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Abstract .
Several factors can influence children’s food choices and preferences. Food and
nutrition education at school can therefore be the key to improving children’s

nutrition knowledge, and consequently their eating behavior. To this end, several Article History
strategies seem effective, and the current difficulty lies in choosing the best Received: 20 July 2022
methodology to implement. To determine which intervention has the greatest Accepted: 15 November
impact on preschool children’s nutrition knowledge about vegetables: serious 2022
game, children’s story, children’s story associated with stickers, or food wheel.
This experimental study had the participation of 162 children, aged between Keywords

. . e . s - Children;
3 to 6 years, attending four public school institutions in the district of Leiria, Education:
Portugal. To increase children’s nutrition knowledge about vegetables, four Preschool;
interventions were carried out: digital game, children’s story, children’s story Knowledge;

Serious Games;

associated with stickers, and a food wheel. To assess the recognition of foods,
Vegetables.

identification of vegetables, and the functions of five vegetables (lettuce, tomato,
carrot, cucumber, and red cabbage), two instruments were applied at three
different times (at the start, conclusion, and 6 months after the intervention).
The collected data were analyzed using IBM SPSS software. There was an
increase in nutrition knowledge both post-intervention and 6 months follow-
up, compared to the initial moment. This increase was statistically significant
(p <0.001) when evaluated overall. The intervention with the digital game
“Veggies 4 my heart”, compared to the children’s story associated with stickers,
proved to be more effective in increasing nutrition knowledge related to the
vegetable's functions, 6 months after the intervention (p = 0.028). The four
interventions were effective to promote nutrition knowledge about vegetables
in preschool children. The interventions with the digital game or with the child’s
story with stickers seem to be the most appropriate to increase knowledge
about vegetable functions.
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Introduction

It is in childhood that children begin to acquire
important knowledge that will influence their future
food choices and preferences. Healthy eating
habits will prevent the development of several
diseases such as malnutrition, overweight, anemia,
dental caries, and stunting."2

Several factors influence children’s food choices,
including the lack of knowledge about what an
adequate and varied diet is, or, on the other hand,
the influence of their parents, who may not have a
healthy lifestyle. This problem may translate into a low
consumption of vegetables and other foods, which
leads to a deficit of several vitamins and minerals
that are essential for good school performance and
cognitive development of children®#

The World Health Organization suggests consuming
more than 400 grams of fruit and vegetables per day
to promote health and reduce the risk of some non-
communicable diseases, including cardiovascular
diseases.’ According to the 2015-2016 Portuguese
food and physical activity survey, children are the
second group with the highest inadequate intake
of fruit and vegetables, the first one being the
adolescent group.®

Studies show that children’s eating habits are
acquired through experience, observation, and
education. Therefore, the educational contexts -
homeand school - are fundamental to food and
nutrition education.” School interventions that
encourage the practice of healthy eating have
shown to be effective in teaching new knowledge
and changing behaviors and attitudes, however, the
success of the intervention depends on the choice
of activities to be implemented.” A growing number
of innovative and differentiated pedagogical
strategies are used to increase children's motivation
to learn and to engage them in classroom activities.
Serious games are increasingly used in educational
settings at a wide range of ages, even at early
ages. The term “serious games” is used to refer
to games that are created with an educational
and training purpose, being more than just for
entertainment,® and that have motivational and
enjoyable characteristics.® The use of serious
games in food education is gaining in popularity
and has shown some potential to increase children's
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knowledge about food. Recent studies have shown
that the use of gamification techniques and well-
designed apps may increase intake of vegetables
and knowledge about this theme.'® Currently, there
are few studies in the literature on interventions
aimed at promoting preschool children’s knowledge
about healthy eating - specifically vegetables.
Activities such as recreating healthy meals, using
images and toys depicting fruits and vegetables,
preparing educational materials to be taught in the
classroom, and presenting children’s stories, have
been shown to have a positive effect on increasing
young children’s knowledge."-'3

Interviews and questionnaires are generally
considered effective methods for assessing
knowledge, attitudes, and behaviors in the adult
population. However, they are not suitable for
younger age groups, whose cognitive level requires
more interesting and captivating methods. Taking
this into account, showing children images seems
to be a good approach to assessing their knowledge
according to their intellectual development.'4.15

There are currently contrasting opinions about
which is the best intervention to implement and the
most correct method to assess children’s nutrition
knowledge.?” Thus, this experimental study aims
to determine which interventions have a greater
impact on preschool children’s nutrition knowledge,
specifically about vegetables, the Veggies 4 my
Heart serious game, children’s story, children’s
story associated with stickers, or the Portuguese
food wheel.

Methodology

This study used a convenience sample composed
of 162 children aged between 3 and 6 years old,
attending four public preschool located in the district
of Leiria, Portugal. In order to carry out the study,
taking into account the constraints associated
with the travel of the researchers, the location
of the schools and the consent of school directors,
it was necessary to use a convenience sample.
The study was approved by the Ethics Committee
ofthe Escola Superior de Saude do Politécnicode Leiria
(N.° CE/IPLEIRIA/11/2019).

All parents read and signed the informed consent
form which provided all the necessary information
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on the study, as well as the guarantee that all data
contained in the consent form and collected in the
study would be used exclusively by the researchers.

To assess the children’s knowledge, two instruments
were administered at the start of the intervention
(baseline), upon its conclusion (post-intervention),
and after 6 months (follow-up). The first instrument
contained images of 15 different foods (fruits,
meat, candies, fish, bread, cookies, fast-food and
vegetables, including the five vegetables of the
digital game and the child story), asking children,
with the help of an adult, to identify the name of the
foods and recognize which ones were vegetables.
These 15 foods were selected to cover different food
groups and different degrees of familiarity in the
age group under study. The second questionnaire
aimed at making the connection between the five
vegetables of the digital game and the child’s story
— tomato, lettuce, cucumber, carrot, and purple
cabbage — and their health benefits. These five
vegetables were selected because these are the
most consumed at Portuguese school canteens.

The educational sessions during the intervention
were different in each kindergarten. The intervention
lasted five weeks, each week exploring one
of the vegetables mentioned above. In all of the
schools, the activity began with the presentation
of the researchers and a brief explanation of the
importance of healthy eating. The study duration
in all kindergartens was 7 weeks (1 week of pre-test,
5 weeks of intervention and 1 week of post-test).

In Preschool A, the digital game "Veggies4myHeart”
was applied to 39 children. Veggies4myHeart, which
consists of a village - Veggies Village - with a team
of superheroes representing tomatoes, lettuce,
cucumber, carrots, and red cabbage. This digitalgame
was designed for this purpose by undergraduate
students and researchers of Polytechnic Institute
of Leiria and is now available for download
at Play Store and App Store (https://play.google.
com/store/apps/details?id=com.Veggies4MyHeart.
VeggiesPrototype&hl=pt_PT&gl=US; https://apps.
apple.com/us/app/veggies4myheart/id1565051577).
The game was presented to the children and
the tablets were handed out where they had the
opportunity to play the mini-games, in pairs, for
20 minutes. In each mini-game,an introduction

1107

presents the vegetable, its characteristics, and
health benefits and explains the goal of the task.
At the end of the game, the tablets were collected
and a group discussion was started, followed by
a tasting of the vegetable that had been in focus that
week, registering the number of pieces consumed
by each child at the end of the activity.

In Pre school B, one of the five chapters of the
children’s story “Who wants to go to the village
market?” was presented in each of the intervention
weeks to 40 children. The Story Book was made
up of five chapters and each one had a vegetable
superhero, equal to the digital game, and it was clear
in the story the characteristics and functions of the
vegetables. To conclude the activity, the children
were offered five bowls with different vegetables and
the number of pieces of vegetables eaten by each
child was registered.

In Preschool C, the intervention was identical
to the Preschool Correia Mateus, but at the stage
of tasting the children were told that if they wanted to
taste any of the vegetables offered they were entitled
to receive a sticker corresponding to the vegetable
they ate (children could receive up to 5 stickers per
session), always registering the number of pieces
consumed by each childat the end of the activity.
In this Preschool participated 46 children.

In Preschool D the Portuguese food wheel and its
fundamentals - complete, balanced, and varied
food - were presented to 37 children. Next, the
focus was on analyzing the vegetable group,
explaining what they are, and presenting some real
examples, more specifically those that belong to
the intervention (lettuce, tomato, carrot, cucumber,
and purple cabbage). Throughout the activity,
images of each vegetable were presented, as well
as some ways of consuming them and their role
in the organism, aiming to improve the children’s
learning. At the end of the activity, the children had
the opportunity to share what they had learned and
come into contact with real vegetables. There were
offered five bowls with the different vegetables and
the number of pieces of vegetables eaten by each
child was registered.

The collected data were entered and analyzed using
the IBM SPSS software version 27 for Microsoft
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Windows. The descriptive statistics of the variables
included the calculation of absolute and relative
frequencies, means, and standard deviation.
Inferential statistics consisted of parametric tests
since the assumptions of normal distribution and
homogeneity of variances were verified. A Student’s
t-test for paired samples was used, where the results
of the questionnaires at the three moments in time
were compared two by two, to verify whether there
were statistically significant differences. In addition
to this, the ANOVA test was used to compare

1108

the means of the questionnaire results. In case
of rejection of the ANOVA null hypothesis and to
check which methodology had a greater impact on
the children’s nutrition knowledge, an a posteriori
test was performed - Tukey HSD.

Results

Of the 162 children participating in this study,
79 (48.8%) were female. Their ages ranged from 3
to 6 years old, the majority being 5 years old, which
corresponds to 39.5% of the total sample (Table 1).

Table 1:Characteristics of preschool-aged children that
participated in the Veggies4myHeart project.

Sociodemographic
characteristics

n (%)
n =162 (100%)

Age 3 years
4 years
5 years
6 years
Gender Female
Male
Preschool A
Preschool B
Preschool C
Preschool D

26 (16.0%)
40 (24.7%)
64 (39.5%)
32 (19.8%)
79 (48.8%)
83 (51.2%)
39 (24.1%)
46 (28.4%)
40 (24.7%)
37 (22.8%)

Regarding the various interventions of the project
VeggiesdmyHeart, 39 (24.1%) children participated
with the digital game "Veggies4myheart”, 40 (24.7%)
participated with the children’s story “Who wants
to go to the village market?”, 46 (28.4%) with
children’s stories associated with stickers and 37
(22.8%), with the presentation of the Portuguese
food wheel. Figure 1 represents the number
of children that participated in the different phases
of the project.

The results of the two questionnaires, performed
at three different times (baseline, post-intervention,
and follow-up) in all the participants, namely the
recognition of foods, the identification of vegetables,
and their functions were positive (Table 2). There

was an increase in knowledge from baseline
to post-intervention and follow-up, at baseline.
In both situations, this increase was statistically
significant (p < 0.001).

In the intervention with the digital game
Veggies4dmyheart, there was a significant increase
(p < 0.001) in the children’s nutrition knowledge
regarding the recognition of foods and the functions
of vegetables, both on post-intervention and follow-
up. This was not the case in the identification
of vegetables, with no statistically significant
increase (p > 0.05) at post-intervention. However,
at follow-up, the children’s nutrition knowledge had
a significant increase compared to the baseline
(p < 0.05)) (Table 3).
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Fig. 1: represents the number of children that participated in the different phases of the project.

Table 2: Nutrition knowledge (food recognition, vegetables identification and vegetables functions)
at baseline, post-test and follow-up in preschool children of the Veggies4myHeart project.
The number of correct answers is represented as mean and standard deviation.

Nutrition Nutrition Nutrition p-Value p-Value
knowledge at knowledge at knowledge at A average A average
baseline post-intervention follow-up knowledge knowledge
(Mean * SD) (Mean * SD) (Mean * SD) (after-before) (follow-up-
before)
Food recognition  85.3 £0.12% 93.1 £0.10% 91.56£0.10% <0.001 <0.001
Vegetables 70.9 £0.21% 77.9%0.22% 83.0x0.19%  <0.001 <0.001
identification
Vegetables 22.3%+0.22% 46.3*0.37% 37.5%0.33% <0.001 <0.001
functions

In the intervention with the children’s story
“Who wants to go to the village market?” the
children’s nutrition knowledge increased in the two
moments, compared to the baseline. However, this
increase was not always statistically significant.

In the assessment of the functions of vegetables,
the increase was statistically significant both
on post-intervention follow-up, however, in the
recognition of vegetables, it was only significant
at post-intervention (p <0.001) (Table 3).
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In the intervention with the children’s story “Who
wants to go to the village market?” associated
with stickers, there was an increase in nutrition
knowledge both in the recognition of foods and in
the identification of vegetables, at both moments
(on post-intervention (p <0.05) and follow-up
(p <0.001)). In the vegetable functions assessment,
knowledge increased atpost-intervention, but not
at follow-up (Table 3).

In the intervention with the Portuguese food wheel,
the children’s nutrition knowledge increased
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in the two moments compared to the baseline.
This increase was statistically significant (p <0.05),
except at follow-up for the identification of vegetables
and their functions, (p >0.05) (Table 3).

Table 4 shows the comparison between the average
results for each of the questionnaires, to verify which
moment of the assessment showed statistically
significant differences. This difference is observed
in the results of the questionnaire on vegetable
functions at follow-up (p = 0.021).

Table 4: Differences between post-intervention, follow-up and baseline in nutrition knowledge (food
recognition, vegetables identification and vegetables functions).The number of correct answers
is represented as mean and standard deviation.

Mean * SD p-Value
Food recognition A (average post-intervention — average baseline) 8.8+0.11% 0.100
A (average follow-up — average baseline) 8.9+0.13% 0.374
Vegetables identification A (average post-intervention — average baseline) 6.5+ 0.23% 0.060
A (average follow-up — average baseline) 15.2 +0.26% 0.086
Vegetables functions A (average post-intervention — average baseline) 24.2 £ 0.38% 0.335
A (average follow-up — average baseline) 19.2+0.37% 0.021

Comparison between interventions

0,60

050

0,30

020

010

0,00

Function of vegetables A (average 6 months
after - average onsef)

-010

Children's story associated with stickers

Digital game "Veggiesdmyheart"

Interventions

Error Bars: 95% CI

Fig. 2: Comparison between the two interventions that were statistically significant relating
tonutrition knowledge (vegetables functions) when comparedfollow-up to baseline.

In terms of the most effective methodology for
increasing children’s nutrition knowledge, regarding
the questionnaire on the function of vegetables

after 6 months of intervention (follow-up), the digital
game Veggies4myheart stood out compared to the
children’s story associated with stickers, where
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knowledge decreased (p = 0.028). The difference
between the two interventions is shown in Figure2.

Discussion

Currently, nutrition education mediated by
interventions in school settings seems to be
an added value for improving the eating habits
of children and adolescents, as well as increasing
the level of food literacy. For this reason, many
organizations encourage these types of activities,
such as the Food and Agriculture Organization of the
United Nations and the World Health Organization.'®
The present study appeared from the need
to complement the existing scientific evidence
on this theme, proving that school-based
interventions contribute to increasing preschool
children’s knowledge, specifically about vegetables.

This experimental study shows an increase in
nutrition knowledge in post-intervention and
follow-up, compared to the baseline. However, it is
important to mention that, in the intervention with the
child story book and stickers there was a decrease
between the assessments at post-intervention and
follow-up related to the functions of vegetables. This
may be due to a lack of stimulation in the interim
period, both in the school and family environment.
Despite the less positive result, it is still pertinent to
evaluate the children’s knowledge sometime after
the intervention, ideally 6 months, to understand
if the knowledge acquired lasts over time."”

Although the use of digital games has so far been
referred to as negative, the literature currently
mentions that if used correctly they can be beneficial
in increasing the consumption of healthy food,
knowledge about healthy eating, and physical
exercise.'®'® Analyzing the results, the intervention
with the digital game "Veggies4myheart” was well
accepted by the children, as there was an evolution
of their knowledge throughout the intervention,
showing to be mainly effective in learning the
functions of vegetables, and which lasted into the
6 months of follow-up. A similar study that used
a serious game, named Vita Village, showed that
the intervention group increased overall nutrition
knowledge and specifically, knowledge about the
correct number of servings of fruits and vegetables.?°
Review studies that have been conducted to verify
the potential of using serious games in nutrition
education have found that it seems feasible
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to translate conventional nutrition education into
a game-based approach, since it enhances child
motivation and involvement, allowing capturing the
attention through the fun aspects of games.?'??2 Some
studies have shown that game-based approaches
are more effective in increasing children's nutritional
knowledge compared with conventional teaching
methods.?2-24

Children’s stories are a pedagogical strategy with
numerous benefits in the development of cognitive
skills, as they stimulate the reading and writing
process, which is essential for the acquisition of new
knowledge.? These stories are usually accompanied
by illustrations and images, which, when referring
to food, may influence children’s perception of food
and, consequently, their learning.?2” The results
of the intervention with the children’s story”"Who
wants to go to the village market?” are in line with
the existing literature, and reflected in the increase
in the children’s learning. Reading stories increases
the child's visual familiarity with the food and may
also include positive social reinforcement by the
adult reading the story.?® Visual repetition of the
food has been shown to be effective not only in
increasing familiarity with the food's appearance
but also in increasing interest in tasting the
food.?® Recent research indicates that combining
the visual familiarity promoted by children's
stories with interactive learning methods that
engage the child in the activity (such as interactive
reading, puppetry, etc.) may have a greater impact
on children's acceptance of vegetables than visual
exposure alone.?® One of the theoretical models that
has been widely used for planning and conducting
nutrition education in children is the Social Cognitive
Theory model.*® This model is an evolution of the
social learning theory formulated by Albert Bandura
(1986), according to which human beings learn
through experience and what they observe around
them,®" which may partly explain the positive results
associated with the use of picture books in nutrition
education.The picture book content can affect child
perception of food, normalizing the images of food
that is depicted in books and modeling the emotions
or attitudes about each food.*

The use of rewards is based on the principle
of positive reinforcement and describes the
strengthening of behaviour that occurs as a
consequence of receiving a positive outcome.3?
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Few studies link the use of stickers to increased
knowledge, however, it may be a reward strategy
to promote the consumption of vegetables.3?
The present study revealed that not all the nutrition
knowledge increased, with knowledge regarding the
functions of vegetables decreasing 6 months after
the intervention when compared to the baseline.

There are few documented interventions involving
the use of the Portuguese food wheel in increasing
knowledge in preschool children. However, a study
carried out with 5-year-old children, in which the
Food Pyramid and its groups were presented,
showed advantages in the evolution of the acquisition
of learning about the theme.?*

The Food Wheel and the Food Pyramid are similar
approaches and both interesting from the learning
point of view, but in the present study, the Food
Wheel was used because it is the food guide used
for the Portuguese population.®® By evaluating the
results of the intervention with the Food Wheel, we
found that they were similar to those of the previous
literature, showing an increase in the children’s
knowledge at both moments after the intervention.3

It would be important in future studies to investigate
the level of parental nutrition literacy, as this
may influence children’s nutrition knowledge.
One limitation of the study refers to the sample size,
which decreased over the three moments (baseline,
post-intervention, and follow-up). In addition, the fact
that the sample was selected for convenience may
also limit the conclusions of the research.

Conclusion
The interventions used in this study - digital
game”Veggiesdmyheart”, children’s story, children’s
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story associated with stickers, and Portuguese
food wheel - proved to be effective in increasing
the nutrition knowledge of this group of preschool
children. Although the intervention with the digital
game stood out in increasing the knowledge related
to the functions of vegetables, we cannot claim that
it is the most effective intervention.

Any intervention that succeeds in increasing
children’s knowledge about healthy eating,
particularly vegetables, and contributes to an
increase in the consumption of healthy food
is relevant. In the future, further studies with a larger
sample size should be carried out to explore this
theme in children between 3 and 6 years old.
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