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Abstract
Background: Early childhood education and care (ECEC) centers are ideal venues for food education. As smartphones and
tablets are becoming increasingly popular in ECEC centers, technology can be used to deliver such pedagogical content. Evidence
suggests that video games can affect fruit and vegetable (FV) consumption among 9- to 12-year-old children, but studies among
preschoolers are scarce.
Objective: This paper describes the development of the Mole’s Veggie Adventures app and its effectiveness in increasing FV
acceptance among Finnish and Polish preschoolers aged 3 to 6 years.
Methods: A multiprofessional team created an app to be used in ECEC centers in groups of 3 to 10 children. The app aimed to
increase vegetable acceptance, and it was built using elements that support the development of self-regulation and social skills.
Altogether, 7 Finnish and 4 Polish ECEC centers participated in the study. Before randomization, parents reported background
factors and their children’s willingness to taste different FVs. The ECEC professionals in the intervention arm were instructed
to use the app at least once a week during the 3- to 4-week intervention period. The main outcomes in this unblinded,
cluster-randomized study were FV acceptance and relative FV acceptance. The first was calculated as a sum variable describing
the children’s willingness to taste 25 different FVs, the second as FV acceptance divided by the number of FVs served. We used
analysis of covariance to compare the FV acceptance and relative FV acceptance scores between the intervention and control
groups at follow-up.
Results: A total of 221 children were included in the analysis. At follow-up, the intervention group (115/221, 52%) had higher
FV acceptance scores (baseline adjusted difference of mean 7.22; 95% CI 1.41-13.03) than the control group (106/221, 48%).
The intervention effect was parallel for relative FV acceptance scores (baseline adjusted difference of mean 0.28; 95% CI
0.05-0.52).
Conclusions: The Mole’s Veggie Adventures app has the potential to increase FV acceptance among preschoolers and can be
a valuable tool in supporting food education in ECEC centers. Furthermore, the app can be feasibly incorporated into preschool
routines in countries with different educational environments.
Trial Registration: ClinicalTrials.gov NCT05173311; https://tinyurl.com/4vfbh283
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Introduction
Background
Most European children do not consume the recommended
amount of fruit and vegetables (FVs) [1,2]. Among European
countries, Poland and Finland face the same challenges. For
instance, there seems to be a large proportion of both Polish
and Finnish preadolescents who do not eat FVs daily [3]. Studies
among Polish preschoolers are scarce, but in a 2011 report, the
proportion of Finnish 6- to 8-year-olds consuming the
recommended amount of FVs was less than 5% [4]. More recent
studies have observed average consumption to be closer to
recommendations, but the consumption of vegetables seems to
be lower than that of fruit [5,6]. Indeed, children tend to prefer
sweet tastes, as observed in fruits, compared with bitter-tasting
foods, such as vegetables [7], and need more taste exposures to
accept new vegetables [8]. However, as reassuring evidence
suggests that repeated taste exposure and even exposure to
picture books can help children to learn to enjoy vegetables
[7-9], early childhood is a significant phase to support the
formation of healthy eating habits among children.
In both Poland and Finland, most 3- to 6-year-olds attend early
childhood education and care centers (ECECs) [10,11]. The
general aim of the Finnish curriculum for ECEC is to strengthen
skills related to children’s well-being [12], such as
self-regulation skills, which refer to the ability to monitor and
manage emotions and behaviors. Reinforcing self-regulation
skills in childhood is important because they are associated with
health outcomes later in life [13-15]. Moreover, self-regulation
skills are also linked to health behaviors because, for instance,
eating is regulated according to internal cues of hunger and
fullness [16]. Both the Polish and Finnish recommendations for
ECEC encourage ECEC professionals to support the
development of self-regulation in eating and to promote a
positive attitude toward food and eating [17,18]. Hence, food
education is part of the pedagogically guided activities and
holistic learning about well-being. However, ECEC
professionals lack concrete, age-appropriate, effective, yet
appealing tools for food education.

Objective
Mobile devices, such as smartphones and tablets, are ubiquitous
and increasingly used at ECEC centers [19]; thus, food education
can be delivered using technology. As ECEC centers should
provide children with equal possibilities to familiarize
themselves with technology and to practice responsible use of
digital devices [12], the use of technology per se is beneficial.
Furthermore, video games can trigger feelings of joy, intense
participation, social interaction, and pleasure [20,21], and their
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educational use is considered promising [22]. Vast numbers of
educational games and apps are already available through the
digital distribution platforms Google Play and the App Store,
and some of these even focus on food education. Studies
reporting on the use of digital games and food-related outcomes
are scarce and mostly concentrate on negative outcomes, such
as an increase in fast food consumption due to advergaming
exposure [23,24]. However, evidence from the United States
suggests that video games can positively affect FV intake among
9- to 12-year-olds [25-27]. Moreover, a mobile app including
vegetable-based activities has been shown to increase liking
and consumption of vegetables among 3- to 6-year-old children
in the United Kingdom [28]; however, educational games
targeting ECEC environments are lacking. To fill this gap in
knowledge, this paper describes the development of the Mole’s
Veggie Adventures app and its effectiveness in increasing FV
acceptance among Finnish and Polish preschoolers.

Methods
App Development
As part of the European Institution of Innovation & Technology
(EIT) Food School Network project and together with a software
development company specialized in designing, developing,
and implementing serious games and gamified solutions
(NordicEdu Oy), we designed and pilot-tested the Mole’s Veggie
Adventures mobile app to increase vegetable acceptance among
preschoolers. The University of Helsinki team was in charge of
the app development, and the educational content of the app
was designed by experts in nutrition science, food education,
and ECEC. The content was first created in Finnish and later
adapted and translated into English and Polish. The design of
the app is described in detail in Multimedia Appendix 1. Briefly,
the app was designed to be used in ECEC centers in groups of
3-10 children, but the ECEC professionals were encouraged to
adjust the contents to fit the current situation in their group. The
primary purpose of the app is to familiarize children with FV
and increase FV acceptance. Unlike traditional mobile apps,
Mole’s Veggie Adventures was built using elements that support
the development of self-regulation and social skills. The app
consists of 4 seasons, each of which includes 6 FVs. At the time
of the intervention, the app listed 6 tasks for each of the
vegetables and fruits: (1) Learn, (2) Color, (3) Shape, (4) Taste,
(5) Pretend, and (6) Play, and the current version was numbered
0.4.5.0 (7b57516). An updated version of the Mole’s Veggie
Adventures app is free of charge and available for download in
the App Store and Google Play, and Multimedia Appendix 2
provides an overview of the most important sections of the app.
All changes were made after the intervention. Table 1
summarizes the main characteristics of the app.
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Table 1. Short description (descriptive table modified from the original form [29]) of the Mole’s Veggie Adventures app.
Characteristics

Description

Health topics covered

Food behavior (especially acceptability and consumption of FVsa); food education

Targeted age group and environment

3- to 6-year-olds; preschool groups

Short description of the game idea

The main character in the game is the Mole, who moves around in a vegetable patch. The game is divided
into seasons, each of which contains 6 FVs. The children can familiarize themselves with the FVs by
completing different tasks in a group. For each FV, there are adult-led tasks to be completed in groups.
In addition, the game includes a Taste Bank, which can be used to record the number of FVs tasted by
the group, and Mini-Games, which can be played individually or in pairs. Multimedia Appendices 1 and
2 describe the contents of the game in more detail

Target players

•
•
•

Individual
Dyad
Small group

Guiding knowledge or behavior change
Interactive tailoring (the ECECb professionals can adjust the tasks to be suitable for their group); roletheories, models, or conceptual frameworks playing (the players can learn from each other and from the ECEC professionals); goal setting and social
cognitive theory (the group can decide to taste new vegetables together); learning through play (social
interaction, motor skills, self-regulation etc.)

a

Intended health behavior change

Increase in FV acceptance

Clinical or parental support needed?

ECEC professionals or parents needed in the adult-led sections; mini-games can be played without adults

Data shared with parent or clinician?

No

Type of game

•
•
•

Active
Role-playing
Educational

Game platforms needed to play the game

•
•

Smartphone
Tablet

Recommended play time

30 min at a time; minimum of 1-2 times a week

FV: fruit and vegetable.

b

ECEC: early childhood education and care.

Recruitment
To test the effectiveness of the app, we conducted a feasibility
study in 2 countries, Finland and Poland, between September
and November 2019. On the basis of the literature regarding
pilot trial sample size estimation [30], we aimed to recruit 100
children from both countries. Owing to differences in the ECEC
systems and cultural environment, we describe the recruitment
separately for the 2 countries. In Helsinki, Finland, 12 ECEC
center directors were contacted and asked to participate in the
study. Of these, 33% (4/12) declined (2 ECEC centers had a
busy schedule, 1 did not have enough resources to participate,
and in 1 ECEC center, the ECEC professionals were not
enthusiastic about the study). In addition, one director could
not be reached by email or phone. Thus, 14 groups from 7 public
ECEC centers (58% of those invited) agreed to participate in
the study. From the consenting groups, we invited all children
to participate in the study. Informed consent was requested from
legal guardians (later referred to as parents) via the ECEC
groups, and the parents of 56% (130/232) of children invited
provided their consent to participate in the study. The study was
approved by the Education Division of the City of Helsinki,
and the University of Helsinki Ethical Review Board in
Humanities and Social and Behavioral Sciences deemed the
study to be ethically acceptable (Statement 35/2019).
https://mhealth.jmir.org/2022/1/e30352
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In Poland, the heads of 4 ECEC centers agreed to participate in
the study. The study was carried out in 1 public ECEC center
in the countryside (Wilczyn) and 2 public (Międzylesie-Warsaw,
Piaseczno-Warsaw) and 1 private (Kobyłka-Warsaw) ECEC
center in large urban agglomerations. The University of
Warsaw’s research team organized meetings for parents in each
ECEC center. The aims of the meetings were to introduce the
goals of the study and to present the educational content of the
intervention to the ECEC professionals and parents of the
participating children. The parents received informed consent
forms in the meetings, and of 213 who were invited, the parents
of 196 (92%) children provided their consent to participate in
the study. The study procedure was evaluated and approved by
the Ethics Committee of the Faculty of Psychology at the
University of Warsaw.

Background Characteristics
At baseline, the parents of the participating children completed
questionnaires regarding background factors and their children’s
FV acceptance. They reported the child’s gender and birthdate
as well as the number of children living in the same household.
The number of children living in the same household was
categorized into 3 groups: 1 child, 2 children, and 3 or more
children. In addition, the parents indicated whether the child
had any vegetable- or fruit-related food allergies. The parents
reported their highest educational level using 6 predefined
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response options (comprehensive school, upper secondary
school, vocational school, bachelor’s degree, master’s degree,
and licentiate or doctoral degree), which were categorized into
3 groups: low (comprehensive, upper secondary, or vocational
school), middle (bachelor’s degree), and high (master’s degree
or higher).

because the study did not assess health outcomes and was thus
not a clinical trial (World Health Organization defines a clinical
trial as “any research study that prospectively assigns human
participants or groups of humans to one or more health-related
interventions to evaluate the effects on health outcomes” [31]).

Outcomes

We used an analysis of covariance-type linear model to compare
the FV acceptance and relative FV acceptance scores at
follow-up. These models were adjusted with baseline FV
acceptance score categories (missing, lower than median, and
median or higher). To investigate the sensitivity of the results
to the choice of the number of baseline categories, we also used
baseline FV acceptance scores in tenths (unadjusted FV
acceptance score) and sevenths (relative FV acceptance score)
in the models.

The parents filled in a questionnaire listing 25 vegetables and
fruits and inquiring whether these had been offered to the child
during the past 4 weeks and how the child reacted to those that
had been served. All the listed vegetables and fruits were
introduced in the app. The answer options were 0=was not
offered during the past four weeks, 1=refused to touch food,
2=touched food but did not put in/near mouth, 3=put food to
lips but not in mouth, 4=put food in mouth but spat out/did not
eat, and 5=ate food. A similar questionnaire was used earlier
in a UK study examining toddlers’ willingness to taste different
foods [8]. For each participant, we calculated an FV acceptance
score by summing the answers to each of the 25 vegetable and
fruit items, with higher scores indicating a higher FV acceptance
(theoretical range 0-125). We also calculated the number of
FVs served during the past 4 weeks (range 0-25) and used this
information to create a relative FV acceptance score (range 0-5)
by dividing the FV acceptance score by the number of FVs
served.

Intervention and Control Arms
After the parents of the participating children had filled in the
baseline questionnaires, the participating ECEC centers (in
Finland) or groups within the ECEC centers (in Poland) were
randomly allocated into intervention and control arms. In
Finland, 4 ECEC centers with 7 groups were randomized into
the intervention arm, whereas 7 groups from 3 ECEC centers
were in the control arm. In Poland, groups within each ECEC
center were evenly randomized into the intervention (5 groups
from 4 ECEC centers) and control arms (5 groups from 4 ECEC
centers). The study was not blinded. Researchers visited the
intervention arm groups and introduced the app to the ECEC
professionals. The ECEC professionals received a printed guide,
which contained instructions and information about the app,
and a PDF version of the guide was also available through the
app. The ECEC professionals were instructed to use the app
with a tablet computer at least one to two times a week during
the intervention period (3-4 weeks) and to record the number
of tasks completed by their group in a logbook. In addition, we
recommended that each group focus on at least six vegetables
or fruits during the intervention period. The ECEC professionals
also provided quantitative and qualitative feedback using a
feedback form. Written feedback was used to update the app
after the study period. The control arm groups were instructed
to continue their normal routines during the intervention period.
They were instructed to refrain from introducing any novel food
education methods during the intervention period. After the
intervention period, follow-up questionnaires inquiring about
the children’s FV acceptance were distributed to the parents of
the participating children. To treat the intervention and control
groups democratically, the app was introduced to the control
ECECs after the study period. The trial was not registered
https://mhealth.jmir.org/2022/1/e30352

XSL• FO
RenderX

Statistical Analysis

Results
Altogether, 67.8% (221/326) of children had data on FV
acceptance and relative FV acceptance scores at follow-up and
were included in the analyses. The participating children were
on average aged 5.0 years (SD 1.2 years). About half of the
participants were girls, and slightly more children participated
from the Polish than from the Finnish ECEC centers (Table 2).
In 55.7% (123/221) of the participating families, at least one of
the parents had a master’s degree or higher education, and most
of the respondents (the person who filled in the questionnaires
on behalf of the child) were mothers.
Table 3 shows the FV acceptance and relative FV acceptance
scores at baseline and at follow-up. At follow-up, the FV
acceptance score was 78.5 in the intervention group and 72.4
in the control group, whereas the values for relative FV
acceptance scores were 3.97 and 3.75, respectively (Table 3).
A score of approximately 3 means that on average, the children
put the FVs on the lips but not in the mouth, whereas a score
of approximately 4 implies that, on average, the children put
the FVs in the mouth but did not eat them. When adjusted for
baseline FV acceptance score category, participants in the
intervention arm scored higher than control participants (Δ
estimate 7.22; 95% CI 1.41-13.03). This corresponds to
approximately a 10% improvement because of the intervention
compared with a control group participant with the same
baseline score. Similarly, relative FV acceptance scores at
follow-up were, on average, 0.28 higher (+7%) in the
intervention arm group than in the control arm group (95% CI
0.05-0.52). Regarding FV acceptance scores, the sensitivity
analyses (data not shown) showed a similar and consistently
significant intervention effect (Δ estimate 6.38; 95% CI
0.69-12.07), whereas a smaller and borderline significant
intervention effect (Δ estimate 0.19; 95% CI −0.03-0.41) was
detected for the relative FV acceptance score.
On average, the intervention arm groups used the app 1.9
times/week during the intervention period. The frequency of
app use was missing from one group, but the number of
completed tasks was as recommended, suggesting sufficient
compliance. Furthermore, 17% (2/12) of groups did not use the
app as instructed, that is, they used the app less than once a
JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 1 | e30352 | p. 4
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week and did not complete tasks related to at least six FVs. Both
groups were from Finnish ECEC centers. The app was typically
used in a group of 2-10 children in the Finnish ECEC centers,
whereas the usual group size in the Polish ECEC centers was
24-25 children. The most popular FVs chosen by the

intervention arm groups were blueberries (11/12, 92% of the
groups completed related tasks); lettuce (10/12, 83%);
mushrooms (9/12, 75%); kidney, brown, and black beans (9/12,
75%); beetroot (8/12, 67%); and squash (8/12, 67%).

Table 2. Description of the study population (N=221).
Characteristics

Total (N=221), n (%)

Intervention (n=115), n (%) Control (n=106), n (%)

Girls

120 (54.3)

67 (58.3)

53 (50.0)

Boys

100 (45.2)

47 (40.9)

53 (50.0)

Missing

1 (0.5)

1 (0.9)

0 (0.0)

Finland

95 (43.0)

50 (43.5)

45 (42.5)

Poland

126 (57.0)

65 (56.5)

61 (57.5)

No

208 (94.1)

108 (93.9)

100 (94.3)

Yes

12 (5.4)

7 (6.1)

5 (4.7)

Missing

1 (0.5)

0 (0.0)

1 (0.9)

One

56 (25.3)

27 (23.5)

29 (27.4)

Two

124 (56.1)

62 (53.9)

62 (58.5)

Three or more

36 (16.3)

22 (19.1)

14 (13.2)

Missing

5 (2.3)

4 (3.5)

1 (0.9)

Father

27 (12.2)

15 (13.0)

12 (11.3)

Mother

193 (87.3)

100 (87.0)

93 (87.7)

Missing

1 (0.5)

0 (0.0)

1 (0.9)

Upper secondary school or lower

55 (24.9)

32 (27.8)

23 (21.7)

Bachelor’s degree or equivalent

39 (17.6)

21 (18.3)

18 (17.0)

Master’s degree or higher

123 (55.7)

60 (52.2)

63 (59.4)

Missing

4 (1.8)

2 (1.7)

2 (1.9)

Gender

Country

Vegetable or fruit allergy

Number of children living in the same household

Respondent

Parental educational level
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Table 3. FVa acceptance and relative FV acceptance scores in the intervention (n=82-115) and control (n=79-106) groups at baseline and at follow-up.
Characteristics

Baseline, mean (SD)

Follow-up, mean (SD)

Intervention group

70.6 (25.5)

78.5 (30.6)

Control group

70.2 (25.0)

72.4 (26.2)

Intervention group

3.84 (1.06)

3.97 (1.03)

Control group

3.77 (1.10)

3.75 (1.01)

FV acceptance scoreb

Relative FV acceptance scorec

a

FV: fruit and vegetable.

b

FV acceptance score: sum variable describing willingness to taste the 25 FVs listed; higher score indicates higher FV acceptance (theoretical range
0-125).
c

FV acceptance score: FV acceptance score divided by the number of FVs served (range 0-5).

Discussion
Principal Findings
This paper describes the design and pilot-testing of the Mole’s
Veggie Adventures app, which aimed to increase FV acceptance
among 3- to 6-year-old preschoolers in Finland and Poland. Our
pilot study showed a favorable and meaningful intervention
effect; compared with the control arm participants, the
participants in the intervention arm had higher FV acceptance
scores at follow-up 3-4 weeks after baseline. Thus, the app can
be considered an effective food education tool in an early
education environment. Earlier studies have shown that video
games are effective in increasing FV consumption among 9- to
12-year-old children [25-27], and promising results among
preschool aged participants have also been obtained [28]. To
the best of our knowledge, the current food education tool is
the first to be used routinely in a preschool environment. As
healthy food behaviors, such as frequent and diverse FV
consumption, are typically adopted in childhood and may track
into adulthood [32-34], early childhood is a crucial time to
intervene.

Comparison With Earlier Work
Some serious games emphasize increased knowledge [35],
whereas others aim to incorporate multiple theory-driven
behavior change techniques, such as tailoring, goal setting,
problem solving, and feedback, into a fun and attractive game
[36]. In Mole’s Veggie Adventures, no specific behavior change
technique was selected, but several of them were included in
the game mechanics. For instance, the ECEC professionals were
instructed to select those FVs for discussion that they deemed
most important for their group. Moreover, the game includes
Mini-Games with educational and knowledge-enhancing
content. In addition, advergame researchers have described
multiple methods that can potentially influence player behavior
[37]. Advertising in games can appear at different levels of the
game and in many forms, for example, as product placement,
background presentation, and engagement via interactivity. In
the case of the Mole’s Veggie Adventures app, all the
aforementioned expositions of FVs are present, as the product,
FVs, appears both in the background and is subject to
manipulation itself, potentially enhancing FV acceptance among
https://mhealth.jmir.org/2022/1/e30352
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children. In addition, because of the various types of tasks and
activities in the game, the children do not familiarize themselves
with FVs only virtually but also in reality. The diverse stimuli
with FVs as the main characters may encourage children to
become familiar with them. However, the extent to which such
an intervention could realistically affect behavior warrants
further research.
The Mole’s Veggie Adventures app includes a strong social
aspect. It has been shown that ECEC professionals’ opinions
may contribute to children’s food consumption [38]. In addition,
peers may also act as role models for preschoolers [39]. As our
game was used in the ECEC centers in a group of preschoolers,
it may have offered opportunities to model—for better or
worse—the early educators as well as other children and
motivated children to try new FVs. Social interaction provides
opportunities for problem solving and peer engagement, which
in turn, can cultivate useful skills such as negotiation and
cooperation [40]. In addition, approval from the early educator,
supporting comments from the group, and the opportunity to
boast and present the results of tasks in the group may have
been rewarding. Previous serious game research has also
suggested that engaging parents—gatekeepers of the home
environment [41]—may be critical in changing child behavior
[26,27]. Bearing this in mind, we updated the Mole’s Veggie
Adventures app after the intervention to better fit both the
preschool and home environments (Multimedia Appendices 1
and 2). We also encourage future game designers to consider
including a parental component to ensure adult support in all
environments relevant to the child.
Fun is an essential part of playing games and can produce
intrinsic motivation in players [42]. However, it remains
unknown how certain target groups (eg, preschoolers)
comprehend and experience fun or how to use fun to design
games to bring about larger or more consistent changes in health
behaviors [43]. Baranowski et al [42] contemplated the building
blocks of fun and suggested that fun in games is probably a
combination of interaction, overcoming challenges, making
choices, and detecting their consequences without risking
oneself, receiving feedback, increasing difficulty through levels
of game play, and using personally relevant stories and
characteristics in meaningful situations. To ensure that the
Mole’s Veggie Adventures app would be perceived as fun,
JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 1 | e30352 | p. 6
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preschoolers participated in the development process (see
Multimedia Appendix 1 for details). In addition, the game
incorporated elements, such as physical play, invented stories,
and adult-led activities, which have been identified as occasions
for fun and shared humor among preschoolers [44]. A growing
consensus describes play as an intrinsically motivated activity
that results in joyful discovery [40]; thus, it is presumable that
the app, by covering various forms of play (ie, active physical
and pretend play), was indeed perceived as fun by the
preschoolers.
Although games can deliver food education in an enticing way,
not all behaviors encouraged by games are beneficial. Excessive
gaming can evoke negative psychosocial effects [20] and even
cause addictive behaviors [45]. Possible adverse effects include
increased impulsivity [46], and as impulse control is an element
in self-regulation, games can impair the development of
self-regulation skills. Poor self-regulation skills in childhood
have been linked to diminished social and cognitive outcomes
later in life [47] and may also be associated with adverse health
outcomes such as overweight and obesity or increased screen
time [48-52]. To avoid these pitfalls, the Mole’s Veggie
Adventures app was designed to support the development of
self-regulation skills. For instance, the app includes elements
that require peaceful action and waiting. Moreover, the app is
mostly intended to be used with an ECEC professional, whose
role as a coregulator is significant in strengthening
self-regulation skills [53]. Subdued, mild colors and delicate
music allow the child to focus on the educational content and
could potentially prevent impulsivity.

Study Strengths and Limitations
The strengths of the study include testing in 2 countries, Finland
and Poland. The 2-country setting allowed us to recruit a larger
sample, which in turn, enabled the detection of the intervention
effect. Another strength is the random allocation of ECEC
centers into the intervention and control arms. Therefore, it is
unlikely that the outcome was confounded by uncontrolled
variables. Moreover, we examined one specific outcome (FV
acceptance) instead of testing for multiple outcomes, which
could have led to type 1 error [54]. The app development process
was extensive and included cocreation with the target group
and a multidisciplinary research team as well as prepiloting of
the demo version in Finnish preschools (see Multimedia
Appendix 1 for details). Most intervention arm groups used the
app as instructed, suggesting moderate feasibility.
Although the study was able to demonstrate favorable changes
in FV acceptance, it also had some limitations that should be
addressed. First, our study was not blinded, and the participating
early educators in the intervention group knew that the children’s
FV acceptance was being measured. The parents of the

Vepsäläinen et al
participating children were also aware of the intervention.
However, the app was used in the ECEC centers, whereas
parents reported FV acceptance, and thus, the parents did not
know exactly how much their children had used the app. In
Finland, randomization was conducted at the preschool level
to avoid contamination. Owing to nonexistent between-group
communication among parents, contamination was not
considered probable in Poland. Second, only 72.9% (161/221)
of participants had data at both baseline and follow-up. To use
data from as many participants as possible, we categorized
participants into 3 groups based on their baseline data: missing,
lower than median, and median or higher. To determine how
the categorization affected the results, we ran multiple sensitivity
analyses, which yielded parallel results. Third, as the app was
used in a group, we did not know which individual children in
the intervention arm groups participated in the game sessions.
In addition, as the degree of implementation varied between the
ECEC groups, this could have attenuated the observed effects.
Fourth, our sample was relatively highly educated, and thus,
the results may not be generalizable to socioeconomically
disadvantaged groups. Owing to differences in cultural
environment, the recruitment process was carried out differently
in the 2 countries, which probably resulted in differing
participation rates (56% in Finland vs 92% in Poland). Thus,
the Polish sample might have been more representative of the
target population than the Finnish sample. Furthermore, because
of the limited time frame set by the funding period, the
intervention was relatively short. As children need repeated
taste exposures, preferably integrated with sensory learning
strategies as well as nutrition education to get used to different
vegetables [55], it is possible that a longer intervention period
would have been needed to achieve more prominent and
permanent results. However, we realistically aimed to increase
FV acceptability, not FV consumption, which would probably
require more time. Future studies should include
postintervention follow-up to examine the stability of the
intervention effects.

Conclusions
In summary, the Mole’s Veggie Adventures app has the potential
to increase FV acceptance among preschoolers. The app can
support food education and be incorporated into the preschool
curriculum in countries with different educational environments,
such as Finland and Poland. When designing serious games for
preschoolers, game designers should consider including both
home- and preschool-based components to ensure adult
endorsement in all relevant environments, which could result
in even stronger effects. Future studies should aim to identify
the game mechanisms that best support children in making
behavior changes.

Acknowledgments
The authors thank the participating children, families, and municipalities, the early childhood education and care centers, and the
early childhood education and care professionals. The authors are also grateful to Dr Elena Santa Cruz, Dr Alan Roberts, Professor
Kate Harvey, and Professor Tom Baranowski for their collaboration in this project. This work was funded by EIT Food (The EIT
Food School Network: Integrating solutions to improve eating habits and reduce food wastage # 18145, # 19057, # 20129). EIT
Food is the Innovation Community on Food of the EIT, a body of the European Union, under Horizon 2020, the EU Framework
https://mhealth.jmir.org/2022/1/e30352

XSL• FO
RenderX

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 1 | e30352 | p. 7
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Vepsäläinen et al

Programme for Research and Innovation. The funder had no role in the study design, data collection and analysis, decision to
publish, or preparation of the manuscript. Open access was funded by the Helsinki University Library.

Authors' Contributions
HV, E Skaffari, ML, CR, E Suhonen, NS, and ME participated in the development process of the app; KW and JB translated the
app into Polish and adapted it to the Polish cultural context; HV, E Skaffari, KW, JB, and ME designed the study; JB and ME
were responsible for funding acquisition; ME was responsible for leadership in research activity planning and execution; HV and
KW managed and coordinated research activities; HV, E Skaffari, KW, JB, SK, RM, and MH collected the data and participated
in data curation; HV, JN, and ME designed the statistical analyses; HV analyzed the data and wrote the manuscript. All authors
reviewed and approved the final manuscript.

Conflicts of Interest
The authors are the developers of the Mole’s Veggie Adventures mobile app. The authors have no other relationships or activities
that could potentially be construed as a conflict of interest with the present work.
Editorial Notice
This randomized study was only retrospectively registered. The authors explained that their study "did not assess health outcomes
and was not a clinical trial". However, readers are advised to carefully assess the validity of any potential explicit or implicit
claims related to primary outcomes or effectiveness, as retrospective registration does not prevent authors from changing their
outcome measures retrospectively.

Multimedia Appendix 1
Detailed description of the application development process.
[DOCX File , 175 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Video demonstrating the most important sections of the current version of the Mole’s Veggie Adventures application. Note that
the version used in the current study differed slightly from the current version.
[MP4 File (MP4 Video), 31691 KB-Multimedia Appendix 2]

Multimedia Appendix 3
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 2541 KB-Multimedia Appendix 3]

References
1.

2.

3.

4.

5.

6.

7.

Lynch C, Kristjansdottir AG, Te Velde SJ, Lien N, Roos E, Thorsdottir I, et al. Fruit and vegetable consumption in a sample
of 11-year-old children in ten European countries--the PRO GREENS cross-sectional survey. Public Health Nutr 2014
Nov;17(11):2436-2444. [doi: 10.1017/S1368980014001347] [Medline: 25023091]
Cardon G, De Bourdeaudhuij I, Iotova V, Latomme J, Socha P, Koletzko B, ToyBox-study group. Health related behaviours
in normal weight and overweight preschoolers of a large pan-european sample: the ToyBox-study. PLoS One
2016;11(3):e0150580 [FREE Full text] [doi: 10.1371/journal.pone.0150580] [Medline: 26950063]
Inchley J, Currie D, Budisavljevic S, Torsheim T, Jåstad A, Cosma A, et al. Spotlight on adolescent health and well-being:
findings from the 2017/2018 Health Behaviour in School-aged Children (HBSC) survey in Europe and Canada. WHO
Regional Office for Europe. 2020. URL: https://apps.who.int/iris/bitstream/handle/10665/332091/9789289055000-eng.pdf
[accessed 2021-05-07]
Eloranta AM, Lindi V, Schwab U, Kiiskinen S, Kalinkin M, Lakka HM, et al. Dietary factors and their associations with
socioeconomic background in Finnish girls and boys 6-8 years of age: the PANIC Study. Eur J Clin Nutr 2011
Nov;65(11):1211-1218. [doi: 10.1038/ejcn.2011.113] [Medline: 21697818]
Hauta-Alus HH, Korkalo L, Holmlund-Suila EM, Rosendahl J, Valkama SM, Enlund-Cerullo M, et al. Food and nutrient
intake and nutrient sources in 1-year-old infants in Finland: a cross-sectional analysis. Nutrients 2017 Dec 01;9(12):1309
[FREE Full text] [doi: 10.3390/nu9121309] [Medline: 29194422]
Korkalo L, Nissinen K, Skaffari E, Vepsäläinen H, Lehto R, Kaukonen R, et al. The contribution of preschool meals to the
diet of Finnish preschoolers. Nutrients 2019 Jul 05;11(7):1531 [FREE Full text] [doi: 10.3390/nu11071531] [Medline:
31284433]
Forestell CA. Flavor perception and preference development in human infants. Ann Nutr Metab 2017;70 Suppl 3:17-25
[FREE Full text] [doi: 10.1159/000478759] [Medline: 28903110]

https://mhealth.jmir.org/2022/1/e30352

XSL• FO
RenderX

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 1 | e30352 | p. 8
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
8.

9.

10.
11.
12.
13.

14.
15.

16.
17.

18.

19.
20.
21.

22.
23.

24.

25.

26.
27.

28.

29.

Houston-Price C, Owen L, Kennedy O, Hill C. Parents’ experiences of introducing toddlers to fruits and vegetables through
repeated exposure, with and without prior visual familiarization to foods: evidence from daily diaries. Food Qual Prefer
2019 Jan;71:291-300 [FREE Full text] [doi: 10.1016/j.foodqual.2018.08.003]
Owen LH, Kennedy OB, Hill C, Houston-Price C. Peas, please! Food familiarization through picture books helps parents
introduce vegetables into preschoolers' diets. Appetite 2018 Sep 01;128:32-43. [doi: 10.1016/j.appet.2018.05.140] [Medline:
29807124]
Säkkinen S, Kuoppala T. Varhaiskasvatus 2019. Finnish Institute for Health and Welfare. 2020. URL: https://www.julkari.fi/
bitstream/handle/10024/140541/Tr33_20.pdf?sequence=5&isAllowed=y [accessed 2021-05-07]
Share of children covered by preschool education. Statistics Poland. 2021. URL: https://bdl.stat.gov.pl/BDL/dane/podgrup/
tablica [accessed 2021-04-09]
National core curriculum for early childhood education and care 2018. Finnish National Agency for Education. 2019. URL:
https://www.oph.fi/sites/default/files/documents/varhaiskasvatussuunnitelman_perusteet.pdf [accessed 2021-05-07]
Seeyave DM, Coleman S, Appugliese D, Corwyn RF, Bradley RH, Davidson NS, et al. Ability to delay gratification at age
4 years and risk of overweight at age 11 years. Arch Pediatr Adolesc Med 2009 Apr;163(4):303-308 [FREE Full text] [doi:
10.1001/archpediatrics.2009.12] [Medline: 19349558]
Montroy JJ, Bowles RP, Skibbe LE, McClelland MM, Morrison FJ. The development of self-regulation across early
childhood. Dev Psychol 2016 Nov;52(11):1744-1762 [FREE Full text] [doi: 10.1037/dev0000159] [Medline: 27709999]
Anderson SE, Sacker A, Whitaker RC, Kelly Y. Self-regulation and household routines at age three and obesity at age
eleven: longitudinal analysis of the UK Millennium Cohort Study. Int J Obes (Lond) 2017 Dec;41(10):1459-1466 [FREE
Full text] [doi: 10.1038/ijo.2017.94] [Medline: 28435162]
Herman C, Polivy J. The self-regulation of eating: theoretical and practical problems. In: Baumeister RF, Vohs KD, editors.
Handbook of Self-Regulation: Research, Theory, and Applications 1st Edition. New York: The Guilford Press; 2004:1-574.
National Nutrition Council. Health and joy from food - meal recommendations for early childhood education and care.
National Nutrition Council, Finnish National Agency for Education and National Institute for Health and Welfare. 2018.
URL: https://www.julkari.fi/bitstream/handle/10024/135969/URN_ISBN_978-952-343-033-4.pdf?sequence=1&isAllowed=y
[accessed 2021-05-07]
Komentarzem Z. Podstawa programowa wychowania przedszkolnego i ksztalcenia ogólnego dla szkoly podstawowej.
Osrodek Rozwoju Edukacji. 2018. URL: https://www.ore.edu.pl/wp-content/uploads/2018/03/
podstawa-programowa-wychowania-przedszkolnego-i-ksztalcenia-ogolnego-dla-szkoly-podstawowej-z-komentarzem.pdf
[accessed 2021-05-07]
Koivula M, Mustola M. Varhaiskasvatuksen digiloikka ja muuttuva sukupolvijärjestys? Jännitteitä lastentarhanopettajien
ja lasten kohtaamisissa digitaalisen teknologian äärellä. Kasvatus & Aika 2017;11(3):37-50 [FREE Full text]
Mitchell A, Savill-Smith C. The use of computer and video games for learning - a review of the literature. Learning and
Skills Development Agency. 2004. URL: https://dera.ioe.ac.uk/5270/7/041529_Redacted.pdf [accessed 2021-05-07]
Vorderer P, Hartmann T, Klimmt C. Explaining the enjoyment of playing video games: the role of competition. In:
Proceedings of the Second International Conference on Entertainment Computing. 2003 Presented at: Second International
Conference on Entertainment Computing; May 8 - 10, 2003; Pittsburgh Pennsylvania USA p. 1-9 URL: https://dl.acm.org/
doi/abs/10.5555/958720.958735?preflayout=tabs
de Freitas S. Are games effective learning tools? A review of educational games. Edu Technol Soc 2018;21(2):74-84 [FREE
Full text]
Montgomery K, Grier S, Chester J, Dorfman L. Food marketing in the digital age: a conceptual framework and agenda for
research. Center for Digital Democracy. 2011. URL: https://www.democraticmedia.org/sites/default/files/
Digital_Food_Mktg_Conceptual_Model%20Report.pdf [accessed 2021-05-07]
Nairn A, Haiming H. Advergames: it’s not child’s play - a review of research. Institute for Policy Research, University of
BATH. 2012. URL: https://www.bath.ac.uk/publications/advergames-its-not-childs-play/attachments/
ipr-policy-brief-advergames-its-not-childs-play.pdf [accessed 2021-05-07]
Baranowski T, Baranowski J, Thompson D, Buday R, Jago R, Griffith MJ, et al. Video game play, child diet, and physical
activity behavior change a randomized clinical trial. Am J Prev Med 2011 Jan;40(1):33-38 [FREE Full text] [doi:
10.1016/j.amepre.2010.09.029] [Medline: 21146765]
Cullen KW, Liu Y, Thompson DI. Meal-specific dietary changes from squires quest! II: a serious video game intervention.
J Nutr Educ Behav 2016 May;48(5):326-330 [FREE Full text] [doi: 10.1016/j.jneb.2016.02.004] [Medline: 27169641]
Thompson D, Bhatt R, Vazquez I, Cullen KW, Baranowski J, Baranowski T, et al. Creating action plans in a serious video
game increases and maintains child fruit-vegetable intake: a randomized controlled trial. Int J Behav Nutr Phys Act
2015;12:39 [FREE Full text] [doi: 10.1186/s12966-015-0199-z] [Medline: 25890060]
Farrow C, Belcher E, Coulthard H, Thomas JM, Lumsden J, Hakobyan L, et al. Using repeated visual exposure, rewards
and modelling in a mobile application to increase vegetable acceptance in children. Appetite 2019 Oct 01;141:104327.
[doi: 10.1016/j.appet.2019.104327] [Medline: 31228505]
Baranowski T. Descriptions for articles introducing a new game for health. Games Health J 2014 Apr;3(2):55-56. [doi:
10.1089/g4h.2014.0008] [Medline: 26196042]

https://mhealth.jmir.org/2022/1/e30352

XSL• FO
RenderX

Vepsäläinen et al

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 1 | e30352 | p. 9
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
30.

31.
32.
33.
34.

35.
36.

37.
38.

39.

40.

41.
42.
43.
44.
45.
46.

47.
48.
49.
50.
51.

52.
53.

54.

Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the sample size for a pilot randomised trial to minimise
the overall trial sample size for the external pilot and main trial for a continuous outcome variable. Stat Methods Med Res
2016 Jun;25(3):1057-1073 [FREE Full text] [doi: 10.1177/0962280215588241] [Medline: 26092476]
International Clinical Trials Registry Platform (ICTRP). World Health Organization. URL: https://www.who.int/
clinical-trials-registry-platform [accessed 2021-05-07]
Kelder SH, Perry CL, Klepp KI, Lytle LL. Longitudinal tracking of adolescent smoking, physical activity, and food choice
behaviors. Am J Public Health 1994 Jul;84(7):1121-1126. [doi: 10.2105/ajph.84.7.1121] [Medline: 8017536]
Lien N, Lytle LA, Klepp KI. Stability in consumption of fruit, vegetables, and sugary foods in a cohort from age 14 to age
21. Prev Med 2001 Sep;33(3):217-226. [doi: 10.1006/pmed.2001.0874] [Medline: 11522162]
Mikkilä V, Räsänen L, Raitakari OT, Pietinen P, Viikari J. Consistent dietary patterns identified from childhood to adulthood:
the cardiovascular risk in Young Finns Study. Br J Nutr 2005 Jun;93(6):923-931. [doi: 10.1079/bjn20051418] [Medline:
16022763]
Peng W. Design and evaluation of a computer game to promote a healthy diet for young adults. Health Commun 2009
Mar;24(2):115-127. [doi: 10.1080/10410230802676490] [Medline: 19280455]
Thompson D, Baranowski T, Buday R, Baranowski J, Thompson V, Jago R, et al. Serious video games for health how
behavioral science guided the development of a serious video game. Simul Gaming 2010 Aug 1;41(4):587-606 [FREE Full
text] [doi: 10.1177/1046878108328087] [Medline: 20711522]
Tina W, Buckner K. Receptiveness of gamers to embedded brand messages in advergames. J Interact Advert 2006
Sep;7(1):3-32. [doi: 10.1080/15252019.2006.10722123]
Lehto R, Ray C, Vepsäläinen H, Korkalo L, Nissinen K, Skaffari E, et al. Early educators' practices and opinions in relation
to pre-schoolers' dietary intake at pre-school: case Finland. Public Health Nutr 2019 Jun;22(9):1567-1575. [doi:
10.1017/S1368980019000077] [Medline: 30782234]
Ward SA, Bélanger MF, Donovan D, Carrier N. Relationship between eating behaviors and physical activity of preschoolers
and their peers: a systematic review. Int J Behav Nutr Phys Act 2016 Apr 14;13:50 [FREE Full text] [doi:
10.1186/s12966-016-0374-x] [Medline: 27075482]
Yogman M, Garner A, Hutchinson J, Hirsh-Pasek K, Golinkoff RM, Committee on Psychosocial Aspects of Child and
Family Health, Council on Communications and Media. The power of play: a pediatric role in enhancing development in
young children. Pediatrics 2018 Sep;142(3):e20182058 [FREE Full text] [doi: 10.1542/peds.2018-2058] [Medline: 30126932]
Gruber KJ, Haldeman LA. Using the family to combat childhood and adult obesity. Prev Chronic Dis 2009 Jul;6(3):A106
[FREE Full text] [Medline: 19527578]
Baranowski T, Thompson D, Buday R, Lu AS, Baranowski J. Design of video games for children's diet and physical activity
behavior change. Int J Comput Sci Sport 2010;9(2):3-17 [FREE Full text] [Medline: 25364331]
Baranowski T. Games for health research—past, present, and future. Präv Gesundheitsf 2018 Jul 12;13(4):333-336 [FREE
Full text] [doi: 10.1007/s11553-018-0657-y]
Stenius TH, Karlsson L, Sivenius A. Young children’s humour in play and moments of everyday life in ECEC centres.
Scand J Educ Res 2021 Jan 06:1-15. [doi: 10.1080/00313831.2020.1869084]
Gentile DA, Bailey K, Bavelier D, Brockmyer JF, Cash H, Coyne SM, et al. Internet gaming disorder in children and
adolescents. Pediatrics 2017 Nov;140(Suppl 2):81-85 [FREE Full text] [doi: 10.1542/peds.2016-1758H] [Medline: 29093038]
Dong G, Potenza MN. A cognitive-behavioral model of Internet gaming disorder: theoretical underpinnings and clinical
implications. J Psychiatr Res 2014 Nov;58:7-11 [FREE Full text] [doi: 10.1016/j.jpsychires.2014.07.005] [Medline:
25062755]
Mischel W, Shoda Y, Rodriguez MI. Delay of gratification in children. Science 1989 May 26;244(4907):933-938. [doi:
10.1126/science.2658056] [Medline: 2658056]
Francis LA, Susman EJ. Self-regulation and rapid weight gain in children from age 3 to 12 years. Arch Pediatr Adolesc
Med 2009 Apr;163(4):297-302. [doi: 10.1001/archpediatrics.2008.579] [Medline: 19349557]
Nederkoorn C, Braet C, Van Eijs Y, Tanghe A, Jansen A. Why obese children cannot resist food: the role of impulsivity.
Eat Behav 2006 Nov;7(4):315-322. [doi: 10.1016/j.eatbeh.2005.11.005] [Medline: 17056407]
Guerrieri R, Nederkoorn C, Jansen A. The interaction between impulsivity and a varied food environment: its influence on
food intake and overweight. Int J Obes (Lond) 2008 Apr;32(4):708-714. [doi: 10.1038/sj.ijo.0803770] [Medline: 18059403]
Caleza C, Yañez-Vico RM, Mendoza A, Iglesias-Linares A. Childhood Obesity and Delayed Gratification Behavior: A
Systematic Review of Experimental Studies. J Pediatr 2016 Feb;169:201-7.e1. [doi: 10.1016/j.jpeds.2015.10.008] [Medline:
26563536]
Radesky JS, Silverstein M, Zuckerman B, Christakis DA. Infant self-regulation and early childhood media exposure.
Pediatrics 2014 May;133(5):1172-1178 [FREE Full text] [doi: 10.1542/peds.2013-2367] [Medline: 24733868]
Suhonen E, Sajaniemi NK, Alijoki A, Nislin MA. Children’s biological givens, stress responses, language and cognitive
abilities and family background after entering kindergarten in toddlerhood. Early Child Devel Care 2016 Aug
20;188(3):345-358. [doi: 10.1080/03004430.2016.1218157]
Simes RJ. An improved Bonferroni procedure for multiple tests of significance. Biometrika 1986;73(3):751-754. [doi:
10.1093/biomet/73.3.751]

https://mhealth.jmir.org/2022/1/e30352

XSL• FO
RenderX

Vepsäläinen et al

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 1 | e30352 | p. 10
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
55.

Vepsäläinen et al

Nekitsing C, Hetherington MM, Blundell-Birtill P. Developing healthy food preferences in preschool children through taste
exposure, sensory learning, and nutrition education. Curr Obes Rep 2018 Mar;7(1):60-67 [FREE Full text] [doi:
10.1007/s13679-018-0297-8] [Medline: 29446037]

Abbreviations
ECEC: early childhood education and care
EIT: European Institution of Innovation & Technology
FV: fruit and vegetable

Edited by R Kukafka, G Eysenbach; submitted 11.05.21; peer-reviewed by C Farrow, E Haycraft; comments to author 28.06.21;
revised version received 08.07.21; accepted 13.10.21; published 04.01.22
Please cite as:
Vepsäläinen H, Skaffari E, Wojtkowska K, Barlińska J, Kinnunen S, Makkonen R, Heikkilä M, Lehtovirta M, Ray C, Suhonen E,
Nevalainen J, Sajaniemi N, Erkkola M
A Mobile App to Increase Fruit and Vegetable Acceptance Among Finnish and Polish Preschoolers: Randomized Trial
JMIR Mhealth Uhealth 2022;10(1):e30352
URL: https://mhealth.jmir.org/2022/1/e30352
doi: 10.2196/30352
PMID:

©Henna Vepsäläinen, Essi Skaffari, Katarzyna Wojtkowska, Julia Barlińska, Satu Kinnunen, Riikka Makkonen, Maria Heikkilä,
Mikko Lehtovirta, Carola Ray, Eira Suhonen, Jaakko Nevalainen, Nina Sajaniemi, Maijaliisa Erkkola. Originally published in
JMIR mHealth and uHealth (https://mhealth.jmir.org), 04.01.2022. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR mHealth and uHealth, is
properly cited. The complete bibliographic information, a link to the original publication on https://mhealth.jmir.org/, as well as
this copyright and license information must be included.

https://mhealth.jmir.org/2022/1/e30352

XSL• FO
RenderX

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 1 | e30352 | p. 11
(page number not for citation purposes)

