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Abstract
Objective: To determine the impact of an educational programme for primary
schools that explored the biodiversity of tomato, by promoting science and sensory
education with three distinct varieties of it, in the acceptance of vegetables.
Design:A randomised controlled study inwhich childrenwere exposed to the edu-
cational programme (intervention group) or remained in the class, as usual (control
group). The educational programme consisted of three sessions where children
explained the observed differences between the three varieties of tomato and indi-
vidual perceptions of their flavours based on sensory-based food education and by
planning and implementing experiments to explain those differences. We tested
the effects on both children’s willingness to try and their liking for tomato, and
for lettuce and cabbage to study the carry-over effect, compared with the control
group (Mann–Whitney U test; P < 0·05).
Setting: The study took place in public primary schools in Porto, Portugal.
Participants:Children in the third grade (8–13-year-old children) (n 136) were ran-
domly assigned to intervention or control group.
Results: Children in the intervention group reported significant increases in their
willingness to try and liking for tomato compared to the control group
(P < 0·05), but not for lettuce and cabbage (P> 0·05).
Conclusions: These results highlight the potential for fostering children’s accep-
tance of a vegetable by exploring biodiversity through science education.
Further work may clarify the effects of exploring biodiversity on the consumption
of vegetables and establish whether the results are stable over time and replicable
across contexts and populations.

Keywords
School children

Biodiversity
Sensory education
Willingness to try

Vegetables

The WHO recommends a daily intake of 400 g of fruits
and vegetables, which corresponds to five portions of
80 g per day(1). This recommendation is far from being
accomplished worldwide(1). In Portugal, 69 % of children
younger than 10 fail to achieve it according to recent data
from the National Food Survey(2). The health benefits of
eating at least 400 g of fruits and vegetables per day are
well documented, being associated with a decreased risk
of all causes of mortality, particularly cardiovascular
mortality(3). Fruits and vegetables are rich in bioactive
compounds, such as minerals, vitamins and

antioxidants(1). Vegetables differ from fruits mainly in
their lower sugar and higher fibre content, and its con-
sumption, independently of fruits consumption, has
the potential to protect from several diseases(4).
Although these low sugar and high fibre levels are advan-
tageous to health, they also contribute to a bitter taste and
a hard texture, which makes promotion of vegetable
acceptance in children, a challenge(5). In addition to that,
the low-energy density of vegetables may also under-
mine the development of liking, based on a possible
taste-energy conditioning(6–8).
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Promoting vegetable consumption in early childhood is
particularly important, because studies indicate that con-
sumption during this stage is below the recommended level
and that dietary habits at this age tend to persist into ado-
lescence and adulthood(9). We are born with an innate lik-
ing for sweetness and a disliking for bitter and sour tastes
and therefore children may need to be exposed repeatedly
to bitter and sour vegetables to learn to like them(4).
Considering that children show resistance to trying new
or disliked vegetables(4) and that the number of eating
exposures to a vegetable may determine its acceptance(10),
positive strategies to motivate children to taste these foods
are needed. It has been suggested that interventions that
promote familiarisation with foods should add an element
of sensory exposure unrelated to tasting, to reduce the
pressure to try the food(11). It is also known that, letting chil-
dren choose from a variety of fruits and vegetables
improves intake(4). Introducing children to the biodiversity
existing within each species of fruits and vegetables
(i.e. intraspecific biodiversity) will increase the range
of available choices and may be a successful approach
to promoting acceptance. Different varieties of the same
vegetable have distinct growth characteristics and dis-
tinct attributes, for example, size, colour, shape, taste,
texture, aroma and nutrient content(12). These attributes
can determine distinct preferences for different varieties
of the same vegetable, but this is often not recognised by
the child who refuses to try or to eat the vegetable, or by
their parents(13). Supporting this hypothesis, studies that
exposed children or adults to colour diversity in a given
vegetable or fruit reveal enhanced impact on its accep-
tance and intake(14,15).

The school represents a particularly interesting context
for the promotion of fruits and vegetables intake because it
allows the enrolment of children from different socio-
demographic groups, on an almost daily basis, with a large
range of possible contexts for promotion, from classroom
to canteen(16). School-based interventions include pro-
grammes that distribute free fruits and vegetables and
school activities, included or not in the official pro-
grammes, potentially extending or not to families(17).
Hands-on approaches, such as gardening, cooking or
tasting sessions, have been shown to have a larger effect
on eating behaviour change than traditional nutrition edu-
cation(17,18). However, the school-based interventions
described in the literature still had minimal impact on veg-
etable intake and new methodologies are needed(17).
Additionally, these are often isolated activities, not inte-
grated into the curriculum and therefore difficult to
sustain(19). The development of hands-on educational
activities that could be led by teachers as part of their regu-
lar activities while they work on other components of the
curriculum would contribute to more sustainable nutrition
education(20).

We postulate in this study that an educational pro-
gramme in which primary school children engage in

experimental classroomwork exploring the taste and other
properties of different varieties of a vegetable can improve
the acceptance of vegetables. We aim to test the effects of
this educational programme on children’s willingness to try
and liking for vegetables, compared to a control group. To
increase the probability of primary school teachers further
adopting and autonomously performing this activity in their
classrooms, it is designed to simultaneously address other
learning goals of the official primary schools’ curricula.

Materials and methods

Participants
The participants were children in the third grade (8–13-
year-old children) at three public primary schools in
Porto, Portugal (Girls: 41·6 %; Age: M= 8·88; SD= 0·65).
Two schools (three out of the six participating classes)were
part of the Program for Priority Intervention Educational
Areas(21), characterised by a low socio-economic status
context, in which problems such as school failure and
school dropout were present. The three other participating
classes were part of a school from a high socio-economic
status context, characterised by a high students’ academic
success.

A sample size of 120 children (60 per group) was calcu-
lated based on a power of 80 %, a significance level on
P = 0·05 and an effect size of 0·25 in the increase in the tar-
get vegetable liking(22). Parents of eligible children (137
from 6 classrooms) were invited to allow their children
to participate.

Study design
Of the 137 eligible children invited, only 1 did not obtain
consent to participate. Afterwards, 136 children were rand-
omised (1:1) within classrooms to form an intervention
group (n 68) and a control group (n 68), using the random
number generator of Excel®. Children performed the base-
line test in school answering a questionnaire applied by a
trained researcher. Children allocated to the intervention
group did not differ significantly from the control group
prior to the intervention, in age, gender and baseline scores
(P> 0·05). Children allocated to the intervention group
attended the educational programme composed of three
sessions during three consecutive weeks, led by a group
of researchers. This happened in their schools, in an avail-
able room. Meanwhile, the control group remained in the
class, as usual. All children repeated the questionnaire, in
the post-test, a week after the last session of the interven-
tion group took place. After this, the educational pro-
gramme was offered to the children in the control group.

We ended up with data for 125 children (67 in the inter-
vention and 58 in the control group), due to exclusions
caused by withdrawal (n 6), school transfer (n 2) and miss-
ing post-test (n 3). To perform an intention-to-treat analy-
sis, we included children with session’s absences
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(n 9) in the final dataset(23). CONSORT flowchart of this
study is represented in Fig. 1.

Intervention
The educational programme was designed to simultaneously
address learning goals for science education at the Portuguese
primary school curricula, which also fit with the recommen-
dations for primary education at European level:

Environmental literacy
Discussions about biodiversity loss and conservation and
its impacts on our environment and food security(24,25).

Scientific literacy
Engagement in scientific practices, by planning and imple-
menting experiments, that is, (i) hypotheses postulation;
(ii) planning and carrying out experimental procedures;
(iii) analysing and interpreting data (mathematical thinking
and graphs elaboration); (iv) engaging in argumentation
from evidence and (v) obtaining, evaluating and communi-
cating evidence(25–27).

Health literacy
Discussions about the importance of a healthy diet and the
importance of the correct chewing for proper functioning
of the digestive system(25).

The tomato was chosen as the vegetable to be explored
in the intervention because several varieties of it are com-
monly available in Portugal. The educational programme
consisted of three sessions, ranging from 60 to 90 min long
each (overall intervention duration: 240 min), with 10–20
children.

Session 1: Sensory education with three varieties of
tomato. Three common varieties of tomato, in a similar
maturation stage, were used: beef tomato, plum tomato
and cherry tomato (Fig. 2). Tomatoes were cut into pieces
approximately of the same size and each child had one
plate with two pieces of each variety.

Children were enrolled in sensory-based food educa-
tion(11,28). Firstly, we invited them to identify and describe
differences between varieties, both of an entire tomato of
each variety (e.g. shape and colour) and of its pieces

Assessed for eligibility (n 137)

Excluded (n 1)
Declined to participate (n 1)

Analysed (n 67)

Lost to follow-up (n 1)

Missed post-test (n 1)

Allocated to intervention (n 68)
Received allocated intervention (n 68)

Lost to follow-up (n 10)

Missed post-test (n 2)
Withdrawal (n 6)
School transfer (n 2)

Allocated to control (n 68)

Analysed (n 58)

Allocation 

Analysis 

Follow-up 

Randomized (n 136)

Enrolment  

Fig. 1 CONSORT flow diagram of the study
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(e.g. seeds and pulp colour). After this, children were told
that during the activity they would learn how to become
‘professional food tasters’ by chewing each piece of the dis-
tinct tomato varieties several times, while closing their eyes
and inhaling deeply. Children who refused to taste the
tomatoes were encouraged, by being explained that it
would be important for the activity to get their classification
of the sweetness and acidity of each variety and that theymay
want to try again because preferences can change aswe grow
up. Additionally, theywere asked if therewas a certain variety
of tomato they do not like, and if they were sure that the dis-
tinct varieties tasted the same. For themost reluctant children,
we allowed them to taste without swallowing the pieces. If
they kept refusing to taste, we asked them to smell and touch
the tomato and to classify based on those sensations.

We then asked children to be aware of the level of
sweetness of each tomato variety and to classify it to one
of the following classes: not sweet, slightly sweet, moder-
ately sweet, sweet and very sweet. The children repeated
the full procedure to classify the acidity. Hereupon, chil-
dren tried tomato at least six times (twice per variety of
tomato). Children built bar graphs representing their clas-
sifications, using a blank poster and self-adhesive paper.

Session 2: Hypotheses postulation and experimental
procedure design. In session 2, children analysed the
bar graphs built in session 1. These analyses resulted in
two questions that were posed to students to be answered
through an inquiry-based learning approach(29): (1) differ-
ent children classified differently the sweetness and acidity
of the same variety of tomato and that (2) different varieties
of tomato were classified as having different levels of
sweetness and acidity. Children were invited to postulate
explanations for these observations, in a class discussion.
These explanations were rephrased to hypotheses by the
research team.

Children were then divided into groups of three to five
and asked to collaboratively select one hypothesis and plan
an experiment to test it, using a worksheet adapted from
an official Portuguese educational set(30) that asked them
to describe (i) the hypothesis rephrased as a question,
(ii) what would need to be kept constant to test the hypoth-
esis, (iii) what would vary, (iv) what was going to be

measured, (v) how were they going to register data, (vi)
what would be the experimental procedure, (vii) what
was needed to perform such experimental procedure, (viii)
what were the predicted and (ix) observed results, and (x)
what conclusions could be taken. During this task, they
were assisted by the researchers who helped them identi-
fying problems in their experimental design and fostered
discussion in the groups to find solutions to overcome
those problems. When necessary, they were introduced
to the sugar-measuring device (refractometer) and to the
pH-measuring device (pH sensor)(30).

Session 3: Experimental procedure. Within small groups,
children tested their hypotheses, following the experimen-
tal procedure planned in the previous session. Some of the
experimental procedures implied to taste the tomato again
and the group of children themselves performed those tast-
ings. They obtained and analysed the results, shared it and
drew conclusions within groups. Additionally, children
shared their results with the other groups of their interven-
tion session and identified the strengths and weaknesses of
their experimental design. They also discussed the implica-
tions of their results and conclusions for vegetables intake
and biodiversity conservation.

Evaluation of the acceptance of vegetables
Children over the age of 6 years are able to answer hedonic
scales over three items and to perform discriminatory
tests(31,32). Therefore, the children’s willingness to try vegeta-
bles and liking were assessed by questionnaire, before (base-
line test) and after (post-test) the intervention. Children were
asked individually to answer to an age-appropriate 5-point
pictorial Likert scale(31). Children were shown a picture with
different varieties of tomato and were asked about: (a) their
willingness to try tomato from ‘Not at all’ (1) to ‘Very much’
(5) and (b) their liking of tomato from ‘Dislike very much’
(1) to ‘LikeVerymuch’ (5). The sameprocedurewas repeated
for lettuce and cabbage, to test an eventual carry-over effect.

Statistical analysis
Data normality was tested using the Kolmogorov–Smirnov
test. To find the differences between the two groups in will-
ingness to try and liking for vegetables, before and after the
intervention, we compared the change scores, calculated
by post-test punctuations minus baseline punctuations,
between the intervention and control group. Chi-squared
tests were used for categorical variables and Mann–
Whitney U tests for continuous variables. All statistical
analyses were performed with SPSS v24(33).

Results

Intervention
When asked to identify variable features in the varieties,
children mentioned features such as the colour, the size,
the shape, the texture, the seeds, the smell and the juice.
When asked to taste the slices, between three and five

BEEF TOMATO CHERRY TOMATO PLUM TOMATO 

Fig. 2 (colour online) Specimens of tomato varieties used in the
educational programme
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children per sessionwere reluctant to taste tomato, explain-
ing they did not like it. After encouragement, all children
but one accepted to taste tomato.

To answer the research questions, children were invited
to postulate hypotheses (session 2). From the list of hypoth-
esis posed by students, those selected to be tested are
depicted in Table 1. Table 1 also describes a summary of
the corresponding experimental procedures (session 3).

Effect of intervention on the acceptance of
vegetables
The data describing the baseline and post-test scores for
intervention and control group are depicted in Table 2.

The post-test scores of willingness to try and liking of
tomato were greater for intervention group (mean
(SD)= 4·3 (1·0) and mean (SD)= 4·2 (1·0), respectively)
than for control group (mean (SD)= 3·3 (1·5) and mean
(SD)= 3·4 (1·5), respectively). The Mann–Whitney U test
confirmed that these differences were significant compar-
ing to the baseline scores, for both willingness to try
(U = 1380; P= 0·003) and liking (U= 1407; P = 0·004) of
tomato. No significant differences between intervention
and control group were found for lettuce and cabbage,
regarding the willingness to try (U= 1660; P = 0·123 and
U= 1875; P = 0·718, respectively) and liking (U= 1693;
P= 0·255 and U= 1832; P= 0·540, respectively).

Discussion

Our results showed that an educational programme explor-
ing intraspecific biodiversity by promoting sensory-based
education and engaging children in scientific practices con-
tributed to increasing their willingness to try and their liking
for the vegetable explored in the intervention. Several fea-
tures of this activity may have contributed to its positive
effects. In fact, the activity was designed to: (i) promote

exposure to the vegetable; (ii) encourage children to taste
the vegetable while paying full attention to its properties;
(iii) offer choice with distinct varieties of the same vegeta-
ble; (iv) use the experimental procedure to encourage chil-
dren to taste the vegetable and to manipulate it in other
ways than through taste and (v) provide opportunities
for children to engage in hands-on activities and explore
the distinct properties of tomato while planning and per-
forming experiments.

In the first session, we promoted sensory educationwith
three varieties of tomato and children were expected to
taste it at least six times. Some of the experimental proce-
dures implied that they should taste the tomato again.
Altogether, these repeated exposures to the vegetable over
the three sessions may have enhanced their acceptance of
it. In fact, the repeated exposure to the same vegetable
(from 7 to 14 times) was shown to be an effective way of
improving its acceptance by children under the age of 5
years(34). This was also supported by a study in which 6-
year-old children were subject to repeated exposure to
an unfamiliar vegetable in a school setting, what increased
both liking and intake(35). However, studies indicated that
the effect of repeated exposure to vegetables on liking and
intake by children was enhanced by exposing them to a
variety of vegetables(10). Offering more than one variety
of tomato to the children may have also contributed to this
increased likelihood of their acceptance of at least one vari-
ety given the variation in organoleptic characteristics(36)

and also the possibility of a carry-over effect between vari-
eties(10). The argument that different varieties taste differ-
ently may have been especially important to convince
children who initially rejected to taste it (three to five chil-
dren in each group). Children were also asked to taste the
tomato attentively to better classify its sweetness and acid-
ity as the first step of the experiments. Mindful eating prac-
tices (i.e. eating foods with fully awareness) have been
shown to promote more enjoyment of previously disliked

Table 1 Summary of children’s hypotheses that were tested and corresponding experimental procedures

Questions
Children’s hypotheses that were
tested Experimental procedures

1. Why different individuals classified
differently the sweetness and acidity of
the same variety of tomato?

Because some children had eaten
sugary foods before.

Repeat the classification, chewing the same variety
of tomato before and after eating a piece of
chocolate.

Because some children chewed and
swallowed too fast.

Repeat the classification, chewing the same variety
of tomato faster or slower.

Because the tomato pieces were
different sizes.

Repeat the classification, but applying it to tomatoes
from the same variety of different sizes.

Because some pieces came from
more mature tomatoes and some
from less mature tomatoes.

Repeat the classification procedure but applying it to
tomatoes from the same variety at distinct
maturation stages.

2. Why different varieties of tomato were
classified as having different levels of
sweetness and acidity?

Because different varieties have
different amounts of natural sugars.

Use a refractometer to measure and compare the
differences in sugar content between different
varieties of tomato.

Because varieties that have more
sugar taste less acid.

Use a pH sensor to measure and compare the
acidity content between different varieties of
tomato and contrasted it with the sugar content
measured using a refractometer.
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and avoided foods in adults, but studies with children on
this topic are needed(37).

It should be noted that the experimental procedure
might also have been essential in convincing the children
who had initially refused to taste tomato. In fact, by asking
them if different tomato varieties had similar or different fla-
vours, we introduced the need to taste and classify each
variety’s flavour. Conditioning strategies, that is, associating
the experience of the taste of a vegetable with additional
positive experiences (such as a reward or positive men-
tions/messages about it) have shown to increase liking
and acceptance for the exposed vegetable(10,38–40). The
approach used in this study may be seen as a conditioning
strategy because the classification of the tomato that was
necessary to contribute to the group work was conditioned
to tasting and this may have motivated those children who
initially refused to try the tomato. Even the child who con-
tinued to refuse to taste tomato was invited to identify
differences based on other senses, such as vision and
smell, thereby reducing the pressure to try it. These ele-
ments of sensory exposure, not only related to tasting,
may have reduced the pressure and improved the child-
ren’s willingness to try the tomato. Previous studies have
shown that promoting children’s contact with fruits and
vegetables through looking, listening, feeling and smelling
activities may improve their willingness to taste these
foods(11,28,34,41–44). Even the repeated exposure in children
to pictures of diverse vegetables has been associated with
higher levels of acceptance of these unknown vegeta-
bles(14). However, the majority of these studies were
directed at children under 6 years old and more research
of children above this age is needed(34).

During the experimental procedure, the children inter-
acted with the vegetable in ways beyond having to taste it.
Other non-tasting activities with foods in school have been
shown to improve the children’s acceptance of specific
food items: gardening activities increased children’s liking

and intake of fruits and vegetables, in several studies(45,46);
and cooking sessions were found to improve eating habits,
while increasing the children’s cooking competences(17,47,48).
The types of hands-on activities that built knowledge and
meaning from real-life experiences (e.g. cooking or garden-
ing) exhibited a greater effect in promoting healthy eating
in primary schools, when compared with other approaches,
such as those that were curriculum-, game- or web-
based(19,49). By inviting children to postulate their own bio-
diversity-related hypotheses, we allowed them to deliver
explanations that were based on their own experiences.
The advantage of our activity, compared to cooking or
gardening, is that it does not require outside space or spe-
cialised cooking or gardening equipment, thus making its
replication and sustainability simpler. Although for some
experiments a refractometer and a pH sensor were
used – equipment not always available in schools – other
experiments do not require such devices. In the future, it
would be useful to test the effect of a teacher-leaded inter-
vention using only equipment available in schools, to
increase the sustainability of this educational programme.
The fact that children were asked to test their own hypoth-
eses may have also created an emotional bond that
may have promoted their interest in the vegetable(50).
Additionally, this educational approach that invites chil-
dren to ‘act like a scientist’ may have by itself contributed
to change their attitudes over tomato(51).

A recent meta-analysis suggested that exposure to foods
of the same category resulted in some transfer of the accep-
tance of novel foods(10). We found no differences in the
willingness to try and liking for cabbage and lettuce; there-
fore, suggesting that this concept does not translate to other
foods in our study. However, perhaps it has occurred a
carry-over effect of the acceptance between the different
varieties of tomato. This hypothesis needs to be tested in
the future, eventually by evaluating the acceptance of each
variety separately. Perhaps to have a carry-over effect,

Table 2 Baseline and post-test scores regarding vegetables acceptance

Control (n 58) Intervention (n 67)

U* P value

Baseline Post-test Baseline Post-test

Mean SD Mean SD Mean SD Mean SD

Willingness to try(1–5)†
Tomato‡ 3·3 1·6 3·3 1·5 3·5 1·4 4·3 1·0 1380 0·003¶
Lettuce 4·1 1·1 4·3 0·9 3·9 1·3 3·7 1·2 1660 0·123
Cabbage 2·8 1·5 2·7 1·6 2·9 1·4 2·7 1·5 1875 0·718

Liking(1–5)§
Tomato‡ 3·5 1·6 3·4 1·5 3·7 1·5 4·2 1·0 1407 0·004¶
Lettuce 4·3 0·9 4·3 1·0 4·0 1·3 3·8 1·3 1693 0·255
Cabbage 2·7 1·6 2·7 1·6 2·7 1·4 2·7 1·5 1832 0·540

*Mann–Whitney U test, to compare differences in scores between control and intervention group.
†Answers on a 5-point Likert scale, where 1= not at all to 5= a lot.
‡Vegetable explored in the educational programme; Lettuce and cabbage acceptance was evaluated to test an eventual carry-over effect.
§Answers on a 5-point Likert scale, where 1= totally dislike to 5= like extremely.
||P< 0·05.
¶P< 0·01.
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there is a need to explore the biodiversity of a specific food
ormaybewe need to undertakemore than one exposure to
the educational programme with different vegetables.
Eventually, this educational programme may also be
extended, adding a session that explicitly targets general-
isation. Additionally, we could have considered at least
one vegetable with more similarities to tomato; as lettuce
and cabbage are leaves, they do not have characteristics
that were part of the experience (such as juiciness, seeds
or skin).

Our study has some limitations that deserve discussion.
We evaluated the effect of the intervention on children’s
willingness to try and liking for tomato; however, there is
a need to evaluate the effect of the activity on tomato con-
sumption. This may happen through a FFQ applied to
parents, or evaluating children’s selection and intake in
the school lunches or snacks. Despite this, willingness to
try and liking for vegetables are determinants of intake in
children(9) and in longitudinal studies, early vegetables’ lik-
ing predicted consumption years later(52). Replication of
this activity in other populations needs to be studied, as
well as the stability of the effect over time, by performing
a follow-up. In the future, it would also be important to con-
duct a study of this educational activity driven by teachers,
using only equipment available in schools, to guarantee
that it is effective in a real-world setting. We also acknowl-
edge that randomisation within classrooms, rather than
between classrooms, may have contributed to some con-
tamination between subjects. Thus, it would also be advan-
tageous to run a cluster randomised controlled trial in the
future, to overcome this limitation.

The strengths of our study were that we developed an
educational programme that teachers can adopt to improve
children’s knowledge and simultaneously improve their
skills relating to environmental and scientific literacies, as
requested in the official educational guidelines. Additionally,
this activity was tested in a randomised controlled trial,
allowing for comparison of the effects with a control group.

Conclusions

Inviting primary school children to explore different vari-
eties of a vegetable by science and sensory education could
be a new and promising approach to improve the accep-
tance of the target vegetable. This educational approach
could be applied to other vegetables or fruits. It could also
be applied to different versions of the same food, after
industry processing, seasoning or cooking, reducing the
likelihood of the child to reject it before tasting by the real-
isation that these methods alter their flavour(53). These
methods also alter their physical and chemical properties,
providing new opportunities to carry out experiments. To
the best of our knowledge, this is the first study that has pro-
moted vegetable acceptance by exploring different varieties
of a vegetable through the design and implementation of

experiments and it appears to be a promising approach.
Our results reveal new research questions and directionswor-
thy of pursuit, especially regarding the impact of offering and
tasting intraspecific diversity on primary school children’s
preference for a vegetable and the impact of exploring foods’
characteristics though experiments on the acceptance of a
certain food. Furtherworkmay explore the impacts of explor-
ing biodiversity on vegetable’s intake and establish whether
the results are stable over time and replicable in different con-
texts and populations.
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