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a b s t r a c t

Larger portion sizes have consistently been shown to lead to greater food intake. However, studies of the
portion size effect typically provided participants with a single portion of food at a time without any
objective information about the size of the portion, and hence failed to consider the potential signifi-
cance of contextual size information. In order to investigate whether contextual size information
moderates the portion size effect, participants were served small or large portions of pasta for lunch in
the presence or absence of contextual size information. Study 1 found that the portion size effect on food
intake was robust to contextual size information. Study 2 replicated this finding in an online paradigm,
showing that contextual size information also had no influence on prospective intake, even when par-
ticipants chose the portion size they preferred. Both studies also showed that participants’ perceptions of
how much was appropriate to eat mediated the effect of portion size on intake. A practical implication of
our findings is that modifying consumption norms may be an effective way to promote healthier con-
sumer food decisions.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

A significant body of research has shown that people eat more
food when they are served larger portions than when they are
served smaller portions. This “portion size effect” has been
repeatedly demonstrated in both laboratory and naturalistic set-
tings and across a variety of different populations (for reviews, see
Benton, 2015; English, Lasschuijt, & Keller, 2015; Herman, Polivy,
Pliner, & Vartanian, 2015). The portion size effect is a powerful
effect that persists even if the food provided is unpalatable
(Wansink & Kim, 2005). Further, the portion size effect is also
robust to various psychological interventions, including mindful-
ness and direct education about the influence of portion size on
food intake (e.g., Cavanagh, Vartanian, Herman, & Polivy, 2014;
Marchiori & Papies, 2014). The portion size effect is particularly
concerning because people seem to be insensitive to changes in
portion size and the impact that it has on their food intake. For
example, ratings of satiety do not differ when people eat from a
large portion compared to a small portion, despite consuming
Reily), lvartanian@psy.unsw.
significantly more food when served the large portion (e.g., Kral,
Roe, & Rolls, 2004; Levitsky & Youn, 2004; Rolls, Morris, & Roe,
2002). Furthermore, larger portions appear to increase intake
without any reduction in caloric intake (i.e., compensation) at
subsequent meals (e.g., Rolls, Roe, & Meengs, 2007).
1.1. Contextual size information and the portion size effect

One potential limitation of most existing studies of the portion
size effect is that they served participants a single portion of food at
a time without giving them any objective information about the
size of the portion. Thus, these studies failed to consider the
possible significance of contextual cues that could influence the
portion size effect. Given that context influences object perception
(see Bar, 2004; for review), it may be that context also plays a role in
how different portion sizes are perceived. In particular, providing
portion size labels (e.g., explicitly defining a small portion as small
and a large portion as large) or visual information in the form of an
alternative portion size may influence how these portions are
perceived, evaluated, and consumed. Furthermore, because food
products are often sold in multiple sizes (e.g., small, regular, and
large) in fast food outlets and food courts, examining how people
perceive and compare different portion sizes at point-of-purchase
may be a more ecologically valid paradigm for investigating
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effects of portion size.
There is some evidence for the significance of context to food

appraisal and eating behavior. For example, Spanos, Kenda, and
Vartanian (2015) served participants either a small (200 g) or
large (400 g) portion of cheese pizza and also provided them with
information about the number of servings contained in the portion
of pizza. Participants who were told that the large portion con-
tained four servings ate less than did those told that it contained
two servings, but their intake was not significantly different from
those who received the small unlabeled portion. Studies of con-
sumer behavior have also investigated the effect of labeling on food
intake by using comparative size labels (e.g., “small”, “medium”,
“large”, and “regular”) rather than objective serving size informa-
tion (Aydino�glu& Krishna, 2010; Just&Wansink, 2014). One recent
field study found that participants consumed more cookies when
the portion was arbitrarily labeled as “medium” compared to when
the same-sized portion was labeled as “large” (Aydino�glu &
Krishna, 2010). In contrast to the above studies, Ueland, Cardello,
Merrill, and Lesher (2009) failed to find any effect of portion size
labeling on intake when they served participants a fixed portion of
pasta accompanied by a written description of the pasta as either
half of a “normal” portion, equivalent to a “normal” portion, or one-
and-a-half times the size of a “normal” portion of that pasta.

Additional evidence for the potential importance of contextual
size information comes from a study showing that comparing the
relative size of one’s portion to that of another person can influence
consumption. Polivy, Herman, and Deo (2010) served all partici-
pants the same-sized slice of pizza, but manipulated their percep-
tions of its size by having a confederate receive a noticeably smaller
or noticeably larger slice. After finishing the pizza, participants took
part in a cookie taste test in which their food intake was un-
knowingly measured. Polivy et al. found that unrestrained eaters
(i.e., non-dieters) who perceived their slice of pizza to be larger
than the confederate’s slice ate fewer cookies than did those who
perceived their slice to be smaller. This finding suggests that rela-
tive portion size can influence how portions are perceived as well
as subsequent food intake.

In summary, the existing research on contextual cues suggests
that contextual size information that reduces the perceived size of
the portion can lead to increased consumption, and contextual size
information that amplifies the perceived size of the portion can
lead to decreased consumption. Therefore, when multiple portion
options are available, a small portion may be perceived as even
smaller in comparison to a large portion than when it is presented
alone. Similarly, a large portion may be perceived as even larger in
comparison to a small portion than when it is presented alone.
However, no studies have directly assessed whether the contextual
size information associated with multiple portion size options at-
tenuates the portion size effect on food intake.

1.2. A potential mechanism underlying the portion size effect:
consumption norms

Although the evidence for the portion size effect is well-
established, less is known about the mechanism through which
portion size influences food intake. One proposed explanation for
the portion size effect is that the size of the portion provides
normative information about howmuch one “should” eat (Herman
et al., 2015). That is, in the absence of other information, people are
likely to assume that the amount that they are served represents a
normal or appropriate amount to eat in the situation. Such a
normative account is also reflected in Marchiori, Papies, and Klein’s
(2014) suggestion that the portion size provided is used as an an-
chor or reference point around which intake is adjusted. Similar
explanations have been provided for the influence of social models
on people’s eating behavior (e.g., Vartanian, Sokol, Herman, &
Polivy, 2013). Some studies provide indirect support for the idea
that portion size implies a norm of appropriate consumption (e.g.,
Diliberti, Bordi, Conklin, Roe, & Rolls, 2004), but only one study to
date has directly tested whether consumption norms mediate the
portion size effect on food intake (Kerameas, Vartanian, Herman, &
Polivy, 2015). Kerameas et al. (2015) served participants a small or
large portion of cookies and found that the size of the portion
influenced participants’ perceptions of how much was appropriate
to eat, which in turn influenced their food intake. Further research
that directly tests the consumption norm mechanism is needed to
corroborate these findings. Furthermore, if contextual size cues do
moderate the portion size effect on food intake, it will be important
to determine whether these differences in food intake are due to
the contextual cues influencing perceptions of how much is
appropriate to eat.

1.3. The present research

The primary purpose of the present research was to examine
whether contextual size information associated with portion size
moderates the portion size effect. Study 1 assessedwhether portion
size and contextual size information would influence food intake
within the laboratory. Study 2 examined portion size and context
effects on prospective intake when participants were free to choose
their preferred portion size. The secondary aim of this research was
to elucidate the mechanism underlying the portion size effect.
Specifically, we tested whether perceptions of the appropriate
amount to eat explained any portion size and context effects on
food intake (Study 1) and on prospective intake (Study 2).

2. Study 1

This first study examined the combined effects of portion size
and contextual size information on food intake. Participants were
given a small or large portion of pasta to eat for lunch. In addition,
the portion that they were served was accompanied by no
contextual size information, was presented with the relevant size
label (i.e., small or large), or was presented alongside the alterna-
tive portion size to provide a visual comparison. First, we hypoth-
esized that participants who received the large portion would eat
more than would those who were given the small portion (i.e., the
quintessential portion size effect). Second, based on the suggestive
evidence regarding contextual size information (Aydino�glu &
Krishna, 2010; Just & Wansink, 2014; Polivy et al., 2010; Spanos
et al., 2015), we hypothesized that the strength of the portion
size effect would be diminished for those who were shown
contextual size information compared to those who were not
shown contextual size information. Third, following recent portion
size research (Kerameas et al., 2015), we hypothesized that per-
ceptions of how much was appropriate to eat would mediate the
effect of portion size on food intake. Finally, building on previous
research (e.g., Levitsky & Youn, 2004), we also sought to determine
whether participants were sensitive (or insensitive) to any effects
of the portion size and context manipulations on their food intake
(i.e., whether there were between-group differences in self-
reported intake and hunger ratings after eating).

2.1. Method

2.1.1. Participants
Participants (N ¼ 164) were female first-year psychology stu-

dents at an Australian university or female community members
recruited through advertising. Students participated in exchange
for course credit and community participants were reimbursed



1 Note that, in both cases, participants were asked to indicate the proportion of
pasta left behind because this approach more closely approximated their experience
with the meal. If we would have asked participants how much they had eaten/how
much was appropriate to eat, they would have needed to reconstruct the meal by
trying to recall the amount that they ate (i.e., the amount they removed from the
bowl) and then imagine that amount inside the bowl, even though they never
actually experienced this image directly.
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AUD $15 for participation. Ten participants were excluded from the
study for the following reasons: correctly identifying the study
hypotheses (n¼ 7), failing the attention check (n¼ 2), and technical
difficulties (n ¼ 1). The final sample consisted of 154 participants
with a mean age of 19.90 years (SD ¼ 2.84) and mean body mass
index (BMI; kg/m2) of 22.10 (SD ¼ 3.55). With regards to ethnicity,
52.6% were Asian, 35.1% were Caucasian, 0.6% were of Aboriginal or
Pacific Islander origin, and 11.7% identified as “other”. The study
was approved by the university’s ethics advisory panel.

2.1.2. Materials
2.1.2.1. Portion size manipulation. Participants were served either
a small (300 g; 748 kcal) or large (600 g; 1496 kcal) portion of
pasta (macaroni noodles with tomato sauce). These portion sizes
were based on previous research in a similar population (e.g.,
Cavanagh et al., 2014), and were intended to be larger than the
average female participant would consume in one sitting so that
food availability would not a limiting factor on participants’
intake. Participant’s food intake (in grams) was calculated by
weighing the bowl of pasta before and after participants had
eaten, and then subtracting the final weight of the bowl from the
initial weight.

2.1.2.2. Context manipulation. There were three levels of context:
no context, label only, and label þ visual comparison. In the no
context conditions, participants were given an unlabeled small or
large portion of pasta without any reference made to its size (i.e.,
the typical portion size manipulation). In the remaining conditions,
participants were told that they had been randomly allocated to
receive the small or the large portion of pasta. Participants in the
label only conditions were given one contextual cue in the form of a
size label on their portion (i.e., “small” for the small serving and
“large” for the large serving). Participants in the label þ visual
comparison conditions were given the size labels as well as a sec-
ond contextual cue: the presence of the alternative portion size
option (i.e., they were shown the labeled small and large portions
together before being told which one they were allocated to
receive).

2.1.2.3. Hunger levels and recent food intake. Hunger ratings were
obtained immediately before and immediately after eating by
having participants rate how hungry they felt using a 10 cm visual
analogue scale with not at all and extremely as the anchors. The
hunger item was embedded in four filler mood items that were
rated using the same scale. Prior to eating the pasta, participants
also recorded the day and time of their last meal, which was used to
calculate the number of hours since they last ate. The initial hunger
rating and hours since their last meal were examined as potential
covariates.

2.1.2.4. Taste ratings. Participants made taste ratings based on the
first mouthful of pasta they ate, and then again for their last
mouthful once they had eaten as much as they wanted to for lunch.
There were seven items assessing the specific taste properties of
the pasta (e.g., saltiness, chewiness, etc.), and two items assessing
howmuch they liked the pasta and howgood-tasting the pastawas.
All items were rated on 10 cm visual analogue scales with not at all
and extremely as the anchors. Only the items assessing liking and
good tasting were of interest, and both were examined as potential
covariates.

2.1.2.5. Intake estimates and perceived appropriateness.
Participants’ estimates of howmuch they had eaten and howmuch
they thought was an appropriate amount to eat were assessed
using a pictorial approach that was adapted from the procedure of
Brunstrom, Shakeshaft, and Scott-Samuel (2008). This approach
was chosen because estimations using images have been shown to
be reliable and valid (e.g., Byrd-Bredbenner & Schwartz, 2004;
Turconi et al., 2005; Williamson et al., 2003). Two series of pasta
images were created (one for the small portion and one for the
large portion) by beginning with the full bowl and then removing
food to mimic the bowl being eaten out of. Each series consisted of
11 images of the bowl of pasta (taken from a birds-eye-view) in
which the amount of pasta in the bowl increased arithmetically in
increments of 10% of the total portion size, from 0% (an empty
bowl) to 100% (a full bowl; see Fig. 1). After they finished eating,
participants were asked to select the image that most closely
approximated the amount of pasta they left behind in their bowl
(estimated intake) and to select the image that best represented
howmuch pasta they thought was an appropriate amount to leave
in the bowl in this situation (perceived appropriateness).1 The two
percentages obtained from participants’ responses were converted
into grams of pasta by subtracting the percentage of pasta left in the
bowl from 100%, and then multiplying that value by the weight of
the portion they received (i.e., 300 g for the small portion and 600 g
for the large portion). Intake estimates were used to test whether
participants’ sensitivity to their own intake varied by condition, and
appropriateness ratings were used to test appropriateness as a
potential mechanism for any effect of portion size or context on
intake.

2.1.2.6. Perceptions of portion size. Participants’ perception of the
portion size they received was assessed by asking them to rate
how the size of that portion compared to the amount they nor-
mally serve themselves for lunch from 1 (much smaller) to 5 (much
larger; hereafter referred to as “serving size comparisons”). Par-
ticipants also compared the amount they ate in the experiment to
the amount they would normally eat for lunch on a scale from 1
(much less) to 5 (much more; hereafter referred to as “intake
comparisons”). Serving size comparisons and intake comparisons
were used to test whether perceptions of portion size and sensi-
tivity to their own intake differed by condition.

2.1.2.7. Dietary restraint. Dietary restraint was examined as a po-
tential covariate. Participants’ restraint status was measured using
the Restraint Scale (Herman & Polivy, 1980) which consists of 10
items pertaining to dieting, weight fluctuations, and eating
behavior. Items are summed to obtain a total restraint score, with
higher scores indicating greater dietary restraint. In the present
study, Cronbach’s a ¼ 0.73.

2.1.2.8. Attention check. A two-item attention check was included
to verify that participants in the label only conditions and the
label þ visual comparison conditions were attending to the
contextual size information provided. They were asked to indicate
which portion size they received (small or large) and whether they
noticed a label in front of their portion (yes or no). Participants who
responded incorrectly to either of these questions were excluded
from the analyses.

2.1.2.9. Demographics. Participants provided basic demographic
information, including their age, ethnicity, number of years living in



Fig. 1. Small (300 g) portion image series (Study 1). Images were used for intake estimates and perceived appropriateness ratings. Amount of pasta in the bowl increases in in-
crements of 10% (i.e., 30 g).
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Australia, and height and weight (used to calculate their BMI). Age
and BMI were examined as potential covariates.

2.1.3. Procedure
Participants signed up for a study on “hunger and taste

perception” and were tested individually in 45 min sessions be-
tween 11 a.m. and 2.45 p.m. At the time when they signed up,
participants were informed that they would eat lunch during the
study, and that they should abstain from eating for 3 h prior to the
session. Participants were randomly assigned to one of the six
experimental conditions (with the constraint that each condition
contained roughly equal numbers of participants).

Upon arrival, participants provided informed consent, reported
their baseline hunger level and reported their recent food intake.
They were then served a small or large portion of pasta, which was
presented along with the contextual size information that was
relevant to their assigned condition. Participants were instructed to
complete two sets of taste ratings of the pasta based on the first
mouthful and the last mouthful they ate. They were told that once
they had completed their initial ratings, they could eat as much of
the pasta as they wanted for lunch. Participants were left alone for
12 min to complete their taste ratings and have lunch. After eating,
Fig. 2. Mean pasta intake (in grams) for each portion size � context condition for
Study 1. Error bars represent standard errors.
they were asked to re-rate their hunger level. Participants then
completed the final questionnaires on the computer, including
their intake estimates and perceived appropriate amount to eat,
their perceptions of the portion they were served, basic de-
mographic information, the attention checks, and a suspicion
check. Participants were debriefed at the conclusion of the
experiment.
2.1.4. Statistical analyses
Data were screened for statistical outliers. However, because

removing these outliers had no impact on the pattern of results,
the analyses below include the full sample. A two-way ANOVA
with portion size and context as the independent variables and
food intake as the dependent variable was carried out to assess
whether participants’ intake was influenced by the experimental
manipulations. Mediation analysis was then conducted to
determine whether participants’ perceptions of appropriate
intake mediated any between-group differences in food intake.
This analysis was carried out using the PROCESS macro (Hayes,
2013), which uses a non-parametric bootstrapping procedure
involving resampling and replacement (in this case, 5000
resamples) to generate an approximation of the sampling dis-
tribution for the indirect effect. Confidence intervals for this in-
direct effect can be estimated from this sampling distribution,
and the indirect effect is deemed significant if the confidence
interval does not cover zero. To test whether participants were
sensitive to the influence of the experimental manipulations on
their food intake, a two-way MANOVA was conducted to examine
group differences in serving size comparisons, intake compari-
sons, self-reported intake, and changes in hunger levels over the
course of the meal.

With respect to the proposed covariates, participants’ age, BMI,
Restraint Scale scores, and the number of hours since they last ate
were uncorrelated with their food intake during the experiment,
and were therefore not included in the subsequent analyses. Par-
ticipants’ baseline hunger ratings, their initial ratings of how much
they liked the pasta, and their initial ratings of how good-tasting
the pasta was had small to medium positive correlations with
food intake (rs ¼ 0.17e0.26, ps < 0.05). However, controlling for
these variables did not impact on the pattern of results, and they
were therefore not included as covariates in the main analysis.



Table 1
Serving size comparison, intake comparison, self-reported intake, and change in
hunger for the small and large portion conditions (Study 1).

Variable Small portion Large portion F(1, 148) h2
p

M SD M SD

Serving size comparison 3.64 0.71 4.65 0.64 84.89* 0.37
Intake comparison 2.70 1.08 2.71 1.10 0.01 <0.01
Self-reported intake 206.49 78.17 226.75 104.66 2.19 0.02
Hunger (pre-post) 48.53 24.18 53.92 21.05 2.19 0.02

Note. Serving size comparison¼ ratings of how the size of their portion compared to
the amount they would normally serve themselves for lunch, (1 ¼ much smaller;
5 ¼ much larger); Intake comparison ¼ ratings of how much they ate in the
experiment compared to the amount they would normally eat for lunch (1 ¼ much
less; 5 ¼ much more).
Change in hunger level was examined by calculating a difference score from the pre-
and post-hunger ratings. When hunger was examined as a repeated-measures
variable, there was still no significant difference in change in hunger levels be-
tween the small and large portion groups.
*p < 0.001.
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2.2. Results

2.2.1. Portion size effect and context effects on food intake
As was predicted, there was a significant main effect of portion

size on food intake, F(1, 148)¼ 19.15, p < 0.001, h2
p¼ 0.12. Averaged

across context conditions, participants who were given the large
portion ate more grams of pasta (M ¼ 276.05, SD ¼ 94.37) than did
those given the small portion (M ¼ 218.59, SD ¼ 66.13).2 There was,
however, no main effect of context on food intake, F(2, 148) ¼ 2.69,
p ¼ 0.07, h2

p ¼ 0.04, and no significant portion size � context
interaction, F(2, 148) ¼ 1.42, p ¼ 0.24, h2

p ¼ 0.02. See Fig. 2.

2.2.2. Mediation analysis
Because there was no significant context main effect and no

portion size � context interaction on food intake, context was not
included in the mediation analysis. Portion size was a significant
predictor of perceived appropriateness, F(1, 152) ¼ 47.58, p < 0.001,
R2¼ 0.24, with the larger portion leading to larger estimates of how
much was appropriate to eat. Furthermore, consistent with our
hypothesis, there was a significant indirect effect of portion size on
participants’ food intake through ratings of how much was
appropriate to eat (point estimate ¼ 25.21, SE ¼ 9.38, 95% CI ¼ 8.61,
45.73).

2.2.3. Sensitivity to portion size
In the multivariate analysis, there was only a main effect of

portion size, F(4, 145)¼ 31.49, p < 0.001, h2
p ¼ 0.47. The main effect

of context, F(4, 292) ¼ 1.45, p ¼ 0.18, h2
p ¼ 0.04, and the portion

size � context interaction, F(8, 292) ¼ 0.68, p ¼ 0.71, h2
p ¼ 0.02,

were not significant. Given the significant multivariate effect of
portion size, we proceeded to examine the univariate effect of
portion size on each of the dependent variables (see Table 1). There
was an effect of portion size on participants’ serving size compar-
ison ratings, such that those who received the large portion re-
ported a larger discrepancy between the portion they were served
and their usual lunch than did those who were served the small
portion. There were, however, no significant differences between
groups in intake comparisons, self-reported intake ratings, or
change in hunger levels.

2.3. Discussion

Consistent with previous portion size research, we found a
portion size effect on intake such that providing a larger portion
resulted in greater food intake than did providing a smaller portion.
Furthermore, the portion size effect was mediated by participants’
perceptions of how much was an appropriate amount to eat,
providing further experimental support for the idea that norms of
appropriateness may be the mechanism underlying the effect. In
addition, our results suggest that participants are insensitive to the
impact that larger portions have on their food intake (see also Kral
et al., 2004; Levitsky & Youn, 2004; Rolls et al., 2002). That is, even
though participants in the large portion condition ate an average of
26% more pasta than did those in the small portion condition, there
were no group differences in self-reported intake estimates, com-
parisons of how much they ate compared to how much they nor-
mally eat, or changes in hunger across the course of the meal.

Contrary to the hypotheses, contextual size information did not
attenuate the magnitude of the portion size effect. The absence of
2 Although some participants in the small portion condition finished their entire
serving (n ¼ 21) removing these participants from the analysis had no impact on
the pattern of results, consistent with previous studies (e.g., Kral et al., 2004; Rolls
et al., 2002).
an interaction between portion size and context was surprising
given that previous research has demonstrated that contextual cues
can influence food intake (e.g., Aydino�glu & Krishna, 2010; Just &
Wansink, 2014; Polivy et al., 2010; Spanos et al., 2015). One possi-
bility is that contextual size information is particularly influential
when participants are selecting their own portion size (participants
in Study 1 were randomly assigned to portion size condition).
Specifically, giving participants the opportunity to choose their
preferred portion size based on contextual size information rather
than assigning them to eat from a particular portion (in the pres-
ence of that same contextual information) might have a different
effect on subsequent food intake. Indeed, the main value of
contextual size information would be to facilitate consumer choice
between multiple portion size options at point-of-purchase.
Therefore, research that takes choice into consideration might
provide a more externally valid examination of the effects of
contextual size information on food intake. Thus, Study 2 explored
whether an effect of context on food intake emerges when partic-
ipants are offered a choice of portion size.
3. Study 2

The aim of Study 2 was to determine whether contextual cues
influenced the portion size effect when participants were allowed
to choose their own portion size. In an online study, participants
were asked to imagine they were having lunch and that they had
been served a small or large portion of pasta. In order to draw
parallels with Study 1, some participants were randomly assigned
to the small portion or large portion condition along with no
context information or with the label þ visual comparison infor-
mation. A new conditionwas added inwhich participants were also
given contextual size information but, rather than being assigned to
a portion size, were asked to choose the portion they preferred. All
participants then reported how much of the portion of pasta they
would eat (referred to as “prospective intake”; see Ferriday &
Brunstrom, 2008). First, based previous research demonstrating
that the portion size effect holds for intended food consumption
(Robinson, te Raa, & Hardman, 2015), we hypothesized that par-
ticipants in the large portion conditions would report a higher
prospective intake than would those in the small portion condi-
tions. Second, given that Study 1 failed to find an effect of context of
the portion size effect when participants were assigned to a
particular portion size, we hypothesized that contextual size in-
formation would attenuate the portion size effect for those who
chose their portion but not for those who were randomly allocated
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to portion size condition.

3.1. Method

3.1.1. Participants
Participants were 355 females residing in the United States who

were recruited online via the AmazonMechanical Turk website and
were reimbursed USD $1.00 for their participation. Five participants
were excluded for responding incorrectly to the attention check
questions, resulting in a final sample consisted of 350 participants
with a mean age of 25.88 years (SD¼ 3.05) and amean BMI of 25.49
(SD ¼ 6.89). With regards to ethnicity, 77.4% were Caucasian, 10.3%
were African American, 5.1% were Asian, 4.6% were Hispanic, 0.3%
were of American Indian origin, and 2.3% identified as “other”. The
study was approved by the university’s ethics advisory panel.

3.1.2. Materials
3.1.2.1. Portion size manipulation. Pilot testing was carried out us-
ing an online forced-choice task to identify the two portion sizes
that would be suitable for use as the small and large portions in
Study 2. An image series was created that consisted of eight
different-sized portions of pasta. The portions were presented on a
placemat with cutlery and a glass of water in the picture to provide
a reference point for the bowl size (cf. Hieke, Palascha, Jola, Wills, &
Raats, 2016). The portions increased in increments of 75 g of pasta
(119 g in total of pasta and sauce). This 75 g increment was chosen
based on the Australian dietary guidelines which state that one
serve of carbohydrate is approximately equivalent to 75 g of pasta
(National Health and Medical Research Council, 2013). Thus, por-
tions ranged from 119 g to 953 g (representing approximately one
to eight standard servings). Pairs of images were created combining
each portion size with every other portion size, resulting in 28 pairs
in total. Order of presentation of the 28 pairs was randomized, and
the position of the larger portion (left or right) was randomized
within each pair. For each pair, pilot participants (N ¼ 107) were
asked to select the portion they preferred to eat for lunch. Ranked
pairs analysis showed that the most preferred portion size was
358 g (Image 3) and that the two next most preferred portion sizes
were the 238 g portion (Image 2) and the 477 g portion (Image 4).
These latter two portions were selected for use as the small and
large portion sizes in the main study because: (a) they were the
portions that were one size smaller and one size larger than the
most preferred portion, (b) 50% of participants preferred Image 2
and 50% of participants preferred Image 4 when those two images
were paired together, and (c) the large portionwas twice the size of
the small portion.

3.1.2.2. Context manipulation. As in Study 1, in the no context
condition, participants were shown an unlabeled small or large
portion without any reference made to its size, and were asked to
imagine they had been served that portion for lunch. Again
following Study 1, participants in the label þ visual comparison
condition were shown both labeled portions and were then asked
to imagine they had been served either the small portion or the
large portion for lunch. Study 2 added a choice condition in which
participants were shown both labeled portions and were then
asked to choose which one they would prefer for lunch.

3.1.2.3. Prospective intake. Prospective intake ratings were ob-
tained using the same method used for self-reported intake ratings
in Study 1. That is, participants were shown a series of 11 images of
pasta ranging from 100% (a full bowl) to 0% (an empty bowl),
decreasing in decrements of 10% of the original serving size. They
were asked to select the image that most closely approximated how
much pasta they would leave behind in their bowl after they were
finished eating. This percentage was subtracted from 100% and
multiplied by the weight of the portion they viewed (238 g for the
small portion and 477 g for the large portion), and this value (in
grams) was used as their prospective intake rating. Previous
research has demonstrated that self-reported ratings of ideal
portion size made using pictorial stimuli provide a good approxi-
mation of intake in the laboratory (Wilkinson et al., 2012).

3.2.2.4. Perceived appropriateness. Ratings of how much was
appropriate to eat were obtained using the samemethod as Study 1.
These ratings were again used to test perceptions of appropriate-
ness as a potential mechanism of any effects of portion size or
context on prospective intake.

3.1.2.5. Perceptions of portion size. Using the samemethod as Study
1, perceptions of portion size were assessed by having participants
rate how the size of the serving they were assigned or chose
compared to the amount they normally serve themselves for lunch
on a scale from 1 (much smaller) to 5 (much larger). Given that
participants’ choice in portion size may be influenced by howmuch
they typically eat or typically serve themselves, serving size com-
parison ratings were examined as a potential covariate.

3.1.2.6. Hunger levels, recent intake and food preferences.
Participants rated their hunger level on a sliding visual analogue
scale from 0 (not at all) to 100 (extremely) and indicated the number
of hours since they last ate. They also rated how much they
generally liked pasta with tomato sauce on a visual analogue scale
from 0 (not at all) to 100 (very much) and indicated how frequently
they eat pasta on a six-point scale ranging from 1 (never) to 6 (once
a day). Hunger, hours since previous meal, liking of pasta, and
frequency of eating pasta were all examined as potential covariates.

3.1.2.7. Attention check. Attention check questions were included
to verify that participants in the label þ visual comparison condi-
tions and choice condition were attending to the contextual size
information provided. They were shown both the small and large
portion images and were asked to indicate which portion they
answered questions about during the study. A multiple choice
picture identification question was also included as an additional
general attention check for all conditions: Participants were asked
to select the correct name of the household object depicted in the
image. Participants who responded incorrectly to any of the
attention check items were excluded.

3.1.2.8. Demographics. Participants provided their age, ethnicity,
country of residence, height and weight. Age and BMI (calculated
from participants’ height and weight) were examined as potential
covariates.

3.1.3. Procedure
Participants signed up for a study on “hunger and food

perception”. After providing informed consent, they were instruc-
ted to imagine they were just about to have lunch and to think
about how hungry they typically are at lunch time, and how much
they typically feel like eating for lunch. They were then shown the
portion size images relevant to their randomly-allocated condition:
an unlabeled small or large portion in the no context conditions;
both labeled portions followed by one of the two portions alone in
the label þ visual comparison conditions; or both labeled portions
from which they chose their preferred portion in the choice con-
dition. Participants then imagined that they were served their
assigned or chosen portion for lunch, and reported their prospec-
tive intake. They also reported how much was appropriate to eat,
and rated the size of the portion in comparison to their usual lunch.
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They then completed further questions about their hunger levels,
recent intake, food preferences, basic demographic information,
and completed the attention check questions. The entire study was
conducted online.

3.1.4. Statistical analyses
Data were screened for statistical outliers but, given that

removing these outliers had no impact on the pattern of results, the
analyses reported below include the full sample. Prospective intake
was significantly correlated with serving size comparison ratings
(r ¼ �0.14, p ¼ 0.01) and with BMI (r ¼ 0.12, p ¼ 0.02). Therefore,
the primary analysis was an ANCOVA with portion-size condition
and context condition as the independent variables, prospective
intake as the dependent variable, and comparative serving size
ratings and BMI as covariates. None of the other proposed cova-
riates (age, baseline hunger, liking of pasta, frequency of eating
pasta, and hours since last meal) were correlated with prospective
intake, and were therefore not included in the subsequent analyses.
Mediation analysis was then conducted to determine whether
participants’ ratings of how much was appropriate to eat mediated
any between-group differences in prospective intake.

3.2. Results

3.2.1. Portion size effect and context effects on prospective intake
Consistent with the hypothesis and with Study 1, the ANCOVA

revealed a main effect of portion size on prospective intake, F(1,
342) ¼ 534.36, p < 0.001, h2

p ¼ 0.61. Averaged across context
conditions, participants who were allocated to or chose the large
portion reported a higher prospective intake (M ¼ 357.49 g,
SD ¼ 108.46) than did those who were allocated to or chose the
small portion (M ¼ 199.10 g, SD ¼ 52.62). There was no significant
main effect of context on prospective intake, F(2, 342) ¼ 0.58,
p ¼ .56, h2

p < 0.01. Contrary to expectations, there was also no
significant portion size � context interaction, F(2, 342) ¼ 0.30,
p ¼ 0.74, h2

p < 0.01. See Fig. 3.

3.2.2. Mediation analysis
As with Study 1, portion size was a significant predictor of

appropriateness ratings, F(1, 348) ¼ 343.84, p < 0.001, R2 ¼ 0.50,
with the larger portion leading to greater estimates of how much
was appropriate to eat. As predicted, there was also a significant
indirect effect of portion size on prospective intake through ratings
of how much was appropriate to eat (point estimate ¼ 87.48,
Fig. 3. Mean prospective pasta intake (in grams) for each portion size � context
condition for Study 2. Error bars represent standard errors.
SE ¼ 10.22, 95% CI ¼ 67.24, 107.40).

3.3. Discussion

Consistent with previous research (Robinson et al., 2015), we
found a portion size effect on prospective intake such that those in
the large portion conditions reported a higher prospective intake
than did those in the small portion conditions (regardless of
whether they chose or were assigned these portions). Furthermore,
as in Study 1, appropriateness was a significant mediator of the
portion size effect on prospective intake. Contrary to expectations,
we found that contextual size information did not attenuate the
portion size effect even for those who chose their preferred portion
size. Therefore, in accordance with Study 1, Study 2 failed to find
evidence that contextual size information influences the portion
size effect on prospective intake.

4. General discussion

The aim of the present research was to explore whether
contextual size information attenuates the portion size effect on
food intake. First, consistent with previous research, we replicated
the portion size effect, demonstrating that serving people larger
portions results in increased food intake (Study 1) and increased
prospective food intake (Study 2). Second, the portion size effect
was robust to context across studiesdthat is, the contextual size
information did not reduce the portion size effect. Third, perceived
appropriateness mediated the portion size effect such that the size
of the portion influenced ratings of how much was appropriate to
eat, which in turn influenced (actual or prospective) food intake.

4.1. Contextual size information and the portion size effect

In order to explore the influence of context on the portion size
effect, some participants were given additional contextual size in-
formation in the form of size labels or labels and visual compari-
sons to the other available portion size. This approach may more
closely approximate the manner in which portion size options are
presented at point-of-purchase than the typical portion-size study.
Contrary to expectations, however, we found that providing
contextual size information did not attenuate the portion size ef-
fect, regardless of whether people were randomly allocated to
receive their portion (Study 1) or chose their own portion size
(Study 2). The lack of context effect was surprising given that
changing the contextual size information associated with a fixed
portion of food can influence eating behavior (e.g., Aydino�glu &
Krishna, 2010; Spanos et al., 2015). Our findings suggest that the
portion size effect is powerful enough to offset other factors that
might be expected to influence food intake (cf. Cavanagh et al.,
2014; Wansink & Kim, 2005).

One potential explanation for the absence of a context effect on
the portion size effect is that, context may have had only a transient
influence on perceptions of size. In Study 1, participants viewed the
contextual size information while they were being served their
assigned portion, but the contextual cues were removed before
they started eating. The contextual size information may have
influenced initial perceptions of portion size, but once participants
had been given their portion, the contextual size information they
had seen previously was no longer salient and so the portion size
per se became the strongest determinant of food intake. This same
transient effect of context cues might explain why, although the
contextual size information provided by plate size influences how
the size of a portion is perceived (e.g., van Ittersum & Wansink,
2012), there is little evidence to suggest that plate size can influ-
ence subsequent food intake (see Robinson et al., 2014; for a
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review). Similarly, although researchers have suggested that the
size of the food packaging might influence perceptions of serving
size (see English et al., 2015), package size has been shown to have
no impact on intake when portion size is held constant (Raynor &
Wing, 2007).

In order to clarify the lack of context effect observed in the
present studies, and the time course of any context effects more
generally, future research could test whether an effect of contextual
size information on food intake emerges when contextual cues are
made more salient (e.g., by leaving the alternative portion size in a
visible location as a cue present while participants are eating). One
previous study (Choplin&Motyka Joss, 2012) has explored this idea
by having participants consume lunch ad libitum from a target
portion of pasta salad in the presence of either a much larger
comparison portion or a slightly larger comparison portion that
was purportedly for another participant who was running late.
Participants who ate in the presence of themuch larger comparison
portion consumed more from their own smaller portion than did
those who saw the slightly larger comparison portion, providing
some evidence that salient comparative contextual size informa-
tion can influence food intake. Although this “continuous expo-
sure” approach does not parallel most real-word eating situations
(and thus lacks external validity), research along this line might
nonetheless help clarify how contextual size information can in-
fluence food intake.

4.2. Mechanism of the portion size effect: consumption norms

Across the two studies, we found that ratings of how much was
appropriate to eat mediated the portion size effect on intake or
prospective intake, providing support for the normative account of
the portion size effect (Herman et al., 2015). Our findings suggest
that larger portions imply that a larger amount of food is appro-
priate to eat, and this perception of appropriateness leads to greater
food intake with larger portions. Kerameas et al. (2015) demon-
strated that ratings of appropriateness mediate the portion size
effect on snack food intake, and we extended their findings by
showing that perceived appropriateness mediated the portion size
effect on intake of meal foods, as well as on prospective intake in an
imaginal setting, suggesting that perceptions of appropriateness
also influence planned eating behavior.

It is important to note that, in order to reduce demand charac-
teristics that could have biased their eating behavior, participants
were asked how much they thought was appropriate to eat after
they had eaten or reported their prospective intake. To conclusively
demonstrate mediation by perceived appropriateness, portion size
would need to be shown to influence appropriateness ratings prior
to eating. However, other research has shown that perceived norms
of appropriateness mediate the effects of social models on con-
sumption, regardless of whether ratings of appropriateness are
taken before or after eating (Vartanian et al., 2013).

An alternative approach would be to directly manipulate
perceived appropriateness and examine its impact on food intake.
For example, a recent study demonstrated that repeated visual
exposure to either small or large portions can influence peoples’
perceptions of what constitutes a “normal” portion size and an
“ideal” portion size (Robinson et al., 2016). However, exposure to
small or large portions did not influence subsequent food intake in
that study. It may be that appropriateness norms need to be specific
to the particular setting in order to influence food intake. For
example, the norm created by the size of the portion from which
the participant is eating is relevant to that specific meal, but the
more general notion of what is appropriate might not be as strong a
predictor of food intake in any given setting. In any case, future
research is needed to further understand how and when norms of
appropriateness influence food intake.

4.3. Insensitivity to the portion size effect

We also found that participants were not sensitive to the effect
of portion size on their own food intake. Specifically, in Study 1,
participants that were served the large portion ate more food, and
perceived there to be a greater discrepancy between the size of the
portion they were served and the amount they normally serve
themselves for lunch, compared to participants that were served
the small portion. However, there was no between-group differ-
ence in their change in reported hunger levels after eating,
consistent with previous research (e.g., Kral et al., 2004; Levitsky &
Youn, 2004; Rolls et al., 2002; Wansink & Kim, 2005). In addition,
we found that there were no differences in participants’ self-
reported estimations of how much they had eaten or comparative
intake ratings across portion size groups, further indicating that
participants were insensitive to the influence of portion size on
their eating behavior.

The contribution of portion size to unintentional over-
consumption has implications for the architecture of the food
environment. Public health advocates and researchers alike have
suggested limiting the availability of large portions of unhealthy,
nutrient poor food (e.g., soft drinks) on the bases that: (a) relatively
small energy deficits (e.g., 100 kcal a day) are thought to be suffi-
cient to offset weight gain in adults (Hill, Wyatt, & Peters, 2012;
Hill, Wyatt, Reed, & Peters, 2003), and (b) the increased intake
associated with large portions often exceeds 100 kcal for a single
meal alone (e.g., Diliberti et al., 2004; Levitsky & Youn, 2004; Rolls
et al., 2002). Indeed, in Study 1 of the present research, we found
that participants in the large portion conditions consumed
approximately 143 kcal more pasta than did those in the small
portion conditions. Although interventions that reduce the avail-
ability of large portions are likely to be efficacious in reducing
overconsumption (Steenhuis & Vermeer, 2009), they are also
perceived as unacceptably paternalistic by the general public and
are thus unlikely to be successful (Vermeer, Steenhuis, & Seidell,
2010). Thus, alternative approaches that impact food intake by
shifting consumption norms might be more effective in the long
term.

4.4. Limitations and future directions

One limitation of the present research is that our samples con-
sisted exclusively of young women. However, previous research has
shown that portion size effect also occurs in men (Zlatevska,
Dubelaar, & Holden, 2014), and there is no empirical basis for
expecting that men and women, or younger and older adults,
would differ in their responses to contextual size information.
Furthermore, although our samples were homogenous in terms of
gender and age, we did find consistent results across the two
studies which differed somewhat in their ethnic composition
(approximately half of the participants in Study 1 identified as
Asian, whereas participants in Study 2 predominantly identified as
Caucasian). In addition, the present studies only looked at one type
of food, though again there is little evidence to suggest that effects
of context on intake might emerge for other foods, given that the
portion size effect is found for a variety of different types of food
(Zlatevska et al., 2014). Nonetheless, future research should inves-
tigate portion size and context effects in more diverse samples and
using a wider array of foods.

The current research was also limited by the use of an online
paradigm in Study 2. First, self-reported prospective intake was
used in place of actual intake. Although prospective intake has been
shown to provide a reasonable approximation of consumption (e.g.,
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Robinson et al., 2015; Wilkinson et al., 2012), there may be demand
characteristics associated with asking people to report how much
they would eat which could result in biased estimates. Second,
participants’ ratings were based on two-dimensional images of
portions, rather than viewing the actual portion sizes. Although we
aimed to increase the accuracy of ratings by using images with
varying proportions of the full portion (following Brunstrom et al.,
2008; Ferriday& Brunstrom, 2008) and by providing a reference for
size by photographing the bowls next to cutlery and a glass of water
(following Hieke et al., 2016), viewing portions in vivo is likely to
result in more precise size estimations. Third, imagining the choice
one would make in a particular situation may differ from the actual
choice executed in the real world where other factors such as cost
of the food, mood, and presence of other people may also be
considered. Although one validation study found that portion size
decisions and actual purchasing behavior were highly correlated
with virtual purchasing (Sharpe, Staelin, & Huber, 2008), online
choice is unlikely to be a perfect approximation for real world
choice. Further research should examine portion size decisions in
the field to validate the present findings.

4.5. Concluding remarks

We examined the potential importance of contextual size in-
formation in people’s food intake and found little evidence that
contextual cues (either portion size labels or visual comparisons)
attenuate the portion size effect. Thus, the portion size effect ap-
pears to be robust to contextual size information. In addition, we
provided further support for the consumption norm account of the
portion size effect by demonstrating that perceived appropriate-
ness underlies increased intake with larger portions. A key impli-
cation of our findings is that interventions that modify
consumption norms (e.g., public health campaigns that provide
normative information about how other people behave) may be an
effective way to address increasing portion sizes and promote
healthier consumer food decisions.
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