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Just a bite: Considerably smaller snack portions satisfy delayed hunger and craving
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Could smaller snack portions be similarly effective in decreasing cravings or feelings of hunger as larger
portions? To answer this, three common snack foods – chocolate, apple pie, potato chips – were given to
104 participants as either a small portion (x) or a substantially larger portion (5–10x). Results indicate
that smaller portions satisfied one’s ratings of hunger and craving similar to larger portions, but led to
a mean intake that was significantly lower than in the large portion condition (with a difference of
103 calories). This suggests that 15 min after eating a considerably smaller snack, people will have eaten
much less but will feel equally satisfied.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

The proportion of people who are overweight has increased dra-
matically worldwide, partly due to increasing portion sizes of par-
ticularly energy dense foods. Previous research has shown that
people’s energy intake increases substantially when offered a
larger portion or when people eat from larger packages or serving
devices and this effect has been shown for a variety of foods,
including snacks (Steenhuis & Vermeer, 2009). Snacking is particu-
larly relevant to study as increases in the number of eating occa-
sions and portion sizes have accounted for most of the change in
average daily total energy intake (Duffey & Popkin, 2011).

Although several portion size studies have shown that larger
portions typically do not lead people to report decreased levels
of hunger (Ello-Martin, Ledikwe, & Rolls, 2005; Rolls, Roe, Meengs,
& Wall, 2004), it is still unclear how feelings of hunger and food
cravings can be satisfied and how much food is necessary to do
so. Important to note is that one’s hunger is not the same thing
as one’s craving for a particular food. In this respect, two types of
hunger can be distinguished (Lowe & Butryn, 2007). The first, more
traditional view of hunger is controlled by physiological signals
whereas the more psychological hunger, called ‘hedonic hunger’
refers to a subjective state driven by external stimuli. The second
type of hunger is characterized as a type of desire in that it repre-
ll rights reserved.
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sents the pleasure-seeking motives to eat, and it is closely related
to the concept of food cravings.

Food cravings are defined as an intense desire for a food that is
difficult to resist, such as a craving for chocolate (Pelchat, 2002;
Weingarten & Elston, 1990). Food cravings are a very common phe-
nomenon among both males and females (Pelchat, 2002). They are
not necessarily compulsive but they are believed to contribute to
snacking behavior (Wansink, Cheney, & Chan, 2003), compliance
to dietary restrictions and excessive food intake (Gendall, Joyce,
& Sullivan, 1997; Pelchat, 2002). Interestingly, hunger is not a pre-
condition for wanting to eat or crave a particular food (Hill, 2007).
Instead, one’s desire for food is believed to be driven by the
increasing occasions in which people are confronted with tempting
food cues, such as snacks. In this environment, food consumption is
strongly driven by pleasure. Within this environment, it is critical
to understand how portion size satisfies hunger and craving ten-
dencies both immediately and after a delay.

To explore the largely unexamined impact of portion size on
immediate and delayed hunger and craving, we presented partici-
pants with either a small portion size of three commonly craved
snacks – chocolate, potato chips and apple pie - or substantially
larger portions of the same snacks. Although small single packed
portion sizes are recommended to reduce intake (Wansink, Payne,
& Shimizu, 2011), they might also ignite, rather than satisfy one’s
appetite. For instance, research on consumers’ reward-seeking
behaviors found that sampling small amounts of desirable food
can also serve as an appetite consumption cue and enhance
subsequent reward-seeking behaviors, such as consuming more
food or non-food items (Wadhwa, Shiv, & Nowlis, 2008).
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As a result, we expect that hunger and craving tendencies after
eating a smaller portion size are increased immediately after eat-
ing, similar to the so-called ‘appetizer effect’ (Yeomans, 1996). That
is, when compared to being given a larger portion, a smaller por-
tion size may stimulate one’s immediate appetite because of the
sensory cues of the food. Yet, 15 min later - when foods are out
of sight - we expect people to feel equally satisfied. Specifically,
we hypothesize that larger portion sizes will cause people to eat
more calories, but will have no measurable impact on one’s overall
hunger and craving 15 min later. By better understanding how
feelings of hunger and craving change with time, we will be better
able to educate people on how to develop more effective portion
size intervention strategies.
2. Methodology

2.1. Participants

Participants were 104 undergraduate students (51 women, 53
men) who participated in exchange for course credit. One partici-
pant was excluded from the data based on unknown gender. The
study was approved by the Institutional Review Board and partic-
ipants provided written consent.
2.2. Procedure and materials

The first part of the experiment consisted of supposed taste test
in which participants were presented with a portion of chocolate,
apple pie and potato chips. These foods are reported to belong to
the most frequently craved foods (Weingarten & Elston, 1990).
To prevent carry-over effects and awareness of the study’s objec-
tives among participants, we chose a between subjects design in-
stead of a within subjects design where the participants would
have had to return on a later date to participate in the alternative
condition. We presented a trio of small portions comprising less
food than commonly served and a trio of large portions that most
participants would not finish but at the same time would not ap-
pear overly large. For example, a regularly displayed serving size
at the food package is about 125 g for apple pie and 28 g for potato
chips. After pilot testing appropriate portion sizes1, we created a
large portion condition containing 100 g of chocolate chips, 200 g
of apple pie and 80 g of potato chips. The small portion condition
contained 10 g of chocolate chips, 40 g of apple pie, and 10 g of po-
tato chips. This resulting in a total of 195 calories in the small por-
tion condition and 1370 calories in the large portion condition.

Participants were randomly assigned to one of the two condi-
tions. The procedure followed was exactly the same for both con-
ditions. Participants signed up for the study that was held in the
afternoon (one session at 2 pm and one at 3 pm). Four different
experimental sessions of 25 to 29 mixed-gender participants were
conducted, with two sessions involving a small portion size condi-
tion and two sessions involving the large portion size condition.
Participants were welcomed and seated at a table in such a way
that they could not socialize with other participants or share food.
Participants were instructed to eat as much or as little as desired to
evaluate the foods on several dimensions (e.g. aftertaste) and take
as much time as needed. Water was available to drink with the
test.

Measures of overall hunger and craving were assessed just be-
fore participants started with the taste test, immediately after
finalization of the taste test and at the end of the entire study
1 The pilot testing involved a group discussion with eight individuals of similar
demographics as those in the main experiment in which they commented on various
portion sizes and what they would consider small and large.
(which included filler tasks) which was about 15 min after the
taste test. This 15 min period was selected to exclude post-absorp-
tive effects on satiety (Benelam, 2009). The food was in front of
participants while they provided ratings before and immediately
after tasting. When they were finished, a researcher cleared the
leftovers and gave participants another questionnaire. Leftovers
were weighted at an electronic food scale (Escali, P115C, 11 lb. dig-
ital scale; Minneapolis, USA), out of sight of participants to calcu-
late the amount of food consumed. Grams were converted into
calories (1 g of potato chips equals 4.9 calories, 1 g of chocolate
equals 5 calories and 1 g of apple pie equals 2.4 calories).

2.3. Measures

Dependent measures were the amount of foods eaten during
the ‘taste test’, overall hunger and craving tendencies for each of
the three foods. Using a 7-point category, participants responded
to three hunger-related items (Benelam, 2009; Lowe & Butryn,
2007): ‘how satisfied are you right now?’, ‘how much could you
eat right now?’ and ‘how hungry are you right now?’ Each scale
was marked, respectively: completely empty/cannot eat another
bite, nothing at all/a lot, not at all hungry/as hungry as I ever felt.
After reverse scoring the first item, these items were combined in a
single overall hunger scale given sufficient reliability (a = 0.78).
Overall craving tendency was measured by two items that com-
prise the key elements of food cravings (Pelchat, 2002): ‘at this mo-
ment I have a strong desire for. . .’ and ‘the following foods would
be difficult to resist. . .’. Participants rated each of the three pro-
vided foods on 7-point scales (anchored at 1 - strongly disagree
to 7 - strongly agree). These items were combined into a single
overall craving scale given high reliability (as = 0.87). Participants
also rated the snacks on liking and whether they wanted to eat
more, 15 min after consumption (7-point scales). As a manipula-
tion check, we also measured the appeal of the three foods, their
familiarity to participants and their expectation on how quickly
the food would bore them (7-point scales).

Restrained eating style was measured with a 10-item scale from
Polivy, Herman, and Warsh (1978). The reliability of this scale was
a = 0.75. The restraint scores ranged from 2 to 28 with a mean of
14.44 (SD = 5.3). Furthermore, participants reported the time since
they most recently consumed food before the study and self-re-
ported their height and weight, which were used to calculate body
mass index (BMI).

2.4. Data analysis

Using analyses of covariance (ANCOVAs) we first checked
whether there were differences between conditions (small portion
versus larger portion) in the calories consumed, food consumed
(total and separate foods in grams), participants’ restraint scores
and the time since participants had last food. The primary analysis
examined the effects of portion size manipulation on hunger and
craving ratings at three points in time. We conducted a mixed
model ANCOVA with measurement time as within subjects factor
(three levels: at baseline before eating, immediately after eating
and 15 min after eating) and condition and gender as between sub-
jects factors to assess differences in hunger and craving between
conditions and measurement time. To control for influence, BMI
(mean-centered) and session time (2 and 3 pm) were included in
all models as covariates. Effect sizes (partial g2) are reported for
statistically significant outcome measures and indicate the propor-
tion of variance attributable to the factor considered.

In case no significant difference was observed between the two
conditions with inferential tests (mixed model ANCOVA), equiva-
lence testing was conducted using a confidence interval approach
(Rogers, Howard, & Vessey, 1993) to test whether mean differences



Table 1
Small portions lead to lower calorie intake but equal satisfaction as large portions (Mean, SD).

Small portion (n = 50) Large portion (n = 54) P-value

Consumed amount of
Total calories 134.0 (56.8) 236.9 (149.1) <0.001
Total food (grams) 42.4 (17.2) 78.9 (52.3) <0.001
Chocolate (grams) 6.5 (3.9) 8.3 (7.8) 0.08
Apple pie (grams) 29.7 (12.0) 60.2 (45.9) <0.001
Potato chips (grams) 6.1 (4.0) 10.4 (9.9) 0.001

Post-consumption evaluationsa

I want to eat more 5.0 (1.6) 5.4 (1.2) 0.22
I liked the food I tasted 5.7 (1.0) 5.7 (1.0) 0.71

a Measured about 15 min post-consumption. Note: numbers represent mean scores on each of the scales (7-points scale).
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between groups are small enough to consider the groups as similar.
A series of one-way ANCOVAs were conducted to investigate dif-
ferences between conditions as well as to calculate (1–2a) 100%
percent (90%) confidence intervals (CI) on the pair wise mean dif-
ferences. Next, equivalence was defined as a 0.9 point scale differ-
ence in either direction of ratings on the 7-point rating scale. This
equals a 15% range at the 7-point scale. As such, our equivalence
criterion is more conservative than the criterion suggested by Rust-
icus and Lovato (2011) who apply an equivalence criterion of 1.4
scale points for 7-point scales based on general practices within
the social sciences. If the confidence interval was entirely included
within this 0.9-point scale range, then we keep the null hypothesis
that the two conditions are equivalent. If part or the entire confi-
dence interval is outside this equivalence range, there is insuffi-
cient evidence to support that there is no difference between the
conditions. All analyses were performed using SPSS statistical soft-
ware (SPSS version 19, SPSS Inc., Chicago, IL, 2010).
3. Results

3.1. Randomization checks

The mean age of the participants was 19.5 years (SD = 3.1) with
participants having a mean BMI of 22.6 kg/m2 (SD = 2.8, range
17.2–34.8). Of all participants, 14 were overweight (BMI > 25).
These participants were distributed evenly across both portion size
conditions (v2(1,104) = 1.70, P=.25). There were no significant dif-
ferences in mean restrained score of participants (F(1,96) = .55,
P = .46) and the time since participant had last food
(F(1,101) = 0.01, P = .91) across conditions. There were also no dif-
ferences across conditions in the appeal of the three foods (choco-
late (F(1,101) = 1.25, P = .27); potato chips (F(1,101) = 0.30, P = .58);
apple pie (F(1,101) = 0.94, P = .34), their familiarity (chocolate
(F(1,101) = 1.35, P=.25); potato chips (F(1,101) = 0.16, P = .39); ap-
ple pie (F(1,101) = 0.67, P = .41), and expectations on how quickly
the food would bore participants (chocolate (F(1,101) = 0.49,
P = .49); potato chips (F(1,101) = 0.03, P = .87); apple pie
(F(1,101) = 0.33, P = .57). In addition, gender was equally balanced
across session times (v2(1,104) = 0.15, P = .85).

3.2. Mean (SD) of food consumption across two conditions

When all three foods are considered together, results showed
that in the small portion condition, participants ate less food (in
grams) than in the large portion condition (Table 1), resulting in
a lower overall calories intake (F(1,98) = 24.97, P < .001, partial
g2 = 0.20). In particular, participants being provided with a large
portion consumed 76.8% more calories (about 103 calories) relative
to participants in the small portion condition. A trend towards a
main effect of gender (F(1,98) = 3.14, P = .08, partial g2 = 0.03)
but no interaction effect between portion size and gender on total
calories consumed (F(1,98) < 0.01, P = .96) was observed. Session
time had a significant influence on total calories consumed
(F(1,98) = 5.93, P = .02, partial g2 = 0.06). Excluding this covariate
in the model did not lead to changes the P-value of the experimen-
tal condition (F(1,98)=22.41, P < .001, partial g2 = 0.19). On aver-
age, participants in the large portion size condition consumed
about 17% of the energy provided to them compared to partici-
pants in the small portion size condition who consumed on aver-
age about 69% of the provided energy. While no participants in
the large portion size condition ate all the food provided to them,
seven participants in the small portion size condition (14% of all
participants in that condition) did.
3.3. Hunger and cravings reduction does not depend on condition

The mixed model ANCOVA demonstrated a significant main ef-
fect of time of measurement (F(2,92) = 14.92, P < .001, partial
g2 = 0.14), but no main effect of portion size condition
(F(1,92) = 0.19, P = .66), gender (F(1,92) = 2.17, P = .14) or interac-
tion between portion size condition and time of measurement
(F(1,92) = 1.26, P = .29) on hunger ratings. There was also no inter-
action between portion size and gender (F(2,92) = 0.04, P = .85).
Tests of within-subject contrasts showed a significant difference
between hunger ratings after 15 min and baseline hunger ratings
(before tasting) (F(1,92) = 21.70, P < .001, partial g2 = 0.19). No dif-
ference in hunger ratings occurred between immediately post-test
and at about 15 min post-test (F(1,92) = 1.17, P = .28), which indi-
cates that feelings of hunger and fullness were similar at these
two points in time (Fig. 1).

There was no evidence for an experimental condition by time
interaction for hunger ratings. Therefore, we assessed equivalence
on the change from hunger ratings over the time course. Equiva-
lence testing showed that the criterion for equivalence was met
across all time periods. That is, for the hunger ratings before tast-
ing, the 90% CI of the mean difference of 0.14 (SE = 0.22) was
�0.23 to 0.51. For the hunger ratings just after tasting, the 90%
CI of the mean difference of 0.03 (SE = 0.20) was �0.31 to 0.36.
For hunger ratings 15 min after tasting, the 90% CI of the mean dif-
ference of 0.22 (SE = 0.26) was �0.21 to 0.64. As our predefined
acceptable variation (15% of scale or 0.9 scale points) is greater
than the absolute values of the higher and lower bounds of the
mean difference CI, the analyses suggest that the hunger scores
in the small portion size condition are equivalent to the hunger
scores in the large portion size condition.

A similar analysis was done for the overall craving tendency of
participants (three levels: pre-test, immediately post-test and after
15 min). No main effect of portion size condition was observed
(F(2,92) = 1.37, P = .24). Gender also demonstrated no main
(F(2,92) = 0.17, P = .68) or interactive effects (F(2,92) = 0.08,
P = .78). A significant main effect of time was observed on these
cravings ratings (F(2,92) = 13.05, P < .001, partial g2 = 0.12). Tests



Fig. 1. Small portions satisfy hunger and cravings equivalent to large portions (all
Ps < .05); mean ratings of (A) hunger (B), overall craving across portion size
conditions at three measurement times (pre-test, immediately post-test and 15 min
post-test).
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of within contrasts showed that immediately post-test craving ten-
dencies were not significantly different from pre-test
(F(1,92) = 1.60, P = .21). After 15 min post-test there was a decrease
in cravings (F(1,92) = 12.08, P = .001, partial g2 = 0.12) compared
to pre-test craving ratings (Fig. 1). Thus, craving ratings were re-
duced 15 min after consumption. More importantly, there are no
interaction effects of the craving ratings of any of the three foods
to diminish in a particular condition (F(1,92) = 0.38, P = .69). This
indicates that portion size provided did not impact craving ratings
throughout time. For all three craving measures, equivalence test
results showed that the upper and lower CIs fall within the speci-
fied equivalence range of 0.9 scale point. That is, for the craving
ratings before tasting, the 90% CI of the mean difference of 0.22
(SE = 0.22) was �0.15 to 0.58. For the craving ratings just after tast-
ing, the 90% CI of the mean difference of 0.35 (SE = 0.24) was �0.06
to 0.75. For craving ratings 15 min after tasting, the 90% CI of the
mean difference of 0.35 (SE = 0.26) was �0.09 to 0.78. Hence, this
indicates that the craving scores before, after and 15 min after eat-
ing were equivalent for the small and large portion size conditions.

An ANCOVA furthermore showed that there were no differences
across conditions in responses to the items ‘I want to eat more’
(F(1,98) = 1.55, P = .22) and ‘I liked the food I tasted’
(F(1,98) = 0.14, P = .71), measured 15 min post-consumption (Table
1).
4. Discussion

Could smaller portions be similarly effective in decreasing crav-
ings or feelings of hunger as larger portions? This study impor-
tantly showed that although providing larger portions increased
snack calorie intake by 77% (103 calories), after 15 min, they do
not reduce hunger or cravings any more than smaller portions. In
contrast to our expectations, no appetite enhancing effects oc-
curred in the small portion size condition. This may be because
such an enhancing effect is related to satiety expectations of the to-
tal food to come. For example, in some situations people anticipate
more foods to come, such as after eating an appetizer before the
main course. Expected satiety has been shown to influence experi-
enced satiety (Benelam, 2009).

A typical snack contains about 264 calories (Piernas & Popkin,
2010). Our results show that this amount closely resembles the to-
tal calories consumed in the large portion condition (about
237 calories). Nevertheless, although participants in the small por-
tion condition ate considerably less (about 134 calories, which is
about 51% of what people typically eat), they were equally tempted
by the snacks. This suggests that compared to providing larger por-
tions, smaller portions of commonly craved foods are capable of
providing similar fulfillment of desire. As such, it supports the no-
tion of hedonic hunger which is driven by the availability of foods
rather than the amount of food already eaten and the time when
this occurred.

Whereas some previous studies suggested that ratings of hun-
ger and fullness are not necessarily affected by portion size (Ello-
Martin et al., 2005; Rolls et al., 2004), this study included measures
of hunger and craving at three points in time (pre-test, immedi-
ately post-test and 15 min post-test). Further research is war-
ranted to examine whether people will compensate by eating
less or more later the same day. Yet importantly, studies examin-
ing a longer time period showed that the increased intake of large
portion sizes and packages is not adequately compensated for at a
later time (Benelam, 2009).

There are some potential limitations that should be noted about
this study. First, the time given to taste the food was not standard-
ized and this could have affected responses about 15 min after eat-
ing. A related limitation involves the social norms which influence
how much food is seen as ‘appropriate’ to eat within a particular
situation (Herman, Roth, & Polivy, 2003). Because there was no
time limit on consumption and participants in the large condition
had more food to eat if wanted, social influence could have had
more effects in the large portion size condition. An additional con-
trol condition without consumption could have helped determine
whether feelings of hunger would wane with time.

The snacks were present when participants completed baseline
hunger and craving ratings which may have influenced the results.
On the one hand, we conservatively believed that exposing partic-
ipants to food cues (e.g. the sight or smell of the snacks) could have
elicited physiological and appetitive responses and been a more
stringent test of our theory. Yet on the other hand, simply placing
desirable snacks in front of participants does not necessarily pro-
voke food cravings. Nevertheless, although craving tendencies
were moderate before eating, they were significantly reduced after
15 min. Still, it is important to determine whether these effects
maintain when people are intensely craving a food in ways in
which the majority of the population does not. It has to be noted
that portion size effects may be different when food packages
implicitly communicate ‘self-control assistance’ as is the case with
‘100 calorie packs’ (Do Vale, Peters, & Zeelenberg, 2008). Further-
more, our sample was restricted to undergraduates with the
majority having a normal body weight. Hence, as overweight indi-
viduals could be more responsive to portion size cues, future re-
search could include them in a study design.

On balance, the key findings of this research underscore a new
dimension about the importance of portion size. Whereas larger
portions might increase food intake; smaller portions may make
you equally satisfied. The number of separate snacking episodes
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has increased significantly throughout the last decades to about
five eating occasions per day in the US diet (Piernas & Popkin,
2010). An additional caloric intake of about 100 calories, as found
in this study, could lead to substantial increases in intake over an
entire day. Small portion sizes can lead to a similar decline in hun-
ger and desire and in this way help people to limit intake. Smaller
servings of snacks could support people in controlling their body
weight, although more research is needed to unravel the mecha-
nisms behind our findings and gain a better understanding of the
implications for overall energy intake.
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