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Abstract

Increased fruit and vegetable consumption is important for children’s healthy eating. Although
repeated taste exposures are effective in supporting children’s acceptance of healthy foods, more
enjoyable interventions that increase children’s familiarity with foods through other sensory
modalities can also be helpful. Picture book interventions, which draw on the principles of visual
familiarity and social reinforcement, are effective in increasing preschoolers’ acceptance of
vegetables. With the rise of digital technologies, e-books present a new tool for offering picture
book interventions on a large scale, and offer additional features that might potentially boost
their effects. In this paper, we propose two specific mechanisms, interactive learning and
personalisation, that could make e-book eating interventions especially effective with young
children and we outline new directions for research to elucidate their effects. We then briefly
describe an ongoing study that explores the effectiveness of a vegetable e-book intervention that

incorporates the mechanisms described in this paper.
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Me & My Veggies: The Use of Interactive, Personalised Picture Books in Healthy Eating

Interventions

In 2017, only 18% of British children between 5 to 15 years old ate the recommended 5
portions of fruit and vegetables a day (NatCen Social Center, 2018). Increased consumption of
these food groups is the World Health Organization’s primary target for improving children’s
diets (World Health Organization, 2019). Children’s food preferences develop early in childhood,
and these early preferences predict dietary variety in later years, making the preschool years a
critical period for instilling healthy eating habits (Coulthard et al. 2010). Repeated exposure to
the taste of a food is an oft-recommended strategy to increase familiarity and liking of fruits and
vegetables (NHS, 2018). However, as many as 10 to 15 tastes may be needed for children to
accept new foods into their diets (Birch et al. 1987), while parents typically make only 3 to 5
attempts before deciding that a food is disliked and giving up (Carruth et al. 2004).

Many parents, therefore, do not provide sufficient taste exposures to bring about food
acceptance, implying a need for alternative strategies to increase healthy food consumption.
Several have been proposed, including ‘sensory play’, or engaging with the sensory properties of
foods before they are introduced at mealtimes (Dazeley et al. 2012; Dazeley & Houston-Price
2015; Hoppu et al. 2015; Coulthard & Sealy 2017; K&hkonen et al. 2018). Another easy and
enjoyable approach that has been found to be effective with preschoolers is looking at picture
books about unfamiliar or disliked foods (Heath et al. 2011, 2014; de Droog et al. 2014; Owen et
al. 2018; Houston-Price et al. 2019). This method serves to increase the child’s visual familiarity
with the food and its origins, and may additionally provide social reinforcement from the

positivity of the adult reading the book, without requiring the child to eat the food when it is
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being familiarised. In this paper, we consider the evidence relating to the effectiveness of picture
book interventions for increasing preschoolers’ vegetable intake, and we consider the potential
value of presenting picture book interventions in a digital format. Specifically, we consider the
unique features and capabilities of e-books that might potentially further increase children’s
familiarity and positive engagement with the content, facilitating their acceptance of the targeted
foods. First, we summarize previous studies that have used picture books or other visual stimuli
to familiarise young children with fruits and vegetables. Then, we consider two specific
mechanisms that e-books could harness to encourage healthy eating behaviours among children:

interactive learning and personalisation.

Picture book interventions for healthy eating

Several studies have explored the potential for picture books to encourage fruit and
vegetable consumption in preschool children between 21 months and 6 years of age. One
approach has been to use story books involving character-led narratives that promote positive
messages about vegetables such as kohlrabi, carrots and celeriac (Byrne & Nitzke 2002; de
Droog et al. 2014; Droog et al. 2017; Nekitsing et al. 2019). For example, de Droog et al. (2014)
wrote a book about a character (a rabbit or turtle) who became fit and strong after eating carrots.
In these studies, children were more accepting of the targeted vegetable following exposure to
the story about it (Byrne & Nitzke 2002; de Droog et al. 2014; Nekitsing et al. 2019).

Another approach has been to develop picture books depicting the ‘farm to fork’ journey of
different foods through a combination of photographs and factual information (Houston-Price et
al. 2009a, 2009b, 2019; Heath et al. 2014; Barnes & Warren 2017; Owen et al. 2018). In these

studies, repeated readings of picture books have been shown to influence outcomes including
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children’s looking preferences towards targeted foods, and their willingness to taste, liking, and
intake of the pictured foods. For example, Owen et al. (2018) provided families with a fruit or
vegetable picture book that contained 6 pages of photographs and simple information about a
food, from its origins in the farmer’s field to the meal on the child’s plate. In the We Love
Broccoli book, for example, children were shown what broccoli looks like, how it grows, where
it can be purchased, how it is prepared, and how it can be eaten raw or cooked. To evaluate the
effects of these books, Owen et al. asked 127 parents of 18- to 24-month-olds to look at a picture
book about a disliked or unfamiliar vegetable with their child every day for two weeks, and then
invited parents to try to introduce this targeted food and a second disliked/unfamiliar vegetable
into the child’s diet. Results showed an increased liking and intake of the targeted vegetable
following the picture book intervention. Positive changes in acceptance of the targeted
vegetables were maintained for at least 3 months after the intervention had ended. Reporting on
the same study, Houston-Price et al. (2019) demonstrated how much easier parents found the
process of offering repeated tastes of a vegetable if their child had seen a book about it. In a
similar study, changes in the acceptance of foods were shown to be strongest for vegetables that
were unfamiliar to children before the picture book intervention started (Heath et al. 2014).

To date, little effort has been made to understand exactly how picture books work to
change children’s food acceptance. However, it is likely that multiple mechanisms underlie the
observed effects, including visual familiarity and social reinforcement (Houston-Price et al.
2009Db; de Droog et al. 2014; Heath et al. 2014; Droog et al. 2017; Nekitsing et al. 2019). In the
next section, we consider how these and other mechanisms might be combined to build even

more effective picture book interventions.
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Mechanisms underpinning the effects of picture book interventions

Although there are few direct investigations of the mechanisms that support the positive
effects of picture books on children’s acceptance of targeted foods, recent studies have identified
several factors likely to play a role. Of course, increased visual familiarity is likely to be a key
driver of children’s willingness to taste and consume fruit or vegetables after looking at picture
books about them. This hypothesis is supported by studies that demonstrated visual familiarity
effects resulting from alternative presentation formats. Birch et al. (1987) found that children
who merely looked at real fruits demonstrated enhanced ratings of how much they liked the
fruits before they were asked to taste them. Interestingly, another study found that showing 3- to
6-year-old children simple pictures of vegetables over a two-week period increased their
willingness to try those vegetables, even when the presented vegetables were unusually coloured,
and therefore, relatively unfamiliar (Rioux et al. 2018). Therefore, repeated visual presentations
do not only serve to increase children’s familiarity with a food’s appearance; they also enhance
children’s interest in these foods (Heath et al. 2011).

Reading picture books about foods could also provide opportunities for socially-rewarding
interactions, thereby enhancing positive attitudes towards the foods described. de Droog et al.
(2014) found that an interactive reading style that encouraged children to answer questions about
their vegetable story resulted in greater consumption of carrots compared to a passive reading
activity. In a follow-up study, it was found that interactive reading involving a puppet resulted in
the highest intake of carrots across conditions (de Droog et al. 2017). The authors suggested that
this reading style encouraged children to imitate the food-related behaviours modelled by the
puppet, such as putting a carrot in its mouth, which served to reinforce the intended behaviour

change.
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In other studies, visual familiarity has been combined with other strategies to support
children’s healthy eating. Sensory play with foods involves not only looking, but also listening,
feeling, and smelling the food. On its own, sensory play outside of mealtimes has been shown to
increase acceptance of unfamiliar vegetables at mealtimes for children aged 12 to 36 months
(Dazeley & Houston-Price 2015). Nekitsing et al. (2019) found that children aged 2 to 5 years
old who took part in an intervention incorporating both sensory play and looking at a picture
book about an unfamiliar vegetable (celeriac) were more likely to try celeriac compared to
children who engaged in similar activities with a different vegetable. Others have developed
interventions based on a combination of visual familiarity, reward, and modelling. For example,
Farrow et al. (2019) found that the use of a mobile application involving vegetable-based games
and activities increased 3- to 6-year-old children’s liking for and intake of these foods compared
to use of a non-food-related app.

In sum, recent research suggests that combining visual familiarity with engaging,
interactive learning methods that familiarise children to foods through a range of sensory
modalities could yield even greater impacts on children’s acceptance of fruits and vegetables
than visual exposure alone. However, programmes that require supporting materials (e.g. puppets)
or access to hands-on activities (e.g. sensory play) may be difficult to implement on a large scale.
In contrast, a well-designed e-book intervention could be made available on a wide scale and
easily incorporated into routine activities within homes or childcare settings. In the next section,
we consider the potential for e-books to capitalise on the various factors thought to influence

children’s eating behaviours.
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The potential for e-books to enhance healthy eating interventions

Children’s use of iPads, Android tablets, and other mobile devices for reading purposes has
risen sharply over the past decade (Korat & Falk 2019). A national survey of 1,511 UK parents
revealed that more than 80% of families with O- to 8-year-olds own a smartphone and/or a tablet
device (Kucirkova & Littleton, 2016). Based on the results of the survey, the proportion of
children who use a smartphone rises from around 50% of O- to 2-year-olds to 70% (smartphones)
and 80-85% (tablet devices) among older age groups. Although parents reported an overall
preference for print books over e-books when children are reading for pleasure or educational
purposes, 62% of parents in this study requested advice on how interactive e-books could be
used to support their children’s learning. Specifically, parents wanted to know how to make the
most of the features of e-books that differ from those of print books.

E-books introduce new possibilities in terms of both new content types (including
audiovisual content) and new opportunities for interaction (including customisation features).
Here we discuss two specific mechanisms by which e-books might enhance the effectiveness of
picture book interventions for healthy eating. The first is interactive learning: parents and
children can extend the content of the e-books through shared book-reading conversations and
through the additional functionalities available to engage with the food-related content in new
ways. The second is personalisation: e-books can be customised to add content that is personally
relevant to children and their families. With these two mechanisms in mind, we consider the
empirical evidence relating to aspects of e-book reading that enhance and hinder children’s
learning, and propose that future research should investigate whether e-book interventions

support healthy eating in line with our hypotheses.
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Interactive learning

E-books, similar to printed books, can be used to support children’s understanding of the
world and help them acquire the language they need to describe it (de Jong & Bus 2004; Zucker
et al. 2009). Toddlers between 24 to 30 months have been shown to transfer new names for
pictures they have encountered in an e-book to objects in real life and to pictures in printed
books (Strouse & Ganea 2017b).

Direct comparisons of children’s learning during independent e-book reading versus when
read printed picture books by an adult have yielded mixed results. For example, in one study,
kindergarten children did not recall as many story elements or language structures from e-books
as they did when stories were read to them by adults (de Jong & Bus 2002). However, another
study found comparable comprehension and vocabulary outcomes in the two conditions (de Jong
& Bus 2004). Some studies have directly compared learning from printed books versus e-books
when both are read to the child by an adult. In one such study, children demonstrated superior
learning gains in emergent literacy skills from e-books provided with adult instruction compared
to an identical condition using a printed book (Segal-Drori et al. 2010). In another study, mother-
child reading of e-books and print books demonstrated similar advantages in children’s language
skills compared to a control condition; however, the authors noted that parents in both
intervention groups received similar suggestions for activities that would have minimised the
differences between e-books and printed books (Korat & Shamir 2013). These studies suggest a
distinction between two types of interactivity afforded by e-books: the opportunity for the child
to engage with features of e-books themselves, and the opportunity for adult-child interactions
around the content of e-books. Understanding the effects of these two types of interactivity is key

to designing high-quality e-books for healthy eating interventions.
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Available evidence suggests that some aspects of e-book interactivity are more helpful than
others. Regarding the interactivity afforded by the medium, mobile iPod and iPad devices
encourage more looking and touching behaviours among 4-year-old children than tabletop
touchscreen computers (Roskos et al. 2014). Electronic reading also results in longer reading
times (Grimshaw et al. 2007) and more frequent interactions with animations (de Jong & Bus
2004). E-books also permit audio narration to accompany the text, which has been shown to
facilitate story comprehension among 9- to 10-year-olds (Grimshaw et al. 2007), while the
inclusion of animation cues supports kindergarten children’s vocabulary development (Smeets &
Bus 2015). However, not all e-book features are helpful. Unrelated animations, games, and
sounds have been found to serve as distractions to reading (Moody 2010) and to negatively
impact on children’s story comprehension (Parish-Morris et al. 2013). Taken together, these
findings indicate that interactive e-books can elicit higher levels of motivation and engagement
among children, resulting in longer exposure times and learning about the content. However,
care is needed to minimize unnecessary features and to encourage engagement with those that
facilitate learning.

In terms of adult-child interactions, findings are mixed about the effectiveness of e-books
in facilitating high-quality talk between adult-child dyads. Some studies have found higher levels
of child-initiated talk and responsiveness when reading e-books compared to print books (Korat
& Or 2010; Strouse & Ganea 2017a). Others have found traditional books to be more effective in
facilitating parental discourse and expanding talk (Korat & Or 2010) and to elicit more content-
focused reading (Parish-Morris et al. 2013), while interactive e-books encourage more
behaviour-focused talk (e.g. “Stop pressing the buttons!”; Parish-Morris et al. 2013). This

disadvantage in the quality of parent-child talk during e-book use might be offset by providing
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guidance on how to use e-books effectively and by encouraging parents to talk about the fruits
and vegetables featured in the stories.

As previous investigations have shown, children’s interactive learning from e-books can be
gained through information provided by the e-books themselves or through adult-child talk
around the e-books. Both sources of information may have a function in healthy eating
interventions. We also suspect that there may not be clear differences in the effectiveness of e-
books and printed books in such interventions, as positive effects are more likely to depend on
the quality of the e-book content and of the adult-child interaction. Nevertheless, e-books offer
two important advantages over written books: they can prompt a wider set of activities to help
children become familiar with a food (through more engaging digital features) and they can be
distributed on a large scale at little or no cost.

Personalisation

Mobile and online technologies providing personalised nutrition advice have shown great
promise in improving dietary outcomes among adults (Forster et al. 2016). It is possible that
incorporating personalised elements into e-book interventions could be equally effective in
increasing fruit and vegetable intake among children.

Personalisation of e-books might take two different forms. Research has shown that
considering individuals’ goals and choices and tailoring intervention content to these can
motivate greater changes in behaviour among adults (Ordovas et al. 2018). In the case of
delivering e-book interventions, parents may benefit from being encouraged to identify their
feeding goals during mealtimes, reflecting on their child’s attitudes towards different foods and
selecting the foods they would like their child to eat more of. Using such information to assign

families a particular e-book or set of e-books offers a type of personalisation that is focused on
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the caregiver, and could be used to encourage the uptake of eating interventions for children
among adult caregivers.

A second form of personalisation involves adapting e-books so that their content is related
to the individual child reading it (e.g. e-books could include pictures of the child engaging with
foods in their home environment). Personalisation is likely to increase children’s engagement
with and understanding of the information provided; it may also provide opportunities for more
extended conversations about the content, based on parents’ and children’s shared experiences,
knowledge and interests (Kucirkova 2017). Several studies have found positive effects of
personalised books on parent-child interactions and child language outcomes. For example,
Kucirkova et al. (2012) found that personalised books, in which photos and story content were
tailored specifically to a child’s activities and environments, elicited more smiles and laughs
from children aged between 12 and 33 months than non-personalised books. In studies involving
interactions between researchers and children, personalised books elicited more spontaneous
utterances, questions, and comments among 17- to 55-month-olds (Kucirkova et al. 2014a) and
better word acquisition among 35- to 56-month-olds (Kucirkova et al. 2014b) than non-
personalised books.

To capitalise on the benefits associated with this second form of personalisation,
supporting apps should be developed to enable the personalisation of fruit and vegetable e-books.
Families could be encouraged to customise the e-book content by adding photos, text, audio
recordings and videos that show family members growing or shopping for fruits and vegetables,
washing and preparing foods at home, and eating them. By extension, encouragement to
personalise e-books might lead to multisensory exposures to foods beyond the shared e-book

reading activity, if the personalisation activities provide opportunities to touch, smell, and taste
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foods in addition to opportunities to gain visual familiarity (Dazeley et al. 2012). In sum, e-book
interventions that offer a tailored experience to families, by aligning with their mealtime goals

and preferences and by allowing personalisation of e-book content, have the potential to increase
both parents’ motivation to read e-books and children’s engagement with both the books and real

foods.

The See & Eat study
Our group is currently exploring some of these possibilities within the See & Eat project, a

preregistered research study (http://osf.io/gjsdp). We are recruiting families with children aged

18 to 48 months to read one of 24 vegetable e-books showing the ‘farm to fork’ journey of a
vegetable through pictures and text (see Figure 1 for an example e-book). The e-books are
accessible on iPads or tablet devices using the Our Story 2 app developed by the Open
University, the editing features of which allow both interactivity and personalisation.

The study aims to evaluate the effectiveness of vegetable e-book exposure on children’s
willingness to taste, intake and liking of a target vegetable chosen by their families with the
expectation that, similar to printed storybooks, repeated e-book exposure will enhance children’s
acceptance of the targeted vegetable after two weeks. The study will also explore whether
families take advantage of opportunities to make the e-books more interactive and personal using
the editing features of the Our Story 2 app.

Interestingly, the majority of studies using picture books or picture-based exposure to
promote fruit or vegetable consumption among children have been conducted in English-
speaking countries, with the exception of studies by de Droog et al (2014; 2017) and Rioux et al

(2018). In studies where participant demographics have been reported (e.g. Heath et al, 2014;
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Owen et al, 2018; Rioux et al (2018), samples involved a majority of white and middle-class or
relatively well-educated families (one exception being Byrne & Nitzke, 2002). E-books have the
potential to reach a large number of families across geographical locations and socioeconomic
groups. The See & Eat project is currently recruiting families in the UK and Italy, but future
initiatives include expanding the availability of the app and the e-books into other European
languages and into non-tablet based devices such as smartphones, enabling us to reach a wider

range of ethnic, cultural, and socioeconomic profiles in future.

Conclusions

The effectiveness of picture book interventions to support children’s healthy eating could
be enhanced by digital technologies. E-books that introduce unfamiliar or disliked foods to
children should be carefully designed to take advantage of features that support learning and
engagement (e.g. narration) while avoiding elements that distract children from attending to the
targeted foods (e.g. unrelated animations). Parents may not be familiar with the possibilities
afforded by e-books and their supporting applications or devices; hence, additional guidance is
needed to ensure that they engage fruitfully with the opportunities e-books afford. Supporting
technologies could provide greater opportunities for personalisation of book content to support
parents’ goals in using e-books and to enable parents to select the foods they would like to
introduce to their child. Finally, the incorporation of editing features that allow families to create
customised fruit and vegetable stories might not only enhance children’s engagement with the
book content but might also prompt families to provide multisensory exposures involving
looking, touching, smelling, and tasting the actual foods. Future research should, therefore,

investigate the potential of e-books to deliver effective healthy eating interventions for children.
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Given the convenience and popularity of digital technologies in both home reading and nutrition

interventions, e-book interventions open an exciting new avenue to reach families on a large

scale.
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This is broccoli! It looks like a little
tree.

It grows in a field like'this one. This broccoli head is firm and big
Broceoli plants love cool weather. enough to pick.

You can buy broccoli in shops or in
the market. Can you spot it?

The head of the broccoli is made of
tiny flower buds that we can eat.

We boil or steam broccoli until it turns @ It is tasty when it is served in a cheesy

bright green. pasta bake or on the side!

Figure 1. Example e-book about broccoli

How do YOU like to eat it?




