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A B S T R A C T

Research on eating behaviour has confirmed that portion size can substantially influence intake, a phenomenon
known as the Portion-Size-Effect (PSE). Despite extensive research interest, there is limited understanding about
the PSE on intended consumption (often measured by Expected Intake). It also remains unclear whether the
presentation of food cues (e.g., Word Descriptors; Food Images) can modulate PSE during pre-meal planning. The
current study addressed these questions by comparing PSE on intended versus actual consumption, with 62
participants based on a within-subject design. Participants firstly rated Expected Intake for a pasta dish of three
sizes (400, 600, and 800 g), with each size presented in three different formats of food cues. The participants'
actual pasta intake with the three portion sizes was tested in three ad libitum sessions over 7 weeks. The results
suggested that Expected Intake increases as portion size becomes larger, following a nearly linear relationship. In
comparison, the Actual Intake had a smaller increment after the presented portion size exceeded the ‘appro-
priate’ range. Relating to these results, the pre-meal PSE was found to be comparable to the actual PSE with
moderate portion sizes (i.e., 600 g-400 g), but significantly stronger than the actual effect with large portion
sizes. Overall, our data support the hypothesis that portion size can have a stronger influence on meal planning
than actual food intake, and show that the format of food cues has considerable influence on Expected Intake.
Studies of pre-meal planning should carefully consider the role of portion sizes and food cues on Expected Intake.

1. Introduction

Obesity is a global problem. Although the aetiology of obesity re-
lates to diverse factors, one of the apparent drivers lies in the current
food environment, which promotes over-consumption of high-energy
but nutrient-poor food. For instance, food portion size has been in-
creasing since the 1970s (Duffey & Popkin, 2011; Young & Nestle,
2002), which directly impacts on energy intake and ultimately elevates
body weight (Rolls, Roe, & Meengs, 2007). This phenomenon has been
demonstrated in empirical studies of eating behaviour, whereby portion
size substantially influences on energy intake, known as the Portion-
Size-Effect (PSE) (Ello-Martin, Ledikwe, & Rolls, 2005; Rolls et al.,
2007; Rolls, Roe, Kral, Meengs, & Wall, 2004).

The PSE has been well-studied across food types, populations and
eating scenarios (Zlatevska, Dubelaar, & Holden, 2014), although the
mechanisms underlying this effect remain unclear (Benton, 2015;
Herman, Polivy, Pliner, & Vartanian, 2015; Steenhuis & Poelman,
2017). In the past decade, several proposals have been put forward in
an attempt to unravel the mechanisms underlying PSE on food intake
(Steenhuis & Poelman, 2017). One of the commonly-accepted

hypotheses is related to the perception of “appropriate” or “normal”
portion sizes (Haynes et al., 2019). Marchiori, Papies, and Klein (2014)
explained this view with the anchoring and adjustment theory, whereby
perceived portion size acts as a reference point (i.e., the “anchor”) for
steering food intake. Conceivably, large serving sizes distort an in-
dividual's perceived portion size, which can then override the adjust-
ment process and lead to altered energy intake.

To date, much of PSE research has focused on energy intake with an
ad libitum design (Ello-Martin et al., 2005; Rolls et al., 2004, 2007).
Recently, there is increasing recognition of the role of pre-meal plan-
ning in determining food and energy intake. In most eating scenarios,
an individual plans their food portion (measured by Expected Intake)
prior to the actual intake, and then consumes the meal in its entirety
(Fay et al., 2011; Wilkinson et al., 2012), particularly in Western cul-
tures (Peng et al., 2017). Emerging evidence suggests that portion size
is a major factor influencing Expected Intake (Marchiori et al., 2014;
Robinson et al., 2016; Robinson, te Raa, & Hardman, 2015). For in-
stance, Robinson et al. (2015) employed a between-subject design to
assess discrepancies between Expected Intake (based on Food Images)
and actual intake of ice cream in large and small sizes. Their results
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found that large portion size led to higher Expected Intake, implying the
presence of PSE in pre-meal planning, herein termed as the “pre-meal
PSE”. In the literature, comparisons between Expected Intake and Ac-
tual Intake often suggest inconsistencies between these parameters
(Fisher, 2007; Zuraikat, Roe, Privitera, & Rolls, 2016). Conceivably,
such discrepancies can be attributed to the different mechanisms re-
sponsible for pre-meal planning and actual consumption. Food con-
sumption is thought to be governed by a combination of internal and
external factors – the former referring to physiological or biological
responses, such as secretion of hormones (Benelam, 2009; Woods,
Benoit, Clegg, & Seeley, 2004), and the latter referring to perceptual
factors, such as portion size (Brunstrom, Collingwood, & Rogers, 2010;
Marchiori & Papies, 2014; Oldham-Cooper, Wilkinson, Hardman,
Rogers, & Brunstrom, 2017; Peng, 2017). By contrast, although pre-
meal planning involves evoking episodic memory of previous eating
experiences (Brunstrom et al., 2012), this planning process pre-
dominantly relies on external factors (Herman & Polivy, 2008).
Drawing on these recent studies, we hypothesise that portion size, as an
external factor, exerts a stronger influence on pre-meal planning than
on actual consumption. Given the increasing interest of PSE on per-
ceived portion sizes, it is crucial to test this hypothesis empirically.

Portion information is delivered by food cues, which have been
shown to strongly influence pre-meal planning (Wadhera & Capaldi-
Phillips, 2014), with augmented food cues directly resulting in altered
energy intake (e.g., Marchiori, Corneille, & Klein, 2012; McClain et al.,
2013; Peng, 2017; Robinson et al., 2016). While using Word Descriptors
(e.g., “large”, “400 g”) is still the primary mechanism of conveying
portion size, there is an increasing trend to utilise other visual formats
(e.g., Food Images or 3D Models) for assisting people with portion es-
timates. These different formats of food cues are expected to influence
people's portion perception, and correspondingly their intended con-
sumption. Indeed, Frobisher and Maxwell (2003) found that judge-
ments of Expected Intake based on food images were more indicative of
actual intake than information from Word Descriptors. Based on these
findings, we hypothesise that specific food cues may be more suscep-
tible to perceptual biases for judging portion sizes than others, causing
larger PSE during pre-meal planning. To test this prediction, the present
study incorporates three different visual formats when assessing the
effect of portion size on intended consumption.

The current study aims to systematically evaluate the effects of
portion sizes on Expected Intake during pre-meal planning and actual
consumption, using a within-subject design. In particular, the study
addresses whether PSE is more pronounced for intended versus actual
consumption. Findings from this study will generate practical insights
into effective uses of food cues for portion regulation, and will con-
tribute to the understanding of mechanisms underpinning PSE.

2. Methods

2.1. Participants

Eighty-six participants were initially recruited, of whom 73 com-
pleted this study. The inclusion criteria were healthy individuals be-
tween the age of 18 and 60 years, consumers of pasta (i.e., consume at
least once per month), with no food allergies or restrictions, and not
under any dietary program to gain or lose weight. Participants were
also asked to complete the Dutch Eating Behaviour Questionnaire
(DEBQ) as a supplementary task.

A screening process was performed to check the quality of the
questionnaire data at the end of the study. Eleven participants were
identified as habitual respondents as they gave 100 for all of the
questionnaire items, and data from these subjects were excluded from
subsequent analyses. Therefore, the final dataset comprised response
data obtained from 62 participants (29 females and 33 males; 42
healthy weight (BMI within 18.5-24.9 kgm-2) and 20 overweight (BMI
above 25 kgm−2)). All participants gave written consent prior to the

commencement of the study. This research was approved by the
University of Otago Human Ethics Committee (17/139).

2.2. Samples

The present study used pasta bolognese as the testing food sample,
given the broad popularity of this dish among the testing population.
All samples used in the current study were made following a pre-de-
termined recipe in a standard food-grade laboratory. For the first ses-
sion, 9 types of Food Cues were constructed, including Word
Descriptors, Food Images and 3D Models for pasta bolognese in three
different sizes (i.e., 400 g, 600 g, and 800 g). The Word Descriptor in-
cluded the name of the dish and specification of the weight of the food
(in grams). In order to develop Food Cues based on Food Images and 3D
Models, we cooked and prepared the pasta dish in three sizes (400 g,
600 g and 800 g;± 0.9 g), and placed them on plates with a diameter of
25 cm. Care was taken with the placement of food on the plate. Each
Food Image was constructed by photographing the dish from the top
view under constant lighting condition on a black background. Each 3D
Model was prepared by taking a series of photos from the top, angular
and front view for every 100 rotation in the y-axis. The 3D Models were
post-processed with Agisoft professional (version 1.3.4.5067, Agisoft
LLC, Russia) and Blender (version 2.78, Blender Foundation,
Netherlands). In order to provide a realistic scale of the dish in the
visual food cues, a standard unlabelled 330ml can, had been added
next to the pasta dish as a point of reference. All of these 9 Food Cues
were incorporated into questionnaires and uploaded onto Qualtrics
(2016, USA). The 3D Models were presented in Qualtrics as an em-
bedded link via an online 3D model platforms (www.sketchfab.com).

For the remaining three sessions, the same pasta bolognese dish was
prepared for each participant. The cooking took place 60-min prior to
the start of each session. The food was served 5–7min after being
cooked, at approximately 60 °C. Food samples were weighed im-
mediately before and after consumption (± 0.9 g).

2.3. Procedures

Each participant attended four experimental sessions after a
3 + hour fasting. Fig. 1 provides a schematic outline of the experi-
mental procedure. Data collection for the present study took place in a
standard sensory laboratory, with each participant seated in an in-
dividual booth with controlled lighting. Participants were informed that
the purpose of the study was to examine the effect of portion labelling
on eating behaviour, and minimal additional information was provided.
The study protocol conformed to Robinson, Bevelander, Field, and
Jones (2018) as closely as possible.

At the start of each session, participants were asked to rate their
hunger level on a 100-point Visual Analogue Scale (VAS). In Session 1,
the participants were presented with each of the 9 Food Cues in a
randomised order and asked to indicate “How much would you eat
from this plate to be full?” on a 100-point VAS. Subsequently, these
participants attended three ad libitum sessions in a fasting-state, at 2
week intervals. At the beginning of each session, participants were
asked to rate their liking for the pasta dish (with one spoonful) on a
100-point VAS. They were then asked to consume the presented pasta
dish ad libitum. The participants were specifically instructed not to lift
the pasta dish while consuming the food. They were given a controlled
amount of water during the consumption (125ml). The presentation
order of different portion sizes was counterbalanced across all sessions
and participants. Participants were also asked to refrain from using a
mobile phone, talking and sharing their food with other participants
during the session.

At the end of the study, participants’ height and weight were mea-
sured (without shoes), following the anthropometric standardisation
reference manual (Lohman, Roche, & Martorell, 1988). Measurements
for each participant were undertaken twice; if the difference between
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the two measurements ≥1 cm or 0.1 kg, a third measurement was
conducted. The mean value of the two closest measurements was used
in the analysis. At the completion of the final experiment, each subject
was asked to confirm that they were unaware of the purpose of the
study; full study information was subsequently disclosed to each par-
ticipant.

2.4. Data analyses

The first part of the analysis aimed to test the effects of portion size
on energy intake for both intended and actual consumption. For actual
consumption, the energy intake was calculated as the product of food
intake (weight) and caloric value (Foodworks; version 9, Xyris

Fig. 1. Schematic representation of the experimental procedure.
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software, Australia). With intended consumption, the participants' re-
sponse on VAS was first translated into a weight measure (grams) and
then converted into an energy measure (kcal), following the protocol
described in Robinson et al. (2015). A mixed-effects linear model was
employed to assess differences in energy intake in different testing
conditions. Portion Size (400 g, 600 g, and 800 g) and experimental
conditions (Word Descriptors, Food Images, 3D Models, and Actual
Intake) were included as fixed factors and ‘participant ID’ was defined
as a random factor.

In this paper, the pre-meal PSE and actual PSE were quantified as
the caloric difference between two adjacent portion sizes. Previously,
PSE is often measured by calorie changes across portion sizes in per-
centage (e.g., Robinson et al., 2015). The present study used a within-
subject design, providing an opportunity to run quantitative analyses
on the actual PSE measures. In addition, Paired-Sample t-tests were
used to test individual differences between pre-meal and actual PSE, for
each of the Food Cues. Furthermore, Pearson's correlation between pre-
meal PSE and actual PSE for each food cue was also calculated. All
analyses were conducted with SPSS (version 25, IBM, USA). Significant
statistical results were indicated by p < 0.05 (Bonferroni-corrected p-
value). The full dataset has been made available on the Open Science
Framework at https://osf.io/wx8y5.

3. Results

3.1. Participant characteristics

Participants had a mean age of 23.7 years (SD=7.5), a mean BMI
of 23.4 kgm−2 (SD=3.0), and a mean DEBQ-restrained score of 3.5
(SD=0.5). Each participant was also asked to provide hunger ratings
at the beginning of each experimental session, and hedonic ratings in ad
libitum sessions. These statistics are included in Table 1.

A series of univariates analyses were performed to detect any sig-
nificant difference, due to gender or BMI in the Expected Intake and
Actual Intake. Significant differences with regard to gender were ob-
served for all Expected and the Actual Intake (p < 0.05), with females
reporting and consuming less food/energy. With BMI, differences were
observed for Expected Intake based on Food Images, with the higher
BMI group reporting higher intake. Given these preliminary insights, all
subsequent analyses were based on repeated-measures design. Notably,
results from repeated-measures ANOVA suggested that hedonic and
hunger ratings did not vary significantly across the experimental ses-
sions. Descriptive statistics are included in Table 1.

3.2. Effects of food cues and portion sizes on expected intake

A mixed-effects linear model was performed on measures of energy
intake to assess effects due to experimental conditions (i.e., 3 Food Cues
and Actual Intake) and Portion Sizes. We detected a significant inter-
action between these two testing factors (F (6,62)= 9.08, p < 0.001;
Fig. 2). Post-hoc tests with Bonferroni corrections indicated that, for the

portion size of 400 g and 600 g, the Actual Intake was comparable to the
Expected Intake based on Food Images and 3D Models, all of which
were significantly higher than the expected measure based on Word
Descriptors (p < 0.05). However, at the portion size of 800 g, the Ac-
tual Intake was comparable to the Expected Intake based on Word
Descriptors but significantly lower than the measures associated with
Food Images and 3D Models (p < 0.05).

Overall, portion size was found to have a significant main effect on
the estimated and actual energy intake (F (2,62)= 285.69,
p < 0.001). Averaged energy intake (across both estimated and actual
measures) associated with the portion size of 800 g (M=900.9,
SE= 21.5) was significantly higher than the portion size of the 600 g
(M=761.7, SE=14.0) and 400 g (M=544.7, SE= 6.9).
Experimental conditions also had a significant main effect on the
overall energy intake (F (3,62)= 19.43, p < 0.001). Specifically, en-
ergy intake estimated with Food Images (M=786.7, SE=14.0) was
significantly higher than all other experimental conditions (p < 0.05).
Notably, Actual Intake (732.4, SE=14.4) was comparable to Expected
Intake measured by 3D Models (M=745.3, SE= 16.0) and Word
Descriptors (M=687.5, SE=22.2).

A series of paired sample t-tests were applied to assess differences
between estimated and actual PSE (Table 2). Across the Food Cues,
results from the t-tests consistently showed no difference between the
estimated and actual PSE when the portion size increased from 400 g to
600 g, but significant differences between these two PSE measures for
800 g-600 g comparisons with Food Images and 3D Models (Cohen's d
was 0.87 and 0.71, respectively). However, Pearson's correlations be-
tween the estimated and actual PSE produced significant results for PSE
between 600 g and 400 g, but not for 800 g-600 g comparisons (Fig. 3).

4. Discussion

The results showed that large portion size led to higher energy in-
take for both pre-meal planning and food consumption, consistent with
recent findings in general (Marchiori et al., 2014; Robinson et al., 2015,
2016; Zuraikat et al., 2016). Specifically, the present study indicated
that the Expected Intake increased linearly with portion size, whereas
the Actual Intake had a smaller increment after the presented portion
size exceeded the ‘appropriate’ range. Related to these results, pre-meal
PSE was found to be comparable to actual PSE for moderate portion
sizes (i.e., 600 g-400 g), but significantly stronger than the actual effect
for large portion sizes. These novel observations lend support to our
hypothesis that portion size has a stronger influence on meal planning
than food consumption – but only when the portion size exceeds the
“appropriate” range.

Both previous studies and the current analysis indicate that actual
food intake exhibits a non-linear relationship with portion size.
Specifically, after exceeding a certain portion size, an individual's
consumption approaches an asymptote (Roe, Kling, & Rolls, 2016;
Zlatevska et al., 2014). Although no previous studies have assessed the
relationship between Expected Intake and portion sizes, Robinson et al.
(2015) assumed that Expected Intake would follow a similar non-linear
relationship against portion size, on the basis that individuals are adept
at estimating expected satiation and adjusting Expected Intake ac-
cordingly (Brunstrom et al., 2010; Brunstrom & Rogers, 2009). Contrary
to Robinson et al.’s assumption, the present study observed a near linear
relationship, with Expected Intake increasing at a constant rate across
the three portion sizes. This finding apparently reflects the diminished
effects of Expected Satiation on Expected Intake as portion sizes in-
crease, as suggested in a recent study by Brunstrom et al. (2016).

Evidently, discrepancies between pre-meal and actual PSE vary
across portion sizes. The pre-meal PSE was comparable to the actual
PSE for small portions (i.e., 600 g-400 g), corroborating Robinson et al.
(2015). However, with large portion sizes (i.e., 800 g-600 g), the Ex-
pected Intake led to higher-than-actual PSE. This observation is con-
sistent with the findings of Zuraikat et al. (2016), whereby individuals

Table 1
Descriptive statistics of the participants’ characteristics (N=62), and hedonic
and hunger ratings (on a 100-point Visual Analogue Scale) across four sessions.

Study sessions Mean SD

Hedonic – Session 1 n/a* n/a*
Hedonic – Session 2 79.7 13.7
Hedonic – Session 3 80.2 12.6
Hedonic – Session 4 82.2 13.0

Hunger – Session 1 72.0 16.4
Hunger – Session 2 75.5 16.2
Hunger – Session 3 77.3 15.4
Hunger – Session 4 76.7 17.9
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constantly choose larger portion sizes, even when their actual intake
stabilises. Moreover, pre-meal PSE was correlated to actual PSE only
when portion sizes were within an “appropriate” range. These results
highlight the interacting effects of internal and external drivers of
portion estimation. Indeed, previous research has suggested that pre-
meal portion estimation is prone to errors as it is primarily based on
external factors (Pierre & Ordabayeva, 2009; Slawson & Eck, 1997).
Here, we show that these judgement errors can be compensated by
internal factors during meal intake. For instance, hunger level gradually
declines during a meal (Morton, Cummings, Baskin, Barsh, & Schwartz,
2006; Yeomans, 2000), which leads to a faster termination of food in-
take and reduced PSE. Another important driver is palatability, which is
typically high during pre-meal planning (leading to high Expected In-
take) and reduced during food intake (leading to low consumption)
(Rolls, Rolls, Rowe, & Sweeney, 1981).

Previously, researchers have highlighted the importance of pro-
viding portion size information or labelling to the general public for
accurate portion judgements (Steenhuis & Poelman, 2017; Vermeer,
Steenhuis, & Poelman, 2014). Critically, findings from the present study
indicate that the format of food cues can substantially affect in-
dividuals’ Expected Intake, corroborating the results of Frobisher and
Maxwell (2003). Interestingly, our results indicate that different food
cues did not significantly change the size of PSE during pre-meal
planning, with Food Images and 3D Food Models leading to particularly
exaggerated PSE for large portion sizes.

A possible caveat of the current study lies in its ecological validity,

having been undertaken in a controlled laboratory setting. Individual
eating behaviour has been shown to vary considerably across controlled
versus real-life environments (Wang, Cakmak, & Peng, 2018). Given the
minimal sensory distraction in the laboratory environment, participants
might experience heightened attention towards food cues and tasks,
which in turn might facilitate enhanced prediction of intake or portion
size (Aydinoğlu & Krishna, 2011). An additional limitation relates to
intake data (collected from the three ad libitum sessions) exhibiting a
sequence effect. Despite our efforts in counterbalancing the testing or-
ders across subjects, individual participants might potentially have al-
tered behaviour across the testing sessions. Finally, future studies
should trial alternative foods, such as snacks, given that previous re-
search has shown that portion estimation can vary across food types
(Almiron-Roig, Solis-Trapala, Dodd, & Jebb, 2013).

Overall, the present study shows that pre-meal PSE follows a dif-
ferent trajectory relative to actual PSE. While effects based on estimated
measures were comparable to real effects involving small portions, they
become exaggerated for large portions. Our data support the hypothesis
that portion size can have a stronger influence on meal planning than
food consumption, and show that the format of food cues can influence
Expected Intake.
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Fig. 2. Averaged food and energy intake for three portion sizes of pasta, along with measures of Expected Intake (in both grams and kcal) based on three different
food portion cues.

Table 2
Results from t-tests assessing differences between the pre-meal PSE estimated by different food cues and the actual PSE (measured by kcal).

Food Cues Portion levels

600 g-400 g (n= 62) 800 g-600 g (n=62)

Pre-meal PSE t-test Pre-meal PSE t-test

Mean SE t-statistics p-value Mean SE t-statistics p-value

Word Descriptors 196.1 16.2 −1.39 0.171 118.9 13.7 1.14 0.258
Food Images 241.9 9.1 1.51 0.136 205.7 19.0 3.71 <0.001
3D Models 209.4 11.0 −0.71 0.481 169.9 15.0 2.96 0.004

Note: PSE based on Actual Intake: 600-400 g – Mean=220.6; SE=14.4; 800-600 g – Mean=89.14; SE= 23.9.
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Fig. 3. Scatterplot with regression lines (dashed lines) illustrating relationships between the pre-meal and actual Portion-Size-Effect (PSE) for two separate portion
levels (600 g-400 g; 800 g-600 g). Each panel represents a specific Food Cue.
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