section for further details.

Patient consent for publication  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iDs
Dorota Zarnowiecki http://​orcid.​org/​0000-​0003-​0874-​7830
Shabnam Kashef http://​orcid.​org/​0000-​0002-​2350-​9665

REFERENCES
	 1	 Development Initiatives. 2018 global nutrition report: shining a light to 

Spur action on nutrition. Bristol, UK, 2018.
	 2	 Australian Bureau of Statistics. 4364.0.55.001 - National Health 

Survey: First Results, 2017-18. Australia: Australian Bureau of 
Statistics, 2018. https://www.​abs.​gov.​au/​ausstats/​abs@.​nsf/​Lookup/​
by%​20Subject/​4364.​0.​55.​001~​2017-​18~​Main%​20Features~​
Children%​27s%​20risk%​20factors~​120

	 3	 Moore LV, Thompson FE, Demissie Z. Percentage of youth meeting 
federal fruit and vegetable intake recommendations, youth risk 
behavior surveillance system, United States and 33 states, 2013. J 
Acad Nutr Diet 2017;117:545–53.

	 4	 NatCen Social Research UCL. Health Survey for England 2017 
Children’s health. University College London, 2018.

	 5	 Yngve A, Wolf A, Poortvliet E, et al. Fruit and vegetable intake in 
a sample of 11-year-old children in 9 European countries: the pro 
children cross-sectional survey. Ann Nutr Metab 2005;49:236–45.

	 6	 Mikkilä V, Räsänen L, Raitakari OT, et al. Consistent dietary patterns 
identified from childhood to adulthood: the cardiovascular risk in 
young Finns study. Br J Nutr 2005;93:923–31.

	 7	 Joint WHO/FAO Expert Consultation. Diet, nutrition and the 
prevention of chronic diseases: report of a joint WHO/FAO expert 
consultation, Geneva, 28 January - 1 February 2002. WHO Technical 
Report Series 916. Geneva, 2003.

	 8	 Birch LL. Development of food preferences. Annu Rev Nutr 
1999;19:41–62.

	 9	 Anzman-Frasca S, Ventura AK, Ehrenberg S, et al. Promoting healthy 
food preferences from the start: a narrative review of food preference 
learning from the prenatal period through early childhood. Obes Rev 
2018;19:576–604.

	10	 Barends C, Weenen H, Warren J, et al. A systematic review of 
practices to promote vegetable acceptance in the first three years of 
life. Appetite 2019;137:174–97.

	11	 Dovey TM, Staples PA, Gibson EL, et al. Food neophobia and 'picky/
fussy' eating in children: a review. Appetite 2008;50:181–93.

	12	 Australian Bureau of Statistics. 6202.0 - Labour Force. 
Australia: Australian Bureau of Statistics, 2018. https://www.​
abs.​gov.​au/​ausstats/​abs@.​nsf/​Previousproducts/​6202.​0Main%​
20Features3Jan%​202018?​opendocument&​tabname=​Summary&​
prodno=​6202.​0&​issue=​Jan%​202018&​num=&​view=

	13	 Australian Bureau Statistics. 4402.0—Childhood education and 
care, Australia, June 2017. Australian Bureau Statistics, 2018. www.​
abs.​gov.​au/​Ausstats/​abs@.​nsf/​0/​8C16​8AD6​F832​388A​CA25​8275​
0015950A?​OpenDocument

	14	 Raising Children Network. Child care in Australia, 2019. Available: 
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 [Accessed 19 Aug 2020].

	15	 Department of Education Skills and Employment. Child care in 
Australia report September quarter 2019: Australian government, 
2020. Available: https://www.​education.​gov.​au/​child-​care-​australia-​
report-​september-​quarter-​2019 [Accessed 16 Aug 2020].

	16	 Pollard CM, Lewis JM, Miller MR. Food service in long day care 
centres--an opportunity for public health intervention. Aust N Z J 
Public Health 1999;23:606–10.

	17	 Egan T, McDonald C. Feasiblity of collaborative approach to increase 
vegetable consumption among children. Adelaide: CSIRO, 2015.

	18	 Australian Children’s Education & Care Quality Authority. National 
quality framework, 2020. Available: www.​acecqa.​gov.​au/​nqf/​national-​
law-​regulations [Accessed 19 Aug 2020].

	19	 Spence A, Love P, Byrne R, et al. Childcare food provision 
recommendations vary across Australia: jurisdictional comparison 
and nutrition expert perspectives. Int J Environ Res Public Health 
2020;17:6793.

	20	 Erinosho T, Dixon LB, Young C, et al. Nutrition practices and 
children's dietary intakes at 40 child-care centers in New York City. J 
Am Diet Assoc 2011;111:1391–7.

	21	 Jones J, Wyse R, Wiggers J, et al. Dietary intake and physical activity 
levels of children attending Australian childcare services. Nutr Diet 
2017;74:446–53.

	22	 Gerritsen S, Anderson SE, Morton SM, et al. Pre-school nutrition-
related behaviours at home and early childhood education services: 
findings from the growing up in New Zealand longitudinal study. 
Public Health Nutr 2018;21:1222–31.

	23	 Yoong SL, Skelton E, Jones J, et al. Do childcare services provide 
foods in line with the 2013 Australian dietary guidelines? A cross-
sectional study. Aust N Z J Public Health 2014;38:595–6.

	24	 Sambell R, Wallace R, Lo J, et al. Increasing Food Expenditure in 
Long Day-Care by an Extra $0.50 Per Child/Day Would Improve Core 
Food Group Provision. Nutrients 2020;12:968.

	25	 Bell LK, Hendrie GA, Hartley J, et al. Impact of a nutrition Award 
scheme on the food and nutrient intakes of 2- to 4-year-olds 
attending long day care. Public Health Nutr 2015;18:2634–42.

	26	 Benjamin Neelon SE, Vaughn A, Ball SC, et al. Nutrition practices 
and mealtime environments of North Carolina child care centers. 
Child Obes 2012;8:216–23.

	27	 Seward K, Finch M, Yoong SL, et al. Factors that influence the 
implementation of dietary guidelines regarding food provision in 
centre based childcare services: a systematic review. Prev Med 
2017;105:197–205.

	28	 Love P, Walsh M, Campbell KJ. Knowledge, attitudes and practices 
of Australian trainee childcare educators regarding their role in the 
feeding behaviours of young children. Int J Environ Res Public Health 
2020;17:3712.

	29	 Dev DA, McBride BA, Speirs KE, et al. "Great Job Cleaning Your 
Plate Today!" Determinants of Child-Care Providers' Use of 
Controlling Feeding Practices: An Exploratory Examination. J Acad 
Nutr Diet 2016;116:1803–9.

	30	 Matwiejczyk L, Mehta K, Scott J, et al. Characteristics of effective 
interventions promoting healthy eating for pre-schoolers in childcare 
settings: an umbrella review. Nutrients 2018;10:293.

	31	 Bell LK, Golley RK. Interventions for improving young children’s 
dietary intake through early childhood settings: A systematic review. 
International Journal of Child Health and Nutrition 2015;4:14–32.

	32	 Hendrie GA, Lease HJ, Bowen J, et al. Strategies to increase 
children’s vegetable intake in home and community settings: a 
systematic review of literature. Matern Child Nutr 2017;13:e12276.

	33	 Nekitsing C, Blundell-Birtill P, Cockroft JE, et al. Systematic review 
and meta-analysis of strategies to increase vegetable consumption 
in preschool children aged 2-5 years. Appetite 2018;127:138–54.

	34	 National Health and Medical Research Council. Australian dietary 
guidelines. Canberra, 2013.

	35	 Evans CEL, Christian MS, Cleghorn CL, et al. Systematic review 
and meta-analysis of school-based interventions to improve daily 
fruit and vegetable intake in children aged 5 to 12 Y. Am J Clin Nutr 
2012;96:889–901.

	36	 Wolfenden L, Jones J, Williams CM, et al. Strategies to improve 
the implementation of healthy eating, physical activity and obesity 
prevention policies, practices or programmes within childcare 
services. Cochrane Database Syst Rev 2016;14:CD011779.

	37	 Sisson SB, Krampe M, Anundson K, et al. Obesity prevention and 
obesogenic behavior interventions in child care: a systematic review. 
Prev Med 2016;87:57–69.

	38	 Zhou YE, Emerson JS, Levine RS, et al. Childhood obesity 
prevention interventions in childcare settings: systematic review 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0874-7830
http://orcid.org/0000-0002-2350-9665
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/Lookup/by%20Subject/4364.0.55.001~2017-18~Main%20Features~Children%27s%20risk%20factors~120
http://dx.doi.org/10.1016/j.jand.2016.10.012
http://dx.doi.org/10.1016/j.jand.2016.10.012
http://dx.doi.org/10.1159/000087247
http://dx.doi.org/10.1079/bjn20051418
http://dx.doi.org/10.1146/annurev.nutr.19.1.41
http://dx.doi.org/10.1111/obr.12658
http://dx.doi.org/10.1016/j.appet.2019.02.003
http://dx.doi.org/10.1016/j.appet.2007.09.009
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=
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=
www.abs.gov.au/Ausstats/abs@.nsf/0/8C168AD6F832388ACA2582750015950A?OpenDocument
www.abs.gov.au/Ausstats/abs@.nsf/0/8C168AD6F832388ACA2582750015950A?OpenDocument
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://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
http://dx.doi.org/10.1111/j.1467-842x.1999.tb01545.x
http://dx.doi.org/10.1111/j.1467-842x.1999.tb01545.x
www.acecqa.gov.au/nqf/national-law-regulations
www.acecqa.gov.au/nqf/national-law-regulations
http://dx.doi.org/10.3390/ijerph17186793
http://dx.doi.org/10.1016/j.jada.2011.06.001
http://dx.doi.org/10.1016/j.jada.2011.06.001
http://dx.doi.org/10.1111/1747-0080.12375
http://dx.doi.org/10.1017/S1368980017004116
http://dx.doi.org/10.1111/1753-6405.12312
http://dx.doi.org/10.3390/nu12040968
http://dx.doi.org/10.1017/S1368980014003127
http://dx.doi.org/10.1089/chi.2011.0065
http://dx.doi.org/10.1016/j.ypmed.2017.09.024
http://dx.doi.org/10.3390/ijerph17103712
http://dx.doi.org/10.1016/j.jand.2016.07.016
http://dx.doi.org/10.1016/j.jand.2016.07.016
http://dx.doi.org/10.3390/nu10030293
http://dx.doi.org/10.1111/mcn.12276
http://dx.doi.org/10.1016/j.appet.2018.04.019
http://dx.doi.org/10.3945/ajcn.111.030270
http://dx.doi.org/10.1002/14651858.CD011779.pub2
http://dx.doi.org/10.1016/j.ypmed.2016.02.016


14 Zarnowiecki D, et al. BMJ Open 2021;11:e047618. doi:10.1136/bmjopen-2020-047618

Open access�

of randomized and nonrandomized controlled trials. Am J Health 
Promot 2014;28:e92–103.

	39	 Ling J, Robbins LB, Wen F. Interventions to prevent and manage 
overweight or obesity in preschool children: a systematic review. Int J 
Nurs Stud 2016;53:270–89.

	40	 Ward SA, Bélanger MF, Donovan D, et al. Relationship between 
eating behaviors and physical activity of preschoolers and their 
Peers: a systematic review. Int J Behav Nutr Phys Act 2016;13:50.

	41	 Hendrie GA, Brindal E, Baird DL. Best practice guidelines for 
increasing children’s vegetable consumption: A comprehensive 
report of the development of best practice guidelines to inform 
interventions aiming to increasing children’s consumption of 
vegetables. Adelaide, Australia, 2018.

	42	 Collins LM. Optimization of behavioral, Biobehavioral, and biomedical 
interventions. online. Cham: Springer, 2018.

	43	 Collins LM, Murphy SA, Nair VN, et al. A strategy for optimizing and 
evaluating behavioral interventions. Ann Behav Med 2005;30:65–73.

	44	 Bell LK, Gardner C, Tian EJ, et al. Supporting strategies for 
enhancing vegetable liking in the early years of life: an umbrella 
review of systematic reviews. Am J Clin Nutr 2021;113:1282–300.

	45	 Glasgow RE, Vogt TM, Boles SM. Evaluating the public health impact 
of health promotion interventions: the RE-AIM framework. Am J 
Public Health 1999;89:1322–7.

	46	 Healthy Eating Advisory Service. Menu planning guidelines for long 
day care Victoria: nutrition Australia, 2020. Available: https://​heas.​
health.​vic.​gov.​au/​early-​childhood-​services/​menu-​planning/​long-​day-​
care/​guidelines [Accessed 20 Aug 2020].

	47	 Yoong SL, Grady A, Seward K, et al. The impact of a childcare 
food service intervention on child dietary intake in care: an 
exploratory cluster randomized controlled trial. Am J Health Promot 
2019;33:991–1001.

	48	 Blissett J. Relationships between parenting style, feeding style and 
feeding practices and fruit and vegetable consumption in early 
childhood. Appetite 2011;57:826–31.

	49	 Satter E. Feeding dynamics: helping children to eat well. J Pediatr 
Health Care 1995;9:178–84.

	50	 Mura Paroche M, Caton SJ, Vereijken CMJL, et al. How infants and 
young children learn about food: a systematic review. Front Psychol 
2017;8:1046.

	51	 Poelman AAM, Cochet-Broch M, Cox DN, et al. Vertical: a 
sensory education program for Australian primary schools to 
promote children's vegetable consumption. J Nutr Educ Behav 
2017;49:527–8.

	52	 Department of Education SaE. Belonging, Being & Becoming 
- The Early Years Learning Framework for Australia: Australian 
Government, 2019. Available: https://​docs.​education.​gov.​au/​node/​
2632 [Accessed 20 Aug 2020].

	53	 Poelman AAM, Cochet-Broch M, Wiggins B, et al. Effect of 
experiential vegetable education program on mediating factors of 
vegetable consumption in Australian primary school students: a 
cluster-randomized controlled trial. Nutrients 2020;12:2343.

	54	 Collins LM, Trail JB, Kugler KC, et al. Evaluating individual 
intervention components: making decisions based on the results of a 
factorial screening experiment. Transl Behav Med 2014;4:238–51.

	55	 Australian Children’s Education & Care Quality Authority. National 
registers, 2020. Available: https://www.​acecqa.​gov.​au/​resources/​
national-​registers [Accessed 19 Aug 2020].

	56	 Australian Bureau of Statistics. 2033.0.55.001 - Census of Population 
and Housing: Socio-Economic Indexes for Areas (SEIFA), Australia, 
2016. Canberra: Australian Bureau of Statistics, 2018. https://www.​
abs.​gov.​au/​ausstats/​abs@.​nsf/​mf/​2033.​0.​55.​001

	57	 Seward K, Wolfenden L, Finch M, et al. Multistrategy childcare-
based intervention to improve compliance with nutrition guidelines 
versus usual care in long day care services: a study protocol for a 
randomised controlled trial. BMJ Open 2016;6:e010786.

	58	 Seward K, Wolfenden L, Wiggers J, et al. Measuring implementation 
behaviour of menu guidelines in the childcare setting: confirmatory 
factor analysis of a theoretical domains framework questionnaire 
(TDFQ). International Journal of Behavioral Nutrition and Physical 
Activity 2017;14:45.

	59	 Leacock TL, Nesbit JC. A framework for evaluating the quality of 
multimedia learning resources. Journal of Educational Technology & 
Society 2007;10:44–59.

	60	 Poelman AAM, Cochet-Broch M, Beelen J, et al. Teacher evaluation 
of an experiential vegetable education program for Australian primary 
schools: does face-to-face training add value above digital training? 
Nutrients 2021;13:1648.

	61	 Michie S, Johnston M, Abraham C, et al. Making psychological 
theory useful for implementing evidence based practice: a consensus 
approach. Qual Saf Health Care 2005;14:26–33.

	62	 McKay H, Naylor P-J, Lau E, et al. Implementation and scale-up of 
physical activity and behavioural nutrition interventions: an evaluation 
roadmap. Int J Behav Nutr Phys Act 2019;16:102.

	63	 Whiteside-Mansell L, Swindle T, Selig JP. Together, we Inspire smart 
eating (wise): an examination of implementation of a wise curriculum 
for obesity prevention in children 3 to 7 years. Glob Pediatr Health 
2019;6:2333794X1986981.

	64	 Dziak JJ, Nahum-Shani I, Collins LM. Multilevel factorial experiments 
for developing behavioral interventions: power, sample size, and 
resource considerations. Psychol Methods 2012;17:153.

	65	 Poelman AAM, Cochet-Broch M, Cox DN, et al. Vegetable education 
program positively affects factors associated with vegetable 
consumption among Australian primary (elementary) schoolchildren. 
J Nutr Educ Behav 2019;51:492–7.

	66	 Bell AC, Davies L, Finch M, et al. An implementation intervention to 
encourage healthy eating in centre-based child-care services: impact 
of the good for kids good for life programme. Public Health Nutr 
2015;18:1610–9.

	67	 VegKit. Vegetable intake strategic alliance: VegKit, 2020. Available: 
https://www.​vegkit.​com.​au/​about/​vegetable-​intake-​strategic-​
alliance/ [Accessed 23 Aug 2020].

	68	 Grady A, Fielding A, Golley RK, et al. Adaptation, acceptability 
and feasibility of a short food survey to assess the dietary intake 
of children during attendance at childcare. Public Health Nutr 
2020;23:1484–94.

	69	 Australian Children’s Education & Care Quality Authority. Educator 
to child ratios, 2020. Available: https://www.​acecqa.​gov.​au/​nqf/​
educator-​to-​child-​ratios [Accessed 20 Aug 2020].

	70	 Australian Bureau of Statistics. 8146.0 - Household Use of 
Information Technology, Australia, 2016-17. Canberra: Australian 
Bureau of Statistics, 2018. https://www.​abs.​gov.​au/​AUSSTATS/​abs@.​
nsf/​Lookup/​8146.​0Main+​Features12016-​17?​OpenDocument

http://dx.doi.org/10.4278/ajhp.121129-LIT-579
http://dx.doi.org/10.4278/ajhp.121129-LIT-579
http://dx.doi.org/10.1016/j.ijnurstu.2015.10.017
http://dx.doi.org/10.1016/j.ijnurstu.2015.10.017
http://dx.doi.org/10.1186/s12966-016-0374-x
http://dx.doi.org/10.1207/s15324796abm3001_8
http://dx.doi.org/10.1093/ajcn/nqaa384
http://dx.doi.org/10.2105/ajph.89.9.1322
http://dx.doi.org/10.2105/ajph.89.9.1322
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://heas.health.vic.gov.au/early-childhood-services/menu-planning/long-day-care/guidelines
http://dx.doi.org/10.1177/0890117119837461
http://dx.doi.org/10.1016/j.appet.2011.05.318
http://dx.doi.org/10.1016/s0891-5245(05)80033-1
http://dx.doi.org/10.1016/s0891-5245(05)80033-1
http://dx.doi.org/10.3389/fpsyg.2017.01046
http://dx.doi.org/10.1016/j.jneb.2017.04.001
https://docs.education.gov.au/node/2632
https://docs.education.gov.au/node/2632
http://dx.doi.org/10.3390/nu12082343
http://dx.doi.org/10.1007/s13142-013-0239-7
https://www.acecqa.gov.au/resources/national-registers
https://www.acecqa.gov.au/resources/national-registers
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001
http://dx.doi.org/10.1136/bmjopen-2015-010786
http://dx.doi.org/10.1186/s12966-017-0499-6
http://dx.doi.org/10.1186/s12966-017-0499-6
http://dx.doi.org/10.3390/nu13051648
http://dx.doi.org/10.1136/qshc.2004.011155
http://dx.doi.org/10.1186/s12966-019-0868-4
http://dx.doi.org/10.1177/2333794X19869811
http://dx.doi.org/10.1037/a0026972
http://dx.doi.org/10.1016/j.jneb.2018.11.002
http://dx.doi.org/10.1017/S1368980013003364
https://www.vegkit.com.au/about/vegetable-intake-strategic-alliance/
https://www.vegkit.com.au/about/vegetable-intake-strategic-alliance/
http://dx.doi.org/10.1017/S136898001900404X
https://www.acecqa.gov.au/nqf/educator-to-child-ratios
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

	Application of the multiphase optimisation strategy to develop, optimise and evaluate the effectiveness of a multicomponent initiative package to increase 2-­to-­5-­year-­old children’s vegetable intake in long day care centres: a study protocol
	A﻿bstract﻿
	Introduction﻿﻿
	Methods and analysis
	Trial design
	Preparation phase
	Food provision initiative
	Mealtime environment
	Curriculum

	Optimisation phase
	Study design
	Eligibility criteria
	Recruitment
	Randomisation and blinding

	Study procedures
	Strategies to minimise attrition and improve fidelity

	Primary outcome measures
	Children’s vegetable intake and dietary intake

	Secondary outcome measures
	Menu compliance with guidelines
	Knowledge and skills
	Acceptability
	Contextual and behavioural factors
	Maintenance: compatibility with practice
	Fidelity and dose
	Reach and adoption

	Contamination
	Covariates
	Sample size
	Statistical analysis
	Evaluation phase
	Study design
	Recruitment and participants
	Randomisation and blinding
	Study procedures
	Primary outcome measure
	Secondary outcome measures
	Sample size
	Statistical analysis

	Patient and public involvement statement

	Discussion
	Ethics approval and dissemination
	References


