European Journal of Clinical Nutrition (2004) 58, 510–522

& 2004 Nature Publishing Group All rights reserved 0954-3007/04 $25.00
www.nature.com/ejcn

ORIGINAL COMMUNICATION
Effects of a peer modelling and rewards-based
intervention to increase fruit and vegetable
consumption in children
CF Lowe1*, PJ Horne1, K Tapper1, M Bowdery1 and C Egerton1
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Objective: To measure children’s consumption of, and liking for, fruit and vegetables and how these are altered by a peer
modelling and rewards-based intervention.
Design: In this initial evaluation of the programme, children’s consumption of fruit and vegetables were compared within and
across baseline and intervention phases.
Setting: Three primary schools in England and Wales.
Subjects: In total, 402 children, aged from 4 to 11 y.
Intervention: Over 16 days, children watched six video adventures featuring heroic peers (the Food Dudes) who enjoy eating
fruit and vegetables, and received small rewards for eating these foods themselves.
Main outcome measures: Fruit and vegetable consumption was measured (i) in school at lunchtime and snacktime using a fivepoint observation scale, with inter-rated reliability and weighed validation tests; and (ii) at home using parental recall. A
questionnaire measured children’s liking for fruit and vegetables before and after the intervention.
Results: Consumption during the intervention was significantly higher than during baseline at lunchtime and at snacktime
(Po0.001 in all instances). Consumption outside school was significantly higher during the intervention on weekdays (Po0.05)
but not weekend days. Following the intervention, children’s liking for fruit and vegetables also showed a significant increase
(Po0.001).
Conclusions: The peer modelling and rewards-based intervention was shown to be effective in bringing about substantial
increases in children’s consumption of, and expressed liking for, fruit and vegetables.
Sponsorship: Horticultural Development Council, Fresh Produce Consortium, ASDA, Co-operative Group, Safeway, Sainsbury,
Somerfield, Tesco and Birds Eye Wall’s.
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Introduction
Research indicates that eating a diet rich in fruit and
vegetables protects against many illnesses including cardiovascular disease, stroke, and cancer (Gaziano et al, 1995;
Gillman et al, 1995; Key et al, 1996; Steinmetz & Potter,
1996). A common recommendation is that adults and
children over 2 y of age should eat at least five portions of
these foods daily (eg US Department of Health and Human
Services, 1996; Williams, 1997; Department of Health, 2000).
However, in the UK and USA, as in many other Western
countries, average consumption levels of fruit and vegetables
are far lower than these (Subar et al, 1995; Williams, 1997),
and most children fail to meet the recommendation (KrebsSmith et al, 1996; Department of Health, 2000). Given that
there is evidence to show tracking of eating habits through
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childhood and adolescence (Kelder et al, 1994; Singer et al,
1995), attempts to bring about long-term increases in
national consumption may be most beneficial when targeted
at the young.
School-based programmes have the potential to be a very
effective way of intervening since they enable large numbers
of children to be targeted simultaneously. Although several
such programmes have been developed in recent years, the
increases in consumption they have achieved have been
minimal, generally falling short of even a single daily
additional portion per child (Domel et al, 1993; Foerster
et al, 1998; Nicklas et al, 1998; Perry et al, 1998; Baranowski
et al, 2000; Reynolds et al, 2000). And even where such
minimal changes have proved statistically significant, it is
unclear that they are clinically significant (see Huon et al,
1999; Cliska et al, 2000). It would appear either that
children’s consumption of fruit and vegetables is particularly
resistant to change, or that the methods employed to
influence their eating patterns so far have not been well
directed.
A central problem with the multicomponent interventions
used in the above studies is that many of the individual
elements that make them up have not been shown to
influence eating behaviour reliably, either on their own or in
combination with other constituent components. For example, skills development (eg in areas such as food
preparation) features in all these programmes (Nicklas et al,
1997; Foerster et al, 1998; Perry et al, 1998; Reynolds et al,
1998; Baranowski et al, 2000). However, although the
importance of such skills may be consistent with some
theoretical accounts of behaviour change (eg see Baranowski
et al, 1993), there is no experimental evidence to show that
they actually contribute to changes in eating behaviours.
Other such elements for which efficacy has yet to be
convincingly demonstrated include changing outcome
expectancies (Reynolds et al, 1998), the use of promotional
materials (Nicklas et al, 1997; Foerster et al, 1998; Perry et al,
1998; Reynolds et al, 1998), and provision of nutritional
information (Perry et al., 1998; Reynolds et al., 1998, see also
Shannon & Chen, 1988; Contento et al, 1992). Indeed, there
is evidence (Gibson et al, 1998; see also Wardle, Cooke et al,
2003) that greater nutritional knowledge among parents and
children does not necessarily lead to higher consumption of
healthy foods on the part of the children. In fact, warning
children about the dire effects on their future health
prospects of not eating healthy food, or just telling them
that a food is ‘healthy’, may well even reduce their
acceptance of such food (Gibson et al, 1998; Wardle & Huon,
2000; Wardle, Cooke et al, 2003).
It would appear then that in many of these interventions,
substantial time and resources may have been directed at
providing components that have little positive impact, and
may even have detrimental effects, on children’s actual
eating behaviour. This provision may also have been at the
cost, perhaps, of components that do influence behaviourFfor there is evidence to suggest that not all aspects

of school-based multicomponent interventions are implemented (Perry et al, 1998; Baranowski et al, 2000). A better
approach might be to focus on techniques that have been
shown to have a reliable effect on children’s eating
behaviours, and ensure that they are used in ways that will
maximise their efficacy. Research to date points to three
factors likely to be of help in this undertaking: taste
exposure, modelling, and rewards.
There is substantial evidence to indicate that the repeated
tasting of particular foods or flavours leads to increased
consumption of and expressed preference for those foods or
flavours (Birch & Marlin, 1982; Birch et al, 1987, 1998;
Sullivan & Birch, 1990; Wardle, Cooke et al, 2003, Wardle,
Herrera et al, 2003). It would seem then that an effective way
to increase children’s consumption of fruit and vegetables
would be to ensure that they repeatedly taste these foods.
How might this be achieved? One possible way is to use
observational learning or ‘modelling’. That is, children, who
are given the opportunity to watch ‘models’ eating fruit and
vegetables, are more likely to go on to eat these foods
themselves. Models that have been shown to be effective
with children include cartoon characters (Harris & Baudin,
1972; Woolner, 2000), peers (Birch, 1980; Greer et al, 1991;
Dowey, 1996; Hendy & Raudenbush, 2000; Hendy, 2002),
mothers, unfamiliar adults (Harper & Sanders, 1975), and
teachers (Hendy & Raudenbush, 2000). Other factors also
contribute to the likelihood of children’s imitation. Hendy
and Raudenbush (2000), for example, found that teachers
were ineffective as models when they consumed particular
novel fruits without commenting, but were effective when
they made it clear through their overt enthusiastic remarks
that they were enjoying eating these fruits. However, when
the female participants were in the presence of peers who ate
and enthusiastically commented on competing novel fruits,
the teacher’s influence as a model was eliminated. These
results suggest that the effects of teacher role modelling may
be attenuated in intervention programmes where peers
model incompatible behaviours (eg by eating other snacks
rather than fruit and vegetables). Research has also shown, in
contexts other than that of food consumption, that children
are more likely to imitate a model whose behaviour they see
being rewarded (Flanders, 1968), or who is of the same age or
slightly older than themselves (Brody & Stoneman, 1981), or
who they like or admire (Bandura, 1977). They are also more
likely to imitate the behaviour of multiple rather than single
models (Fehrenbach et al, 1979).
Another way to influence children to taste fruit and
vegetables might be to use rewards. The findings of research
in this domain are more controversial. It has been argued
that rewarding an individual for engaging in a particular task
undermines his/her intrinsic motivation for that task (eg see
Deci et al, 1999). Indeed, some studies have reported that
when access to a reward is made contingent upon the
consumption of a particular food, children’s preference for
that food decreases (Birch et al, 1982, 1984; Newman &
Taylor, 1992). However, there is also a large body of research
European Journal of Clinical Nutrition
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testifying to the efficacy of rewards (eg see Dickinson, 1989;
Cameron et al, 2001). A number of studies, for example,
have employed them successfully to encourage food consumption among children with feeding difficulties (Bernal,
1972; Hatcher, 1979; Siegel, 1982; Riordan et al, 1984;
Handen et al, 1986) and to increase children’s healthy
snack choices (Stark et al, 1986; Baer et al, 1987). This
evidence indicates that, when used appropriately, rewards
can be very effective at altering behaviour such as children’s
food consumption. It is important, however, that the
rewards should be highly desirable (ie that they are potent
reinforcers) and that they should signal to the child
that they are for behaviour that is both high status and
enjoyable (eg see Dickinson, 1989; Lowe et al, 1998;
Cameron et al, 2001).
Drawing upon the literature on children’s learning and
imitation, the intervention devised for the present study
combined peer modelling and rewards to influence children
to repeatedly taste fruit and vegetables and to sustain their
consumption of these foods over time. The principal
components of the intervention were: (i) peer modelling
videos, featuring four hero figures (the ‘Food Dudes’) who eat
and enjoy a variety of fruit and vegetables, and (ii) a set of
Food Dude rewards such as stickers, pencils, and erasers, that
were awarded to children for eating target amounts of the
fruit and vegetables presented to them.
The programme and materials were designed to maximise
the effectiveness of the intervention. For example, because it
has been shown that groups of peers can exert considerable
influence (Harris, 1995, 1998), the programme was designed
for use by whole schools rather than by individuals. The aim
here was to establish a peer group culture that actively
supported (ie by supplying further models and rewards of its
own) the eating of fruit and vegetables. Also, because there is
evidence to indicate that individuals’ own verbalisations and
rules can give rise to behaviour patterns that are very
resistant to change (Lowe, 1979, 1983; Lowe et al, 1987;
Catania et al, 1989), programme materials were designed
specifically to encourage children to refer to fruit and
vegetables in ways that would help maintain their consumption. Thus, for example, in the peer modelling video, the
Food Dudes repeatedly illustrated, and/or commented on,
both the immediate and long-term positive consequences of
eating fruit and vegetables (eg by referring to the nice taste of
these foods, how enjoyable it is to eat them, and how eating
them leads to success and health). These verbalisations were
designed to be easily learned and repeated by the children
themselves (eg sometimes they took the form of ‘catch
phrases’ or songs). It is important for efforts to alter and
sustain food consumption that children’s expressions of
aversion to fruit and vegetables (eg ‘Fruit and vegetables are
rabbit food’, ‘They taste horrible’), which are an all-toocommon feature of school culture, are supplanted by
positive rules such as ‘I’m going to eat my fruit because it
tastes good’, or ‘I’m going to eat my vegetables because
they’ll make me strong’.
European Journal of Clinical Nutrition

Previous studies have shown that this type of intervention
is very successful at increasing fruit and vegetable consumption in 5–6-y-old children in the classroom and in the home
and in 2–4 y olds in the nursery; that these increases are
maintained is shown by follow-ups taken up to 15 months
after the intervention (Horne et al, 1995, 1998; Dowey, 1996;
Lowe et al, 1998; Woolner, 2000, see also Tapper et al, 2003).
However, these studies were carried out with relatively small
numbers of children and only with children up to the age of
6 y. With one exception (see Woolner, 2000), the interventions were implemented by researchers. In contrast, this
paper describes a ‘whole-school’ intervention that we have
developed for use with all primary school children ranging
in age from 4 to 11 y old. In addition, the programme was
designed to be implemented entirely by school staff
themselves rather than by researchers. This study, which is
the first in a series that will report on the effectiveness of the
programme, details the new whole-school intervention
procedures and outcome measures that focus on tight
specification of behavioural contingencies and objective
measures of food consumption. We provide here an initial
assessment of the programme’s impact on the fruit and
vegetable consumption of 402 children in three primary
schools in different parts of the UK.

Method
Ethical approval
Ethical approval for the study was granted by the School of
Psychology Ethics Committee, University of Wales, Bangor.

Participants
The programme was evaluated in three British schools: in
Bangor, North Wales (105 pupils aged 4–11 y), in Harwell,
Oxfordshire (134 pupils aged 4–11 y), and in the Salford area
of Manchester (163 pupils aged 5–11 y). Each school was
selected by its local health promotion unit or education
authority to represent either lower or higher than average
levels of deprivation, as assessed by free meal entitlement.
Deprivation levels were below the national average (17%) in
the Bangor and Harwell schools (10 and 6%, respectively),
and were well above average in the Salford school (31%). The
children were predominately of Caucasian ethnic origin.

Study design and food presentation
The programme in each school generally began with an
8–12-day baseline phase followed by a 16-day intervention
phase. At ‘snacktime’ (immediately prior to mid-morning
break) throughout the baseline and intervention phases,
children were presented with a ‘snackpack’ that contained
two 20 g portions of either fruit or, on alternate days, raw
vegetables; in each school, four different fruits (eg kiwi,
melon, dried apricot, prune) and four different vegetables (eg
carrot, swede, celery, mangetout) were presented in a fixed
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cycle. Each particular food was presented three times at
baseline, and four times during the intervention.
At lunchtime, as part of their meal, children who had
school lunches received a whole fruit weighing (after the
subtraction of any core or peel weight) approximately 80 g
or, on alternate days, a 60 g portion of cooked vegetables;
four different fruits (eg apple, banana, pear, satsuma) and
four different cooked vegetables (eg carrots, peas, sweetcorn,
green beans) were presented in a fixed cycle. Each type of
vegetable was presented once during baseline, and at least
twice during the intervention. Each type of fruit was
presented once (Bangor and Harwell) or twice (Salford)
during baseline, and at least twice during the intervention.
There were some children at all the schools who did not
have the school meals but took packed lunches and they
were presented with either a whole fruit (all schools) or, on
alternate days, a 40 g portion of raw vegetables as at
snacktime (Bangor and Harwell) or, in the case of Salford,
of mixed salad (eg lettuce leaves, tomato, baby sweetcorn,
sugarsnap peas). At Salford, each of two salad types was
presented twice during baseline and four times during the
intervention. (For further details of procedures and results,
see Lowe et al, 2002.)

Intervention
Materials. The peer modelling videos were six 6-min
episodes featuring the heroic ‘Food Dudes’ who were a
group of 12–13-y olds, two boys and two girls. In each
episode, the Food Dudes battle against the evil ‘Junk Punks’
who plan to take over the world by depriving people of their
life-giving fruit and vegetables. To arm themselves for their
struggle, the Food Dudes eat (and are seen to enjoy) a variety
of fruit and vegetables. They urge all other children, in
speech and in song, to keep the ‘Life Force’ strong by doing
the same.
The rewards were customised Food Dude items consisting
of, for example, stickers, pens, pencil cases, rulers, and
erasers. Previous pilot testing in other schools showed that
these items had a wide appeal for primary school children. In
addition, a series of letters addressed from the Food Dudes to
the children were read to the class by the teacher. The
purpose of these letters was to provide the children with
praise and encouragement and to remind them of what they
had to do in order to win a Food Dude Prize.
In the Salford school, Homepacks were also introduced.
The primary aim of these was to encourage children to eat
fruit and vegetables at home as well as at school and to help
parents become actively involved in the programme. The
Homepacks, which were delivered to parents by their
children, included suggestions about ways of reaching the
‘5-a-day’ target, and tips to encourage children to eat more
fruit and vegetables. Each also included a ‘sticker card’, plus
stickers, for the parents to give to the children when they
consumed a sufficient quantity and variety of fruit and
vegetables at home.

Procedures. In the baseline phase, the foods were simply
presented to the children at snacktime and lunchtime each
day and consumption was recorded. The procedure was the
same during the intervention, except that at snacktime the
teacher read out a Food Dude Letter to the children every
day, and then, on at least 2 days out of 3, showed them an
episode of the Food Dude Video (six episodes in all were
shown over the course of the intervention). The teacher, or
another member of staff, gave children a small reward (eg a
sticker) when they ate some of the fruits or vegetables, and a
more potent reward (eg a pen, a pencil, a pencil case, on
which was printed the Food Dude logo) when they ate a
whole serving. Members of staff supervised the children
during the snacktime and lunchtime periods to ensure that
food was either eaten or left and not, for example, given to
another child or dropped on the floor.

Measures
Lunchtime and snacktime consumption. On a daily basis,
the amount of each portion of fruit and vegetables that each
child consumed was visually estimated and rated on a fivepoint scale by independent raters. At snacktime, approximately 10% of ratings were validated against actual weight of
food consumed (weight preconsumption minus postconsumption). Cohen’s k coefficient (weighted by the difference
between the points on the scale) was used to assess
agreement between weighed and rated measures; coefficients
ranged from 0.96 to 0.99. At lunchtime inter-rater measures
were taken for approximately 40% of the sample. Cohen’s k
coefficient (weighted as described above) was again used to
assess agreement between each pair of raters in each school;
coefficients ranged from 0.86 to 0.98. Consumption of
lunchtime salad (Salford) was determined by weighing each
child’s postconsumption salad waste. (Consumption of raw
vegetables by children with packed lunches at Bangor and
Harwell was not measured.)
Home consumption. In the Salford school, children’s
consumption of fruit and vegetables at home was assessed
using a parental 24-h food recall procedure in which
interviews were conducted with a subset of 47 parents (each
paid d25 for participating) during the first week of baseline
and the last week of the intervention (4–5 days in each
phase). These parents were assigned to one of two groups
that were matched with respect to free school meal
entitlement, age, and sex of children concerned. Both groups
reported what their children consumed over a period of 4–5
days: the first group beginning on a Saturday, the second
group on a Thursday. In order to limit social desirability
effects, parents were asked to record and report on all foods
and drinks consumed rather than just fruit and vegetables.
Prior to the start of each set of interviews, parents were
sent information about the procedure, a ‘size-of-serving’
card, and a food diary with daily subdivisions related to time
of day. Parents were asked to record discreetly, under the
European Journal of Clinical Nutrition
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Liking
Children’s liking for 16 different fruits and vegetables (which
included all those presented in the study at snacktime and
lunchtime) was assessed using questionnaires administered
by class teachers. The questionnaires contained a photographic illustration of each food beneath which was a fivepoint rating scale. For 4–7-y olds, the scale consisted of a
series of five faces (ranging from very happy to very
unhappy), while for 7–11-y olds it consisted of a set of
verbal descriptions (‘I like it a lot’, ‘I like it’, ‘It’s OK’, ‘I don’t
like it’, ‘I hate it’). The children could also indicate if they
had never tried an item. The baseline measure was taken
either just before or during the baseline phase; the intervention measure was taken towards the end of the intervention
phase, or just after it.

Results
Consumption at lunchtime and snacktime
For each child, separate means were computed for consumption of fruit and vegetables at snacktime and lunchtime:
during the first presentation of each food at baseline (B1), at
the final presentation of each food at baseline (B2), at the
first presentation during the intervention (I1), and at the
final presentation during the intervention (I2). Children
with missing data at any of these points were excluded from
the calculations for that particular food category and context
(eg a child absent from the school when apples were
presented at lunchtime at B1 was excluded from the
calculation of mean consumption of fruit at lunchtime at
B1, B2, I1, and I2). In those schools where there was just one
presentation of each food at baseline (ie of vegetables at
lunchtime in all three schools, and of fruit at lunchtime in
the Bangor and Harwell schools), only one baseline mean
(B1) was calculated. In the case of children with lunchboxes,
measures were taken of their consumption of the additional
fruit presented to them, and of their consumption of the
salads (Salford only), but not of the additional raw
vegetables.
Figure 1 shows, for children in all three schools, how much
(ie mean percentage) of the fruit and vegetable servings they
consumed in the baseline and intervention phases. Snacktime fruit consumption (open squares) in all three schools
averaged 51% at first baseline and 45% at the final baseline
measure, while lunchtime fruit consumption (filled triangles) at Salford averaged 33 and 21%, respectively. Following
European Journal of Clinical Nutrition
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Figure 1 The mean percentage of food consumed during the
baseline and intervention phases. The left-hand side of the figure
shows data relating to fruit presented at lunchtime in the Bangor and
Harwell schools (K), the Salford school (m) and snacktime in all
three schools (&). The right-hand side shows cooked vegetables
presented at lunchtime in all three schools (K), salad presented at
lunchtime in the Salford school (  ) and raw vegetables presented
at snacktime in all three schools (&).

the introduction of the intervention, snacktime consumption (open squares) averaged 68% (first intervention measure) and then 74% (final intervention measure). Similarly,
lunchtime consumption (filled triangles) at Salford averaged
69% and then 73%. Fruit consumption at lunchtime in the
Bangor and Harwell schools (filled circles) averaged 51% in
baseline and 85% in the intervention.
The results for vegetable consumption were similar, with
snacktime consumption at all three schools (open squares)
averaging 41% then 35% during the baseline phase, and 67%
then 68% during the intervention. Consumption of cooked
vegetables at all three schools (filled circles) averaged 24% in
baseline, then 64 and 69% during the intervention. Salad
consumption at the Salford school (crosses) averaged 9%
during baseline, then 48 and 44% during the intervention
phase.
Where there was more than one baseline mean (ie for
snacktime fruit and vegetables in all three schools and for
lunchtime fruit and salad in the Salford school), a series of
three-way mixed analysis of variance tests were employed to
compare levels of consumption over time during baseline
with levels of consumption over time during intervention.
In each case, the independent variables were time (first
presentation, final presentation), phase (baseline, intervention) and age (4–7 and 7–11 y). Only results relating to the
phase variable are reported.
For snacktime fruit, across all three schools, the results
showed a significant main effect of phase, F(1, 265) ¼ 329.61,
Po0.001, and a significant interaction between time and
phase, F(1, 265) ¼ 44.02, Po0.001. This confirms what
Figure 1 indicates, namely, that consumption was significantly higher overall in the intervention (with a mean of
71%) than in the baseline phase (48%), and that it declined
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over the course of baseline (51 to 45%), but increased during
the intervention (68 to 74%). There were no significant
interactions between phase and age, F(1, 265) ¼ 1.17, NS, or
between time, phase, and age, F(1, 265) ¼ 0.04, NS, indicating that this pattern of results applied to both 4–7- and 7–11y-old children.
In the case of lunchtime fruit consumption in the Salford
school, there was a significant main effect of phase, F(1,
77) ¼ 269.82, Po0.001, and a significant interaction between
time and phase, F(1, 77) ¼ 17.35, Po0.001. As Figure 1
shows, consumption was significantly higher during intervention (71%) than at baseline (27%), but showed a decline
during baseline (33 to 21%) while remaining relatively stable
during the course of the intervention (69 to 72%). There
were also significant interactions between phase and age,
F(1, 77) ¼ 21.19, Po0.001, and between time, phase, and age,
F(1, 77) ¼ 9.34, Po0.005. Two analysis of variance tests were,
therefore, carried out using data for 4–7- and 7–11-y olds. In
each case, the independent variables were time and phase.
The data for 4–7-y old children showed a significant main
effect of phase, F(1, 32) ¼ 170.24, Po0.001, but no significant interaction between time and phase, F(1, 32) ¼ 0.56, NS.
In contrast, the data for 7–11-y old children showed a
significant main effect of phase, F(1, 45) ¼ 91.14, Po0.001,
and a significant interaction between time and phase, F(1,
45) ¼ 29.96, Po0.001. The means indicated that consumption by 4–7-y olds remained relatively stable across both the
baseline phase (19 and 15%) and the intervention phase (76
and 76%), while consumption by 7–11-y olds showed a
decline during baseline (43 to 26%) and an increase during
the intervention (64 to 71%).
For snacktime vegetables, there was a significant main
effect of phase, F(1, 283) ¼ 337.73, Po0.001, and a significant interaction between time and phase, F(1, 283) ¼ 15.35,
Po0.001. Again, this confirms that the intervention significantly increased vegetable consumption (ie from 38% in
baseline to 68% in the intervention phase) and that
consumption declined during baseline (41 to 35%), but
remained stable, although at a much higher level, during the
intervention (67 to 68%). There was also a significant
interaction between phase and age, F(1, 283) ¼ 7.11,
Po0.01, but no significant interaction between time, phase,
and age, F(1, 283) ¼ 0.16, NS. As the means show, there
was a larger difference between baseline and intervention
for 7–11-y olds (39 to 72%) than for 4–7-y olds (36
to 60%).
The lunchtime salad results from the Salford school
showed a significant main effect of phase, F(1, 23) ¼ 21.13,
Po0.001, but no significant interaction between time and
phase, F(1, 23) ¼ 1.15, NS. Consumption was significantly
higher during the intervention compared to baseline (46 and
9%, respectively) and remained fairly stable during both
phases. There was no significant interaction between phase
and age, F(1, 23) ¼ 2.73, NS, or between time, phase, and age,
F(1, 23) ¼ 1.71, NS, indicating that this pattern of results
applied to both 4–7- and 7–11-y old children.

Lunchtime vegetable consumption in all three schools,
and lunchtime fruit consumption in the Bangor and Harwell
schools were analysed using two-way mixed analysis of
variance tests with time (B1, I1, I2) and age (4–7 and 7–11 y)
as independent variables. The results for lunchtime vegetable
consumption in all three schools showed a significant main
effect of time, F(1, 79) ¼ 174.21, Po0.001 and no significant
interaction between time and age, F(1, 79) ¼ 1.21, NS. Three
post hoc t-tests (with significance levels adjusted to 0.02),
showed that consumption was significantly higher at I1 and
I2, compared to B1 (t ¼ 11.25, Po0.001 and t ¼ 13.20,
Po0.001, respectively). The increase between I1 and I2 was
not significant (t ¼ 1.98, Po0.051). Lunchtime fruit consumption in the Bangor and Harwell schools also showed a
significant main effect of time, F(1, 15) ¼ 9.84, Po0.01, and
no significant interaction between time and age, F(1,
15) ¼ 1.26, NS. Two post hoc t-tests (with significance levels
adjusted to 0.025) showed that consumption was significantly higher at I1 and I2 compared to B1 (t ¼ 12.65,
Po0.001 and t ¼ 10.78, Po0.001, respectively).

Lunchtime and snacktime: subset analysis
Additional analyses were conducted in order to determine
how the overall consumption means were constituted, that
is (a) whether in baseline, there were children who ate little,
a moderate amount, or a great deal of the fruit and
vegetables presented, and (b) how consumption in these
different groups was affected by the intervention. In order to
maximise the sample sizes for these analyses, in each case
only one baseline score and one intervention score was
computed for each child. The data used for these calculations
were the child’s consumption of each food at its final
presentation during the baseline/intervention phase. If the
child was absent on any of these days, the datum for the
previous presentation of that food was employed. Each data
set was then split into five subsets according to the amount
each child consumed during the baseline phase: either 0–19,
20–39, 40–59, 60–79, or 80–100%. (Data relating to lunchtime salad consumption were not included due to the small
sample size.)
This breakdown is shown on the x-axis (percentages in
parentheses) of Figure 2, which shows that a large percentage
of children were consuming less than 20% of the foods
provided to them at baseline (hatched bars). For vegetables,
58% of the children ate an average of only 3% at lunchtime
and 41% ate an average of just 4% at snacktime. In the case
of fruit, 31% of the children ate an average of just 2% at
lunchtime and 29% ate an average of 3% at snacktime. In
contrast, only a small proportion of children were consuming over 80% of the foods, ranging from 7% for lunchtime
vegetables to 18% for snacktime fruit.
Figure 2 also shows how the children’s consumption in
each of these subsets was altered by the intervention. It
shows that children consuming the least at baseline (ie less
than 20%) showed the largest increases in consumption at
European Journal of Clinical Nutrition
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Figure 2 Results broken down into five subsets based on the
children’s initial consumption of fruit and vegetables (ie in baseline)
ranging from 0–20 to 80–100%. The figures in parentheses on the xaxis show the percentage of children falling into each of the five
categories. The mean percentage of fruit and vegetables consumed
by each subset at lunchtime and snacktime is shown for baseline
(hatched bars) and for intervention (filled bars).

intervention (filled bars). (The one exception to this was
lunchtime vegetable consumption where the children eating
between 20 and 39% showed the biggest gain; from 28 to
86%.) The increases for the poorest eaters went from 2 to
56% (equivalent to an increase of approximately 43 g) for
lunchtime fruit, from 3 to 50% (28 g) for lunchtime
vegetables, from 3 to 50% (19 g) for snacktime fruit, and
from 4 to 42% (15 g) for snacktime vegetables. Those who
were already consuming 80–100% in baseline showed little
change and, clearly, there is a ‘ceiling’ effect that limits the
increase that can be shown in this and other subsets. (It
should be noted that although many of the children in this
study requested and consumed extra servings of fruit and
vegetables over and above the portions that had been
presented, this additional consumption was not recorded.)

Home consumption (Salford school)
The parental recall data relating to fruit and vegetables
consumed outside of school were recoded into standardised
portions based on UK government recommendations for
primary school children (Department for Education and
Employment, 2000). Depending on the particular fruit or
vegetable, these ranged from approximately 40 to 100 g for
fruit and 40 to 85 g for vegetables and were comparable with
the portion size recommendations provided by the National
Cancer Institute in North America (Heimendinger et al,
2001). All portions were coded in half portion increments
European Journal of Clinical Nutrition

and, in order to be consistent with nutritional recommendations, tubers (eg potatoes, yams) were excluded, while fruit
juice and pulses were recorded as a maximum of one portion
per day.
Owing to missing data, one weekday (ie Monday or
Wednesday) and one weekend day (ie Sunday) at both
baseline and intervention were used as the basis for
calculations. This resulted in a sample size of 39 for the
weekday data and 36 for the weekend data. For each child,
the total number of portions of fruit consumed and the total
number of portions of vegetables consumed for the weekday
and for the weekend day for both the baseline and
intervention phases were then calculated.
On weekdays, the mean number of fruit portions consumed averaged 1.00 (s.d. ¼ 1.07) at baseline and 1.21
(s.d. ¼ 1.41) during the intervention, while the mean
number of vegetable portions consumed averaged 0.68
(s.d. ¼ 0.81) at baseline and 1.23 (s.d. ¼ 1.55) during the
intervention. On weekend days, the mean number of fruit
portions consumed averaged 1.94 (s.d. ¼ 1.95) at baseline
and 2.01 (s.d. ¼ 2.37) during the intervention, while the
mean number of vegetable portions consumed averaged 1.22
(s.d. ¼ 1.69) at baseline and 1.53 (s.d. ¼ 1.56) during the
intervention.
Separate analyses were conducted for the weekday and
weekend data using two three-way mixed analysis of
variance tests. In each case, the independent variables were
study phase (baseline, intervention), food (fruit, vegetables),
and age (4–7 and 7–11 y). For the weekday data, the results
showed a significant main effect of study phase, F(1,
37) ¼ 4.42, Po0.05, indicating that significantly more portions of fruit and vegetables were consumed during the
intervention compared to the baseline. There were no other
significant main effects or interactions. For the weekend
data, the results showed no significant main effect of study
phase, F(1, 34) ¼ 0.41, NS, nor any other significant main
effects or interactions.

Estimated overall daily increase in fruit and vegetable
consumption
In order to relate the results of the present study to
nutritional targets and to the results of previous interventions, estimates were made of the total daily increase in
children’s consumption of fruit and vegetables in terms of
both portions and grams. For the purpose of the present
study, and in line with nutritional recommendations
(Department for Education and Employment, 2000; Heimendinger et al, 2001), a child’s portion of fruit or vegetables
was estimated to weigh, on average, approximately 60 g.
(This is also consistent with the recommended daily vitamin
and mineral intakes for 10-y-old children, which are around
70% of those recommended for adults, see Expert Group on
Vitamins and Minerals, 2000.) Thus, the lunchtime fruit
presented to the children in this study (with an average
weight of 80 g) was coded as 1.33 portions, the lunchtime
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phase, food, and gender, F(1, 299) ¼ 3.94, Po0.05. Six post
hoc t-tests, with significance levels adjusted to 0.007, were
employed to test for differences between baseline and
intervention liking for fruit and vegetables (combined) by
each of the two age groups and, separately, for fruit and for
vegetables by both girls and boys. The results confirmed that
in each case, liking was significantly higher at intervention
than at baseline (Po0.001 in all instances).

vegetables (with an average weight of 60 g) as 1 portion and
the snacktime fruit and vegetables (with an average weight
of 40 g) as 0.67 portions. Owing to the declining trend in
levels of consumption during baseline (see Figure 1), estimates of the increases in consumption were based, wherever
possible, on data collected at B2 and I2. Where no B2 data
were available (ie in the case of lunchtime vegetables) the
data collected at B1 were employed. Where B2 data were
available for just one school (ie in the case of lunchtime fruit
consumption), the data from this school only were employed. Thus for snacktime fruit and vegetable consumption,
and for lunchtime vegetable consumption, data from all
three schools were employed. For lunchtime fruit consumption, only data from the Salford school were employed. For
estimates of home consumption, the weekday data collected
at the Salford school were employed, with portions also
converted to grams. The data were split according to the
child’s school year in order to provide separate estimates for
4–7- and 7–11-y olds. Table 1 shows that children aged 4–7 y
increased their overall daily consumption of fruit and
vegetables by 153 g, the equivalent of 2.54 portions, while
children aged 7–11 y showed an increase of 131 g, or 2.18
portions.

Discussion
This study provides information on two key domains. First, it
provides robust measures of children’s consumption of fruit
and vegetables when these are made freely available over
time in a school environment. Second, it shows how these
baseline consumption patterns are transformed by the
introduction of the Food Dude intervention.
By the end of baseline, children consumed only 24% of the
lunchtime cooked vegetables, 9% of the salad (Salford only),
and 35% of the snacktime vegetables; consumption of fruit
at lunchtime ranged from only 21% (Salford) to 51% (Bangor
and Harwell), and at snacktime was 45% across all three
schools (see Figure 1). These percentages are averaged across
all children in the schools, however, and disguise the fact
that many children consumed even less. For example,
consumption of vegetables ranged from as little as 0 to
19% for 58% of the children at lunchtime and for 41% of
them at snacktime; the corresponding figures for fruit were
31% at lunchtime and 29% at snacktime (see Figure 2).
Despite the initial low levels of consumption in baseline,
there was no evidence of improvement either over time or
with repeated presentations of the foods. Indeed, if anything, consumption of both fruit and vegetables declined
over the course of the baseline phase.
As soon as the intervention was introduced, however,
there was an immediate and very substantial increase in
consumption that was sustained throughout the intervention phase. This was true regardless of the food type
presented (fruit, raw vegetables, cooked vegetables, salad),
the school, the context (snacktime, lunchtime), or the age of
the child (4–7 and 7–11 y). These immediate increases also
occurred regardless of the differing durations of baselines or
the differing numbers of previous food presentations. This

Liking
The liking scores for each child were computed at baseline
and at intervention. If a child indicated that he/she had not
tried a particular fruit or vegetable, that individual’s score for
that food was omitted from the analysis. Those children who
had rated less than four fruits or four vegetables were
excluded from the analysis leaving a sample size of 303.
On a scale of 1 (highly disliked) to 5 (highly liked), the
overall mean fruit ratings were 3.81 (s.d. ¼ 0.79) at baseline
and 4.22 (s.d. ¼ 0.78) at intervention, while the overall
vegetable ratings were 3.31 (s.d. ¼ 0.99) at baseline and
3.65 (s.d. ¼ 0.99) at intervention. The data were analysed
using a four-way mixed analysis of variance with study
phase, food, age, and gender as independent variables. The
results showed significant main effects of food, F(1, 299) ¼
105.27, Po0.001, and study phase, F(1, 299) ¼ 118.81,
Po0.001, together with significant interactions between
phase and age, F(1, 299) ¼ 4.68, Po0.05, and between

Table 1 Estimated increases, following the intervention, in the number of portions (s.d.’s in parentheses) and grams of fruit and vegetables consumed
per weekday by children aged 4–7 and 7–11 y
Lunchtime
Age group (y)
4–7
7–11

Snacktime

Home

Fruit

Vegetables

Fruit

Vegetables

Fruit

Vegetables

Total

0.81 (0.42)
49 g
0.60 (0.60)
36 g

0.41 (0.29)
25 g
0.48 (0.31)
29 g

0.21 (0.21)
13 g
0.19 (0.19)
11 g

0.18 (0.19)
11 g
0.24 (0.21)
14 g

0.62 (1.95)
37 g
0.00 (1.01)
0g

0.31 (1.05)
19 g
0.67 (1.55)
40 g

2.54
153 g
2.18
131 g
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consistency of effect, shown in all six functions presented in
Figure 1, and the sudden reversal of declining or stable
baseline trends, indicate that it was the intervention that was
the determining factor in bringing about these increases in
consumption of fruit and vegetables and not simply the
continued presentation of the foods. Although this study did
not include follow-up measures, we are currently preparing a
paper reporting on a study in which follow-up measures were
conducted at 4 months. We are also in the process of
conducting research in which follow-up measures will be
taken at 6- and 12-month intervals. In addition, it should be
noted that the present findings are supported by those of
other studies that have conducted controlled investigations
of this type of programme (Horne et al, 1995; Dowey, 1996;
Horne et al, 1998; Lowe et al, 1998; Woolner, 2000) which
show that the effects are maintained up to 15 months after
the intervention.
In terms of the quantities of additional fruit and vegetables
consumed, very large increases were shown by those
children who ate least at the outset. For example, those
children who fell into the 0–19% consumption bracket in
baseline (see Figure 2) went from eating an average of just 2%
of their fruit and 3% of vegetables at lunchtime during
baseline to 56 and 50%, respectively, of these foods during
the intervention. These are very substantial increases, of the
order of 15–27-fold, in the consumption levels of those very
children who, from a nutritional standpoint, need them
most.
Analysis of the parental recall data indicates that children’s
consumption of fruit and vegetables during the intervention
weeks also showed a significant increase at home. This
increase occurred for fruit and for vegetables among both
4–7- and 7–11-year olds. Over weekends, the increase was
smaller and failed to reach statistical significance (there were
only 36 participants in the group). Since most of the
intervention was delivered at school during weekdays, the
lesser effects at the weekend may have been the result of a
lack of appropriate cues (such as being reminded of the
positive consequences of eating fruit and vegetables). If this
were the case, it may be possible to increase weekend
consumption in future by incorporating specific weekend
activities into the homepack. It is also important to note,
however, that further work is needed to experimentally
validate the parental recall measure.
The study also showed that following the intervention,
there was an increase in children’s reported liking of a range
of fruit and vegetables. This is important for a number of
reasons. Firstly, stated food preference has been shown to be
positively related to consumption (Birch, 1979). An increase
in liking may therefore be associated with relatively stable
changes in consumption. However, other authors have
suggested that the use of rewards may have differential
effects on consumption and liking (Wardle, Herrera et al,
2003). In other words, rewards may increase consumption
but fail to increase liking, and thus result in changes in
consumption that are not maintained once rewards are no
European Journal of Clinical Nutrition

longer delivered. This did not appear to be the case in the
present study where the intervention not only increased
children’s consumption of fruit and vegetable but also
increased their liking of them.
Estimates of the increases in fruit and vegetable consumption, in terms of both grams and portions, showed that they
were likely to be clinically significant. The increases were
estimated to be 153 g or 2.54 portions per weekday for 4–7-y
olds, and 131 g or 2.18 portions per weekday for 7–11-y olds.
Thus, these increases move children nearer to the recommended intake of at least five portions a day. Furthermore,
the increases reported by the present study may be
conservative estimates given that, in calculating the numbers of portions, it assesses portion size as approximately
60 g, which may be larger than the portion size that is
appropriate for children aged 4–11 y.
Similarly, it is difficult to compare the present findings
with those from other studies because of the variation
among the latter in their specification of what constitutes ‘a
child’s portion’. For example, some researchers report
using standardised ‘portions’, but do not provide details
of the average gram or volume equivalents (eg Perry et al,
1998), while others refer to ‘servings’ that they define as
the amount ‘usually’ put on the child’s plate (eg Baranowski
et al, 2000). Nevertheless, the increases in consumption
observed in the present study do seem to compare favourably
with those observed in previous research. For example,
in experimental schools (ES) relative to control schools
(CS), increases obtained at final follow-up were 0.1 ‘servings’
in the original Georgia Gimme 5 Programme ( þ 0.3 fruit in
ES, þ 0.2 vegetables in CS; Domel et al, 1993), 0.2 ‘servings’
in the modified Georgia Gimme 5 Programme (0.2
vegetables in CS; Baranowski et al, 2000), no increase
in the number of ‘servings’ in the New Orleans Gimme 5
Programme ( þ 0.37 fruit and vegetables in ES and CS;
Nicklas et al, 1998), 0.62 individualised portions of fruit
(average portion size not specified) in the Minnesota 5 A
Day Power Plus Programme (baseline data not reported;
Perry et al, 1998), 0.89 portions (based on guidelines
provided by the National Cancer Institute; see Heimendinger
et al, 2001) in the Alabama High 5 Project ( þ 0.59 fruit
and vegetables in ES, 0.3 fruit and vegetables in CS;
Reynolds et al, 2000), and 0.5 and 0.7 ‘servings’ in the
5 A Day Power Play Programmes in California ( þ 0.2 fruit
and vegetables in ‘school only’ ES, þ 0.4 fruit and vegetables
in ‘school and community’ ES, 0.3 fruit and vegetables
in CS; Foerster et al, 1998). The increases observed in the
present study (2.54 and 2.18 portions for 4–7- and 7–11-y
olds, respectively) were considerably higher than all these.
It should also be noted that, unlike many of the studies
described above (ie Domel et al, 1993; Nicklas et al, 1998;
Baranowski et al, 2000; Reynolds et al, 2000), the present
study did not rely on self-reports to measure consumption,
but employed observations validated by weighed measures
and established inter-rater reliability procedures. Consumption at home was assessed by parental report. This is
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important since self-report measures are subject to a number
of inaccuracies and biases. In particular, children have been
shown to have difficulties in remembering what they have
eaten and in estimating serving sizes (Livingstone & Robson,
2000), and to overestimate their consumption of fruit (Lytle
et al, 1998). And even where the self-report methods
employed have shown moderate agreement with observations, the validation has been conducted in the absence of an
intervention designed to increase consumption (Domel et al,
1994; Lytle et al, 1998). Given the fact that health interventions have been shown to bring about an increase in social
desirability bias (Herbert et al, 1995; Kristal et al, 1998), the
self-report data from studies that include interventions may
not just be inaccurate but may systematically overestimate
these interventions’ benefits.
What distinguishes the present study’s intervention, and
may account for its greater effectiveness in comparison with
previous approaches, is its use of a combination of peer
modelling with a systematic programme of rewards in which
the behavioural contingencies are tightly specified.
Although modelling and rewards have been used in other
interventions aimed at increasing children’s consumption of
fruit and vegetables (Perry et al, 1998; Baranowski et al,
2000), they may not have been used to a maximum
effect. For example, in the Gimme 5 programme (Baranowski
et al, 2000), parents were encouraged to model desired
behaviours for their children. However, research (see
Introduction) shows that peers are more effective models
for children than adults. It is also possible that many
parents simply failed to model the desired behaviours for
their children. As for the reward component of the
Gimme 5 programme, this was limited to just two prizes
that children received for collecting a sufficient number of
points. Perhaps crucially, points were awarded for what the
authors term ‘dietary change goals’ (p 98) and for
the completion of home assignments rather than, as in the
present study, for actual changes in food consumption. In
addition, the latter of these prizes was contingent upon team
points rather than individual points earned. For these
reasons, it seems likely that the Gimme 5 reward system
would not be very effective in changing children’s eating
behaviour.
In the 5-a-Day Power Plus Program (Perry et al, 1998), the
modelling element took the form of a comic book. It is not
clear to what extent children read the comic book and how
effective this might be in comparison to the Food Dude
videos. The use of rewards in their programme was also
limited. The authors report that teams competed to eat fruit
and vegetables during the intervention and that both
individuals and teams were rewarded with small prizes at
the end of the programme. In addition, children were
entered into a prize draw for their participation in home
activities. Thus again, the rewards may not have been
employed most effectively, that is, they were sometimes
contingent on team rather than individual performance,
they were presented after a long delay from initial food

consumption, and they were not always used to reward
eating behaviours per se.
In contrast, in the present programme, the techniques of
modelling and rewards were employed in ways designed to
maximise their efficacy. For example, the modelling element, consisting of the Food Dude videos, was designed to
promote imitation through the use of older ‘hero’ children
as models, and these videos were watched many times by all
the children in the study. The rewards were available on a
daily basis for eating fruit and vegetables and were
contingent on the individual’s behaviour rather than on
group behaviour. In most cases, they were delivered to the
children very soon after they had eaten and care had also
been taken to ensure that all the rewards were effective and
had a wide appeal for the children participating. In addition,
the videos created a context in which these Food Dudelabelled rewards were given added potency.
In the present programme, the aim of both the system of
rewards and the videos was to ensure that children
repeatedly tasted the foods so that they came to like their
tastes and find the foods rewarding in their own right. A
number of studies have shown that repeated taste exposure
to particular foods increases consumption and/or expressed
liking for them (Birch & Marlin, 1982; Birch et al, 1987;
Sullivan & Birch, 1990; Wardle, Herrera et al, 2003). Thus, in
the present programme, once children ‘acquire the taste’ for
the fruits and vegetables, these foods provide their own
intrinsic rewards to supplement and, in time, perhaps
entirely replace the programme’s extrinsic rewards. The
effectiveness of the present study’s extrinsic rewards in
increasing consumption and liking of fruit and vegetables
is consistent with the findings of many other studies that
have used rewards to alter food consumption and choice
(Bernal, 1972; Hatcher, 1979; Siegel, 1982; Riordan et al,
1984; Handen et al, 1986; Stark et al, 1986; Baer et al, 1987;
Hendy, 2002; Wardle, Cooke et al, 2003).
On the other hand, some authors have claimed that the
provision of extrinsic rewards has a detrimental effect on
food preferences (Birch et al, 1982; Newman & Taylor, 1992).
As Wardle, Herrera et al (2003) have observed, the reasons for
these discrepancies remain to be systematically investigated.
There is, however, a body of evidence pointing to some of
the factors that may be involved. First, context and method
of reward delivery are almost certainly critical. Since rewards
serve not just as rewards but also as sources of symbolic
input, the ‘meanings’ that the reward procedure conveys to
the child may well determine its outcome (Lowe, 1979;
Horne & Lowe, 1996). If, as in the Newman and Taylor
(1992) study, food A is designated as being the reward for
eating food B, children may take this as an indication that
food B is less favoured by the experimenter and others. It is
unsurprising then if, when asked in preference tests which
food is better, they express less of a liking for food B than
they did previously.
Perhaps even more negative in impact, however, is the use
of procedures that carry coercive meanings and associations
European Journal of Clinical Nutrition
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for the child. For example, in the study by Birch et al (1982),
children were told ‘Drink this juice and then you can (ride
the tricycle)’ (p 129). In another study by Birch et al (1984),
children were told ‘You need to drink more fruit shake to get
a movie ticket’ or ‘You didn’t drink enough yet; drink some
more to get your movie ticket’ (p 435). The impact of
children’s prior experience of such contingencies should not
be overlooked. They may have previously encountered
contingencies verbalised in this way by their parents, who
may have used such injunctions, perhaps with considerable
attendant emotion, to persuade their children to eat foods
they strongly disliked or to engage in unpleasant tasks,
thereby leading to their children’s devaluing of these foods
and their increased resistance to eating and learning to like
them (Lepper et al, 1982).
The context in which rewards were delivered in the
present study was designed to avoid coercive or negative
associations of the forms outlined above. The programme
avoided negative messages about other foods or the health
consequences of eating badly and focused instead on the
intrinsic virtues and enjoyment of eating fruit and vegetables, extolled by the Food Dudes in the videos and letters.
Rewards were presented as indicators of the children’s
positive achievements in, for example, keeping the ‘Life
Force’ strong. In addition, teachers and parents were asked to
use the rewards as marks of achievement and to accompany
them with positive encouragement and praise. Like the
present study, much other research also indicates that
rewards do not have negative effects when they convey
positive messages about, for example, the individuals’
achievement and competence (Cameron et al, 2001; see also
Hendy, 2002; Wardle, Cooke et al, 2003).
It may also be important to ensure that the rewards used
are potent. If consequences for eating particular foods are
provided that are not valued by many of the participants,
and particularly if they are combined with coercive instructions, then we should not expect to see improvements in
eating patterns and may even observe a decline in stated
preference such as has been reported by Birch et al (1982) and
Newman and Taylor (1992).
It might be argued that even if rewards do not lead to a
decline in food preferences, they may nevertheless be omitted
from interventions and that instead there should be a focus on
taste exposure. After all, if taste exposure on its own succeeds
in increasing preference for foods, why include rewards? The
problem lies, however, in how one manages to secure the
requisite repeated taste exposures, particularly in real-world
environments such as schools or homes. Even those experimental procedures that do set out to investigate taste exposure
alone have been obliged to use instructions, social rewards (eg
encouragement and praise), and/or modelling to get the
children to taste the foods repeatedly (see Wardle, Cooke et al,
2003, Wardle, Herrera et al, 2003). As Wardle, Cooke et al
(2003) acknowledge ‘in real-world interventions it is doubtful
that one would want to eliminate entirely a potentially
rewarding positive social context’ (p 160). It is certainly the
European Journal of Clinical Nutrition

case that simply presenting fruit and vegetables repeatedly to
children, as was done in the baselines of the present study
(and see Horne et al, 1995, 1998; Dowey, 1996; Lowe et al,
1998; Woolner, 2000), does not guarantee that the children
will repeatedly taste these foods. In an earlier study, when
children were shown Food Dude videos with instructions and
encouragement to eat fruit and vegetables but were not given
any rewards for doing so, the effects on consumption were
negligible; rewards alone, without the video, did have
substantial effects, but the best results were yielded by a
combination of video and rewards (Lowe et al, 1998).
This evidence suggests a hypothesis that runs directly
counter to the notion that rewards for eating particular foods
produce decrements in preference and consumption of these
foods. Given that the success of interventions requires that
foods should be tasted repeatedly and that we eliminate
negative messages and coercive instructions from our
procedures, we should ensure that children are effectively
rewarded, in association with as many tastings as possible,
for eating these foods. The better the rewards, both social
and tangible, for eating particular foods and the more trials
on which they are presented, the greater will be the
subsequent increase in liking and consumption of those
foods. This is a hypothesis that merits further investigation.

Acknowledgements
The project was supported by the Department of Health,
Department for Education and Employment, Department of
Environment, Food and Rural Affairs and the Food Standards
Agency. We thank all the school staff, pupils, and parents
who participated, the respective health promotion and
education authorities for recruiting the schools, and Tesco
and Safeway for supplying some of the fruit and vegetables.
We are particularly grateful to Doug Henderson, Colin
Harvey, Margaret Charrington, Teresa Wickham, and
Richard Hutchins for their unfailing support.

References
Baer RA, Blount RL, Detrich R & Stokes TF (1987): Using intermittent
reinforcement to program maintenance of verbal/nonverbal
correspondence. J. Appl. Behav. Anal. 20, 179–184.
Bandura A (1977): Social Learning Theory. Englewood Cliffs, NJ:
Prentice-Hall.
Baranowski T, Domel S, Gould R, Baranowski J, Loenard S, Treiber F &
Mullis R (1993): Increasing fruit and vegetable consumption
among 4th and 5th grade studentsFresults from focus groups
using reciprocal determinism. J. Nutr. Educ. 25, 114–120.
Baranowski T, Davis M, Resnicow K, Baranowski J, Doyle C, Lin LS,
Smith M & Wang DT (2000): Gimme 5 Fruit, Juice, and Vegetables
for Fun and Health: outcome evaluation. Health Educ. Behav. 27,
96–111.
Bernal ME (1972): Behavioral treatment of a child’s eating problem.
J. Behav. Ther. Exp. Psychiatry 3, 43–50.
Birch LL (1979): Preschool children’s food preferences and consumption patterns. J. Nutr. Educ. 11, 189–192.
Birch LL (1980): Effects of peer models’ food choices and eating
behaviors on preschoolers’ food preferences. Child Dev. 51,
489–496.

Intervention studies in fruit and vegetable consumption
CF Lowe et al

521
Birch LL & Marlin DW (1982): I don’t like it; I never tried it: effects of
exposure on two-year-old children’s food preferences. Appetite 3,
353–360.
Birch LL, Birch LL, Marlin DW & Kramer L (1982): Effects of
instrumental consumption on children’s food preference. Appetite
3, 125–134.
Birch LL, Marlin DW & Rotter J (1984): Eating as the ‘means’ activity
in a contingency: effects on young children’s food preference.
Child Dev. 55, 431–439.
Birch LL, McPhee L, Shoba BC, Pirok E & Steinberg L (1987): What
kind of exposure reduces children’s food neophobia? Looking vs.
tasting. Appetite 9, 171–178.
Birch LL, Gunder L, Grimm-Thomas K & Laing DG (1998): Infants’
consumption of a new food enhances acceptance of similar foods.
Appetite 30, 283–295.
Brody GH & Stoneman Z (1981): Selective imitation of same-age,
older and younger peer models. Child Dev. 52, 717–720.
Cameron J, Banko KM & Peirce WD (2001): Pervasive negative effects
of rewards on intrinsic motivation: the myth continues. Behav.
Analyst 24, 1–44.
Catania AC, Shimoff E & Matthews BA (1989): An experimental
analysis of rule-governed behavior. In Rules-governed Behavior.
Cognition, Contingencies, and Instructional Control, ed. SC Hayes, pp
119–150. New York: Plenum Press.
Cliska D, Miles E, O’Brien MA, Turl C, Tomasik HH, Donovan U &
Beyers J (2000): Effectiveness of community-based interventions
to increase fruit and vegetables consumption. Soc. Nutr. Educ. 32,
341–352.
Contento IR, Manning AD & Shannon B (1992): Research perspective
on school-based nutrition education. J. Nutr. Educ. 24, 247–260.
Deci EL, Koestner R & Ryan RM (1999): A meta-analytic review of
experiments examining the effects of extrinsic rewards on
intrinsic motivation. Psychol. Bull. 125, 627–668.
Department for Education and Employment (2000): Regulations and
Guidance for Nutritional Standards and School Lunches. London: DfEE
Publications Centre.
Department of Health (2000): The National School Fruit Scheme.
London: The Department of Health.
Dickinson AM (1989): The detrimental effects of extrinsic reinforcement on ’intrinsic motivation’. Behav. Analyst 12, 1–15.
Domel SB, Baranowski T, Davies H, Thompson WO, Leonard SB, Riley
P, Baranowski J, Dudovitz B & Smyth M (1993): Development and
evaluation of a school intervention to increase fruit and vegetables
consumption among 4th and 5th grade students. Soc. Nutr. Educ.
25, 345–349.
Domel SB, Baranowski T, Leonard SB, Davis H, Riley P & Baranowski J
(1994): Accuracy of fourth- and fifth-grade students’ food records
compared with school-lunch observations. Am. J. Clin. Nutr. 59,
218S–220S.
Dowey AJ (1996): Psychological determinants of children’s food preferences. Unpublished Doctoral Dissertation, University of Wales,
Bangor.
Expert Group on Vitamins and Minerals (2000): Current Usage of
Vitamin and Mineral Supplements (VMS) in the UK. EVM/00/05/P.
July 2000. Available on-line: www.foodstandards.gov.uk.
Fehrenbach PA, Miller DJ & Thelen MH (1979): The importance of
consistency of modeling behavior upon imitation: a comparison
of single and multiple models. J. Pers. Soc. Psychol. 37, 1412–1417.
Flanders JP (1968): A review of research on imitative behavior.
Psychol. Bull. 69, 316–337.
Foerster SB, Gregson J, Beall DL, Hudes M, Magnuson H, Livingstone
S, Davis MA, Joy AB & Garbolino T (1998): The California
Children’s 5 a DayFPower Play! campaign: evaluation of a
large-scale social marketing initiative. Fam. Community Health
21, 46–64.
Gaziano JM, Manson JE, Branch LG, Colditz GA, Willet WC &
Burring JB (1995): A prospective study of consumption of
caretenoids in fruit and vegetables and decreased cardiovascular
mortality in the elderly. Ann. Epidemiol. 5, 255–260.

Greer RD, Dorow L, Williams G, McCorkle N & Asnes R (1991): Peermediated procedures to induce swallowing and food acceptance in
young children. J. Appl. Behav. Anal. 24, 783–790.
Gibson EL, Wardle J & Watts CJ (1998): Fruit and vegetable
consumption, nutritional knowledge and beliefs in mothers and
children. Appetite 31, 205–228.
Gillman MW, Cupples LA, Gagnon D, Posner B, Ellison RC, Castelli
W & Wolf P (1995): Protective effect of fruits and vegetables on
development of stroke in men. JAMA, 273, 1113–1117.
Handen BJ, Mandell F & Russo DC (1986): Feeding induction in
children who refuse to eat. Am. J. Dis. Child. 140, 52–54.
Harper LV & Sanders KM (1975): The effect of adults’ eating on young
children’s acceptance of unfamiliar foods. J. Exp. Child Psychol. 20,
206–214.
Harris JR (1995): Where is the child’s environment? A group
socialization theory of development. Psychol. Rev. 102, 458–489.
Harris JR (1998): The Nurture Assumption. Why Children Turn Out The
Way They Do. London: Bllomsbury.
Harris MB & Baudin H (1972): Models and vegetable eating: the
power of Popeye. Psychol. Rep. 31, 570.
Hatcher RP (1979): Treatment of food refusal in a two-year-old child.
J. Behav. Ther. Exp. Psychiatry 10, 363–367.
Heimendinger J, Stables G & Foester SB (2001): The scientific, policy
and theoretical foundations for the national 5 A Day for Better
Health program. In 5 A Day for Better Healthy Program, eds G
Stables, J Heimendinger, National Institute of Health Monograph
No. 01-5019. Bethesda, MD: National Cancer Institute.
Hendy HM (2002): Effectiveness of trained peer models to encourage
food acceptance in preschool children. Appetite 39, 217–225.
Hendy HM & Raudenbush B (2000): Effectiveness of teacher
modelling to encourage food acceptance in preschool children.
Appetite 34, 61–76.
Herbert JR, Clemow L, Pbert L, Ockene IS & Ockene JK (1995):
Social desirability bias in dietary self report may compromise
the validity of dietary intake measures. Int. J. Epidemiol. 24,
389–398.
Horne PJ & Lowe CF (1996): On the origins of naming and other
symbolic behavior. J. Exp. Anal. Behav. 65, 185–241.
Horne PJ, Lowe CF, Fleming PF & Dowey AJ (1995): An effective
procedure for changing food preferences in 5–7 year -old children.
Proc. Nutr. Soc. 54, 441–452.
Horne PJ, Lowe CF, Bowdery M & Egerton C (1998): The way to
healthy eating for children. Br. Food J. 100, 133–140.
Huon GF, Wardle J & Szabo M (1999): Improving children’s eating
patterns: intervention programs and underlying principles. Aust. J.
Nutr. Diet. 56, 156–165.
Kelder SH, Perry CL, Klepp K & Lytle LL (1994): Longitudinal tracking
of adolescent smoking, physical activity and food choice behaviors. Am. J. Public Health 84, 1121–1126.
Key TJA, Thorogood M, Appleby PN & Burr ML (1996): Dietary habits
and mortality in 11 000 vegetarians and health conscious people:
results of a 17 year follow up. BMJ 313, 775–779.
Krebs-Smith SM, Cook A, Subar A, Cleveland L, Friday J &
Kahle LL (1996): Fruit and vegetable intakes of children and
adolescents in the United States. Arch. Pediatr. Adolesc. Med. 150,
81–86.
Kristal AR, Andrilla CHA, Koepsell TD, Diehr PH & Cheadle A (1998):
Dietary assessment instruments are susceptible to interventionassociated response set bias. J. Am. Diet. Assoc. 98, 40–43.
Lepper MR, Sagotsky G, Dafoe JL & Greene D (1982): Consequences
of superflous social constraints: effects on young children’s social
inferences and subsequent intrinsic interest. J. Pers. Soc. Psychol.
42, 51–65.
Livingstone MBE & Robson PJ (2000): Measurement of dietary intake
in children. Proc. Nutr. Soc. 59, 279–293.
Lowe CF (1979): Determinants of human operant behaviour. In
Advances in the Analysis of Behavior: Volume 1. Reinforcement and the
Organisation of Behavior, eds MD Zeiler & P Harzem, pp 159–192.
Chichester: Wiley.

European Journal of Clinical Nutrition

Intervention studies in fruit and vegetable consumption
CF Lowe et al

522
Lowe CF (1983): Radical behaviorism and human psychology. In
Animal Models of Human Behavior: Conceptual, Evolutionary, and
Neurobiological Perspectives, ed. GCL Davey, pp 71–93. New York:
Wiley.
Lowe CF, Horne PJ & Higson PJ (1987): Operant conditioning: the
hiatus between theory and practice in clinical psychology. In
Theoretical Foundations of Behavior Therapy, eds HJ Eysenck & I
Martin, pp 153–165. New York: Plenum.
Lowe CF, Dowey AJ & Horne PJ (1998): Changing what children eat.
In The Nation’s Diet: The Social Science of Food Choice, ed. A Murcott,
pp 57–80. London: Longman.
Lowe CF, Horne PJ, Tapper K, Jackson M, Hardman C, Woolner J,
Bowdery M & Egerton C (2002): Changing the Nation’s Diet: A
Programme to Increase Children’s Consumption of Fruit and Vegetables.
Technical Report. University of Wales, Bangor: Bangor Food
Research Unit.
Lytle LA, Murray DM, Perry CL & Eldridge AL (1998): Validating
fourth-grade students’ self-report of dietary intake: results from
the 5 A Day Power Plus Program. J. Am. Diet. Assoc. 98, 570–572.
Newman J & Taylor A (1992): Effects of a means-end contingency
on young children’s food preferences. J. Exp. Child Psychol. 64,
200–216.
Nicklas TA, Johnson CC, Farris RP, Rice R, Lyon L & Shi R
(1997): Development of a school-based nutrition intervention
for high school students: Gimme 5. Am. J. Health Promot. 11,
315–322.
Nicklas TA, Johnson CC, Myers L, Farris RP & Cunnimgham A (1998):
Outcomes of a high school programme to increase fruit and
vegetable consumption: Gimme 5FA Fresh Nutrition Concept for
Students. J. School Health 68, 248–253.
Perry CL, Bishop DB, Taylor G, Murray DM, Mays RW, Dudovitz BS,
Smyth M & Story M (1998): Changing fruit and vegetable
consumption among children: the 5-a-Day Power Plus Program
in St. Paul, Minnesota. Am. J. Public Health 88, 603–609.
Reynolds KD, Raczynski JM, Binkley D, Franklin FA, Duvall RC,
Devane-Hart K, Harrington KF, Caldwell E, Jester P, Bragg C &
Fouad M (1998): Design of ‘High 5’: a school-based study to
promote fruit and vegetables consumption for reduction of cancer
risk. J. Cancer Educ. 13, 169–177.
Reynolds KD, Franklin FA, Binkley D, Raczynski JM, Harrington KF,
Kirk KA & Person S (2000): Increasing fruit and vegetable
consumption of fourth-graders: results from the High 5 Project.
Prev. Med. 30, 309–319.

European Journal of Clinical Nutrition

Riordan MM, Iwata BA, Finney JW, Wohl MK & Stanley AE (1984):
Behavioral assessment and treatment of chronic food refusal in
handicapped children. J. Appl. Behav. Anal. 17, 327–341.
Shannon B & Chen AN (1988): A three-year school-based nutrition
education study. J. Nutr. Educ. 20, 114–124.
Siegel LJ (1982): Classical and operant procedures in the treatment of
a case of food aversion in a young child. J. Clin. Child Psychol. 11,
167–172.
Singer MR, Moore LL, Garrahie EJ & Ellison RC (1995): The tracking
of nutrient intake in young children: the Framingham Children’s
Study. Am. J. Public Health 85, 1673–1677.
Stark LJ, Collins FL, Osnes PG & Stokes TF (1986): Using reinforcement and cueing to increase healthy snack food choices in
preschoolers. J. Appl. Behav. Anal. 19, 367–379.
Steinmetz KA & Potter JD (1996): Vegetables, fruit and cancer
prevention: a review. J. Am. Diet. Assoc. 96, 1027–1039.
Subar A, Heimendinger J, Patterson BH, Krebs-Smith SM, Pivonka E &
Kessler R (1995): Fruit and vegetable intake in the United States:
the baseline survey of the Five A Day for Better Health Program.
Am. J. Health Promot. 9, 352–360.
Sullivan SA & Birch LL (1990): Pass the sugar, pass the salt: experience
dictates preference. Dev. Psychol. 26, 546–551.
Tapper K, Horne PJ & Lowe CF (2003): The Food Dudes to the rescue!
Psychologist 16, 18–21.
US Department of Health and Human Services (1996): Healthy People
2000: Midcourse Review and 1995 Revisions. Washington, DC: Public
Health Service.
Wardle J, Cooke LJ, Gibson EL, Sapochnik M, Sheiham A & Lawson M
(2003): Increasing children’s acceptance of vegetables: a randomised trial of guidance to parents. Appetite 40, 155–162.
Wardle J, Herrera M-L, Cooke L & Gibson EL (2003): Modifying
children’s food preferences: the effects of exposure and reward
on acceptance of an unfamiliar vegetable. Eur. J. Clin. Nutr. 57,
341–348.
Wardle J & Huon G (2000): An experimental investigation of the
influence of health information on children’s taste preferences.
Health Educ. Res. 15, 39–44.
Woolner J (2000): Children’s food preferencesFa behavioural analysis.
Unpublished Doctoral Dissertation, University of Wales, Bangor.
Williams C (1997): Recommendations and current consumption
patterns: how big is the gap? In At Least Five a Day. Strategies to
Increase Fruit and Vegetable Consumption, ed. I Sharp, pp 19–34.
London: The Stationery Office.

