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Abstract: Evidence suggests that multi-component school-based health-promoting interventions have
great potential to improve children’s fruit and vegetable intake. However, interventions that combine
classroom-based curricula with experiential learning strategies (e.g., cooking) are relatively seldom
described. This study investigates the short-term and longer-term effects of a multi-component
school-based nutrition education intervention combining classroom-based and experiential learning
strategies on children’s determinants of their fruit and vegetable intake (knowledge, taste preferences,
attitudes, and intention). Using a comparative quasi-experimental study design, data were collected,
via child-reported questionnaires, at the baseline, directly after the intervention, and three months
after the intervention from 4 control and 15 intervention classes from Dutch primary schools. A
total of 192 children in grades three and four (aged 8–10 years) constituted the participants. After
correction for the baseline, sex, age, and the fruit or vegetable product assessed in the questionnaire;
the intervention group showed a significant increase in knowledge (p = 0.001; standardized effect
size (ES = 0.60), taste preference (p = 0.002; ES = 0.52), attitude towards the assessed fruit or vegetable
product (p = 0.004; ES = 0.48), and general attitude towards healthy products (p = 0.01; ES = 0.39)
over the short term, when compared to the control group. The effects of the intervention did not
continue to be significant over the longer term. The findings implicate short-term intervention success,
although more research and intervention adaptations are recommended to increase the impact of
such programs, especially over the long term.

Keywords: primary school; health promoting school; nutrition; eating habits

1. Introduction

Fruit and vegetables (FVs) are crucial parts of a healthy eating pattern, and insufficient
FV intake is related to a wide variety of health problems such as obesity, hypertension,
cancer, and coronary heart disease [1,2]. Lifestyle behaviors formed during childhood
are often maintained throughout the life course and promoting sufficient and varied FV
consumption from a young age is, therefore, likely to result in both short-term and long-
term health benefits [3–6]. Nevertheless, Dutch children’s FV consumption habits are
suboptimal. Between 2014 and 2016, roughly 40% of 4–9-year-olds consumed at least 150 g
of fruit (42%) or vegetables (41%) per day. For 9–12-year-olds, these percentages dropped
even further to 20% for fruit and 25% for vegetables [7] per day. These numbers show
significant room for improvement, underpinning the importance of efforts to promote
children’s FV consumption.

There are various factors influencing children’s FV intake, and according to social
cognitive theory (SCT) they can be categorized into personal determinants and environ-
mental determinants [8]. Important personal factors include children’s taste preference and
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knowledge (e.g., concerning intake recommendations or different types of FV). Addition-
ally, FV-related attitudes and self-efficacy are found to be associated with children’s FV
intake [9–12]. With regard to environmental determinants, the availability and accessibility
of FVs are positively related to consumption [10]. Additionally, (parental) modelling and
peer influences play an important role, and the nutrition-related habits and behaviors of
parents and peers shape children’s (perceived) social norms related to FV consumption [9].
Furthermore, nutrition-related rules and practices in, for example, the home and school
setting influence children’s intake.

The school is a key environment when it comes to shaping children’s eating patterns.
As children from different backgrounds come together regularly at school for several of
their critical developmental years under the guidance of teachers who can serve as role
models, schools can play an important role in the promotion of children’s FV intake [13–15].
Over the years, various school-based interventions have been developed and implemented
to increase children’s FV consumption. Research has shown that interventions using either
traditional educational strategies (e.g., explaining the health benefits of FV or tasting food
products in school settings) or experiential learning strategies (e.g., garden- or cooking-
related activities) have moderately positive effects on the determinants of FV intake among
children [16–20]. Although evidence suggests that multi-component school-based interven-
tions have the greatest potential to improve children’s FV intake, interventions combining
a classroom-based curriculum with experiential learning strategies (e.g., cooking) are still
relatively seldom described [16,21,22].

The Dutch “Kokkerelli learning street” program, developed by Kids University for
Cooking, is a school-based nutrition education program that combines traditional education
and experiential learning. The curriculum is developed for children in study years 5–8
in primary school (8–12 years old) and aims to improve children’s FV-related knowledge,
taste preferences, attitudes, and intention. It comprises nine different “learning streets”:
separate three-week programs which each focus on one specific FV product. All learning
streets include classroom-based lessons, a visit to a grower’s farm, and a cooking workshop.
Although the program is already being implemented in the Netherlands, its effectiveness
has not yet been evaluated. The aim of the present study is, therefore, to investigate the
effects of children’s participation in a learning street program on the various behavioral
determinants of FV consumption. More specifically, the study aims to answer the following
research questions: In comparison with children who did not participate in a learning street,
what are the short-term (directly after the learning street) and longer-term (three months
after the learning street) effects of participation in a learning street program on children’s:

• FV-related knowledge;
• FV-related taste preferences;
• FV-related attitudes;
• Attitudes related to healthy dietary habits in general;
• Intention to consume FV.

2. Materials and Methods
2.1. Intervention

Kids University for Cooking developed a school-based nutrition education curriculum
specifically for children in study years 5–8 in primary school (internationally comparable
to grades 3–6). A conceptual framework (Figure 1) based on SCT [8] and the environmental
research framework for weight gain prevention (EnRG) [23] served as the theoretical
foundation for the curriculum, which employs concepts from self-determination theory,
experiential learning, and imagineering (e.g., self-experience in an interactive environment,
rather than conventional education) [24–26]. The aim of the curriculum is to teach children
where FVs come from, how they are processed, how they can be used for the preparation of
healthy meals, and to let children experience different aspects of FVs in a positive context.
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Figure 1. Conceptual framework of the determinants of children’s FV consumption (adapted from [8,23]).

The curriculum consists of various so-called learning streets (nine in total), which
all focus on one specific FV product: cauliflower, tomato, asparagus, pepper, strawberry,
blueberry, mushroom, carrot, or leek. A school class can participate in a learning street as
a one-time activity, but schools are encouraged to implement at least one learning street
each study year to create a continuous curriculum for children from study years 5–8. Each
learning street consists of multiple components, which schools can plan in a way that suits
their schedule (although all activities should be planned in a specific order and within a
three-week period). The program starts with an introduction lesson at school, during which
the teacher introduces children to the taste of the specific product. Next, children visit a
grower’s farm, where they receive information about the planting, growing, and harvesting
processes. After visiting the grower’s farm, children prepare a dish containing the specific
FV product at the cooking facilities of Kids University for Cooking with the help of a
professional chef and volunteers. Afterward, they eat the self-prepared meal together with
their peers. The last component is an evaluation lesson, which, again, takes place at school
under the guidance of a teacher. A detailed overview of the different components of the
program and its theoretical foundations are presented in Supplementary Tables S1 and S2.

2.2. Study Design

A quasi-experimental study was conducted. The need for ethical approval for the study
has been waived by the FHML-REC in Maastricht, the Netherlands (FHML-REC/2019/062).
The study was registered in the ClinicalTrials.gov database on 6 December 2019 (NCT04190680).
The participants in the intervention group participated in a learning street, while the control
group received no intervention and continued with their regular curriculum. The trial was
non-randomized; primary school classes that registered to participate in a learning street for
the first time during school years 2019–2020 or 2020–2021 were included in the intervention
group. The school classes included in the control group were chosen from a pool of primary
schools already participating in another research project on the effects of school-based health-
promoting initiatives on children’s health and well-being (no publications on this study are
available as the study is still ongoing). From this pool, classes from schools that were not
(planning on) implementing nutrition-related and/or physical activity (PA)-related health-
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promoting initiatives in the context of this project were eligible to be included in the control
group of the present study. Prior to the study’s start, an effect calculation was performed using
the following assumptions: (a) children are nested within school classes, with 25 participants
per class (as is common in the Netherlands), and seven intervention classes and seven control
classes were included in the study; (b) an intraclass correlation coefficient of 0.04, a dropout
rate of 10%, a standard deviation of 0.2, a power of 80%, and a significance level (alfa) of
0.05 were present in accordance with comparable research [27,28]. Based on these numbers,
an effect size of 0.104 can be detected with sufficient power. This effect corresponds to a
standardized effect size (Cohen’s d) of 0.52, indicating a medium effect size [29].

2.3. Participants and Recruitment

Participants were children in study years five and six (internationally comparable to
grades three and four; aged 8–10 years) from primary schools located in Northern Limburg,
the Netherlands. Researchers and employees of Kids University for Cooking informed the
children and parents about the study both orally and via information brochures (containing
information about the study’s purpose, procedures, and data handling). Informed consent
was obtained from all parents of the participating children.

2.4. Data Collection Procedures

Data collection in the intervention group took place before the start of the introduction
lesson (T0), directly after finishing the evaluation lesson (T1), and three months after the
evaluation lesson (T2). For the control group, the same data collection timing was used,
meaning there were three weeks between T0 and T1 data collection and three months
between T1 and T2 data collection. Initially, data collection was to be completed in the
school year 2019–2020, but due to the COVID-19 outbreak and the resulting closure of
primary schools in the Netherlands, this was not feasible. Measurements in the intervention
classes started before the COVID-19 outbreak in the school year 2019–2020 (September
2019). It was originally planned to include more intervention classes throughout the rest
of the school year 2019–2020 and to also collect data in the control classes later during
the school year 2019–2020. However, due to the mandatory primary school closure and
the focus on minimizing the educational delay after reopening, data collection in both
intervention and control classes was suspended from March 2020 until the end of the
school year (July 2020). Measurements in the control classes were therefore conducted in
the school year 2020–2021. However, as the learning streets were still suspended due to
the ongoing COVID-19 outbreak, it was not possible to include more intervention classes
during this school year. During all of the time points, children were asked to fill out
the same short questionnaire in writing, assessing the various psychosocial determinants
related to the FV product they encountered during their participation in the learning street.
In the control group, participants received questionnaires concerning the same FV products
that were addressed in the intervention group. For some of the classes from the control
group, this was not possible, as COVID-19-related changes were made during planning.
As a consequence of these changes, data collection in these classes was executed before it
was known that no other intervention classes would be included in the study. Participants
filled out the questionnaires during class hours, which took about 10 min. Due to the
COVID-19-related restrictions, the participants filled out the questionnaires under the
supervision of the responsible teacher only, who received written and verbal instructions
from the researchers prior to data collection.

2.4.1. Covariates

At baseline, participants’ demographic characteristics (age in years, sex (male/female),
and (parental) birth country) were collected via the questionnaire. The children’s ethnicity
was determined by parental birth country and categorized into (1) western background
(i.e., the Netherlands and all other European countries (excluding Turkey), and North
America, Japan, Indonesia, and Oceania) and (2) non-western background [30]. If at least
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one of the parents was born in a non-western country, the child’s ethnicity was assigned
to non-western.

2.4.2. Outcomes

Changes in the various psychosocial determinants of FV intake were selected as
outcome measures. Based on the conceptual framework used to develop the learning street
curriculum, five relevant determinants were selected: (i) knowledge; (ii) taste preferences;
(iii) intention; (iv) attitude towards the FV item addressed in the learning street; and
(v) attitude towards healthy food products in general [9,10,23]. Mean scores per participant
on the various determinants of FV intake at each time point were calculated. At least
two-thirds (67%) of the questions concerning a determinant had to be answered before a
mean score for that determinant was calculated. The children’s knowledge was assessed by
six true/false questions based on the information provided in the learning street. A correct
answer was scored as 1; an incorrect answer was scored as 0. A mean summary score of
the number of correct answers was computed by dividing the number of correct answers
by the total number of items that were answered (mean summary score could range from 0
(low knowledge) to 6 (high knowledge)). Three questions were developed regarding taste
preferences (e.g., “What do you think about the taste of the FV product?”) (five-point Likert
scale from 1 = “I do not like it” to 5 = “I like it very much”, with an additional answer option
“never tried”). Mean taste preferences were calculated by adding the scores of the questions
that were answered and dividing them by the amount of answered questions (mean
summary score could range from 1 (low taste preferences) to 5 (high taste preferences)).
Two questions were used to assess intention, concerning participants’ plans to consume
or cook a meal containing the FV product, and were assessed on a five-point Likert scale
from 1 = “no, I do not want to” to 5 = “yes I want to” with an additional answer option
“I do not know”. Mean intention was calculated by adding the scores of the questions that
were answered and dividing them by the amount of answered questions (mean summary
score could range from 1 (low intention) to 5 (high intention)). The two questions and
scales for attitude (“How much do you think the target behaviors are clever, interesting,
nice, cool, and tasty?”) were used as described by Ajzen and Fishbein and as previously
used in comparable research [16,27,31]. From these questions, a mean summary score for
(1) attitude towards the FV product assessed in the questionnaire and (2) general attitude
towards healthy products were calculated by adding the scores of the questions that were
answered and dividing them by the amount of answered questions. For both attitude
scores, the mean summary score could range from 1 (negative attitude) to 5 (positive
attitude). The questionnaires were previously used in a pilot study regarding the learning
street curriculum (not published) and appeared appropriate after small adaptations to the
formulation of the questions.

2.5. Data Analysis

All analyses were performed using IBM SPSS Statistics for Windows (version 27.0,
IBM Corp, Armonk, NY, USA). Only data from participants who completed at least 75%
of the questionnaire were included in the present study. This percentage was based on
comparable research, using the same cut-off point [27,32–34]. Baseline characteristics
are presented as mean with standard deviation (SD) for numerical variables and as the
number of participants with percentage (%) for categorical variables. The difference in
these characteristics between the intervention and control group was investigated using
independent-sample t-tests for the numerical variables and Pearson’s chi-square or Fisher’s
exact tests, where appropriate, for the categorical variables. As for the main analyses, data
were imputed for age, ethnicity, sex, and the different determinants of FV intake for each
time point, using multiple imputations with 20 iterations and predictive mean matching.
As the number of incomplete cases (at least one fixed variable missing and/or outcome
variable missing at all time points) was 38%, at least 38 imputed datasets should be used
according to the rule of thumb given by White et al. [35]. To be sure, 50 imputed datasets
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were created. A three-level linear mixed model analysis, with classes as the third level,
participants as the second level, and measurements as the first level, was used to assess
the longitudinal effect of the learning street on the various determinants assessed in the
questionnaire. The fixed part of the model consisted of group (intervention versus control),
time (T0, T1, T2), and the interaction term group * time to assess the group effect at each
time point, correcting for the outcome at baseline. Furthermore, sex (male/female), age (in
years, at T0), the FV product addressed in the learning street, and the baseline scores for the
other four determinants of FV intake were included in the fixed part of the model. As for the
random part of the model, a random intercept (and slope) on the class level was included
next to an unstructured covariance structure for the three repeated measurements. We did
not include the nesting of classes within schools as an additional level in our analysis as
(a) the children mainly influence each other within a class and less within a school; (b) the
number of included classes per school is very small; (c) the inclusion of schools as another
level would further increase the number of levels in the analyses (there would be four
levels), potentially resulting in estimation problems. As a sensitivity analysis, the same
linear mixed model analyses were applied to the original (non-imputed) data. Furthermore,
post-hoc analyses were performed, where we only corrected for the baseline outcome and
those covariates and/or baseline scores of determinants of FV intake that were significantly
different between the intervention and control group at baseline. Standardized effect sizes
were calculated for each determinant and expressed as Cohen’s d, defined as the difference
in observed mean change scores divided by the pooled standard deviation of the change
scores. The Cohen’s d was interpreted as small (d = 0.2), medium (d = 0.5), and large
(d = 0.8) [29]. Two-sided p-values ≤ 0.05 were considered statistically significant.

3. Results
3.1. Demographic Characteristics

Of the 91 children from the four classes (study years five and six) participating in a
learning street program during the school year 2019–2020, 61 (67.0%) handed in a completed
informed consent form so as to be included in the intervention group of the present study.
Of these children, 60 met the additional inclusion criteria to be included in the present
study’s data analyses. Of the 312 children from the 30 school classes already participating
in the other research project, 165 children (52.8%) from 17 classes (study years five and
six) were suitable for inclusion in the present study’s control group as they were from
classes that were not (planning on) implementing nutrition-related and/or PA-related
health-promoting initiatives in the context of the project. Of this group, 132 children from
15 classes were included as they met the additional criteria to be included in the present
study’s data analyses. A detailed overview of the inclusion process of the participants can
be found in Supplementary Figure S1.

Table 1 provides an overview of the sample’s baseline characteristics. The intervention
and control group were comparable regarding sex and ethnicity. There were, however,
significant baseline differences in age and intention to consume the FV item between the
two groups. The mean age in the intervention group was significantly lower (8.3 years)
compared to that of the control group (8.6 years) (p = 0.00). The baseline intention was
significantly higher in the intervention group (3.9) compared to that of the control group
(3.1) (p < 0.001).
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Table 1. Baseline characteristics of participants from the present study’s intervention and control
group (n = 190).

Intervention Group Control Group

n
%

Missing
Values 1

%/M SD n
%

Missing
Values 1

%/M SD Chi2/t-
Value

p-Value

Schools 4 n/a n/a n/a 7 n/a n/a n/a n/a n/a
Included classes per school 1 n/a n/a n/a 2–4 2 n/a n/a n/a n/a n/a
Included participants per

class n/a n/a 15.0 6.5 n/a n/a 8.8 3.8 n/a n/a

Sex (% boys) 24 3.3 41.4 55 0.0 41.7 0.00 0.97
Age (years) 60 0.0 8.3 0.5 132 0.0 8.6 0.7 −3.81 <0.001 *

Ethnicity (%Western) 3 52 6.7 92.9 127 0.8 97.0 0.24
Knowledge (mean correct)

[0–6] 60 0.0 3.0 1.6 132 0.0 3.2 1.2 −0.75 0.46

Intention (mean score)
[1–5] 46 23.3 3.9 1.1 96 27.3 3.1 1.3 3.50 <0.001 *

Taste preferences (mean
score) [1–5] 54 10.0 3.6 1.1 115 12.9 3.5 1.2 0.44 0.66

Attitude towards
addressed FV product

(mean score) [1–5]
59 1.7 2.7 0.9 131 0.8 2.6 0.9 0.81 0.42

General attitude towards
healthy food (mean score)

[1–5]
58 3.3 3.0 0.9 131 0.8 3.1 0.9 −1.01 0.31

Note. All children who filled in 75% of the questionnaire and 67% of the questions for each determinant at T0
were included in the baseline. Children who were not present at T0 were not included. For intention, a five-point
Likert scale was used: 1: “No, I do not want to”, 2: “I do not think so”, 3: “Maybe”, 4: “I think so”, 5: “Yes I want
to”. For taste preferences, a comparable scale was used: 1: “I do not like it”, 2: “I do not really like it”, 3: “It is
okay”, 4: “I like it”, 5: “I like it very much”. For attitude, the following scale was used: 1: “No, sure not”, 2: “I
do not think so”, 3: “In between”, 4: “Yes, I think so”, 5: “Yes, sure”. Abbreviations; FV: fruit and vegetables,
n: number of participants, M: mean, SD: standard deviation. * Significant difference between intervention and
control group (p ≤ 0.05); 1 missing values based on true missings and participants having selected the answer
option “I do not know”; 2 in five schools, two classes were included. In one school, three classes were included. In
one school, four classes were included; 3 Fisher’s exact test.

3.2. Intervention Effects on the Psychosocial Determinants of FV Intake

The intervention’s effects on the various psychosocial determinants were analyzed
after correction for baseline knowledge, intention, taste preferences, attitude towards ad-
dressed FV product, general attitude towards healthy products, sex, age, and the FV prod-
uct addressed in the learning street program. The analyses revealed significant positive
intervention effects for the knowledge (p = 0.001; standardized effect size (ES = 0.60),
taste preferences (p = 0.002; ES = 0.52), attitude towards addressed FV product (p = 0.004;
ES = 0.48), and general attitude towards healthy products (p = 0.01; ES = 0.39) at T1 (directly
after the intervention). No significant intervention effect for intention was found at T1. At T2
(three months after the intervention), the significant intervention effects for all outcomes had
disappeared. Detailed information on the intervention effects for the various outcomes can
be found in Table 2, Figures 2–5, and Supplementary Figure S2. Descriptive data regarding
the observed mean scores for the various determinants of FV intake from T0–T2 can be
found in Supplementary Table S3. The estimated treatment effects based on the original
(non-imputed) data can be found in Supplementary Table S4, showing similar effects. The
post-hoc analyses, which were only corrected for the baseline outcome, age, and intention
(as there were significant baseline differences between the intervention and control group
for these two variables), also showed similar results (Supplementary Table S5).
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Table 2. Estimated Treatment Effects after Multiple Imputation (n = 192).

Determinant
Intervention vs. Control

B (95% CI) p-Value ES 1

Knowledge T1−T0 0.78 (0.32; 1.23) 0.001 * 0.60
T2−T0 0.31 (−0.28; 0.90) 0.31 0.22

Intention T1−T0 0.11 (–0.24; 0.45) 0.55 0.20

T2−T0 –0.21 (–0.65;
0.22) 0.33 –0.09

Taste preferences T1−T0 0.35 (0.13; 0.57) 0.002 * 0.52
T2−T0 0.18 (–0.07; 0.42) 0.16 0.20

Attitude towards addressed
FV product

T1−T0 0.32 (0.10; 0.55) 0.004 * 0.48
T2−T0 0.03 (–0.25; 0.30) 0.84 0.00

General attitude towards
healthy products

T1−T0 0.29 (0.06; 0.53) 0.01 * 0.39
T2−T0 0.19 (–0.09; 0.47) 0.19 0.19

Note. Time span: T1–T0 = three weeks; T2–T0 = three months. Abbreviations; CI: confidence interval, ES: effect
size, FV: fruit and vegetables. * Significant difference between the intervention and control group (p ≤ 0.05),
analyzed by linear mixed model analyses. All analyses were corrected for baseline outcome, sex, age, FV product
assessed in the questionnaire, and the baseline scores of the other four determinants of FV intake. 1 Effect size
based on observed means and SD from original data, not imputed data.
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Figure 5. Estimated marginal means of general attitude towards healthy products from T0–T2.
Note. Time span: T1–T0 = three weeks; T2–T0 = three months. * Significant difference between the
intervention and control group (p ≤ 0.05). Analyzed by linear mixed model analyses. All analyses
were corrected for baseline outcome, sex, age, FV product assessed in the questionnaire, and the
baseline scores of the other four determinants of FV intake.

4. Discussion

This study aimed to investigate the short-term and longer-term effects of participation
in the Kokkerelli learning street on the knowledge, taste preferences, intention, attitude
towards FV products, and general attitude towards healthy food products of Dutch primary
school pupils aged 8–10 years old. For all determinants except intention, significant positive
intervention effects were found over the short term (directly after the intervention). These
intervention effects decreased over time and were no longer significant three months after
the intervention. These findings are partly in line with our hypothesis, which described an
expected increase over the short and long term for knowledge, taste preferences, intention,
attitude towards addressed FV product, and general attitude towards healthy products
following pupils’ participation in the learning street program.

The fact that no significant longer-term intervention effects were found for any of
the study’s outcomes might be related to the intensity of the intervention. The learning
street had a duration of approximately three weeks, during which children participated
in various lessons and activities. However, after this period, schools continued with
their regular curriculum. Additionally, all activities were organized within the school
setting with limited efforts to include parents and the home setting in the learning street
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program. Besides the school environment, the home setting has a large influence on
children’s dietary behaviors through factors such as FV availability at home and the
dietary habits of family members [10,11,36]. The Dutch school-based intervention “Taste
Lessons” was successful in achieving short-term and long-term improvements in children’s
knowledge [16]. A possible explanation for the occurrence of long-term improvements
in knowledge might be that Taste Lessons also stimulated parental involvement through
homework assignments. Possibly, improvements in parental nutrition-related behaviors
following the homework assignments positively influenced the children’s knowledge,
as it is known that caregivers’ health-promoting behaviors are associated with higher
nutrition-related knowledge and higher FV intake in children [37]. Another comparable
intervention was the so-called “High 5 project”, although this intervention had a much
higher intensity than the present intervention, including homework assignments, efforts to
involve parents, and a food service component in the school cafeteria [38]. An evaluation
of this intervention found long-term improvements in children’s knowledge and FV intake,
although the magnitude of the effects had decreased at two-year follow-up compared with
one-year follow-up [38]. The findings from these other interventions support the hypothesis
that the present intervention’s intensity might not have been sufficient to achieve longer-
term improvements in the various outcomes and that parental involvement might increase
intervention impact. Indeed, a review by Contento et al. states that up to 50 classroom
hours of exposure are needed to achieve stable improvements in various outcomes, which
is considerably more than the (approximately) 4.5 h of exposure that was achieved in the
present intervention. It also showed that programs with a duration of several years resulted
in stable changes in dietary intake [39]. Repeating the present intervention several times a
year and/or in various study years might therefore lead to more prominent effects. Despite
the fact that Kids University for Cooking already recommends repeating the intervention
over various study years, this is currently not a common practice due to various practical
barriers mentioned by schools (e.g., limited space in the curriculum, limited financial
resources, etc.).

The lack of observed intervention effects on intention could also potentially be linked
to the intervention’s limited intensity and parental involvement. According to the theory
of planned behavior, intention is the most important precedent for behavior. Intention is,
in turn, influenced by attitude, subjective norms, and perceived behavioral control [40].
Potentially, the present intervention was not powerful enough to influence these deter-
minants sufficiently to also lead to improvements in intention. It should also be noted
that children’s FV intake and also, very likely, their intention to consume FV outside of
school is largely regulated by parents and caregivers who purchase and prepare the food in
the home setting. Possibly, children subconsciously took this large parental influence on
their FV consumption behavior into account when answering the questions regarding their
intention to consume FV. If no changes in parental behavior were expected, children might
have reasoned that their own behavior and intention could not be changed either.

The evaluation of the effectiveness of Taste Lessons furthermore revealed a significant
short-term increase in the number of different foods tasted by the intervention group, with
the effect disappearing after six months [16]. These findings are in line with the significant
short-term effects on taste preference which were observed in the present study [41,42].
Furthermore, the present study found a significant short-term improvement in attitude, while
Taste Lessons was not successful in improving attitude over the short or long term. A possible
explanation for this discrepancy in the findings might be the difference in the ratio between
experiential learning and traditional learning in the two programs. Taste Lessons consisted
of a large portion of traditional learning (in the form of classroom-based lessons combined
with small experiments and activities), while the learning street program comprises more
elements focusing almost exclusively on experiential learning (e.g., a visit to a grower’s
farm and a cooking lesson) [43]. More experiential learning might lead to greater effects;
research suggests it is a useful strategy to improve children’s attitudes [26]. Other studies
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evaluating interventions consisting of a large portion of experiential learning also found
positive intervention effects on children’s attitudes over the short and/or long term [44–46].

4.1. Strengths and Limitations

The present study had several strengths and limitations. Various studies are available
in which the effects of school-based nutrition education programs are investigated. How-
ever, the majority of these programs focus on traditional education or experiential learning
strategies in isolation. To our knowledge, the present study is one of the few studies that
has investigated the effects of a school-based nutrition program, deploying both traditional
and experiential learning strategies [21], and has, therefore, contributed to the evidence
base regarding this type of education program. Furthermore, not only the short-term effects
immediately after the intervention were investigated but also the longer-term effects three
months after the intervention. Although no significant longer-term effects were found,
the study provides valuable insights and suggestions for improving interventions to in-
crease their effectiveness (e.g., through increasing its intensity and including a parental
component). In this way, this study provides valuable information that can help interven-
tion developers, researchers, schools, and other stakeholders in the field to maximize the
impact of future school-based nutrition education programs. A limitation of the study is
the restricted external validity of the study’s results as the sample size is relatively small
(especially in the intervention group), with a limited variety of ethnicity. It would, therefore,
be beneficial to study the intervention’s effects in a larger and more diverse population.
Furthermore, the potential occurrence of selection bias in the intervention group could
not be investigated, as the researchers had no access to the demographic characteristics of
children for whom no informed consent for study participation was obtained. A second
limitation is the fact that no randomization took place when assigning schools to the in-
tervention and control groups. This represented the real-world situation, as schools can
enroll in the learning street program based on their willingness to participate. The fact
that the control group consisted of classes already participating in another research project
limited the external validity, although we made sure that these classes were not (planning
on) implementing nutrition-related and/or PA-related health-promoting initiatives and
were comparable with the classes from the intervention group. We tested for baseline dif-
ferences between the intervention and control group and only found significant differences
in age and intention. For age, it is debatable if this significant difference is relevant, as the
mean difference between the intervention and control group was only approximately four
months. For intention, the intervention group’s baseline mean was significantly higher
than that of the control group. Although we corrected for this baseline difference in the
analyses, this still might have influenced the results, as there might have been limited room
for improvement due to the already high intention at baseline.

All analyses were corrected for baseline knowledge, intention, taste preferences, at-
titude towards addressed FV product, general attitude towards healthy products, sex,
age, and the FV product addressed in the learning street. Furthermore, post-hoc analyses,
where we only corrected for baseline outcome, age, and intention (as there were significant
baseline differences between the intervention and control group for these two variables),
were performed (Supplementary Table S4). As the results from the main analyses and the
post-hoc analyses were comparable, it was determined that no overfitting had occurred
and that the results from the main analyses were acceptable.

For various determinants, especially the determinants ‘intention’ and ‘taste prefer-
ences’, the number of missing values at all time points was relatively high. This was due to
the answer option “I do not know”, which was often selected and was recoded as a missing
value. Many participants selected this answer option because they were not familiar with
the FV product prior to it being addressed in the learning street program. To compensate for
the missing values, the data in the present study were imputed using multiple imputations.

Other important limitations are related to the measurement instrument that was used
for the assessment of the various determinants of the children’s FV intake. The danger in us-
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ing subjective measurements like questionnaires is that they might lead to social desirability
bias [47]. However, there is currently no objective way to measure constructs such as taste
preferences, intention, and attitude. During the administration of the questionnaire, the
teachers tried to limit the occurrence of social desirability bias by stressing confidentiality
and by telling participants there were no wrong or right answers. The used questionnaire
was based on questionnaires used in comparable research [16], were tested in a pilot study
on the learning street curriculum (not published) and appeared appropriate after making
small adaptations to the formulation of the questions. However, it should be noted that the
reliability and validity of the questionnaire were not specifically tested and are, therefore,
not known. Furthermore, differences in reading and comprehension skills might have had
an influence on the capacity of participants to answer the questionnaire adequately.

The fact that each learning street covered a different FV product and that participants
from different classes, therefore, completed questionnaires concerning various products
might have had an influence on the outcomes evaluated in the present study. Fruit items,
like strawberries, are sweeter than vegetables, such as cauliflowers. Studies show that
children prefer sweet products above bitter products [48,49], which makes it more difficult
to compare the different FV products concerning outcomes such as taste preference. To
avoid these differences playing a role in future evaluations, it would be better to investigate
the effects of one specific learning street at a time (e.g., only evaluating the effects of the
learning street program on cauliflower), which was not possible in the present study due to
the relatively small sample size.

Another factor that had an impact on the present study was the outbreak of COVID-19
in early 2020. Due to this outbreak, Dutch schools were forced to close for several periods
and could not participate in the learning street program during these periods. This meant
that only four intervention classes could be included in the present study instead of the
seven classes that were anticipated prior to the start of the study. As a response to this,
it was decided to include as many control classes as possible to increase the statistical
power. This resulted in the inclusion of 15 control classes, meaning that the control group
(n = 132) was approximately twice as big as the intervention group (n = 60). Despite
this large difference in the number of participants between the intervention and control
group, including this many participants in the control group was still beneficial, as it has
been shown that statistical power improves until the largest group is approximately three
times the smallest group [50]. Furthermore, performing an effect size calculation with the
same assumptions as described earlier, but with four intervention classes and 15 control
classes, resulted in a Cohen’s d of 0.53 (was 0.52), indicating that the difference in the
number of included classes did not have a large effect on the effect size. The COVID-19
outbreak and the subsequent school closures also meant that the timing of the questionnaire
administration was different for the intervention and control groups. It is unknown what
influence COVID-19 and the subsequent safety measures (e.g., school closures) had on the
children’s (determinants of) FV intake, as studies report mixed effects of the pandemic on
children’s FV consumption [51–53].

4.2. Implications for Research and Practice

Recommendations for future research include using a larger and/or more diverse
population, exploring other measurement instruments to investigate children’s (deter-
minants of) FV intake, evaluating the intervention’s effects on children’s FV intake, and
investigating the intervention’s effects by evaluating a learning street which addresses one
FV product at a time.

There are also various recommendations to further improve the learning street pro-
gram itself. To achieve more sustainable intervention effects, the intensity of the learning
street program should be increased. This can be achieved through a prolonged intervention
duration, higher frequency of the provided lessons, and/or repeated participation in the
learning street multiple times a year or for several school years in a row (as recommended
by Kids University for Cooking). Furthermore, efforts to stimulate parental involvement
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could be a valuable addition to the learning street program. Parents play an important role
in the development of children’s eating habits; therefore, it would be beneficial to target
the home environment as well. This can be achieved by, e.g., expanding the learning street
program to include homework assignments and/or family activities. The above-mentioned
recommendations are not only valuable for the learning street intervention, but they are
also relevant for the developers of other school-based nutrition education programs. Con-
sidering the potential impact of school-based nutrition education programs on children’s
determinants of FV intake, we recommend including these programs as a mandatory part of
the curriculum, something which is currently not the case in the Netherlands. This should,
however, be carried out in close consultation with intervention developers and researchers
to ensure that schools implement adequate and evidence-based programs. Furthermore,
efforts should be made to reduce the various barriers that schools experience with regard to
the implementation of nutrition education programs (e.g., limited space in the curriculum,
high workload, and limited financial resources).

5. Conclusions

The present study showed the significant positive short-term effects of participating
in the Kokkerelli learning street intervention on children’s knowledge, taste preferences,
attitude towards the FV products addressed in the intervention, and their general attitude
towards healthy food products. The results indicate that participation in the learning street
program can contribute to behavioral change. However, the observed effects were not
sustained over the long term. This might be explained by the relatively small study sample,
issues related to the used measurement instrument, and/or the limited intensity and
parental involvement in the learning street program. Longer-term effects might be achieved
by repeating the program more often (e.g., multiple times a year and/or multiple school
years in a row) and/or by including additional components in the learning street program
(e.g., homework assignments to stimulate parental involvement). Further improving and
investigating the learning street program and comparable interventions is highly relevant
to gain more insight into ways to sustainably improve children’s determinants of FV intake
and, subsequently, their overall health.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14204259/s1, Supplementary Table S1: Overview of the Var-
ious Components of Each Learning Street; Supplementary Table S2: Overview of the Theoretical
Foundations of the Learning Street; Supplementary Table S3: Observed Mean Scores for the Various
Determinants of FV Intake at the Various Time Points (T0–T2); Supplementary Table S4: Estimated
Treatment Effects Based on Original (Non-Imputed) Data; Supplementary Table S5: Post-hoc analyses–
Estimated Treatment Effects after Multiple Imputation and Corrected for Baseline Outcome, Age, and
Intention Assessed in the Questionnaire. Figure S1: Flowchart Study Participation; Supplementary
Figure S2: Estimated Marginal Means for Intention at T0–T2.

Author Contributions: Conceptualisation, M.T.H.H. and O.C.P.v.S. Methodology, M.T.H.H. and
O.C.P.v.S. Formal analysis, M.T.H.H., J.P.M.J. and B.W. Investigation, M.T.H.H. and J.P.M.J. Data
curation, M.T.H.H. and J.P.M.J. Writing–Original draft preparation, M.T.H.H. Writing–Review and
editing, J.P.M.J., B.W. and O.C.P.v.S. Supervision, O.C.P.v.S. Project administration, M.T.H.H. Funding
Acquisition, O.C.P.v.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Limburg provincial authorities (www.limburg.nl; accessed
on 1 August 2022) and Maastricht University [project number SAS-2019-00624].

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki, and the need for ethical approval has been waived by the FHML-REC in Maastricht, the
Netherlands (FHML-REC/2019/062). The study was registered in the ClinicalTrials.gov database on
6 December 2019 (NCT04190680).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

https://www.mdpi.com/article/10.3390/nu14204259/s1
https://www.mdpi.com/article/10.3390/nu14204259/s1
www.limburg.nl
ClinicalTrials.gov


Nutrients 2022, 14, 4259 14 of 16

Data Availability Statement: Data will be available upon request. Data will only be shared with
parties who provide a methodologically-sound proposal, or for individual participant data meta-
analysis. Proposals should be directed to mth.hahnraths@maastrichtuniversity.nl. To gain access,
data requestors will need to sign a data access agreement.

Acknowledgments: We thank the study participants and their parents/caregivers for agreeing to
take part in the study, the participating schools, and all the project staff.

Conflicts of Interest: The authors declare no conflict of interest. The funders and Kids University for
Cooking had no role in the design of the study; in the collection, analyses, or interpretation of data; in
the writing of the manuscript, or in the decision to publish the results.

References
1. Boeing, H.; Bechthold, A.; Bub, A.; Ellinger, S.; Haller, D.; Kroke, A.; Leschik-Bonnet, E.; Müller, M.J.; Oberritter, H.; Schulze,

M.; et al. Critical review: Vegetables and fruit in the prevention of chronic diseases. Eur. J. Nutr. 2012, 51, 637–663. [CrossRef]
[PubMed]

2. Increasing Fruit and Vegetable Consumption to Reduce the Risk of Noncommunicable Diseases. Available online: http://www.
who.int/elena/titles/fruit_vegetables_ncds/en/ (accessed on 12 August 2022).

3. WHO. Food and Nutrition Policy for Schools; WHO Regional Office for Europe: Copenhagen, Denmark, 2006.
4. WHO. Report of the Commission on Ending Childhood Obesity. Implementation Plan: Executive Summary; World Health Organisation:

Geneva, Switzerland, 2017.
5. Reinehr, T.; Kleber, M.; Lass, N.; Toschke, A.M. Body mass index patterns over 5 y in obese children motivated to participate in a

1-y lifestyle intervention: Age as a predictor of long-term success. Am. J. Clin. Nutr. 2010, 91, 1165–1171. [CrossRef] [PubMed]
6. Cheng, J.K.; Wen, X.; Coletti, K.D.; Cox, J.E.; Taveras, E.M. 2-Year BMI Changes of Children Referred for Multidisciplinary Weight

Management. Int. J. Pediatr. 2014, 2014, 152586. [CrossRef] [PubMed]
7. Kinderen Eten te Weinig Fruit, Groente en vis [Children Do Not Consume Enough Fruit, Vegetables and Fish]. Available online:

https://www.cbs.nl/nl-nl/nieuws/2017/46/kinderen-eten-te-weinig-fruit-groente-en-vis (accessed on 23 August 2022).
8. Bandura, A. Social Cognitive Theory: An Agentic Perspective. Annu. Rev. Psychol. 2001, 52, 1–26. [CrossRef] [PubMed]
9. Haß, J.; Hartmann, M. What determines the fruit and vegetables intake of primary school children?—An analysis of personal and

social determinants. Appetite 2018, 120, 82–91. [CrossRef]
10. Blanchette, L.; Brug, J. Determinants of fruit and vegetable consumption among 6-12-year-old children and effective interventions

to increase consumption. J. Hum. Nutr. Diet. 2005, 18, 431–443. [CrossRef]
11. Rasmussen, M.; Krølner, R.; Klepp, K.I.; Lytle, L.; Brug, J.; Bere, E.; Due, P. Determinants of fruit and vegetable consumption

among children and adolescents: A review of the literature. Part I: Quantitative studies. Int. J. Behav. Nutr. Phys. Act. 2006, 3, 22.
[CrossRef]

12. Santiago Rivera, O.J.; Carlson, J.; Eisenmann, J.C.; Pfeiffer, K.; Feltz, D.; Avila, B.; Contreras, D. Association of Self-efficacy for
Fruit and Vegetable Intake with Reported Dietary Intake in 5th Grade Children. J. Nutr. Educ. Behav. 2013, 45, S54–S55. [CrossRef]

13. Langford, R.; Bonell, C.P.; Jones, H.E.; Pouliou, T.; Murphy, S.M.; Waters, E.; Komro, K.A.; Gibbs, L.F.; Magnus, D.; Campbell,
R. The WHO Health Promoting School framework for improving the health and well-being of students and their academic
achievement. Cochrane Database Syst. Rev. 2014, 2014, CD008958. [CrossRef]

14. Verrotti, A.; Penta, L.; Zenzeri, L.; Agostinelli, S.; De Feo, P. Childhood obesity: Prevention and strategies of intervention. A
systematic review of school-based interventions in primary schools. J. Endocrinol. Investig. 2014, 37, 1155–1164. [CrossRef]

15. FAO. Nutrition Education in Primary Schools; FAO: Rome, Italy, 2005; Volume 1, ISBN 92-5-105454-1.
16. Battjes-Fries, M.C.E.; Haveman-Nies, A.; Renes, R.J.; Meester, H.J.; Van’t Veer, P. Effect of the Dutch school-based education

programme ‘Taste Lessons’ on behavioural determinants of taste acceptance and healthy eating: A quasi-experimental study.
Public Health Nutr. 2015, 18, 2231–2241. [CrossRef] [PubMed]

17. Caraher, M.; Seeley, A.; Wu, M.; Lloyd, S. When chefs adopt a school? An evaluation of a cooking intervention in English primary
schools. Appetite 2013, 62, 50–59. [CrossRef] [PubMed]

18. Ritchie, B.; O’Hara, L.; Taylor, J. ‘Kids in the Kitchen’ impact evaluation: Engaging primary school students in preparing fruit and
vegetables for their own consumption. Heal. Promot. J. Aust. 2015, 26, 146–149. [CrossRef] [PubMed]

19. Robinson-O’Brien, R.; Story, M.; Heim, S. Impact of garden-based youth nutrition intervention programs: A review. J. Am. Diet.
Assoc. 2009, 109, 273–280. [CrossRef] [PubMed]

20. Gibbs, L.; Staiger, P.K.; Johnson, B.; Block, K.; Macfarlane, S.; Gold, L.; Kulas, J.; Townsend, M.; Long, C.; Ukoumunne, O.
Expanding Children’s Food Experiences: The Impact of a School-Based Kitchen Garden Program. J. Nutr. Educ. Behav. 2013,
45, 137–146. [CrossRef] [PubMed]

21. Evans, C.E.L.; Christian, M.S.; Cleghorn, C.L.; Greenwood, D.C.; Cade, J.E. 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. [CrossRef]

22. Poelman, A.A.M.; Cochet-Broch, M.; Cox, D.N.; Vogrig, D. Vegetable Education Program Positively Affects Factors Associated
with Vegetable Consumption Among Australian Primary (Elementary) Schoolchildren. J. Nutr. Educ. Behav. 2019, 51, 492–497.
[CrossRef]

http://doi.org/10.1007/s00394-012-0380-y
http://www.ncbi.nlm.nih.gov/pubmed/22684631
http://www.who.int/elena/titles/fruit_vegetables_ncds/en/
http://www.who.int/elena/titles/fruit_vegetables_ncds/en/
http://doi.org/10.3945/ajcn.2009.28705
http://www.ncbi.nlm.nih.gov/pubmed/20219965
http://doi.org/10.1155/2014/152586
http://www.ncbi.nlm.nih.gov/pubmed/24672556
https://www.cbs.nl/nl-nl/nieuws/2017/46/kinderen-eten-te-weinig-fruit-groente-en-vis
http://doi.org/10.1146/annurev.psych.52.1.1
http://www.ncbi.nlm.nih.gov/pubmed/11148297
http://doi.org/10.1016/j.appet.2017.08.017
http://doi.org/10.1111/j.1365-277X.2005.00648.x
http://doi.org/10.1186/1479-5868-3-22
http://doi.org/10.1016/j.jneb.2013.04.146
http://doi.org/10.1002/14651858.CD008958.pub2
http://doi.org/10.1007/s40618-014-0153-y
http://doi.org/10.1017/S1368980014003012
http://www.ncbi.nlm.nih.gov/pubmed/25543855
http://doi.org/10.1016/j.appet.2012.11.007
http://www.ncbi.nlm.nih.gov/pubmed/23201301
http://doi.org/10.1071/HE14074
http://www.ncbi.nlm.nih.gov/pubmed/25995023
http://doi.org/10.1016/j.jada.2008.10.051
http://www.ncbi.nlm.nih.gov/pubmed/19167954
http://doi.org/10.1016/j.jneb.2012.09.004
http://www.ncbi.nlm.nih.gov/pubmed/23472931
http://doi.org/10.3945/ajcn.111.030270
http://doi.org/10.1016/j.jneb.2018.11.002


Nutrients 2022, 14, 4259 15 of 16

23. Kremers, S.P.; de Bruijn, G.-J.; Visscher, T.L.; van Mechelen, W.; de Vries, N.K.; Brug, J. Environmental influences on energy
balance-related behaviors: A dual-process view. Int. J. Behav. Nutr. Phys. Act. 2006, 3, 9. [CrossRef]

24. Pine, B.J.; Gilmore, J.H. The Experience Economy: Work is Theatre & Every Business A Stage, 1st ed.; Harvard Business Press: Boston,
MA, USA, 1999.

25. Deci, E.L.; Ryan, R.M. Self-determination theory. In Handbook of Theories of Social Psychology, 1st ed.; Sage Publications Ltd.:
Thousand Oaks, CA, USA, 2012; pp. 416–436.

26. Varman, S.D.; Cliff, D.P.; Jones, R.A.; Hammersley, M.L.; Zhang, Z.; Charlton, K.; Kelly, B. Experiential Learning Interventions
and Healthy Eating Outcomes in Children: A Systematic Literature Review. Int. J. Environ. Res. Public Health 2021, 18, 10824.
[CrossRef]

27. Battjes-Fries, M.C.E.; Haveman-Nies, A.; Zeinstra, G.G.; van Dongen, E.J.I.; Meester, H.J.; van den Top-Pullen, R.; van’t Veer, P.; de
Graaf, K. Effectiveness of Taste Lessons with and without additional experiential learning activities on children’s willingness to
taste vegetables. Appetite 2017, 109, 201–208. [CrossRef]

28. Bartelink, N.H.M.; van Assema, P.; Kremers, S.P.J.; Savelberg, H.H.C.M.; Oosterhoff, M.; Willeboordse, M.; Van Schayck, O.C.P.;
Winkens, B.; Jansen, M.W.J. One- and two-year effects of the healthy primary school of the future on children’s dietary and
physical activity behaviours: A quasi-experimental study. Nutrients 2019, 11, 689. [CrossRef] [PubMed]

29. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Routledge: New York, NY, USA, 1988; ISBN 978-1-134-74270-7.
30. Keij, I. Hoe doet het CBS dat nou? Standaarddefinitie allochtonen [How does CBS work? Standard definition immigrants]. Index

Feiten en Cijfers over onze Samenlev. 2000, 7, 24–25.
31. Ajzen, I.; Fishbein, M.; Lohmann, S.; Albarracín, D. The Influence of Attitudes on Behavior. In The Handbook of Attitudes, 2nd ed.;

Albarracín, D., Johnson, B., Eds.; Routledge: New York, NY, USA, 2018; pp. 194–253.
32. McAleese, J.D.; Rankin, L.L. Garden-Based Nutrition Education Affects Fruit and Vegetable Consumption in Sixth-Grade

Adolescents. J. Am. Diet. Assoc. 2007, 107, 662–665. [CrossRef]
33. Wardle, J.; Cooke, L.J.; Gibson, E.L.; Sapochnik, M.; Sheiham, A.; Lawson, M. Increasing children’s acceptance of vegetables; A

randomized trial of parent-led exposure. Appetite 2003, 40, 155–162. [CrossRef]
34. Hahnraths, M.T.H.; Willeboordse, M.; van Assema, P.; Winkens, B.; van Schayck, C.P. The Effects of the Healthy Primary School of

the Future on Children’s Fruit and Vegetable Preferences, Familiarity and Intake. Nutrients 2021, 13, 3241. [CrossRef]
35. White, I.R.; Royston, P.; Wood, A.M. Multiple imputation using chained equations: Issues and guidance for practice. Stat. Med.

2011, 30, 377–399. [CrossRef]
36. Brug, J.; Tak, N.I.; Te Velde, S.J.; Bere, E.; De Bourdeaudhuij, I. Taste preferences, liking and other factors related to fruit and

vegetable intakes among schoolchildren: Results from observational studies. Br. J. Nutr. 2008, 99, 7–14. [CrossRef]
37. Verdonschot, A.; de Vet, E.; van Seeters, N.; Warmer, J.; Collins, C.E.; Bucher, T.; Haveman-Nies, A. Caregivers’ Role in the

Effectiveness of Two Dutch School-Based Nutrition Education Programmes for Children Aged 7–12 Years Old. Nutrients 2021,
13, 140. [CrossRef]

38. Reynolds, K.D.; Franklin, F.A.; Binkley, D.; Raczynski, J.M.; Harrington, K.F.; Kirk, K.A.; Person, S. Increasing the Fruit and
Vegetable Consumption of Fourth-Graders: Results from the High 5 Project. Prev. Med. 2000, 30, 309–319. [CrossRef]

39. Contento, I.R.; Manning, A.D.; Shannon, B. Research perspective on school-based nutrition education. J. Nutr. Educ. 1992,
24, 247–260. [CrossRef]

40. Ajzen, I. The theory of planned behaviour. Organ. Behav. Hum. Decis. Process. 1991, 50, 179–211. [CrossRef]
41. Birch, L.L.; McPhee, L.; Shoba, B.C.; Pirok, E.; Steinberg, L. What kind of exposure reduces children’s food neophobia? Looking

vs. tasting. Appetite 1987, 9, 171–178. [CrossRef]
42. Cooke, L. The importance of exposure for healthy eating in childhood: A review. J. Hum. Nutr. Diet. 2007, 20, 294–301. [CrossRef]

[PubMed]
43. Smaaklessen [Taste Lessons]. Available online: https://www.smaaklessen.nl/ (accessed on 7 July 2022).
44. Wall, D.E.; Least, C.; Gromis, J.; Lohse, B. Nutrition education intervention improves vegetable-related attitude, self-efficacy,

preference, and knowledge of fourth-grade students. J. Sch. Health 2012, 82, 37–43. [CrossRef] [PubMed]
45. Joshi, A.; Azuma, A.M.; Feenstra, G. Do Farm-to-School Programs Make a Difference? Findings and Future Research Needs. J.

Hunger Environ. Nutr. 2008, 3, 229–246. [CrossRef]
46. Duncan, M.J.; Eyre, E.; Bryant, E.; Clarke, N.; Birch, S.; Staples, V.; Sheffield, D. The impact of a school-based gardening

intervention on intentions and behaviour related to fruit and vegetable consumption in children. J. Health Psychol. 2015,
20, 765–773. [CrossRef]

47. Crandall, V.C.; Crandall, V.J.; Katkovsky, W. A children’s social desirability questionnaire. J. Consult. Psychol. 1965, 29, 27–36.
[CrossRef]

48. Mennella, J.A.; Bobowski, N.K. The sweetness and bitterness of childhood: Insights from basic research on taste preferences.
Physiol. Behav. 2015, 152, 502–507. [CrossRef]

49. Birch, L.L. Development of food preferences. Annu. Rev. Nutr. 1999, 19, 41–62. [CrossRef]
50. Lydersen, S. Balanserte eller ubalanserte utvalg? [Balanced or slightly unbalanced selection?]. Tidsskr. Den Nor. Legeforening

2018, 138. [CrossRef]

http://doi.org/10.1186/1479-5868-3-9
http://doi.org/10.3390/ijerph182010824
http://doi.org/10.1016/j.appet.2016.05.020
http://doi.org/10.3390/nu11030689
http://www.ncbi.nlm.nih.gov/pubmed/30909515
http://doi.org/10.1016/j.jada.2007.01.015
http://doi.org/10.1016/S0195-6663(02)00135-6
http://doi.org/10.3390/nu13093241
http://doi.org/10.1002/sim.4067
http://doi.org/10.1017/S0007114508892458
http://doi.org/10.3390/nu13010140
http://doi.org/10.1006/pmed.1999.0630
http://doi.org/10.1016/S0022-3182(12)81240-4
http://doi.org/10.1016/0749-5978(91)90020-T
http://doi.org/10.1016/S0195-6663(87)80011-9
http://doi.org/10.1111/j.1365-277X.2007.00804.x
http://www.ncbi.nlm.nih.gov/pubmed/17635306
https://www.smaaklessen.nl/
http://doi.org/10.1111/j.1746-1561.2011.00665.x
http://www.ncbi.nlm.nih.gov/pubmed/22142173
http://doi.org/10.1080/19320240802244025
http://doi.org/10.1177/1359105315573445
http://doi.org/10.1037/h0020966
http://doi.org/10.1016/j.physbeh.2015.05.015
http://doi.org/10.1146/annurev.nutr.19.1.41
http://doi.org/10.4045/TIDSSKR.18.0539


Nutrients 2022, 14, 4259 16 of 16

51. López-Bueno, R.; López-Sánchez, G.F.; Casajús, J.A.; Calatayud, J.; Gil-Salmerón, A.; Grabovac, I.; Tully, M.A.; Smith, L. Health-
Related Behaviors Among School-Aged Children and Adolescents During the Spanish Covid-19 Confinement. Front. Pediatr.
2020, 8, 573. [CrossRef] [PubMed]

52. Naughton, F.; Ward, E.; Khondoker, M.; Belderson, P.; Marie Minihane, A.; Dainty, J.; Hanson, S.; Holland, R.; Brown, T.; Notley, C.
Health behaviour change during the UK COVID-19 lockdown: Findings from the first wave of the C-19 health behaviour and
well-being daily tracker study. Br. J. Health Psychol. 2021, 26, 624–643. [CrossRef] [PubMed]

53. Perrar, I.; Alexy, U.; Jankovic, N. Changes in Total Energy, Nutrients and Food Group Intake among Children and Adolescents
during the COVID-19 Pandemic-Results of the DONALD Study. Nutrients 2022, 14, 297. [CrossRef] [PubMed]

http://doi.org/10.3389/fped.2020.00573
http://www.ncbi.nlm.nih.gov/pubmed/33042917
http://doi.org/10.1111/bjhp.12500
http://www.ncbi.nlm.nih.gov/pubmed/33410229
http://doi.org/10.3390/nu14020297
http://www.ncbi.nlm.nih.gov/pubmed/35057478

	Introduction 
	Materials and Methods 
	Intervention 
	Study Design 
	Participants and Recruitment 
	Data Collection Procedures 
	Covariates 
	Outcomes 

	Data Analysis 

	Results 
	Demographic Characteristics 
	Intervention Effects on the Psychosocial Determinants of FV Intake 

	Discussion 
	Strengths and Limitations 
	Implications for Research and Practice 

	Conclusions 
	References

