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Abstract
Childhood and adolescence shape lifelong taste preferences and dietary habits,
making them crucial periods for promoting healthy and sustainable eating. As
students consume up to half of their daily energy intake at school, school inter-
ventions can have a significant impact on promoting plant-based diets. Although
the benefits of promoting plant-based diets on children’s and adolescents’ health
and environmental sustainability are well established and various studies report
promising effects of interventions based on sensory-hedonic strategies and on
nudging in promoting vegetables and pulses in schools, a comprehensive collec-
tion of those reports is lacking. Therefore, this systematic review aims to collect
published literature on the above interventions in schools that focus on promot-
ing the consumption of vegetables and pulses to children and adolescents. Three
databases—PubMed, Scopus, and Web of Science—were searched over all years
until March 2022 using pre-specified terms. From the 10.488 studies identified,
a total of 57 studies reporting sensory-hedonic (e.g., manipulating food sensory
properties or their hedonic value) or nudging (e.g., changing the presentation)
interventions targeting children and/or adolescents in schools and aiming at pro-
moting vegetables and/or pulses were included. Overall, interventions based on
sensory-hedonic strategies (either enhancing the perception of well-accepted fla-
vor and texture or manipulating their hedonic value) and on nudging (through
incentives and prompts) are effective in promoting vegetables and pulses. A gap
in the literature was identified for interventions targeting adolescents and pro-
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moting pulses. Finally, multicomponent interventions, rather than using one
strategy alone, could be more successful.
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1 INTRODUCTION

1.1 The shift toward sustainable diets

Childhood and adolescence are crucial to support healthy
and sustainable eating as lifelong taste preferences and
dietary habits are shaped during these periods (Larson
et al., 2008). All childrenhave the right to a healthy diet and
a sustainable environment. Among the factors account-
ing for climate change and environmental degradation are
today’s diets. They contribute to the perpetuation of a food
production system that drives the climate and biodiversity
crises and reinforces social inequalities (FAO et al., 2021;
Tilman & Clark, 2014).
Because of these environmental concerns but also con-

sidering all other direct health benefits, the transition
toward more sustainable diets, which are characterized
by alternative sources of proteins, is at the center of
21st-century research (FAO et al., 2021). The Food and
Agriculture Organization (FAO) and the World Health
Organization (WHO) define these diets as “dietary pat-
terns that promote all dimensions of individuals’ health and
well-being; have low environmental pressure and impact; are
accessible, affordable, safe and equitable; and are cultur-
ally acceptable” (WHO&FAO, 2019). More specifically, the
EAT-Lancet Commission report describes plant-forward
diets, as diets comprising a greater proportion of vegeta-
bles, fruits, legumes, whole grains, and nuts (Willett et al.,
2019).
Recognizing the importance of a holistic approach to

a sustainable food system, the European Commission
has launched a proposal for a legislative Framework for
Sustainable Food Systems (European Commission, 2022),
aiming at making this transition faster and easier. To facil-
itate this transition, a better understanding of how eating
habits are established is needed. Results from a European
survey revealed that consumers are becoming more will-
ing to shift to more sustainable eating, but factors such
as price, lack of information, limited availability, and diffi-
culty identifying sustainable foods are perceived as barriers
to this shift (BEUC, 2020). Moreover, consumers are also
becoming more aware of the health benefits of the change
to sustainable eating. For example, prospective cohort
studies have found associations between the consumption

of plant-based foods, mainly legumes, beans, bread, cere-
als, pasta, andnuts,with a lower risk for all-causemortality
(Song et al., 2016b), lower risk of type 2 diabetes, cardio-
vascular diseases, hypertension, metabolic syndrome, and
obesity (Dinu et al., 2017; Kim et al., 2019; Satija et al., 2016,
2017; Yokoyama et al., 2014). On top of that, a global mod-
eling analysis found that replacing animal-source foods
with plant-based ones was effective in both, reducing pre-
mature mortality by 22% and reducing the environmental
impact (e.g., greenhouse gas emissions, nitrogen applica-
tions, etc.) (Springmann et al., 2018). As not all plant-based
diets are equally healthy and environmentally sustainable,
emphasis should be given to those diets rich in vegeta-
bles, legumes, whole grains, fruits, and nuts, instead of
those rich in refined grains and added sugars (Musicus
et al., 2022). Therefore, the promotion of healthy plant-
based diets is a strategy not only to help the reduction of
environmental degradation and climate change but also
to improve the population’s health and reduce the bur-
den of non-communicable diseases (NCDs) (Clark et al.,
2019). This is important as the consequences of the growing
burden of obesity, and in particular of childhood obesity,
together with the diet-related NCDs, are expected to result
in high costs not only for the individuals but also for the
society as a whole (EAT and UNICEF, 2020).

1.2 The formation of children’s dietary
habits

The importance of tackling childhood obesity is also
highlighted by the fact that obesity tends to persist into
adulthood and children and adolescents livingwith obesity
have higher risks of adult obesity and mortality (Engeland
et al., 2004). Among the drivers of childhood obesity are
unhealthy eating patterns (IARCWorking Group Reports,
2017). The importance of eating patterns during adoles-
cence has been highlighted, as they set the foundation for
a healthy life. However, many factors influence adoles-
cents’ food choices (Neufeld et al., 2022). Among them is
the family environment, which plays a key role in forming
their dietary habits. For instance, low parental education
and socio-economic status have been associated with low
vegetable intake in adolescents (Peltzer & Pengpid, 2010),
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as well as the low availability of and encouragement to
eat vegetables (Middlestadt et al., 2013; Peltzer & Peng-
pid, 2010) and the low parental consumption of these foods
(Draxten et al., 2014).
A factor influencing adolescents’ food choices is their

transition from being primarily dependent on their care-
givers to acquiring responsibilities related to food pur-
chase, preparation, and consumption. As adolescents grow
older and gain more autonomy over their eating behav-
ior, they are more likely to make unhealthy food choices
and skip meals. This is confirmed by data from the Health
Behaviour in School-aged Children study, which indi-
cates that during this transition, fruit and vegetable intake
declines and most adolescents are failing to meet current
nutritional recommendations, undermining their capac-
ity for healthy development (WHO, 2020). Despite the
well-documented health benefits associated with fruit and
vegetable consumption (Middlestadt et al., 2013) for the
reduction of all-cause mortality (Oyebode et al., 2014;
Wang et al., 2014), reduced mortality from cardiovascular
disease (Oyebode et al., 2014; Wang et al., 2014), coro-
nary heart disease and stroke (He et al., 2006; Satija et al.,
2017)), reduced risk of hypertension (Savica et al., 2010),
osteoporosis (Lanham-New Susan A, 2006), mental health
(dementia and cognitive decline (Lamport et al., 2014; Loef
&Walach, 2012), and a number of cancers (WCRF&AICR,
2018), still almost half of the adolescents (48%) eat neither
fruits nor vegetables on a daily basis (Appleton et al., 2019;
WHO, 2020).

1.3 Factors influencing vegetable
consumption

In particular, for the case of vegetables, the aversion toward
their consumption can be attributed to their sensory prop-
erties, for example, their bitter and undesirable taste,
which serves as a major barrier to their acceptance and
consumption, especially in young children and adoles-
cents (Brug et al., 2008; Dinehart et al., 2006; Dinnella
et al., 2016; Wardle et al., 2003). Dinnella and colleagues,
in a cross-cultural study exploring the sensory determi-
nants of liking for vegetables, found that liked tastes such
as sweet and umami, delicate flavors, and bright appealing
colors are associated with a higher liking for vegetables,
whereas bitter taste and objectionable flavors are associ-
ated with children’s rejection (Dinnella et al., 2016). A
recent study showed that attentional bias was higher for
vegetables with critical sensory properties (such as bitter-
ness and astringency) supporting the idea that negative
sensory properties can act as barriers to the acceptability
of vegetables (Agovi et al., 2022). On top of that, it has
been reported that individual differences in taste respon-

siveness and genetic variations that account for the ability
to perceive the bitter thiourea compounds (PROP taster
status) may be associated with a decreased intake and
acceptance of the bitter-tasting vegetables (Bell & Tepper,
2006; Dinehart et al., 2006; Duffy et al., 2010).
Moreover, food neophobia, defined as the reluctance

to eat or avoidance of novel foods, acts as another fac-
tor that leads children to reject foods with bitter taste,
objectionable flavors, or poor appearance and texture,
characteristics present in many vegetables (Dovey et al.,
2008). A cross-national study comparing food neopho-
bia among school-age children in five European countries
reported that food neophobia was negatively associated
with the consumption frequency of vegetables (Proserpio
et al., 2020). This neophobic behavior in childhood is typ-
ically transferred into adulthood and is associated with
adults’ low vegetable acceptance and consumption (Gold-
ing et al., 2009; Knaapila et al., 2011; Törnwall et al., 2014).
The transfer of childhood eating habits and preferences
into adulthood is well documented, and childhood expe-
riences are often related to adult vegetable intake (Larson
et al., 2008; Lien et al., 2001). For this reason, early inter-
ventions focusing on promoting vegetable consumption
could maximize health benefits (Perry et al., 1998) and
could have promising results in establishing eating habits
that extend into adulthood (Larson et al., 2008; Wardle
et al., 2003).
Familiarity has a key role in the development of food

preferences and mere (repeated) exposure to foods has
been indicated as one of the most diffuse strategies to
develop food preferences, including for vegetables (Apple-
ton et al, 2018). Increasing children’s familiarization with
vegetables has been central in many interventions, both
in the case of familiarizing with the taste (through tast-
ing) and in the case of familiarizing with the vegetables
as physical objects (through touching, sensing, etc.) and
cognitively (getting to know how the plant grows, etc.).

1.4 Interventions in the school
environment

Given that many children and adolescents consume up to
half of their daily energy intake at school (Briefel et al.,
2009), school-based interventions can be a promising strat-
egy for establishing healthy eating habits in these age
groups. For years, school educational programs have been
the main strategy for encouraging healthy dietary habits
and discouraging unhealthy ones, but findings show that
an increase in the knowledge is not necessarily associ-
ated with a change in behavior and willingness to shift
toward healthy eating (O’Brien & Davies, 2007). On the
other hand, consistent longitudinal associations between

 15414337, 2024, 2, D
ow

nloaded from
 https://ift.onlinelibrary.w

iley.com
/doi/10.1111/1541-4337.13312 by U

niversita D
i Firenze Sistem

a, W
iley O

nline L
ibrary on [11/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



4 of 38 SENSORY STRATEGIES AND NUDGES PROMOTING PB FOODS

taste preferences and intake of fruits and vegetables dur-
ing young adulthood were found, and it was proposed
that nutrition programs providing adolescents with more
opportunities to taste and be exposed to a variety of veg-
etables and fruits (such as the Fresh Fruit and Vegetable
Program (USDA, 2022)) could be a feasible strategy to
establish positive taste preferences for these foods (Larson
et al., 2008).
Thus, interventions in school environments that pro-

mote early exposure to vegetables and pulses, thereby
forecasting their regular consumption also in adulthood,
are gaining attention. In the past years, changes in the
choice architecture, which refers to the environment or
setting where choices are made, have gained increased
attention. This is particularly the case of nudging interven-
tions, which focus on changing the design of the choice
architecture in a way that better choices are induced by
maintaining the freedom of choice. Thaler and Sunstein
define nudge as “any aspect of the choice architecture
that alters people’s behavior predictably without forbid-
ding any options or significantly changing their economic
incentives” (Thaler & Sunstein, 2008). One example is the
positioning of vegetables in the school cafeteria line in a
way that increases their accessibility and the likelihood
of being selected by the students. This nudging interven-
tion uses a small change in one’s decision context, without
excluding access to other options and shows how people’s
choices can be influenced by the position and order of the
items in the decision space.
Interventions using sensory-hedonic strategies have also

gained increased attention. The prominent role of food sen-
sory properties in preference development and in shaping
the overall food hedonic judgment is widely recognized
with food characterized by well-accepted sensory proper-
ties liked and consumed the most (Appleton et al., 2019,
Forde & de Graaf, 2022). Different types of interventions
can be considered as sensory hedonic. This is the case
of food transformation interventions aimed at improving
the sensory appeal of plant-based dishes through modifi-
cations of food appearance, taste, and texture. Other types
of sensory-hedonic interventions have been adoptedwhich
are based on the manipulation of the hedonic valence of
food sensory properties to increase the acceptance of a
target food (Prescott, 2012), as in the case of hedonic con-
trast and conditioning studies. Hedonic contrast describes
how preference and liking for one food are influenced by
the recent experience of other foods which differ in hedo-
nic valence, whereas evaluative conditioning describes the
effect of contingently presenting neutrally liked foods with
other foods with a strong valence, positive or negative.
“Hedonic Contrast,” is a specific context effect in which
a food is judged “less good” when presented after a “bet-

ter” one and judged better when presented after a “not so
good” food (Zellner et al, 2003). Conditioning studies based
on repeated exposure showed that initially less accepted
food, characterized by unfamiliar and objectionable fla-
vor, gained a positive/neutral valencewhen this was paired
with a neutral/liked flavor (Havermans & Jansen, 2007a;
Yeomans, 2006).
Interventions using multi-modal sensory elements

could be particularly useful for highly neophobic chil-
dren, who tend to reject vegetables based on their visual
appearance or texture (Nekitsing et al., 2018). A recent
review suggested that interventions focusing on both taste
exposure and non-taste sensory experience, including
sight and touch, have an increased impact in promoting
the consumption of unfamiliar vegetables compared to
familiar ones (Nekitsing et al., 2018).

1.5 Objective

Although the benefits of promoting plant-based diets on
both children’s and adolescents’ health and environmen-
tal sustainability are well established and various studies
report promising effects of interventions in promoting veg-
etables and pulses in school settings, a comprehensive
collection of those reports is still lacking. Such insight
could be very important for future research. Therefore,
the purpose of this work was to systematically review the
published literature on school-based interventions using
sensory-hedonic strategies and nudging to increase chil-
dren’s and adolescents’ vegetable and pulses consumption.

2 MATERIALS ANDMETHODS

The studies were identified using a search strategy and
analyzed against inclusion criteria.

2.1 Search strategy

This systematic review was conducted in March 2022.
To identify all the relevant literature, three databases—
Pubmed, Scopus, and Web of Science—were searched
using the following search terms in the title or abstract of
the papers andwere adapted according to the requirements
of individual databases:

(vegetable* OR legume* OR pulses) AND (child* OR
adolescent* OR teenager* OR student*) AND (school*
OR class*) AND (“choice architecture” OR “architectural
choice” OR intervention OR nudg* OR consumption OR
sensory)
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2.2 Language and date restrictions

To identify all the relevant published literature, a search
over all years of records was conducted (up until March
2022) andwas limited to literature published in the English
language.

2.3 Selection criteria

Studies were included if they reported either a sensory-
hedonic or nudging intervention taking place in a school
setting, focusing on children and/or adolescents, and
measuring a change in behavior, such as selection, con-
sumption, and purchasing of vegetables and/or pulses.
Studies that measured only a change in liking or knowl-
edge, intentions, or attitudes and those reporting the
use of education and familiarization with tasting but
not behavioral changes were excluded from the scope of
this systematic review. The same applies to interventions
purely focusing on the use of repeated exposure; however,
multi-component interventions using mere exposure
as one of their compounds were included if at least
one sensory-hedonic or nudging strategy was reported.
To be included, studies should consider vegetables as
a separate food group. The review was limited only to
primary studies whose full article was available; therefore,
unpublished literature, reviews, conference abstracts, and
gray literature were not included. The systematic review
included studies regardless of the use or not of a control
or a comparison group.

2.4 Selection process

The selection process is shown in Figure 1. A total of 10.488
studieswere retrieved from the three databases (2.344 from
PUBMED, 5.334 from Scopus, and 2.810 from Web of Sci-
ence). One review author (MK) conducted the search,
checked for duplicates using the Rayyan web application
(Ouzzani et al., 2016), and excluded 5.464 records. MK
assessed the remaining 5.024 studies first based on the rel-
evance of the titles and then the abstracts and excluded
4.874 records. The full text of the remaining 150 studies
was reviewed against the inclusion criteria by MK, and
the abstracts of all 150 studies were subsequently reviewed
by two review authors (CD or SS), resulting in the final
number of 57 studies included in this systematic review.
The extracted information from all the included stud-

ies is provided under the “Results” section. Due to the
high heterogeneity between study methodologies, the risk
of bias was not assessed, nor a meta-analysis was con-
ducted. The reviewwas undertaken following the PRISMA

guidelines, and the outcomes of the review process are
illustrated using the PRISMA diagram in Figure 1.

3 RESULTS

The results of the search are presented in Figure 1. In
total, 57 studies reporting an intervention based on sen-
sory elements or on nudging targeting children and/or
adolescents in the school environment and aiming at
promoting vegetables and/or pulses were identified. For
this review, sensory-hedonic interventions are considered
those that focus on the sensory characteristics of the foods
(improving or changing food taste and texture and/or
texture) and those based on modifications of the hedo-
nic valence of food sensory properties (pairing different
foods/flavors, eventually coupled with repeated exposure).
Nudging interventions are those that focus on changing
the environment where food are served (e.g., changes in
their presentation style, portion size, placement, defaults,
and using informative labels or stickers, as well as through
incentives and prompts). Many selected interventions
focus on more than one age group of students: 68% are
targeted at children (<9 years old), 89% at pre-adolescents
(9–12 years old), and 40% at adolescents (13–19 years old)
(WHO, 2022). Details of the sensory-hedonic strategies
and nudging interventions are presented in Tables 1 and 2
respectively.

3.1 Sensory-hedonic interventions

This systematic review identified 12 sensory-hedonic inter-
ventions aimed at increasing acceptance and consumption
of foods containing vegetables or pulses (Table 1). Such
cases include: (1) the improvement of sensory appeal by
flavor (D’Adamo et al., 2021; Just et al., 2014; Zellner
& Cobuzzi, 2017), appearance and texture modifications
(Burgess-Champoux et al., 2018; Chung & Fong, 2018;
Chung et al., 2020; Cohen et al., 2012, 2015; Mistura et al.,
2019) coupled with repeated exposure; (2) valence manip-
ulation by the use of evaluative conditioning (Johnston
et al., 2011;Olsen et al., 2012;) andhedonic contrast (Zellner
& Cobuzzi, 2016).

3.1.1 Improving the taste with flavor,
appearance, and texture modifications and new
recipes

Some positive findings came from interventions using
food transformation, for example, changing food’s original
shape, texture, and appearance. For instance, incorpo-
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F IGURE 1 PRISMA diagram.

rating legumes in school meals entrée could potentially
increase their consumption and acceptability depend-
ing on the entrée type and the degree of change in
entrée appearance, with highly visible changes resulting
in lower consumption compared to when the incorpora-
tion of legumes in the dish was not easily detectable by
the students (Burgess-Champoux et al., 2018). On top of
that, changing the appearance and texture of initially dis-
liked vegetables into appealing snacks positively impacted
their consumption both at the first attempt and after
repeated exposure (Chung & Fong, 2018; Chung et al.,
2020). Positive results also came from the use of a chef-
enhanced menu, specifically developed to enhance the
sensory appeal of vegetable serving according to the chef’s
creativity and experience. Chefswere asked to develop new
school menus—similar to the standard ones—but with
healthier ingredients and higher palatability, with results
showing higher consumption of chef-developed vegetable
servings in comparison to the standard one (Cohen et al.,
2015). Similar results were foundwhen chef-enhanced veg-
etable dishes were presented in a family-style serving (i.e.,
using non-disposable plates, glasses, and cutlery; sitting
with an adult; table mate serving food to the others) all
along the school year (Zellner and Cobuzzi, 2017). Lik-
ing and consumption of the target vegetable (cauliflower)
were much higher in children participating in the inter-
vention than in those attending the standard program.
Similarly, Just et al. (2014) reported an increased vegetable
consumption in a chef-created menu in which vegetables
were served as a side dish.

On the other hand, mixed findings came from stud-
ies using food transformation in combination with other
strategies. In particular, Mistura et al. (2019), reported
no significant effects in increasing vegetable consumption
when food transformation was combined with placement
and educational nudges (poster), contrary to findings from
Cohen et al. (2015), who reported a positive effect when
food transformation was combined with placement and
decoration elements.
The addition of herbs and spices to improve flavor with-

out impacting energy load and sugar, saturated fat, or
sodium content appears an effective strategy to promote
vegetable acceptance. Spice-flavored vegetables were liked
and consumed more than their plain version (D’Adamo
et al., 2021). It appears that the effectiveness of this strategy
depends on the amount of herbs/spices added to provide
the optimal level of flavor enhancement as well as on the
specific vegetable—herbs/spice pairing (D’Adamo et al.,
2021).

3.1.2 Manipulating valence: Evaluative
conditioning and hedonic contrast

Evaluative conditioning refers to the attitude change due
to the pairing of a neutrally valenced object, with another
stimulus with a positive valence (Jones et al., 2010). A key
aspect of this learning mechanism is that the repeated co-
occurrence of the neutrally and positive valenced objects
induces a durable valence transferred from the positive
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to the neutral stimulus and this is associated with its
increased acceptance and consumption.
The repeated exposure to combinations of vegetables

with other food/ingredients characterized by already pre-
ferred flavor appears an actionable strategy to promote
long-term vegetable acceptance and consumption. The
pairing of vegetables with an already preferred flavor
(peanut butter) showed an increase in both the amount
and variety of consumed vegetables after repeated expo-
sure, while no difference was observed with the exposure
alone (Johnston et al., 2011). Repeated exposure to mixes
of neutral and liked or neutral and disliked vegetables
showed that liking and consumption of the neutral food,
when presented in isolation, was higher in the subject
group exposed to the combination of neutral and liked
stimuli (Olsen et al., 2012). Interestingly the same study
pointed out the lack of a clear effect of repeated exposure
on the acceptance of intervention vegetables, rather a low-
ering of liking and intake was observed and tentatively
explained by a “boredom effect” (Köster & Mojet, 2007).
According to hedonic contrast theory “how much we like
one product is modified by our evaluations of other prod-
ucts evaluated at the same time” (Sherif, Taub, &Hovland,
1958). Several evidence on hedonic contrast effects come
from drink and food studies and show that a food is less
liked/consumed when presented after/together with one
that is more appealing. Thus strategies aimed at promot-
ing the consumption of plant-based dishes (less appealing)
might take advantage of avoiding the hedonic contrast
effect within a menu.
The modification of the presentation order (from simul-

taneous to course service) of less (vegetables) and more
(fruit) liked food servings indicated an increased intake
of the targeted vegetables when the fruit was served after
the rest of the meal rather than at the same time, suggest-
ing serving the fruit component at the end of the meal to
increase vegetable consumption (Zellner &Cobuzzi, 2016).

3.2 Nudging interventions

The majority of the identified interventions in this sys-
tematic review used nudging as a strategy to promote
vegetables and pulses. In fact, 47 interventions were iden-
tified, using one or a combination of nudging strategies,
details of which are presented in Table 2. Such strategies
include:
Availability

∙ increasing availability and variety of vegetables and
pulses (Adams et al., 2005; Bean et al., 2018; Bergam-
aschi et al., 2016; Birnbaum et al., 2002; Cohen et al.,
2014; Machado, Burton et al., 2020; Madden et al., 2013;

Perry et al., 2004; Siega-Riz et al., 2011, Marcano-Olivier
et al., 2021),

∙ decreasing availability of unhealthy foods (Boehm et al.,
2020; Wordell et al., 2012);

Placement, environmental changes, and defaults

∙ changing the placement of vegetables and pulses in the
lunchroom (Ensaff et al., 2015; Hubbard et al., 2015;
Marcano-Olivier et al., 2019; Mistura et al., 2019; Perry
et al., 1998; Quinn et al., 2018; Thompson et al., 2017),

∙ making environmental changes such as redesigning the
cafeteria space to include signs, names, decoration, and
menu boards (Cohen et al., 2015; Hamdi et al., 2020;
Hubbard et al., 2015; Machado, Burton et al., 2020a;
Thompson et al., 2017),

∙ changing the default (Hubbard et al., 2015);

Serving style, size, and presentation

∙ changing the size (Adams et al., 2005; Miller et al., 2015;
van Kleef et al., 2015),

∙ improving foods’ presentation (Ensaff et al., 2015;
Erjavec et al., 2021; Perry et al., 1998, 2004),

∙ changing the service style (Adams et al., 2005; Erjavec
et al., 2021; Goh et al., 2017; Quinn et al., 2018; Robichaux
& Adams, 1985; Thompson et al., 2017),

∙ changing the serving order (Elsbernd et al., 2016; Redden
et al., 2015, Marcano-Olivier et al., 2021);

Packaging and labeling

∙ changing food packaging (Dial & Musher-Eizenman,
2020; Hanks et al., 2013; Quinn et al., 2018),

∙ using labeling (Dave et al., 2015; Dial & Musher-
Eizenman, 2020; Ensaff et al., 2015; Erjavec et al., 2021;
Hamdi et al., 2020; Marcano-Olivier et al., 2019; Pope &
Wolf, 2012; Song et al., 2016a; Thompson et al., 2017);

Reinforcement and incentives

∙ using prompts (Chinchanachokchai et al., 2022; Dave
et al., 2015; Erjavec et al., 2021; Machado, Ritchie et al.,
2020; Quinn et al., 2018; Song et al., 2016a; Hubbard
et al., 2015; Hanks et al., 2013; Hendy et al., 2007; Hoff-
man et al., 2010; Perry et al., 2004; Taylor, Darby et al.,
2013),

∙ using rewards (Hendy et al., 2007; Horne et al., 2009;
McCormick et al., 2009; Perry et al., 2004; Presti et al.,
2015; Taylor, Upton et al., 2013; Wardle et al., 2003,
Taylor, Darby et al., 2013),

∙ using incentives (Hoffman et al., 2011; Hudgens et al.,
2017; Joyner et al., 2017; Machado, Ritchie et al., 2020;
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McCormick et al., 2009; Wengreen et al., 2021, Ansu
et al., 2021, Marcano-Olivier et al., 2021),

∙ usingmarketing techniques such as characters, banners,
and messages,

∙ using modeling (role and peer modeling) (Hoffman
et al., 2010; Horne et al., 2009; Perry et al., 2004; Taylor,
Upton et al., 2013; Hubbard et al., 2015; Birnbaum et al.,
2002; Machado, Ritchie et al., 2020; Marcano-Olivier
et al., 2019, 2021; Presti et al., 2015);

Advertisement

∙ using marketing techniques such as banners, messages,
events and posters (Dave et al., 2015; Ensaff et al., 2015;
Erjavec et al., 2021; Hanks et al., 2016; Hoffman et al.,
2010; Joyner et al., 2017; Marcano-Olivier et al., 2019;
McCormick et al., 2009; Mistura et al., 2019; Perry et al.,
2004).

3.2.1 Presentation

Among the interventions using choice architecture nudg-
ing are the ones changing foods’ presentation. This system-
atic review identified 17 studies reporting the use of such
a strategy, with all of them focusing on vegetable promo-
tion. When it comes to serving size, five studies reported
higher vegetable intake when using larger serving units
suggesting serving vegetables as a whole instead of cut
in pieces would increase children’s consumption (Cohen
et al., 2014; Erjavec et al., 2021; Goh et al., 2017; Miller et al.,
2015; van Kleef et al., 2015). However, two studies reported
that increasing portion size did not nudge more children
toward selecting larger foods (Cohen et al., 2014; Miller
et al., 2015).
When it comes to changes in the serving style, no effects

were reported when decreasing the size of utensil table
(Thompson et al., 2017), displaying the vegetables in attrac-
tive containers (Quinn et al., 2018), arranging them by
color (Mistura et al., 2019; Perry et al., 2004), changing
their serving shape (Bergamaschi et al., 2016), and when
using salad bars versus pre-portioned vegetable servings
(Adams et al., 2005). On the contrary, the use of disposable
pots and prefilled trays, in combination with other food
choice architecture techniques (e.g., stickers on packages,
end-of-shelf labeling, and placing products in a prominent
position near the till) nudged secondary school children
toward selecting more vegetables (Ensaff et al., 2015). In
addition, the use of different packaging styles (healthy,
fun, plain, or unpacked) revealed that children are influ-
enced by some aspects of food packaging, with one study
reporting positive effects of transparent containers (Hanks
et al., 2013) and another reporting that packages providing

more information were generally more appealing (Dial &
Musher-Eizenman, 2020).
On the other hand, changing the serving order reported

positive results in three studies. In particular, a study using
two experiments: (a) serving carrots first in paper cups
upon students’ arrival in the lunchroom and (b) serving
cauliflower first while students waited in the line reported
that both experiments had a significant increase in carrots
and cauliflower consumption compared to control days
(buffet-type lunch) (Redden et al., 2015). Similarly, when
students were served raw peppers while waiting in line
to receive the rest of their lunch meal, an increased pro-
portion of students taking and eating the vegetable was
observed (Elsbernd et al., 2016). Finally, as part of a mul-
ticomponent intervention, serving vegetables before other
starchy options and making them more attractive was
reported to increase vegetable consumption among chil-
dren and pre-adolescents compared to the control group
(Marcano-Olivier et al., 2021).

3.2.2 Placement

Another typical example of food choice architecture nudg-
ing is making changes in the placement of foods, such as
placing them at eye level (Quinn et al., 2018), near the till
(Thompson et al., 2017), and first in the lunch line (Cohen
et al., 2015; Thompson et al., 2017).We identified nine stud-
ies (Cohen et al., 2015; Ensaff et al., 2015; Hanks et al., 2013;
Hubbard et al., 2015; Marcano-Olivier et al., 2019; Mistura
et al., 2019; Quinn et al., 2018; Song et al., 2016a; Thomp-
son et al., 2017) using placement to nudge students toward
eatingmore vegetables, but only four of them reported suc-
cess in increasing vegetable selection (Cohen et al., 2015;
Ensaff et al., 2015; Hanks et al., 2013) or consumption
(Cohen et al., 2015; Song et al., 2016a). All studies used a
multicomponent approach.

3.2.3 Incentives

Incentivizing children to eat plant-based foods is a com-
mon approach used in school-based interventions, with
most studies providing positive effects in promoting veg-
etables; however, no intervention promoting pulses was
identified. Thirteen out of the 16 studies identified reported
that incentives such as small prizes (Birnbaum et al.,
2002; de Marchi et al., 2020; Hendy et al., 2007; Machado,
Ritchie et al., 2020, Marcano-Olivier et al., 2021), raffle
tickets (Machado, Ritchie et al., 2020), virtual currencies
(Joyner et al., 2017), and stationery (Horne et al., 2009)
increased children’s liking, acceptance, willingness to try,
and intake of vegetables. Incentives were commonly used
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together with modeling and education, with most of the
interventions reporting positive effects (Birnbaum et al.,
2002; Horne et al., 2009; Machado, Ritchie et al., 2020;
McCormick et al., 2009; Presti et al., 2015; Song et al., 2016a;
Wengreen et al., 2021, Marcano-Olivier et al., 2021), except
from one intervention targeting children with autism, in
which no significant effect was reported (Taylor, Upton
et al., 2013); however, results from the latter could be
attributed to the small sample size (n = 12) or the spe-
cial needs of the children. Finally, in a study that used
incentives in combination with repeated exposure to sweet
peppers, an increase in the peppers’ consumptionwas only
recorded in the exposure group and not in the group that
was offered stickers if they would choose a piece of pepper
(Wardle et al., 2003).
The use of games is another method to nudge chil-

dren and adolescents toward eating more vegetables and
pulses. One intervention was identified using a game-
based approach to incentivize students to eat more veg-
etables (Joyner et al., 2017). The interventions led to an
increased consumption of vegetables and pulses suggest-
ing that getting children to carry out activities using real
foods could be an effective strategy to increase the accep-
tance of novel foods. In addition, incentivizing students
through a game-based approach could be beneficial in the
promotion and establishment of long-term healthy eating
patterns.

3.2.4 Modeling

Ten studies were identified reporting an intervention that
included the use of role or peer modeling to promote veg-
etables. Peer modeling examples include the use of videos
with other children or characters of a similar age (Hoff-
man et al., 2010; Horne et al., 2009; Marcano-Olivier et al.,
2019, 2021; Presti et al., 2015; Taylor, Upton et al., 2013)
and role modeling examples include celebrities (Hubbard
et al., 2015), college students, and school staff (Hoffman
et al., 2010; Machado, Ritchie et al., 2020). Eight out of
the 10 interventions targeted children and pre-adolescents,
except two which also targeted adolescents (Birnbaum
et al., 2002; Hubbard et al. 2015).
Modeling (role and peer) generally showed promising

results in increasing liking and consumption of vegeta-
bles. Two interventions that used role modeling showed a
positive effect in increasing vegetable intake with one of
them also decreasing vegetable waste among children and
pre-adolescents (Machado, Ritchie et al., 2020). Multicom-
ponent interventions using cartoon characters targeting
children and pre-adolescents reported different effects,
with two resulting in an increased vegetable consumption
(Hoffman et al., 2010, Marcano-Olivier et al., 2021) and
the others reporting no increase (Marcano-Olivier et al.,

2019; Perry et al., 2004). Meanwhile, the Food Dudes (FD)
intervention, which is widely used to promote vegetables
to children and pre-adolescents through videos featuring
the FD heroes and encouraging children to eat more veg-
etables, was found to have mixed results. On the one hand,
the interventionwas not successful in influencing children
with autism to consume more vegetables (Taylor, Upton
et al., 2013), but on the other, it had a significant effect in
three interventions targeting children and pre-adolescents
without autism, suggesting that peer modeling might not
be the most suitable strategy to increase vegetable intake
for children with special needs.

3.2.5 Labels, images, and names

The use of labels, images, names, and menu wording is
another nudging technique identified by this systematic
review to promote the consumption of vegetables and
pulses; however, results are discouraging as only three
interventions targeting pre-adolescents and/or adolescents
(Ensaff et al., 2015; Hanks et al., 2013; Song et al., 2016a)
out of the nine interventions identified (Ensaff et al.,
2015; Erjavec et al., 2021; Hamdi et al., 2020; Marcano-
Olivier et al., 2019; Pope & Wolf, 2012; Quinn et al.,
2018; Thompson et al., 2017) reported positive effects on
students’ vegetable selection. Authors suggested that the
use of labels is likely more promising for fruit rather
than vegetables (Marcano-Olivier et al., 2019) and addi-
tional strategies should be used to increase vegetable
consumption (Thompson et al., 2017).
Alternative to or in combination with the use of labels,

two studies reported the use of images and stickers on veg-
etables to test whether they could nudge students toward
healthy eating. The use of stickers, as part of amulticompo-
nent choice architecture intervention, reported an increase
in pre-adolescents and adolescents’ likelihood of selecting
vegetables, fruits, or salads by three times (Ensaff et al.,
2015). Moreover, adding funny elements to food packaging
gave children 6−9 years old (n = 30) the impression that
these foods were tastier (Dial & Musher-Eizenman, 2020).

3.2.6 Availability

Changes in the availability of foods are a widely used
method to promote vegetables in children and adoles-
cents. In particular, 12 interventions were identified using
such methods, with only one focusing on legumes (Siega-
Riz et al., 2011). Examples include restricting access to
unhealthy foods (vendingmachines, mobile carts) (Boehm
et al., 2020; Wordell et al., 2012), introducing a salad bar
(Adams et al., 2005; Bean et al., 2020; Bean et al., 2018), pro-
viding additional options for purchasing meals (Machado,
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Burton et al., 2020), and increasing the availability and
variety of vegetables (Bergamaschi et al., 2016; Birnbaum
et al., 2002; Perry et al., 2004) and other healthy snacks
(Lytle et al., 2004, Marcano-Olivier et al., 2021).
Restricting access to unhealthy foods provided mixed

findings, with one study on students aged 12−19 (n= 2.229)
reporting no difference in vegetable consumption between
intervention and control school (Wordell et al., 2012) and
the other showing an increase in adolescents’ selection
of vegetables (n = 2,140), although the intervention only
lasted 4 weeks and longer-term results were not available
(Boehm et al., 2020). Increasing the availability of vegeta-
bles and legumes, through the introduction of salad bars
and more purchase points, showed mixed effects on the
selection and consumption of the target foods. The addi-
tion of two more selling points did not have any effect on
7−10th-grade students’ self-reported vegetable consump-
tion (Machado, Burton et al., 2020). Similarly, Bergamaschi
et al. (2016) reported a decreased intake with increased
variety (age range = 9−11; n = 132); however, two studies
reported positive results when increasing the availability
and variety of vegetables served to first- and third-grade
students on the snack cart (Perry et al., 2004, baseline
[n = 1668], follow-up [n = 1168]) and the ones offered to
pre-adolescents and adolescents (n= 1030) by theNational
School Lunch Program (NSLP) (Cohen et al., 2014). The
latter showed an increase post-implementation of the new
nutrition standards andwhen a salad bowlwasmade avail-
able at no extra cost (Madden et al., 2013; age range= 12–16;
before intervention [n= 180], after intervention [n= 198]),
indicating that removing the cost barrier could increase
students’ healthful choices.

3.2.7 Cafeteria redesign

Making changes in the lunchroom’s environment is a com-
mon nudging approach used in schools. However, most
interventions identified in this systematic review using
cafeteria decorations, updated décor, paint, and seating
options were not found to be successful in promoting veg-
etable selection and consumption (Hamdi et al., 2020;
Hubbard et al., 2015; Machado, Burton et al., 2020). Only
one intervention incorporating cafeteria decorations in
combination with meal modifications (such as increased
variety, serving size, and palatability) reported increased
vegetable selection (Cohen et al., 2015).

3.2.8 Prompts

Verbal encouragement has been widely used as a com-
ponent of nudging interventions promoting vegetables;
however, results are inconsistent. Multicomponent inter-

ventions using prompts have reported positive effects in
increasing vegetable intake (Hanks et al., 2013; Hendy
et al., 2007; Hoffman et al., 2010; Machado, Ritchie et al.,
2020; Perry et al., 2004; Song et al., 2016a), with one study
reporting these effects regardless of children’s weight sta-
tus (Hendy et al., 2007). In particular, higher levels of
encouragement were positively associated with a higher
vegetable intake which continued for the short-term
(Chinchanachokchai et al., 2022). On the contrary, two
multicomponent interventions did not find a significant
effect in increasing vegetable selection and self-reported
consumption (Dave et al., 2015; Quinn et al., 2018; Taylor,
Darby et al., 2013). It should be noted though, that these
multicomponent interventions did not report the effect of
each of their individual components, and thus, it is not
clear whether prompts alone had an effect or not.

3.2.9 Advertisement

The use of events, posters, and messages promoting
healthy eating, in particular vegetables and pulses, has
been reported in 10 interventions. Placing posters is a com-
mon nudge strategy used in the school environment and
more specifically in school lunchrooms, but the results
are inconsistent. Only two multicomponent interventions
using posters reported an increased vegetable selection
(Ensaff et al., 2015) and consumption (Hoffman et al.,
2010); however, in the latter, results were not maintained
at the end of the second year of the intervention (Hoffman
et al., 2010). Similarly, environmental changes including
posters and messages did not have an effect on stu-
dents’ vegetable choice and intake (Marcano-Olivier et al.,
2019), with authors suggesting a possible dose-response
pattern (Birnbaum et al., 2002) and low implementation
(Dave et al., 2015). On the other hand, two interventions
using events and games had promising results in promot-
ing vegetable intake and acceptance (Joyner et al., 2017;
McCormick et al., 2009). Additionally, exposure to both
banner and television messages had higher rates of stu-
dents visiting and selecting vegetables from the salad bar
(Hanks et al., 2016).

3.2.10 Defaults

Interventions that change the default option, for exam-
ple, the standard menu, are also used as a nudge strategy
toward healthy eating. We identified one intervention
reporting the use of defaults in which researchers moved
peanut butter and jelly sandwiches to the back counter
and made them available only by request to promote
healthier options including vegetables (Hubbard et al.,
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2015). However, the authors did not observe any significant
effect in nudging students with intellectual and develop-
mental disabilities toward healthier options, although this
could be due to the small sample size (n = 43) or to the
characteristics of the sample.

4 DISCUSSION

This systematic review revealed that awide variety of inter-
ventions based on sensory-hedonic strategies and nudging
have been used to promote vegetables. However, this is not
the case for pulses, as only five studies targeting pulses
were identified. In part, this could be because vegetables
can be served both raw and cooked, as a starter, a snack,
and as a main dish, which makes it easier to manipulate
their texture, shape, and serving style/order, whereas in
the case of pulses, this is more difficult as they can only be
served cooked andmainly as part of a meal. However, con-
sidering their nutritional value, the importance of forming
healthy dietary habits in childhood, and their environmen-
tal impact, more interventions should focus on promot-
ing this rich in protein food group as an alternative to
meat.
Among the sensory-hedonic strategies, all those that

improved the taste with herbs and spices reported positive
results in increasing liking and consumption of the target
foods. One contributing factor to this successful outcome
was reported to be the use of repeated exposure (D’Adamo
et al., 2021; Zellner & Cobuzzi, 2017). Instead, changing
vegetables’ texture and appearance, or “hiding” them in
foods showed inconsistent effects. Two studies were found
to be less effective in promoting vegetables (Chung et al.,
2020;Mistura et al., 2019); however, for Chung et al. (2020),
this could be attributed to the small sample size of the study
and the fact that students with autism might need a dif-
ferent approach considering their special needs. On the
other hand, when meal sensory appeal was enhanced by
professional chefs, the results were promising, especially
when they were combined with mere exposure and nudg-
ing strategies such as placement (Chung & Fong, 2018;
Cohen et al., 2015). These results point out the benefits
given by the improvement of sensory aspects and the devel-
opment of new recipes thanks also to culinary knowledge
in food preparation.
Regardless of the fact that the sequence order and eval-

uative conditioning have been proven to influence liking
and consumption of the targeted food in children (Mueller
et al., 2004) and adults (Lahne et al., 2017; Yeomans et al.,
2020), these strategies are understudied in the school envi-
ronment, with two interventions exploring the effect of
evaluative conditioning (Johnston et al., 2011; Olsen et al.,
2012) and only one the effect of hedonic contrast (Zell-
ner & Cobuzzi, 2016) being identified in this systematic

review. Serving vegetables before the fruit (avoiding a
hedonic contrast effect) reported an increased consump-
tion of the target vegetable compared to when they are
served together (Zellner & Cobuzzi, 2016), suggesting that
serving vegetables before the dessert component could be
used to promote vegetable eating in children and preado-
lescents. Unfortunately, at the time of this review, no data
were available for adolescents but we might expect a simi-
lar outcome since hedonic contrast has been successful in
both children and adults. Evaluative conditioning on the
other hand suggests that serving neutrally liked vegetables
together with liked vegetables might increase the intake of
the neutrally liked vegetables (Olsen et al., 2012), which
is in agreement with the finding from a study using asso-
ciative conditioning to promote healthy eating by pairing
foods with liked, non-food stimuli (Halbeisen & Walther,
2021). Similarly, studies using flavor–flavor learning in tod-
dlers and children, for example, pairing vegetables with
salty (Bouhlal et al., 2014) or sweet flavors (Hausner et al.,
2012; Havermans& Jansen, 2007b)was effective in increas-
ing vegetable intake.Halbeisen andWalther suggested that
such pairing would be easily implemented in a variety of
contexts, such as games and educational programs, ideally
suited even for younger children (Halbeisen & Walther,
2021). However, as only three studies using evaluative con-
ditioning in the school environment were identified, the
need for more research in this area to better understand
the pairing effect in forming students’ taste preferences is
highlighted.
When it comes to nudging, results indicate that increas-

ing serving size can lead to increased vegetable consump-
tion (Cohen et al., 2014; Goh et al., 2017; Miller et al.,
2015; van Kleef et al., 2015) compared to changing the
serving style (e.g., shape (Bergamaschi et al., 2016), pre-
portioned (Adams et al., 2005), arranged by color (Mistura
et al., 2019; Perry et al., 2004), or using labels (Hamdi
et al., 2020; Marcano-Olivier et al., 2019; Quinn et al.,
2018; Thompson et al., 2017), which did not have signifi-
cant effects. Similarly, changing the packaging style with
transparent containers and adding funny elements to it
led to increased consumption (Hanks et al., 2013) and
gave children the impression that food was tastier (Dial &
Musher-Eizenman, 2020). When talking about consump-
tion, it is also important to consider food waste. Among
the studies mentioned above, five reported the results of
the intervention on food waste (Adams et al., 2005, Cohen
et al., 2014, Hamdi et al., 2020, Miller et al., 2015, Thomp-
son et al., 2017), with only one of them reporting that the
implementation of the new food standards did not increase
waste of vegetables (Cohen et al., 2014); however, levels of
food waste were high both pre- and post-implementation
of the standards. On the other hand, increasing the variety
(Adams et al., 2005) and portion size (Miller et al., 2015) of
the vegetables resulted in higher food waste.
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These successful strategies are generally inexpensive
and easy to implement and could be used by food providers
and school canteens when preparing students’ lunch por-
tions to nudge toward healthy eating, but they could
also be expanded to food procurement in general, such
as in the case of children’s hospitals. However, more
research is needed to identify strategies that also limit food
waste.
Two additional nudging strategies that showed promis-

ing results in increasing vegetable liking and intake are
the use of incentives and modeling. Results from such
strategies, alone and in combination, suggest that using
small rewards and videos with characters of similar age
to the target group can influence children into consum-
ing more vegetables and pulses. However, the effect of
modeling in adolescents is not clear, as the two identified
studies targeting this age group reported mixed results.
This could be because adolescents might not be as influ-
enced by cartoon characters as younger children are, or
they might find these characters too “childish.” Therefore,
carefully selecting the proper models based on the target
group is important. Similarly, no significant effects were
reported from the use of incentives and modeling in chil-
dren with special needs (Taylor, Upton et al., 2013). This
shows that there is no “one-for-all” approach and that a
better understanding of the specificities of the groups of
children considered is necessary when designing school
interventions.
Similar results were reported from the use of games,

which were positive for children and preadolescents
(Joyner et al., 2017); however, it is unclear whether ado-
lescents would respond to the games in the same way, or
whether this strategy is only effective in younger children.
Another strategy widely used to nudge students toward

healthier options is to increase the availability of vegeta-
bles and legumes and/or to decrease the one of unhealthy
foods; however, results are not very encouraging, as only
4 out of the 12 interventions reported positive effects.
Authors suggested that short-term interventions (Adams
et al., 2005; Boehm et al., 2020), not using a control
group (Bean et al., 2018), and only using a salad bar to
increase availability (Adams et al., 2005) could be among
the reasons why no significant changes were observed.
One explanation of why variety was not found successful
in increasing vegetable consumption although it increased
vegetable liking came from Bergamaschi et al. (2016), who
proposed that vegetable consumption is more affected by
acceptability and familiarity rather than by the variety of
the stimuli (Bergamaschi et al., 2016). To overcome these
barriers, authors suggested the use of multicomponent
interventions instead of cafeteria programs alone (Perry
et al., 2004) as well as removing the cost barrier (Madden
et al., 2013).

In the case of advertisements and prompts, the dose
(Birnbaum et al., 2002; Chinchanachokchai et al., 2022)
and degree of implementation (Dave et al., 2015) were
reported as an important factor associated with their
effectiveness. In particular for posters and messages, pos-
itive results came only after combining them with other
strategies including educational campaigns and games
(Joyner et al., 2017; McCormick et al., 2009), suggesting
the incorporation of these elements for increasing veg-
etable selection and consumption. For prompts on the
other hand, results were generally inconsistent, with the
majority of them deriving frommulticomponent interven-
tions which did not measure the effect of each element
separately, making it hard to knowwhether prompts alone
have an effect or not. This, however, is not only the case for
prompts but it is a common challenge when implementing
multi-component interventions. Although it might be dif-
ficult to isolate the effect of each intervention component,
such insights would be helpful, as it could save both time
and cost in future interventions.
Finally, it was found that cafeteria redesign, including

changes in the cafeteria decorations, décor, paint, and seat-
ing options, as well as changing the choice default, was not
effective in nudging toward eatingmore vegetables. In par-
ticular for the case of defaults, although literature (Giesen
et al., 2013) suggests that changing the choice defaults is an
effective way to nudge consumers toward healthy eating,
this systematic review only identified one such interven-
tion which did not report a significant effect (Hubbard
et al., 2015). However, as only one intervention was iden-
tified, it is not possible to know the real effect of changing
the choice defaults in school settings and future research
should try to fill this gap.
An important aspect is how durable are the effects

found, or if the insufficient exposure duration in the
intervention could have contributed to a lack of its effec-
tiveness.Many sensory-hedonic interventions described in
this review pointed out the role of exposure as a key to
the success of increasing vegetable liking and intake. This
suggests also that their results could be more durable in
time because learning aspects intervened and aremore dif-
ficult to change. Hedonic contrast was reported to occur at
the first exposure and we do not have information about
its effectiveness in time, while evaluative conditioning, for
example, requires exposure to be developed as a learning
mechanism but has also a durable effect in time. Mere
exposure has also been reported as a good strategy to
decrease food neophobia and increase the acceptance and
liking of unfamiliar and disliked foods (Chung & Fong,
2018; Cohen et al., 2015; Wardle et al., 2003). In particu-
lar, strategies combining repeated exposure with rewards
have reported positive effects on the consumption and lik-
ing of new and unfamiliar vegetables (Appleton et al., 2018,
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Wardle et al., 2003). Thus, interventions using a multi-
component approach might benefit from including mere
exposure in their design. However, attention should be
paid to the number of exposures, as too short exposure
might not have significant effects, and high frequency, on
the other hand, could lead to boredom (Jønsson et al.,
2019). Depending on the vegetables, at least four to five
exposures were reported to be needed to increase their lik-
ing (Lakkakula et al., 2011) contrary to fruits, for which
even only one exposure led to a significantly higher intake
(Barends et al., 2013). This highlights the importance
that although fruits and vegetables are commonly studied
together, in principle they are very different food groups,
especially in their sensory properties, and these differences
should be taken into consideration when designing inter-
ventions aiming at changing children’s behaviors toward
these foods.
Another important aspect to consider is the long-term

effect of exposure to food stimuli. For example, Olsen
et al., in their paper, suggest that the liking for a vegetable
could decrease during the exposure period due to bore-
dom, but a recovery effect (increased acceptance) might
be seen in the longer-term (Olsen et al., 2012). How-
ever, this recovery effect can depend on the time elapsed
between the last exposure and the follow-up, as well as the
strength of the boredom effect (Olsen et al., 2012). There-
fore, follow-up studies exploring the longer-term effects
of exposure should be designed carefully considering the
above-mentioned aspects.

4.1 Limitations

While our systematic review did not use a publication
date limit, we only considered published literature in the
English language, and therefore, it might be biased toward
grey literature, such as conference papers and lay publica-
tions. In addition, only one reviewer performed the first
screening (titles and abstracts), which might have led to a
selection bias. It is also worth pointing out that results are
highly dependent on the sample size and this systematic
review identified several studies with a small number of
participants. This probably accounts for some inconsisten-
cies in the results and makes drawing general conclusions
difficult. Finally, due to the high heterogeneity between
study methodologies and the small number of studies per
intervention type, it was considered that performing a
meta-analysis would be inappropriate.

5 CONCLUSION

This paper aimed to systematically review all the published
literature on interventions based on sensory-hedonic
strategies and nudging taking place in the school envi-
ronment and focusing on increasing children’s and ado-
lescents’ vegetable and pulses consumption. Overall, both
interventions are effective strategies for promoting healthy
eating, but consideration should be made when select-
ing the intervention type based on the target group (e.g.,
children with special needs, children vs. adolescents). In
addition, multicomponent interventions rather than the
use of a single approach have been reported to bemore suc-
cessful, with exposure being an important factor in their
success.
Results also revealed a general lack of interventions pro-

moting pulses with the vast majority only focusing on
vegetables. On top of that, only a few studies targeted
adolescents. Considering the importance of childhood and
adolescence in forming dietary habits that extend into
adulthood together with the nutritional benefits of con-
suming pulses, future research should be directed more
toward promoting pulses and expanding the target group
to include adolescents as well. Understanding which inter-
ventionswork in promoting healthy and sustainable eating
at schools would lead to both a healthier population and a
safer environment.
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