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Abstract
Reducing food portion size could reduce energy intake. However, it is unclear at what point consumers respond to reductions by increasing
intake of other foods. We predicted that a change in served portion size would only result in significant additional eating within the same meal if
the resulting portion size was no longer visually perceived as ‘normal’. Participants in two crossover experiments (Study 1: n 45; Study 2: n 37;
adults, 51 % female) were served different-sized lunchtime portions on three occasions that were perceived by a previous sample of participants
as ‘large-normal’, ‘small-normal’ and ‘smaller than normal’, respectively. Participants were able to serve themselves additional helpings of the
same food (Study 1) or dessert items (Study 2). In Study 1 there was a small but significant increase in additional intake when participants were
served the ‘smaller than normal’ compared with the ‘small-normal’ portion (m difference= 161 kJ, P= 0·002, d= 0·35), but there was no
significant difference between the ‘small-normal’ and ‘large-normal’ conditions (m difference= 88 kJ, P= 0·08, d= 0·24). A similar pattern
was observed in Study 2 (m difference= 149 kJ, P= 0·06, d= 0·18; m difference= 83 kJ, P= 0·26, d= 0·10). However, smaller portion sizes
were each associated with a significant reduction in total meal intake. The findings provide preliminary evidence that reductions that result
in portions appearing ‘normal’ in size may limit additional eating, but confirmatory research is needed.
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Portion sizes of some common food products have increased
over the past 40 years(1–3). Although a direct causal effect of
increased portion sizes on population-level obesity has yet to
be demonstrated(4–7), there is now plausible evidence that larger
portion sizes promote increased food intake(8–11). This has led to
the suggestion that reductions to portion sizes of commercially
available food products may reduce total energy intake and
obesity(2,4,12,13). A small number of studies provide evidence sug-
gesting that reducing the size of food portions can decrease food
intake(14–16); however, there is likely to be a point at which
decreasing portion size will invite additional eating(15), whereby
consumers offset the reduction by consuming more of other
foods. This may result in little or no overall benefit of reducing
portion size, but it is currently unclear what determines the point
at which reducing portion size prompts additional eating and
ceases to reduce overall energy intake.

We previously proposed a theoretical model based on the
social norms that may explain the influence of portion size on
eating behaviour(17–22) and that may be used to predict when

additional eating in response to a reduced food portion size is
likely to occur(23). The ‘norm range’ model proposes that
whether significant additional eating occurs is driven in part
by the visual perception of whether a portion is categorised as
being ‘normal’ in size, and not solely by its objective size or
energy content. While the perceived normality of portion sizes
may be malleable, we speculate that the range of portions that
are perceived as ‘normal’ by an individual will be largely stable.
We also speculate that there will be similarity between individ-
uals, as previous work has demonstrated considerable overlap
between the range of portion sizes perceived as ‘normal’ by in-
dependent samples of participants(23). If a portion is perceived to
be ‘normal’ in size, a consumer is likely to intend to and sub-
sequently consume most of a portion without requiring addi-
tional food. However, a portion that is perceived as ‘smaller
than normal’ is likely to invite intake of additional food, whereby
a consumer may attempt to offset the perceived deficit by sub-
sequently consuming more of other food. Because there are a
range of portions that are perceived as ‘normal’, any reductions
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to portion size that occur within this range are likely to reduce
intake. However, a reduction that results in a portion being
perceived as ‘smaller than normal’ is likely to result in additional
eating and therefore may not reduce overall intake. Accordingly,
rather than consumers achieving an equivalent level of energy
intake regardless of the size of the initial portion, the amount
of additional intake may be biased by whether the initial portion
is visually categorised as ‘normal’ in size. These predictions were
supported in two virtual experiments which assessed ratings of
intended consumption of an initial portion and of additional
food(23). However, the role of perceived normality of portion size
in influencing whether humans engage in actual additional eating
in response to a reduced portion size is yet to be examined.

In the present research, we tested whether the norm range
model could be used to predict when a change to the portion
size of amain component of a lunchtimemeal would exert a sub-
stantial influence on additional food intake, over and above the
initial portion, leading to an increase in energy intake within a
single meal. Across two studies, we measured intake from a
lunchtime meal that featured a main component in one of three
portion sizes in a counterbalanced order: two portions that were
perceived as ‘normal’ by an independent sample of participants
(one ‘large-normal’ and one ‘small-normal’), and a ‘smaller than
normal’ portion (Fig. 1). In addition to the initial portion of the
main meal component, additional food was made available from
which participants could serve themselves if desired (which rep-
resented additional intake). In Study 1, we examined additional
intake of more of the same food (resembling a single-course
meal structure with optional ‘additional helpings’ of the same
food). Sensory-specific satiation, the phenomenon whereby
appetite for a consumed food decreases relative to a food that
is not consumed(24), may limit the extent of additional eating
of the same food after a reduced portion. Therefore, Study
2 examined additional intake of self-served ‘dessert’ food (from
a selection of two different types) after participants’ initial por-
tion of a main course, to resemble a two-course meal structure.

We expected that participants would consume all or most of the
portions initially served, and in line with our proposed norm range
theory, we hypothesised that consumers would engage in greater
additional eating beyond the initial served portion after consuming
a ‘smaller than normal’ portion than a ‘small-normal’ portion
(Fig. 1(a)), but that additional intake would not significantly differ

between the two ‘normal’ portions (Fig. 1(b)), despite each com-
parison representing the same difference in food weight. We also
predicted that total meal energy intake in the ‘smaller than normal’
portion would not be lower than in the ‘small-normal’ portion size
condition because of the extent of additional eating induced by
‘smaller than normal’ portions.

Methods

Participants

The studies were advertised to university staff and students and
in the local community as investigating ‘appetite and word
categorisation’ (Study 1) and ‘mood stability’ (Study 2) to blind
participants to the study aims. Individuals with food allergies,
intolerances or specific dietary requirements (including being
vegetarian or vegan) or a history of eating disorders were ineli-
gible to participate; and participants were screened for general
liking and willingness to consume the test foods in each study.
We recruited adults with a self-reported BMI between 22·5 and
32·5 kg/m2, because the BMI of approximately 70 % of adults in
England fall within this range(25). We aimed to recruit an equal
number of males and females and an equal number of partici-
pants in two BMI bands (22·5–27·49 and 27·5–32·5 kg/m2) to
avoid overrepresentation of participants with lower BMI values.
Eligibility (including BMI based on self-reported height and
weight) was assessed using an online questionnaire.

Study foods

The served lunchtime portion sizes of the main meal component
in each study were selected based on portions reliably identified
as ‘normal’ and ‘not normal’ in size by themajority of an indepen-
dent sample of participants recruited from the same population
(university staff and students and in the local community) using
the same recruitment strata in a recent study(23). In this previous
study, participants viewed images of each meal varying in
portion size and judged whether each portion was ‘normal’ or
‘not normal’ in size. The ‘norm range’ (the range perceived as
‘normal’ by ≥60 % of the sample) encompassed portion sizes
from 70 to 120 % of the manufacturer’s recommended serving
of pasta with tomato sauce, and 80–160 % of the manufacturer’s
recommended serving of chicken curry with rice(23).

In Study 1, participants were served an initial portion of pasta
(Tesco Everyday Value quick cook penne, 640 kJ/100 g) with
tomato sauce (Tesco Everyday Value pasta sauce, 138 kJ/100 g).
A fixed ratio of pasta and saucewas prepared andmixed according
to standardised instructions, and thenwas served in the appropriate
portion size on a standard-sized white dinner plate (255mm
diameter). In the ‘large-normal’ condition, participants were served
a portion that was equal to 120% of the manufacturer’s recom-
mended serving size (336 g, 1284 kJ). The portion was reduced
to 90%of the recommended serving in the ‘small-normal’ condition
(252 g, 962 kJ), and to 60% in the ‘smaller than normal’ condition
(168 g, 644 kJ). A servingbowl containing an additional 200%of the
recommended serving size of pasta and tomato sauce was placed
on a hot plate located on a serving counter located behind the par-
ticipant at the same time as the initial portion was served, to allow
them to refill their plate if desired.

(a) (b)

Fig. 1. Norm range model. Norm range = range of portions visually perceived
as ‘normal’ by an independent sample of participants. (a) and (b) represent
equivalent changes to portion size. Significantly greater additional intake
hypothesised for (a) comparison of ‘smaller than normal’ to ‘small-normal’,
but not (b) comparison of ‘small-normal’ to ‘large-normal’. Significant reduction
in overall energy intake hypothesised for (b) comparison of ‘small-normal’ to
‘large-normal’ but not (a) comparison of ‘smaller than normal’ to ‘small normal’.
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In Study 2, participants were served an initial portion of
chicken curry (Tesco Chicken Curry, 377 kJ/100 g) with rice
(Tesco Microwave Long Grain Rice, 699 kJ/100 g). The portions
of curry and ricewere individuallyweighed before being cooked
according to a standardised procedure. The curry and rice were
served in a standardised manner on a standard white dinner
plate, such that the curry and rice were touching but not mixed.
Participants were served a portion that was equal to 130 % of the
manufacturer’s recommended serving size (423 g, 2117 kJ) in the
‘large-normal’ condition, 100 % in the ‘small-normal’ condition
(325 g, 1628 kJ) and 70 % in the ‘smaller than normal’ condition
(228 g, 1138 kJ). Participants were provided with a dessert buffet
of two bowls containing bite-sized pieces of caramel shortbread
(Tesco Millionaire Bites, 2092 kJ/100 g, ten pieces, approxi-
mately 120 g, 2406 kJ), and flapjack (Tesco Mini Flapjack
Bites, 1916 kJ/100 g, ten pieces, approximately 150 g, 2874 kJ),
respectively. The dessert buffet was located behind the partici-
pant at the same time as the initial portion was served, to allow
them to serve themselves dessert if desired. See online
Supplementary materials for macronutrient content of all meal
components.

Measures

Hunger and fullness. To assess pre- and post-meal hunger and
fullness, participants indicated their current level of hunger and
fullness on a 100-mm computerised visual analogue scale rang-
ing from 0 (‘not at all’) to 100 (‘extremely’). Hunger and fullness
ratings were presented in a series of mood ratings (e.g. ‘how
calm are you right now?’).

Perceived portion size normality. As a manipulation check,
participants were shown an image of each portion size served
during the study in a randomised order and were asked: ‘In your
opinion, how normal is the portion of pasta/chicken curry and
rice shown below? By “normal” we mean whether the portion
contains a normal amount of food to eat for a single meal.’
Responses were provided on seven-point Likert scales ranging
from 1 (‘not normal, it is too small’) to 7 (‘not normal, it is too
big’), with a midpoint of 4 (‘normal’).

Usual portion. In Study 1, participants viewed images of pasta
with tomato sauce portions (ranging from 50 to 200 % of the
manufacturer’s recommended serving size at 10 % increment
increases in portion size). The images were presented
simultaneously and participants were asked to indicate which
portion was closest to the amount of pasta with tomato sauce
they would usually serve themselves.

In Study 2, participants completed a computer-based task
programmed in Psychopy to indicate the portion size of chicken
curry and rice closest to their usual serving size. The task began
with the presentation of an image displaying a portion size of
chicken curry with rice equal to 40 % of the manufacturer’s rec-
ommended serving size. Participants adjusted the size of the
displayed portion using the up and down arrow keys until it
appeared equivalent to the amount of that food they would
usually serve themselves, when they pressed ‘enter’ to select

the portion size. Each arrow key press increased or decreased
the portion by an increment of 10% of the recommended serving,
to a maximum of 300%.

Procedure

Participants took part in either Study 1 or Study 2 and completed
one lunchtime testing session per condition, separated by a wash-
out period of between 7 and 10 d. Each condition of the design
was completed in a counterbalanced (Study 1) or randomised
order (Study 2, using ‘RANDBETWEEN’ function in Microsoft
Excel to assign participant to one of six sequences). Participants
were asked not to consume any energy-containing food or drink
for 2 h preceding each session (scheduled to commence between
12.00 and 14.00 hours). During each session, participants first
reported how long since they had last eaten, and in Study 1, they
completed a short computer-based filler task ostensibly measur-
ing word categorisation speed (to bolster the cover story).
Participants then completed pre-meal hunger and fullness ratings
before sitting at an empty table, and a researcher then served the
lunch by placing the initial portion (pasta, Study 1; curry with rice,
Study 2) in front of them. The researcher informed participants
that once they had finished their served portion they could refill
their plate with more pasta from the serving bowl (Study 1) or
serve themselves from the dessert buffet using tongs onto a small
side plate (Study 2) at their discretion, and then left the participant
to consume the meal alone. Participants were provided with as
much time as they needed to finish eating and were not required
to finish the initial portion served. Participants then completed
post-meal hunger and fullness ratings and a post-meal word cat-
egorisation task (identical to pre-meal task) in Study 1 or mood-
related filler measures in Study 2 (see online Supplementary
materials). The weight of food consumed was calculated by
measuring the amount served and amount leftover using digital
scales (Sartorius). Food weights were recorded in grams to the
nearest 0·1 g in Study 1, and to the nearest 0·01 g in Study 2, due
to a change in measurement equipment. Separate weights were
taken for each distinct meal component (e.g. plated pasta por-
tion, ‘extra’ pasta portion, rice, curry, and each dessert compo-
nent). At the end of the final session, participants reported what
they thought was the aim of the study (free text response), com-
pleted the remaining on-screen self-report measures (including
perceived portion size normality for each condition and a stan-
dard battery of measures assessing eating habits and prefer-
ences; see online Supplementary materials), and a researcher
measured their height using a stadiometer (Seca) and weight
using a digital scale (Salter), before debriefing. In Study 1, height
was recorded to the nearest 0·1 cm, and weight to the nearest 0·1
kg. In Study 2, height was recorded to the nearest 0·5 or 0·1 cm
and weight to the nearest 0·1 or 0·05 kg. Participants completed
each testing session individually in a quiet room. Study 1 was
conducted between October and December 2016, and Study 2
was conducted between May and July 2017. Both studies were
conducted in line with institutional ethical approval (IPHS-
1516-LB-252-Generic RETH000955, IPHS-1617-LB-277-Generic
RETH000955), and participants provided informed consent at
the beginning of their first session and were provided with a
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financial incentive to participate (£30). Study 2 was pre-regis-
tered on the Open Science Framework (https://osf.io/txf9u/),
and the research is registered on ClinicalTrials.gov
(NCT03731273).

Analysis plan

Power calculation. For Study 1, we calculated that a minimum
sample size of thirty-four would be sufficient to detect a medium-
sized effect of portion size on energy intake with 80% power and
an α-level of 0·05 using a repeated-measures ANOVA ( f 2= 0·25,
correlation between repeated measures= 0·5, non-sphericity
correction= 0·75, G*Power 3.1)(9). We calculated that Study 2
required a sample size of thirty-five to be adequately powered
(80 %) to detect a difference between additional intake after the
initial portion in the ‘smaller than normal’ and ‘small-normal’
conditions that was observed in Study 1 (group parameters for
power calculation: ‘smaller than normal’: m = 519 (SD 479) kJ;
‘small-normal’: m = 358 (SD 432) kJ; correlation between
conditions, r 0·74). We aimed to recruit forty-eight participants
in Study 1 and forty participants in Study 2 to allow for potential
exclusions and to ensure an equal representation of participants in
each sex and BMI band.

Primary analyses. All analyses were conducted in IBM SPSS 24.0
andwere pre-registered for Study 2 unless otherwise stated. Effect
sizes (Cohen’s d) can be interpreted as small (0·2), medium (0·5)
and large (0·8)(26). Three repeated-measures ANOVA (with pair-
wise comparisons to interpret significant main effects) were con-
ducted to examine the effect of portion size (smaller than normal,
small-normal, large-normal) on (a) energy intake from the initial
served portion, (b) additional energy intake (amount consumed
from the extra bowl of lunch food or dessert buffet), and (c) total
energy intake (sum of (a) and (b)). Where non-sphericity was
detected by a significant Mauchly’s test, Greenhouse Geisser-
corrected ANOVA results are reported (indicated by adjusted df
to two decimal places).

Sensitivity analyses. Two researchers independently coded the
open-ended responses to the aim guessing question as ‘aware’ of
study aims if the participant referred to the influence of portion or
serving size of food on how much was eaten. Two sets of sensi-
tivity analyses were conducted. The analysis of the effect of por-
tion size on energy intakewas repeated excluding (a) participants
who guessed the aims of the study, and then (b) participants with
outlying total or additional energy intake in any portion size
condition (>2·5 SD from condition mean). We report whether
these exclusions result in deviations from the pattern of signifi-
cance of the main analyses (i.e. any significant differences
between conditions becoming NS, and vice versa).

Secondary analyses. To compare changes in hunger and full-
ness from pre- to post-meal between portion size conditions,
we conducted two 3 (portion size) × 2 (time: pre-, post-meal)
repeated-measures ANOVA. Significant interactions were
followed up by examining differences in baseline hunger and
fullness between conditions, and significant baseline differences
were followed up with sensitivity analyses testing the main

hypotheses using linear mixed models controlling for baseline
appetite ratings.

Perceived normality of the served portion sizes was compared
between portion size conditions using a repeated-measures
ANOVA, and one-sample t tests were conducted to investigate
whether participants perceived the portions to be significantly
different from normal by comparing the mean perceived normal-
itywith themidpoint of the scale. In a post hoc exploratory analysis
suggested by an anonymous reviewer, we also examined the cor-
relation between the perceived normality rating of each portion
size and additional intake in the respective portion size condition,
and calculated a single aggregated correlation between perceived
normality and additional intake across conditions within each
study (using R package ‘rmcorr’ for repeated-measures correla-
tion(27)). We also report the median self-reported ‘usual portion
size’ of each of the served main meal foods for comparison with
the presented portion sizes.

To explore order effects, we tested whether the sequence in
which participants were served the three portionsmoderated the
effect of portion size on energy intake by testing the interaction
between portion size condition and a between-subjects variable
representing portion size sequence using a 6 (representing
condition sequence) × 3 mixed ANOVA for each energy intake
variable. This analysis was not pre-registered but was conducted
to test the robustness of the portion size effects.

Results

Sample characteristics

We recruited forty-nine participants for Study 1. One participant
withdrew after session 1 due to a scheduling conflict; two partic-
ipants were served the same portion size in two sessions in error;
and one participant’s BMI was >2·5 SD from the sample mean
(BMI= 42·2 kg/m2) andwas excluded from the analysis as decided
a priori. Conducting the analyses with and without this participant
yielded the same pattern of results (i.e. none of the statistically
significant findings become non-significant, and vice versa). The
final sample (n 45; twenty-three women) had a mean BMI of
26·9 (SD 3·7; range 18·9–35·3) kg/m2; BMI < 27·5 kg/m2, n 24;
BMI ≥ 27·5 kg/m2, n 21) and a mean age of 30·4 (SD 12·7; range
18–76) years. Participant eligibility was assessed using self-
reported height and weight, while the reported sample character-
istics are based on researcher-measured height and weight in the
final session. The measured BMI of the sample exceeds the
recruitment cut-off points because of errors in participant self-
report. Seven participants were aware of the aim of the study,
and there were three outliers on either total or additional intake
in at least one condition. As decided a priori, data from these
participants are included in the reported analyses, but the
significance of the results did not vary depending on their inclusion.

For Study 2, forty-one participants were recruited, as two partic-
ipants withdrew after the first session due to a scheduling conflict.
An additional two participants were served the same portion size
in two sessions in error, leaving a final sample of thirty-seven
(nineteen women) with a mean BMI of 26·9 (SD 3·7, range 20·1–
35·5) kg/m2; BMI < 27·5 kg/m2, n 20; BMI ≥ 27·5 kg/m2, n 17)
and a mean age of 32·2 (SD 12·2; range 20–59) years. Seven
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participants were aware of the aims of the study, and one partici-
pant’s total and additional energy intake in the small-normal con-
dition was >2·5 SD from the condition mean. As decided a priori,
analyses are reported including data fromparticipantswhoguessed
the aims and outliers on energy intake. Except where indicated in
footnotes, the significance of the results did not vary depending on
whether these participants were included or excluded. See online
Supplementary Fig. S1 for a Consolidated Standards of Reporting
Trials (CONSORT) flow diagram.

Effect of portion size on intake from initial portion

Fig. 2 displays energy intake from the initial portion (and mean
percentage of the initial portion consumed), energy intake from
additional self-served food, and total energy intake across por-
tion size conditions in both studies. In Study 1, there was a

significant effect of portion size on energy intake from the
initial portion, F1·34, 59·06= 530·54, P< 0·001, partial η2= 0·92
(Fig. 2(a)). As predicted, participants consumed significantly less
from the ‘smaller than normal’ portion than the ‘small-normal’
portion (m difference= 302·5 kJ, SE= 10·3, P< 0·001, d= 6·28),
and the ‘large-normal’ portion (m difference= 570·6 kJ,
SE= 21·7, P< 0·001, d= 5·56); and ate significantly less from
the ‘small-normal’ portion than from the ‘large-normal’ portion
(m difference= 268·1 kJ, SE= 18·5, P< 0·001, d= 2·37). Likewise,
in Study 2 there was a significant effect of portion size on energy
intake from the initial served portion, F1·22, 43·96= 194·80,P< 0·001,
partial η2= 0·84 (Fig. 2(b)). Participants consumed significantly
less from the ‘smaller than normal’ portion than the ‘small-
normal’ portion (m difference= 423·4 kJ, SE= 29·5, P< 0·001,
d= 2·16), and the ‘large-normal’ portion (m difference= 786·0 kJ,
SE= 53·4, P< 0·001, d= 2·69); and ate significantly less from

(a)

(b)

Fig. 2. Energy intake (kJ) by portion size condition for Study 1 (a) and Study 2 (b). Percentage values represent intake as a percentage of served portion. Error bars
represent standard errors. Values on comparison bars are P for pairwise comparisons. *P< 0·05 in pre-registered sensitivity analyses. ( ), Smaller than normal;
( ), small-normal; ( ), large-normal. † SE = 1·08.
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the ‘small-normal’ portion than from the ‘large-normal’ portion
(m difference= 362·6 kJ, SE= 32·3, P< 0·001, d= 1·14).

Effect of initial portion size on additional intake after the
initial portion

In Study 1, therewas a significant effect of portion size on additional
intake of pasta, F2,88= 12·70, P< 0·001, partial η2= 0·22 (Fig. 2(a)).
Consistent with predictions, additional intake did not significantly
differ between the ‘small-normal’ and ‘large-normal’ conditions
(m difference= 87·6 kJ, SE= 49·2, P= 0·08, d= 0·24), but was
significantly higher in the ‘smaller than normal’ than in the ‘large-
normal’ condition (m difference= 248·6 kJ, SE= 51·9, P< 0·001,
d= 0·62), and in the ‘smaller than normal’ than the ‘small-normal’
condition (m difference= 161·0 kJ, SE= 49·0, P= 0·002, d= 0·35).

In Study 2, portion size condition had a significant effect on
additional energy intake from the self-served dessert buffet,
F2,72= 4·66, P= 0·01, partial η2= 0·12 (Fig. 2(b)). Consistent with
predictions, additional intake did not significantly differ between
the ‘small-normal’ and ‘large-normal’ conditions (m difference=
83·4 kJ, SE= 72·7, P= 0·26, d= 0·10). Additional intake was sig-
nificantly higher in the ‘smaller than normal’ than in the ‘large-
normal’ condition (m difference= 232·4 kJ, SE= 81·7, P= 0·01,
d= 0·26). Additional intake was also higher in the ‘smaller than
normal’ than the ‘small-normal’ condition, but this difference was
small in magnitude and not statistically significant (m difference=
148·9 kJ, SE= 76·7, P= 0·06, d= 0·18). However, the difference
in additional intake between the ‘smaller than normal’ and
‘small-normal’ conditionswas statistically significant after excluding
participants who were aware of the study aims and one outlier.
Additional eating was significantly higher in the ‘smaller than nor-
mal’ portion condition than the ‘small-normal’ condition in Study 2
whenparticipantswhoguessed the study aimswere excluded from
the analysis (m difference = 166·0 kJ, SE = 76·7, P = 0·04, d = 0·21),
and when the participant with outlying additional energy intake
was excluded (m difference = 159·6 kJ, SE = 78·1, P = 0·049,
d = 0·19).

Effect of portion size on total meal energy intake

In Study 1, total meal energy intake was significantly different
between portion size conditions, F2,88= 20·93, P< 0·001, partial
η2= 0·32 (Fig. 2(a)). Participants ate significantly less overall in
the ‘small-normal’ portion size condition than in the ‘large-normal’

condition (m difference= 180·6 kJ, SE= 51·9, P= 0·001, d= 0·44),
but contrary to predictions, participants also ate significantly less
overall in the ‘smaller than normal’ portion size condition than in
the ‘small-normal’ condition (m difference= 141·4 kJ, SE= 47·8,
P= 0·01, d= 0·30), indicating that additional eating in the ‘smaller
than normal’ condition only partially offset the smaller size of the
initial portion. Participants also ate significantly less in the ‘smaller
than normal’ than in the ‘large-normal’ condition, m difference=
322·0 kJ, SE= 49·8, P< 0·001, d= 0·76.

The samepattern of resultswas observed in Study 2. Portion size
condition significantly affected total energy intake, F2,72= 20·57,
P< 0·001, partial η2= 0·36 (Fig. 2(b)), and as in Study 1, participants
ate significantly less overall in the ‘small-normal’ than in the ‘large-
normal’ portion size condition (m difference= 279·1 kJ, SE= 88·1,
P= 0·003, d= 0·29), but also ate significantly less overall in the
‘smaller than normal’ portion size condition than in the ‘small-
normal’ condition (m difference= 274·5 kJ, SE= 77·6, P= 0·001,
d= 0·30). Participants also ate significantly less in the ‘smaller
than normal’ than in the ‘large-normal’ condition in Study 2,
m difference= 553·6 kJ, SE= 92·6, P< 0·001, d= 0·54.

Hunger and fullness

In Study 1 there was a significant interaction between time (pre-
post) and portion size condition on hunger and fullness, explained
by pre-meal appetite being lower in the ‘smaller than normal’ con-
dition (Table 1). Separate linear mixed models testing the main
hypotheses in Study 1 while controlling for pre-meal appetite
revealed results consistent with the primary analyses, except that
in line with our theoretical predictions, there was no significant dif-
ference in total meal intake between ‘smaller than normal’ and
‘small normal’ portion size conditions, and a marginally significant
difference in total meal energy intake between ‘large normal’ and
‘small normal’portions. Therewas no significantmain effect of con-
dition or interaction between condition and time predicting appe-
tite ratings in Study 2 (see online Supplementary materials for full
results and Table 1 for mean hunger and fullness ratings).

Perceived normality of portion sizes and ‘usual’
portion size

In Study 1, perceived normality significantly varied between
portion sizes, F2,88= 113·24, P< 0·001, partial η2= 0·72 (Table 2).
Pairwise comparisons confirmed that perceived normality was
significantly lower for the ‘smaller than normal’ than ‘small-normal’

Table 1. Pre- and post-meal hunger and fullness by portion size condition
(Mean values and standard deviations)

Study 1 Study 2

Smaller than
normal Small-normal Large-normal

Smaller than
normal Small-normal Large-normal

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Pre-meal Hunger 59·40a,b 23·18 67·07a 22·34 70·16b 20·83 62·35 22·18 64·73 23·03 66·35 22·10
Fullness 21·44a 19·63 18·44 20·38 14·56a 20·56 14·14 16·01 13·97 14·74 14·65 14·85

Post-meal Hunger 8·09 15·81 6·33 8·54 7·89 12·85 4·27 5·15 9·22 11·75 8·78 9·48
Fullness 83·36 15·91 86·91 11·60 85·16 15·39 85·65 11·93 77·38 13·06 77·32 19·92

a,bMean values for Study 1with common superscripts on the same row significantly differ between conditions (P< 0·05). No pairwise comparisonswere conducted for Study 2 as there
was no main effect of condition or time × condition interaction.
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portion sizes, and for the ‘small-normal’ than ‘large-normal portions.
One-sample t tests showed that the mean normality rating for the
‘smaller than normal’ portion size was significantly lower,
t(44)=−6·96, P< 0·001, d= 1·00, and the normality rating for
‘large-normal’ portion size was significantly higher, t(44)= 6·09,
P< 0·001, d= 0·91, than the test value of 4 (corresponding to the
midpoint of the scale, labelled ‘normal’). Themean normality rating
for the ‘small-normal’ portion size was not significantly different
from the midpoint of the scale, t(44)= 0·56, P= 0·58, d= 0·18.

Likewise, perceived normality significantly varied between por-
tion sizes in Study 2, F1·69,60·92= 79·34, P< 0·001, partial η2= 0·69.
The mean normality rating for ‘smaller than normal’ was signifi-
cantly lower, t(36)=−2·83, P= 0·01, d= 0·50, and for ‘large-
normal’ was significantly higher, t(36)= 9·15, P< 0·001, d= 1·60,
than the midpoint of the scale, but so was the normality rating
for the ‘small-normal’ portion size, t(36)= 4·76, P< 0·001, d= 0·75.

Consistent with the norm range model, ratings on the per-
ceived normality scale were negatively correlated with additional
intake in each respective portion size condition with ‘higher than
normal’ ratings predicting lower intake and ‘lower than normal’
ratings predicting lower intake, although this was not statistically
significant across all conditions (Table 2). Similarly, the aggregated
correlation between ratings of perceived normality and additional
intake in each respective condition indicated that higher per-
ceived normality ratings were associated with lower additional
intake overall, but this correlation was significant in Study 1
(r −0·35, P< 0·001), but not in Study 2 (r −0·22, P= 0·056).

Participants’ self-reported usual portion size of the lunch food
tended to fall between the ‘small normal’ and ‘large normal’ por-
tions in Study 1 but was closer to the ‘smaller than normal’ portion
size in Study 2. See online Supplementary materials.

Order effects

The order in which participants completed the portion size con-
ditions did not moderate any of the effects in primary analyses
(effect of portion size condition on intake from the served portion,
additional energy intake, or total energy intake) in either Study 1
or Study 2. In Study 2, controlling for portion size order resulted in
a minor deviation from the pattern of results in the primary analy-
sis of additional intake such that the difference between the
‘smaller than normal’ and ‘small-normal’ portion size conditions
was no longer significant, m difference= 135·0 kJ, SE= 80·7,
P= 0·11. See online Supplementary materials for full results.

General discussion

Across two experimental laboratory studies, in comparison with
when served a ‘small-normal’ portion of food, we found evi-
dence of greater additional eatingwhen participants were served
an initial portion that was visually perceived by an independent
sample of participants as being ‘smaller than normal’. This abso-
lute effect size was small but statistically significant in the main
analyses of Study 1 and in sensitivity analyses in Study 2. We
found less evidence of a difference in additional intake associ-
ated with the same-sized difference in portion size between a
‘large-normal’ portion and one that was smaller but still per-
ceived as ‘normal’. However, despite evidence of greater addi-
tional intake observed after consuming a ‘smaller than normal’
than a ‘small-normal’ portion, participants did not fully compen-
sate for the difference in energy consumed from the initial
portion: total meal energy intake including ad libitum intake
of additional food was still significantly lower after consuming
a ‘smaller than normal’ portion. Furthermore, despite smaller
portions being associated with consuming significantly less
energy than larger portions, there were no accompanying
differences in participants’ self-reported post-meal hunger or
fullness between portion size conditions, in line with some
previous findings(14,28–30) but not others(10,16,31).

There were some differences between the two studies.
Participants in Study 2 consumed more energy than participants
in Study 1. There are several factors that may have contributed
to this behaviour. First, the two-course meal structure in Study
2may have conveyed to participants that consuming at least some
dessert was normative or expected. Second, due to thewider vari-
ety of food available to participants, sensory-specific satiation is
less likely to have constrained additional intake. These factors
may have dampened the influence of perceived normality of
the portion size of the served meal component in Study 2 relative
to Study 1 andmay explainwhy our predictions about portion size
normality were more clearly supported in Study 1 than Study 2.
Other differences (e.g. sensory experience, macronutrient com-
position) between the meals provided in the studies could have
also contributed to differences in the pattern of results.

There are some caveats to interpreting the results of the
present studies in relation to the ‘norm range’model. In line with
the norm range model, perceptions of portion size normality
tended to be negatively correlated with the amount of additional
intake in unplanned analyses. However, participants’ end-of-
study ratings of the ‘large-normal’ portion sizes (and the
‘small-normal’ portion in Study 2) were significantly higher than
‘normal’, and participants’ self-reported ‘usual’ portion size of the
study foods were closer to the ‘smaller than normal’ than the
‘normal’ portion sizes in Study 2. These findings indicate that
the served portion sizes may have been too large for some par-
ticipants; however, this may also be attributable to measurement
issues. The portions were selected based on visual judgments of
portion size ‘normality’ from an independent sample of partici-
pants in a previous study(23). We adopted this approach to
prevent hypothesis awareness that may have arisen from
participants in the present studies assessing perceived normality
at the start of the study, which was successful as only a small
number of participants were aware of the true hypothesis of

Table 2. Perceived normality of portion sizes and correlation with
additional intake†
(Mean values and standard deviations; correlations)

Smaller than
normal

Small-
normal

Large-
normal

Mean SD Mean SD Mean SD

Study 1 2·9 1·1 4·2 1·1 5·0 1·1
Correlation −0·54*** −0·41** −0·27

Study 2 3·5 1·0 4·6 0·8 5·6 1·0
Correlation −0·17 −0·18 −0·34*

* P< 0·05, ** P< 0·01, *** P< 0·001.
† ‘Smaller than normal’ (v. ‘small-normal’) and ‘small-normal’ (v. ‘large-normal’) portion
sizes were associated with significantly lower perceived normality ratings in both
studies (P< 0·001). Perceived normality scale: 1 (‘not normal, it is too small ’) to 7
(‘not normal, it is too big’) with a midpoint of 4 (‘normal’).
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the studies. We believe this approach was justified as we have
previously observed considerable overlap between the per-
ceived ‘norm range’ of independent samples and we employed
the same recruitment strategy and stratification(23). Prior expo-
sure to and consumption of different portion sizes has now been
shown to affect perceived normality(18,32,33), meaning these mea-
sures completed at the end of the studies may have been conta-
minated by exposure to portion sizes during the study. Further,
portion size normality ratings were assessed consecutively,
which may have artificially inflated the differences between
the portion size conditions (e.g. participants may have evenly
spaced the ratings along the scale, rather than clustering in the
middle of the scale around perceived ‘normal’ as was predicted).
An alternative interpretation is that despite these methodological
difficulties, perceived normality does not have a significant influ-
ence on additional intake, and as such, future research corrobo-
rating the preliminary evidence for a ‘norm range’ interpretation
of additional intake following the consumption of a moderate to
small initial portion of food would be valuable. This could be
achieved using a between-subjects design to simultaneously
minimise hypothesis awareness and allow cleaner measurement
of perceived portion size normality, or by manipulating
perceived portion size normality to circumvent the issue of
measurement contamination.

The present work adds to the evidence that reducing portion
size can reduce short-term energy intake and provides tentative
preliminary empirical support regarding one factor that may in-
fluence the boundaries of effective portion size reductions.
However, we note that further research addressing themethodo-
logical limitations acknowledged above is required to provide
more convincing evidence. Some previous work has shown that
reducing portion size decreases acute energy intake, and this
decrease is not fully compensated for by consumers with
increased intake from side dishes(34) or at later meals(14,15).
However, in a 6-month free-living randomised controlled trial,
a reduction of weekday lunch portions from 800 to 400 kcal
(3347 to 1674 kJ) was associated with neither significantly lower
daily energy intake nor greater weight loss(15), suggesting that if
portion size is decreased by toomuch, compensationmay occur.
Our findings provide some preliminary support for a ‘norm
range’ theoretical model of the effect of portion size(23).
Specifically, the model and our findings tentatively suggest that
if a reduction in size results in a portion size being categorically
perceived as a ‘normal’ sized portion, immediate additional eat-
ing may be less likely than if the portion size is perceived as
‘smaller than normal’. Moreover, this model suggests that the
exact size of reduction to any given food that could be made
without inviting substantial additional eating may be reliant on
the range of portion sizes of that food that most consumers vis-
ually perceived as being ‘normal’ in size, as opposed to a simple
rule of thumb applied across all foods (e.g. a 50 % reduction in
portion size). It is important to note that our studies focused on
additional eating after an initial portion both during the same
course (Study 1) and in a second course of the same meal
(Study 2), so our conclusions only reflect short-term patterns
of intake and only part of overall energy balance. Further work

is needed to examine longer-term patterns of additional intake in
response to reduced portion sizes (e.g. over several days, as has
been examined in children with standard v. ‘increased’ por-
tions(35)), although a recent systematic review concluded that
acute effects of dietary interventions on appetite and energy
intake tend to be sustained if the initial effects are robust(36).
The relevance of the present work in explaining the effect that
increases in portion size have on energy intake may now be
valuable to examine.

A strength of the studies reported here is that detailed cover
stories were used, which were successful at disguising the study
aims from themajority of participants(37). Both studies werewell-
powered, and Study 2was pre-registered and demonstrated gen-
eralisability of the pattern of results of Study 1 to a different food
and different meal structure. We also provided participants with
portion sizes that would be more representative of meals served
outside of the laboratory, which increased ecological validity.
For example, although plate clearing is very common when
eating(38), for methodological reasons, traditional laboratory
portion size studies are designed to be so large that participants
are unable to finish them.We allowed a variable washout period
(7–10 d) in order to facilitate scheduling and retention of partic-
ipants, but a 7-d washout (sessions on same day of the week)
would have been preferable. It is possible that outside of the lab-
oratory setting, consumers may more freely engage in additional
eating of self-chosen foods or outside of the singlemeal occasion
(as evidenced in previous works, e.g. de Castro, McKiernan et al.
and Champagne et al.(39–41)), which may result in different pat-
terns of additional intake than was observed in the present
research. There is now a need to test whether the pattern of
results observed here can be reproduced in more naturalistic
settings and by assessing patterns of food intake over longer time
periods(42). Another question for future research is the extent to
which individual differences may affect additional intake
after consumption of smaller portions, as the present studies
were not designed to examine this. For example, satiety
responsiveness(43) may dictate the amount of additional intake,
although the effect that portion size has on energy intake
has not been shown to be consistently moderated by satiety
responsiveness(35,44). Although a strength of the present research
was that we compared three different-sized portions inside
and outside of the ‘norm range’ for two different foods and
two different meal structures, comparing patterns of additional
eating in response to a greater number of portion sizes varying
in perceived normality will now be needed to provide a more
robust test of the norm range model, and would be another
useful direction for future research.

There are calls for policy action to encourage food manufac-
turers and retailers to reduce food portion sizes in order to
reduce energy intake and tackle obesity(2,12). However, it has
been argued that variations in portion size aremore likely to lead
to compensatory responses than interventions relating to other
aspects of eating behaviour such as ingestive frequency, mean-
ing that portion size may be a less important consideration for
overall energy intake and population weight gain(7,45). Here
we made subtle reductions to moderately sized portions and,
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despite evidence of a small increase in additional eating in
response to portions perceived as being ‘smaller than normal’,
participants did not fully compensate for the portion size reduc-
tions, suggesting that further reductions to portions that are
already small-to-moderate in size have the potential to reduce
overall energy intake.

Conclusions

Two studies provide preliminary evidence that perceived portion
size normality may influence additional intake, but further research
testing the effects on energy intake of manipulating a wider range
of portion sizes that vary according to perceived normality over a
longer period of time is required.
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