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Abstract

Overweight is becoming more prevalent in children. Parents’ behaviours play an important role in children’s eating behaviour and

weight status. In addition to modelling and providing meals, parents also have an influence by using control techniques. One frequently

used technique is restriction of intake. In this study, it was tested whether a prohibition of food in the first phase would lead to an

increase in desire for the target food and overeating in the second phase. Sure enough, desire increased significantly in the prohibition

group, whereas it remained constant in the no-prohibition group. Though no significant differences between groups were found in the

absolute consumption of the target food, the proportion of consumed target food (target food intake/total food intake) was significantly

higher in the prohibition group. Finally, children whose parents imposed either very little or a lot of restriction at home consumed more

kilocalories during the whole experiment, as opposed to children who were exposed to a moderate level of restriction at home. These data

indicate that restriction can have adverse effects on children’s food preference and caloric intake.

r 2007 Elsevier Ltd. All rights reserved.
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Introduction

Obesity is considered one of the most serious health
issues of the century. In the Netherlands, 46% of all adults
are overweight (body mass index (BMI) 425 kg/m2;
Centraal Bureau voor de Statistiek, 2006). Also among
children, overweight is increasingly prevalent (Visscher,
Kromhout, & Seidell, 2002). At present, one out of seven
Dutch children is overweight (TNO; van den Hurk et al.,
2006). As childhood overweight often persists into adult-
hood (Clarke & Lauer, 1993; Serdula et al., 1993), it seems
of great importance to challenge this issue at a young age.

Parental behaviours are believed to play an important
role in the development of children’s weight status (see,
e.g., Birch & Fisher, 1995). Besides being role models and
being responsible for purchases and cooking, parents also
influence their children’s food intake by using control
techniques. According to Birch et al. (2001) parental
e front matter r 2007 Elsevier Ltd. All rights reserved.
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control in the domain of eating can be subdivided into
pressuring the child to eat healthy kinds of food (e.g., fruit
and vegetables) and restricting intake of unhealthy,
palatable (fatty or sweet) kinds of food. Nevertheless,
overcontrolling children’s food intake might have adverse
effects on food preference and intake. It has been
hypothesized that parents who overcontrol their children’s
food intake may interfere with their children’s ability to
self-regulate their intake. As a result, children would be
more responsive to external cues (e.g., the smell and
presence of food, rewards) as opposed to internal cues (e.g.,
hunger and satiety) (Faith, Scanlon, Birch, Francis, &
Sherry, 2004). In turn, this could result in disturbed eating
behaviours like eating in the absence of hunger, restrained
eating and eventually excess weight gain (Birch & Fisher,
2000; Birch, Fisher, & Krahnstoever Davison, 2003;
Robinson, Kiernan, Matheson, & Haydel, 2001). With
regard to pressuring children to eat healthy kinds of food,
researchers found it to be associated with lower fruit and
vegetable consumption and picky eating in children
(Galloway, Fiorito, Lee, & Birch, 2001). In a more
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experimental design, Galloway, Fiorito, Francis, and Birch
(2006) found that normal weight children consumed more
soup and made fewer negative comments when they were
not pressured to eat.

With regard to the effects of restriction, research in rats
showed that, even without depriving energy, restricting
access to alcohol can lead to significant increases in the
consumption of alcohol when it is subsequently made
available (Wayner et al., 1972). These results were
replicated using an optional high-fat food as the restricted
substance (Corwin et al., 1998).

So far, evidence for an adverse effect of restriction in
humans is largely correlational. Several researchers have
found parents’ restraint over their children’s food intake to
be positively associated with children’s weight status (Birch
et al., 2003; Constanzo & Woody, 1984). Although it may
seem plausible that restriction behaviour by parents could
lead to disturbed eating behaviour and subsequent over-
weight, the alternative could be that parents start restrict-
ing intake of palatable kinds of food when they observe
their children becoming heavier. This problem of causality
can be solved by manipulating restriction behaviour in a
laboratory setting in normal weight participants.

A laboratory study by Mann and Ward (2001) examined
the effect of food restriction in normal weight adults.
Participants were assigned to either a forbid-choice
condition or a forbid-reactance condition. All participants
took part in three taste sessions of 5min each. The first
session was identical for both conditions: they were
allowed to eat from all three kinds of candy, including a
novel kind of candy. In the second taste session, the
manipulation took place. Participants in the forbid-
reactance condition were not allowed to eat from the
novel kind of candy, whereas participants in the forbid-
choice condition were asked not to eat much of the novel
kind of candy, because it was scarce, but also told that they
were free to do so anyway. Finally, the third taste session
was identical to the first one. The results showed that desire
for the forbidden food remained high in the forbid-
reactance participants, whereas desire decreased in the
forbid-choice participants. However, this constant level of
desire did not lead to subsequent rebound eating in the
forbid-reactance participants. Although palatable kinds of
candy were used in the laboratory study, the forbidden
food was a kind of candy that was novel to the
participants. Therefore, one could argue that participants
might not have had difficulties denying oneself this candy.
It seems rational, thus, that rebound eating and increased
desire do occur when participants are prohibited from well-
known palatable kinds of food that they are used to eat on
a regular base.

Fisher and Birch (1999) studied the influence of
restriction of palatable foods in children. In the experi-
ment, 3–6-year-old children participated in eight group
snack sessions: four unrestricted sessions, followed by four
restricted sessions. The target food was a palatable snack
food. The alternative was a food of lower preference.
During the unrestricted sessions, both types of food were
freely accessible during 15min. During the restricted
sessions, children had only one 5min period of free access
to the restricted food. The results showed that children’s
behavioural response (requests for the food, attempts to
obtain it or comments about liking it) to the palatable
snack food was greater during restricted sessions than
during unrestricted sessions (Fisher & Birch, 1999).
Summarized, research in adults shows an increased

desire, but no rebound eating following restriction.
Research in children shows that pressure to eat leads to a
lower intake, thus an adverse effect. In addition, children
show more behavioural responses when food is restricted.
However, the effects of restriction in children have not
been extensively tested yet. Considering the clinical
relevance of mapping the effects of restriction, more
experimental research in this area is highly desirable. In
their study, Fisher and Birch (1999) presented a less
attractive food as the alternative for the restricted food.
Although this design probably corresponds more to a real
life situation, the current study aims to examine the pure
effect of restriction by providing an alternative food that is
equal in taste.
The current study focuses on the possible adverse effects

of external restriction of food intake in children. In this
study we tested whether prohibiting snacks would result in
an increased desire for forbidden food followed by over-
eating. We expected desire for the forbidden snacks to
increase after the prohibition phase in the prohibition
group, whereas we hypothesized that it would remain
constant or even decrease during that same period in the
no-prohibition condition. Secondly, it was expected that
participants in the prohibition condition would eat
relatively more forbidden snacks (in comparison with
control snacks) in the second phase of the experiment,
whereas we expected no differences between the two phases
in the no-prohibition condition. The third and final
hypothesis was that the degree of restriction in the home
situation influenced overall food intake during the experi-
ment: the more a participant was restricted at home, the
more he would consume during the taste sessions.

Method

Participants

Seventy four participants were recruited from six
different primary schools in the Netherlands, Germany
and Belgium. Parents with children in primary school were
approached and invited to let their children participate in
the current study. Participants were told that the experi-
menter represented a sweets factory. As this factory was
developing a new kind of sweet for children, the developers
were very interested in how children evaluated existing
snacks and sweets. The children were 5 and 6 year olds.
The attraction of snacks is fairly strong in children, and we
expected minimal social desirable behaviour concerning the
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eating of snacks in normal weight young children. Also,
children in this age category are able to obey prohibitions
(Piaget, 1965). Besides the fact that children under the age
of 5 might not understand the content of a restriction, we
also expected difficulties in assessing taste and levels of
desire in children that young. In addition, older children
could possibly experience feelings of shame and guilt to a
greater extent than younger children. Permission was
obtained from the participating schools as well as from
the children’s parents. Although the parents were not
presented with the formulated hypotheses, they were told
the study examined effects of prohibition. They were
requested not to share this information with their children
prior to their participation in the study. The study was
approved by the ethical committee of the Faculty of
Psychology, Maastricht University. Cooperating schools
received a gift certificate afterwards. Participant character-
istics are summarized in Table 1.

Design

Participants were randomly assigned (though controlled
for gender) to one of the two conditions: a prohibition
condition and a no-prohibition condition (between subjects
factor). The experiment consisted of two phases (within
subjects factor; during the first phase the prohibition
manipulation took place, phase two was an ‘‘all you can
eat’’ phase for both groups). Dependent variables were
food intake in kilocalories, proportion of consumed
prohibited snacks and desire for prohibited snacks.

Measurements

Child Feeding Questionnaire (CFQ)

Along with an informative letter about the study and an
informed consent form, parents received the Dutch CFQ
(Birch et al., 2001, translated with permission of the
authors) to fill in. The CFQ is a measure of parental
attitudes, beliefs and practices of child feeding and obesity
proneness. The CFQ comprises 34 items spread over 7
factors, namely ‘perceived feeding responsibility’; ‘per-
Table 1

Age, gender, nationality and BMI percentiles of the prohibition group

versus the no-prohibition group

Prohibition

group

No-prohibition

group

N 36 38

Nationality distribution of

participants

14 German 14 German

14 Dutch 15 Dutch

8 Belgium 9 Belgium

Age (mean (SD)) 5.44 (0.5) 5.58 (0.6)

Gender (boy/girl) 19/17 18/20

BMI (mean (SD)) 15.8 (3.3) 15.0 (3.1)

BMI percentile (mean (SD)) 59.07 (33.0) 47.14 (32.1)

There were no significant differences between groups regarding age, BMI

percentile, nationality- or gender distribution.
ceived child overweight’; ‘perceived parent overweight’;
‘concerns about child overweight’; ‘restriction’; ‘pressure to
eat’ and ‘monitoring’. Every item is scored on a scale from
1 to 5. The higher the score, the more parental control is
exerted. The internal consistency of the 7 subscales is good;
all 7 subscales have a Cronbach’s a above 0.70. As yet, the
validity of the CFQ is unknown.
For the current study we were especially interested in the

‘restriction’ scale of the CFQ, considering our hypotheses.
Therefore, only data from the ‘restriction’ scale were
analysed.

Snacks

In this study, M&M’s chocolates and crisps were
presented to the participants, both in colours red and
yellow. Participants in the prohibition condition were
prohibited from eating the red foods during phase one. We
chose to forbid only a certain colour of food instead of
prohibiting one kind of food, because sensory-specific
satiety (SSS; Rolls & Rolls, 1996) alone could account for
an increased interest in other kinds of food. SSS refers to
the ‘decrease in pleasantness of a food after it has been
eaten to satiety and other food not eaten to satiety remains
relatively pleasant’. Instead we used two different kinds of
snacks (sweet and salty), both presented in two colours: red
and yellow. The two colours did not differ in taste, and
therefore SSS could not account for an increased interest in
the forbidden food.
The snacks were presented in four identical bowls: the

bowls with crisps contained 45 g each; the bowls with
M&M’s contained 400 g each.

Desire to eat, taste and satiety

To measure the desire to eat a particular kind of food, a
Visual Analogue Scale (VAS) was used. The left extreme
represented ‘no desire to eat at all’ and the right extreme
represented ‘a very large desire’. Emoticons were used to
clarify these terms. Taste of the food types was measured
with a five point rating scale (ranging from ‘not tasty at all’
to ‘very tasty’). Finally, satiety was measured with a VAS
scale (marking the left extremity meaning ‘their tummy was
totally empty’ and marking the right extremity meaning
‘their tummy was completely full’). Taste and satiety were
measured before phase one to assure that the participants
from the different groups did not differ in their taste
ratings and were equally satiated before the experiment
started. Desire was assessed at three moments: before
phase one and after phases one and two.

Body mass index. Participating children’s weight and
height were measured once at the end of the session.
Participants had their clothes on, coats and shoes off.
Weight in kilograms, rounded off to one decimal, was
measured by means of a digital scale. Height in centimetres,
rounded off to one decimal, was assessed with measuring
tape which was applied on the wall. The experimenters had
undergone a short training in collecting this kind of
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information correctly. BMI’s and BMI percentiles were
calculated subsequently (children’s BMI-percentile-for-age
calculator; USDA/ARS Children’s Nutrition Research
Center, 2007).
Procedure

All children were individually tested. To this end, they
were picked up from their class rooms (one by one) and
asked to sit down in a quiet room where they were not
distracted by other children or noises. The experimenter
then introduced herself as a staff member of a sweet
factory. The children were told that they had to answer
various questions and to taste different kinds of food. Then
the actual experiment started. Through a structured
interview, the current levels of satiety, taste and desire of
all four types of food were assessed. Additionally, they
were asked about the frequency of eating snacks and sweets
at home and whether they had to ask their parents for
permission to eat snacks. After answering these questions
the first phase began. Four bowls filled with snacks (one for
each type of food) were presented during this phase. In
both conditions, two different snacks (sweet and salty)
were offered, each presented in two colours (red M&M’s,
yellow M&M’s, red crisps and yellow crisps). A glass of
water was placed on the table along with the snacks.

Children in the control condition were allowed to eat all
types of food during this phase. Children in the prohibition
condition were instructed not to eat the red kinds of food.
The children were left alone during the actual tasting. After
5min, the experimenter returned to the room and took
away the bowls which were weighed secretly in another
room. Then, levels of desire for the different kinds of food
were assessed. Photographs of the different types of food
were placed in front of the child as a helping hand.
Subsequently, the second phase started. During this phase,
both conditions received the same instruction: they could
eat as much as they wanted from all kinds of food. Again,
the experimenter left the room during the tasting. After
5min, the experimenter returned and took the food outside
the room and weighed the respective bowls. Finally, the
child’s weight and height were measured. The child was
then guided back to the classroom. Afterwards, parents
Table 2

Control measures, desire and intake: prohibition group versus no-prohibition

Prohibitio

Mean (SD

Satiety before phase one (min. 1–max. 10) 4.1 (3.1)

Taste red food (min. 0–max. 4) 3.1 (1.12)

Taste yellow food (min. 0–max. 4) 3.0 (1.21)

Desire before phase one (min. 1–max. 10) 6.5 (3.0)

Desire after phase one (min. 1–max. 10) 7.6 (2.5)

Intake in kilocalories from red food in phase two 69.7 (37.2)

Intake in proportion of red food in phase two 0.61 (0.18
received a debriefing form which informed them about the
hypotheses and expected results.

Results

Data for all 74 children were used in the analyses. Taste
ratings and satiety levels before phase one did not differ
between groups. Mean and SD’s are listed in Table 2.

Hypothesis 1. Desire for the forbidden food increases
during phase one in the prohibition group as compared to
the no-prohibition group.

Difference scores for desire (desire after phase one minus
desire before phase one) were calculated for all 74
participants. To determine whether a difference between
groups regarding change in desire existed, a 2 (Group:
prohibition versus no prohibition)� 2 (Phase: one versus
two) ANOVA was carried out. Further, simple effects were
examined using t-tests.
The results showed a marginal significant interaction of

group and phase regarding the course of desire (F (1,
72) ¼ 2.22, p ¼ 0.07, one-tailed). t-Tests of simple effects
show that desire roughly remained at the same level in the
control group (t (37)o1), whereas desire increased
significantly during phase one in the prohibition condition
(t (35) ¼ 2.24, po0.05). See also Table 2.

Hypothesis 2. Children in the prohibition condition con-
sume more forbidden snacks in phase two.

For the second hypothesis we used a MANOVA to
measure the differences between the 2 groups in the second
phase regarding consumed kilocalories and proportion of
red food (red food in grams divided by total amount of
food in grams).
With respect to consumed amount in kilocalories no

significant differences between groups were found (see also
Table 2). However, the MANOVA indicated a significant
difference between the two groups with respect to the
proportion of consumed red snacks in phase 2 (F (1,
72) ¼ 6.4, po0.05). Children in the prohibition condition
consumed a larger proportion of red snacks (M ¼ 0.61,
SD ¼ 0.18) than children in the control condition
(M ¼ 0.5, SD ¼ 0.19) during that same phase.
group

n group No-prohibition group p value

) Mean (SD)

4.1 (2.7) NS

3.21 (1.22) NS

3.16 (1.22) NS

6.9 (2.0) NS

7.1 (2.0) NS

63.7 (32.67) NS

) 0.50 (0.19) po0.05
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Hypothesis 3. Children, whose parents are more restricting
at home, consume more kilocalories during the experiment.

Hypothesis 3 was investigated using linear regression.
Both the ‘restriction’ scale of the CFQ and a quadratic
term of this scale were entered in the regression. Dependent
variable was total food intake in kilocalories.

Analysis of the third hypothesis showed a curve linear
effect: regression analysis indicated that the children of
parents reporting a low level of restriction as well as the
children of parents reporting a high level of restriction
consumed more kilocalories during the whole experiment
than the children of parents reporting a moderate level of
restriction at home (po0.000, R2

¼ 0.212). See also Fig. 1.
This means that 21% of the variance in the amount of
consumed snacks can be explained by the (self-reported)
restricting behaviour of the parents at home.

Discussion

The aim of this study was to test whether restricting
children’s snack intake would result in an increased desire
for the forbidden food and subsequent overeating. To this
end, we had 5- and 6-year-old children participate in a taste
experiment in which they were either or not prohibited to
eat a certain colour of snacks. It was expected that the
children in the prohibition group would develop an
increased desire for the forbidden food during the first
phase. Also, they were expected to eat more from the
formerly forbidden food in the second phase of the
experiment during which the prohibition was no longer
operative, as opposed to the children in the no-prohibition
group.

The present results show that the desire to eat the
forbidden food indeed increased after a prohibition. Next,
although the absolute intake of the forbidden food did not
differ between groups, the consumed proportion of
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Fig. 1. The curve linear relationship between CFQ restriction scores and

total intake in kilocalories.
forbidden snacks (compared to the control snacks) was
significantly higher in children in the prohibition group.
This means that children who were prohibited from eating
the red snacks in the first phase of the experiment ate
relatively more from this food in the second phase than
from the other (yellow) foods. Thus, our prediction that a
prohibition of a certain snack would lead to a relatively
greater consumption of this snack afterwards came true.
Indeed was the formerly prohibited snack consumed
relatively more often than the unforbidden one, as
compared to the control group. The desire data support
this behavioral outcome. The findings thus suggest that
forbidden ‘fruit’ becomes more attractive.
The fact that desire already increased after a 5min

prohibition is interesting. Despite the fact that these
children did not consume more kilocalories from red
snacks after the prohibition, it could very well be that they
develop some kind of obsessive interest for the forbidden
food. In the current study, children in the prohibition
group were offered similar attractive alternatives for the
forbidden snacks (identically the same snacks, yet in a
different colour), whereas in a home situation, parents
often provide a far less attractive alternative (e.g., fruit) or
no alternative at all. This could probably lead to other
effects of the prohibition itself, including overeating.
Our third hypothesis regarded the relationship between

parental restriction at home and snack intake during the
experiment. Interestingly, parental restriction at home
could predict overall food intake, regardless of the
experimental condition of the child. It appeared that
children whose parents imposed either very little or a lot
of restriction at home consumed more kilocalories
throughout the experiment, as opposed to children who
were exposed to a moderate level of restriction at home.
Though a causal relationship cannot be deduced from these
data, this finding clearly is in line with earlier research on
the relationship between restriction and weight status. In
our study, however, only children with a normal weight
participated. Replication and further research in this
domain seem certainly worthwhile.
The findings of the current study support previous

evidence for the idea that parents should be careful with
restricting children’s food intake in a rigid way as it makes
them more eager for that food. It even might be the case
that children eat more from those kinds of food, although
the latter is based upon correlational data. Still, restricting
children’s food intake might not be an effective strategy
when challenging overweight. Parents need to be enligh-
tened about these adverse effects of restriction and
provided with better alternatives. A difficulty that arises
when advising parents is determining how moderate or
normal control is defined or characterized. Further
research seems necessary before guidelines can be for-
mulated definitively.
A final point is that restricting food intake might also be

used for positive purposes. If palatable foods can be made
even more attractive by prohibiting them, it would be
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interesting to study whether the same holds true for less
palatable kinds of food like vegetables and fruits. As a lot
of children have difficulties consuming the daily recom-
mended amounts of vegetables and fruits, it would be
valuable to develop a method to promote their consump-
tion.

The experimental nature of the current study makes the
results a worthwhile addition to the current knowledge in
this area. As this study was carried out in an experimental
setting, it was possible to control more variables than
would have been possible in a field study. Although we
found relatively small group differences, these differences
are significant and systematic. In addition, this experi-
mental study allows us to cautiously determine the causal
relation between restriction and food consumption. There-
fore, the results can contribute to the comprehension of the
development of overweight.
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