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The pack size effect: influence on consumer per ceptions of portion sizes
Introduction
Recent evidence suggests that when people are faced with large portions they tend to give larger
prospective consumption estimates (Wansink, 1996; Kral, Roe, & Rolls, 2004), serve themselves
more food and ultimately consume more (Diliberti et al., 2004; Rolls et al., 2004b; Rolls, Roe &
Meengs, 2006; Rolls, Roe & Meengs, 2007; Kral, Roe, & Rolls, 2004; Chandon & Wansink,
2011; Van Kleef, Shimizu, & Wansink, 2013; Raynor & Wing, 2007). This so-called ‘portion size
effect’ (e.g. Jeffery et al., 2007) was found to be independent of several factors, such as food’s
palatability (Wansink & Kim, 2005), serving method (self-served or pre-served) (Rolls, Morris, &
Roe, 2002), eating location (Wansink, 2004), or food type (Ello-Martin, Ledikwe, & Rolls, 2005.
Notably, it has been shown that people do not compensate for such excess energy intake in
subsequent meals (Diliberti et al., 2004; Kral, Roe, & Rolls, 2004; Kral, 2006) which may in part
explain the co-occurrence of increase in obesity and sizes of portions over the past 30 years

(Ledikwe, Ello-Martin, & Rolls, 2005).

Although the ‘portion size effect’ seems unaffected by so many factors, not all is lost: some
stimuli have been found to act as modifying cues (Geier, Wansink, & Rozin, 2012, Brogden &
Almiron-Roig, 2010). Notably, external cues on the pack (Versluis, Papies & Marchiori, 2015) or
the serving plate (Van Ittersum & Wansink, 2013) were also found to influence perceptions of
portion sizes, with the potential to adjust consumption (but see also Libotte, Siegrist, & Bucher,
2014; Robinson et al., 2014). In order to better understand the ‘portion size effect’, we thus
propose to look more closely at how consumers’ perception of portion sizes were influenced by

pack sizes.

Portions sizes are defined as the quantity of food/drink that one can consume in one eating
(Schwartz & Byrd-Bredbenner, 2006) whereas pack sizes refer to the size of the container the

food. Similar to portion sizes, pack sizes are known to influence food consumption (e.g., Versluis,
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Papies & Marchiori, 2015; Wansink, 2004) as weltastent volume estimates (Wansink &
Chandon, 2014) with increasing pack sizes leadingdreasing portion size estimates and
intakes. Indeed, some individuals show a tendemdéwish a whole pack (e.g., Versluis, Papies &
Marchiori, 2015) and do not seem to be able teedsifitiate between packs and portions in their
consumption. It is important to note, however, floatexperimental purposes, pack sizes and
portion sizes can be manipulated independently, (A/gnsink 1996). Some studiesve used
verbal descriptors of pack sizes also called ‘descriptors’, e.g. terms like small, medium or
large (e.g. Aydinglu & Krishna, 2011; Just & Wansink, 2014) and im&ocases the pack size
has been provided as a weight or volume (e.g. Aghin& Krishna, 2011). Relatively little work
has been done exploring the links between the Bedcaortion size effect’ and the ‘pack size
effect’. Indeed, portion and pack sizes in researehoften used interchangeably and can be
confounded (see Zlatevska, Dubelaar, & Holden, P0A% thus argue that it is of relevance to
distinguish between portion and pack size effedtis the ‘pack size effect’ referring to the effect
of increased consumption or increased portionestzienates with increasing container size in
which the food or drink is presented (e.g. Zlateydhubelaar & Holden, 2014); which can also

be a plate or cup serving (Wansink, 1996; Rolls.e2004a).

In order to better understand modifying factorshef ‘portion size effect’, we propose to measure
portion size estimates indirectly, by looking motesely at how portions sizes are visually
affected by pack sizes. When patrticipants are agkethte the number of portions to be contained
in a pack, they provide indirect information onitlrepresentation of portion sizes. In other
words, the fewer portions stated for a presente# paee, the larger the portions. Portion sizes are
not defined a priori but rather by what the indivads perceive portions to be. We argue that there
is no fixed portion size, as individuals have bemmd to be affected differently by pack sizes
dependent on their personal portion size prefese(eg., Versluis, Papies & Marchiori, 2015).
This is important, as we argue that, in particwen comparing across different individuals and

cultures, there is no such thing as an absolutigopasize other than the individual estimates to
2
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the actual presented packs. In fact, demographielisas individual differences do not allow

generalized consumer predictions (Ozen, Pons & 20k2).

Notably, individuals across several cultures aggosed to increases in pack sizes (for increase in
plates sizes in American culture since 1900, seelfersum & Wansink 2013). Rozin and
colleagues (2003) also found evidence for largek @ad portion sizes in the US compared to
France. When comparing sweet drinks marketed irtrAlis, Canada, the Netherlands and New
Zealand, Poelman and colleagues (2015) found suiatevithin and between country variation
with respect to package and recommended servieg.dietary patterns vary across Europe,
with significant variations found in categoriesdikeverages (Naska et al., 2006; Nissensohn,
Castro-Quezada, & Serra-Majem, 2013) and procdsseld (Fernandez-Alvira et al., 201%ith
the potential of changing pack sizes in parts abRge, it is important to verify how portion
estimates are influenced by different pack sizessaca diverse group of consumers and to
identify the factors that potentially moderate paide effects. Indeed, the role of cultural
differences based on pack sizes is yet an elerhantémains to be determined as very few

studies have looked at the role of cultural diffexes in estimating portions.

A modifying factor frequently reported is gendereV@ous evidence suggests that women base
their estimates on more appropriate portion sizas men (Almiron-Roig et al., 2013; Yuhas,
Bolland, & Bolland, 1989) and that the portion seftect is attenuated for women (Rolls, Roe &
Meengs, 2006; Rolls et al. 2004a; Rolls et al. Ax)0In line with this, Burger, Kern and
Coleman (2007), who evaluate the extent of dewiatioom predefined standard portions, found
that male participants overestimated portions ntimae females, specifically for solid foods with

high energy density.

Other factors that have received similar attentmoresearch on portion size estimates are age
(Fisher et al., 2007; Jeffery et al, 2007; Dilibettal., 2004; Levitsky & Youn, 2004; Kral, Roe &

Rolls, 2004; Fisher, Rolls & Birch 2003; Flood, R&dRolls, 1990) and Body Mass Index (BMI)

3



77  (Albar et al., 2014; Burger, Kern & Coleman, 206&her et al., 2007; Wansink, Payne &
78  Chandon, 2007). However, as demonstrated in tha-arelytic review undertaken by Zlatevska
79  and colleagues (2014), results for gender, ageBatidon portion size estimates are inconsistent

80 and call for further research.

81 Factors that have received less attention in rekdaut nevertheless appear to play a role in

82  portion size estimation are relevance of portidorimation (Ayala, 2006), and an interest in

83 health and knowledge of nutrition (Soederberg MideCassady, 2015; Spronk et al., 2014). All
84  of these factors are potentially interrelated. &ample, research has shown that European

85 consumers can differ in their healthfulness ratioig®ods (Raats et al., 2014) and consequently

86 in the healthfulness of their food choices (Aschem#/itzel et al., 2013).

87  Portion information search behaviour is a furttemtdr that potentially affects portion estimates
88  significantly across cultures. It is thus assunied different cultural backgrounds, due to their
89 impact on the role of food, may influence how cansus estimate portion sizes but no clear body

90 of evidence exists to date to answer this question.

91 To summarize, despite the consistency of the pogipe effect, some factors were found to

92 influence consumers’ estimations of portion sizegarticular external cues (i.e., context and

93  situational cues) such as pack size and cultuickdraund as well as individual characteristics
94  such as gender or age. In the present study, aygpdypan-European sample, we set out to

95 examine how pack size and number of units of difiefood and drink products influence portion
96 size estimates across different cultures. Poriims esstimates were measured in response to a
97 combined photographic and text-based descriptiatifférent pack sizes. The main hypothesis
98 was thus that the size of a presented pack haseaajeffect on people’s internal representation
99  of portion sizes, affecting their estimate on numifeportions contained in a pack. We assumed

100 that the direction of the effect will be that faofds and drinks presented in larger packs would
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lead to relatively smaller number of stated posdibased on representations of larger portion

sizes contained in the pack.

Throughout the study, a large pack is defined ack that contains more food and has greater
dimensions, compared to the small and medium paickee same food. In addition to the main
‘pack size effect’, we further expected that gendleuld have a significant modifying effect on
portion estimates (Versluis, Papies & Marchioril20Almiron-Roig et al., 2013; Burger, Kern &
Coleman, 2007; Rolls, Roe & Meengs, 2006; Rollale2004a; Yuhas, Bolland, & Bolland,
1989). More specifically, we expected the effecpatk size to affect men more than women,
meaning that men would base their estimates oeigrgrtion sizes than women for larger packs
compared to smaller packs. We also expected thdre tountry differences due to variations in
eating cultures and nutrition policy environmerReZ£in et al., 2003). Lastly, we explored
whether individuals who find portion information éod and drink packages personally relevant
differ in their portion estimates compared to thad® do not find this packaging information

relevant to them.

Method

Participants

A quota sample of 13,177 participants was obtainesix European countries: France (N=2,209),
Germany (N=2,171), Poland (N=2,169), Spain (N=2)28&eden (N=2,207) and UK (N=2,155).
Demographic quotas were set for gender, age, amchgdnal attainment. Body Mass Index was
calculated from participants’ self-reported height weight, as weight (in kg) divided by height
squared (in m). Data from participants using défgrunits (e.g. pounds, inches) were transformed
to metric units prior to analysis. An overview bétstudy sample characteristics can be found in
Table 1. In order to achieve the required total bera in each country it was necessary to relax

the education quota in Poland and the gender gudtaland and Sweden. In order to compare
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the distributions of gender, age, education, and B&tween countries, the Chi-square statistical

test for equal distribution of the frequencies &pplied to each set of categorical data.
General measures and Procedure

A web-based study was conducted with online rebgaaoels in each country via a market
research company. It was first piloted in the UKhwa sample of 200 participants (July 2010).
The main fieldwork was conducted in July/August @i the UK and in September 2010 in all
other countries. The study consisted of three paatsh with different types of food (Part 1: solid
foods, Part 2: liquid, Part 3: foods with distintits of fixed size). Participants were asked to
make portion-related judgments about the presdotatiproducts in all three parts of the study.
For an overview of the design of each of the psgtsFigure 1. In Parts 1 and 2 participants were
askedHow many portions (servindsare contained in the product in the picture? Rieanove

the slider up and down the scale until you are lyapjh your answer. You can select whole and
part portions’.Responses were recorded using a slider scalengifm@m a minimum number of
0.25 portions to a maximum of 20 (with intermedistieps of 0.25). In Part 3 participants were
asked ‘How many of these [food name] make up a@u?tPlease write the number of [food
name] that you think make up a portion’. While Bdrtand 2 of the study focussed on differences
in pack size, Part 3 investigated the effect ofrthmber of units of a food on portion size

estimates.

Prior to Parts 1-3, participants were asked tocaug their nationality, age, gender, education
level, their portion information search behavioldyring the last 6 months, how often have you
looked for portion information on food and drinkckages?”, using a 5-point categorical response
format from 1=never to 5=always) and whether portidormation on food and drink packaging

was relevant to them (Yes/No). After Parts 1-3ytivere asked to report their satiety state

! A ‘serving'’ is the equivalent term often used bpd manufacturers, especially for foods that nedsktdivided or
portioned by the consumer before consumption (Beagtd Aimiron-Roig 2011). We clarified to particip&rthat
both terms are used interchangeably in this stasigome might be more familiar with one and othétis the other
term.

6



148  (hunger level) on a 10-point response format s@atenot at all to 10= extremely). Also, interest
149 in healthy eating was measured, using the GenezaltitInterest scale, consisting of eight

150 statements scored on a 7-point Likert-type caiegbresponse format (1= strongly disagree, 7=
151  strongly agree) (Roininen, Lahteenmé&ki & Tuoril@9%). Finally, based on the Subjective

152  Knowledge scale by Flynn & Goldsmith (1999), an@dd measure of Subjective Knowledge
153  about healthy eating was developed, consistingufifems administered on 7-point Likert-type

154  categorical response format (1= strongly disagfeestrongly agree).

155  Stimuli

156  We presented images of packaged food and drinkugtedhat are part of the food cultures in the
157  participating countries and available in a varigtyack sizes. As the pack sizes were ones

158 available in the market, external validity was higherefore, we did not standardise pack size
159 increments artificially across products. We alsogst to include products varying in state (solid
160  and liquid products), type of food (snack, meatlionk) and whether or not they consisted of

161  units. Notably, products were also chosen for thetential to impact on energy intake. Energy-
162  dense foods were used, as a relatively small iseremintake of these foods can lead to a

163  substantial increase in energy intake.

164  Part 1 on solid foods was conducted with crispsvim pack sizes: 34.5g (small), 120g (large),
165 chocolate confectionery in three pack sizes: 18@(B, 45g (medium), 2 bars x 35g (together
166  forming the large portid) and lasagne ready meal in three pack sizes: @&d0all), 1000g

167  (medium), 1600g (large). Part 2 on liquid foods wasducted with six sizes of a cola-type drink:
168  two can sizes (150ml, 330ml) and four bottle siZ&0ml, 500ml, 1000ml, 1500ml). Part 3 on
169  foods consisting of units was conducted with chickaggets in two pack sizes (4x10g, 9x10g),

170  sweets in two pack sizes (10x4g, 60x4g) and biséaitwo pack sizes (2x20g or 15x20g).

2|t should be noted that this may have introducedtantial confound, but only with regard to thea® picture of
the unwrapped food, as all other pack sizes catsist single items.

7
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In Part 1, for each product, pairs of pictures warewn— a packaged version of the product to the
left and the contents of the packaging to the riBbth pictures displayed the product placed on a
plate with cutlery either side, in order to provattditional references regarding the size (see
Appendix 1 for the photographs). In Part 2, thelestand cans were photographed next to a bank
card in order to provide an additional size refeeerin both Part 1 and 2, products were
accompanied by the product name (crisps, chocotatiectionery, lasagne ready meal, cola-type
soft drink) and the numerical description of theakpack weight (in grams) or volume (in

millilitres (see Figure 1 for an overview of thestili used). In Part 3, the food photographs
further entailed the number of items containechnppack and the grams indicated each item’s

weight. The order of foods and pack sizes presemgsdrandomised.

Design

Part 1 tested portion size estimates in a withinjestis design whereas Part 2 used an unbalanced
blocked design in which one out of three possiblalter (products marketed as containing single
portions: 150ml, 250ml, 330ml), followed by one ofithree possible larger (products marketed
as containing multiple portions: 500ml, 2000ml, @&0) cola type drink pack sizes was shown to
each participant in randomized order. This desggulted in nine possible trials (150m|/500ml,
150ml|/1000ml, 150mI/2500ml, 250mI/500ml, 250ml/1600250mI/1500ml, 330mI/500ml,
330ml/1000ml, 330mI/1500ml) with one trial shownetach participant. Part 3 used a 3x2 mixed
design, with food (chicken nuggets, sweets andili§cas a within-subjects factor and pack size
(small/large) as a between-subjects factor. Fon ézmd item, participants were randomly

assigned to either the small or the large packnelition.

Analysis

Data were analysed using SPSS (Version 20).

In Part 1, separate analyses were performed fdr fead product. The main dependent variable

was the estimated portion size, calculated by digidhe food weight/drink volume by the
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number of portions that participants indicated weotuded in each pack. Repeated measures
ANOVA on estimated portion size were performeddach product, the within-subjects factor
being pack size and the between-subjects factonpiasing of gender, country and relevance of
portion information. Age, BMI, hunger, General Hedhterest, Subjective Knowledge about
healthy eating, and portion information search beha were included as covariates. Regarding
the effect of covariates, additional linear regimssanalyses were performed in order to
investigate the influence of each covariate orefitenated portion sizes for each food and each
pack size. Simple and adjusted models were usediar to take into account the role of each

covariate.

In Part 2, two separate univariate General Lineaddls were performed to test the effect of pack
size on portion size estimates within each sizei getwithin the small can/bottles (marketed as
containing single portions: 150ml, 250ml, 330mlylavithin the large bottles (marketed as
containing multiple portions: 500ml, 1000ml, 150nMue to the unbalanced design of Part 2, a
comparison of all six pack sizes in one analysis nat feasible, therefore individual analyses
were performed for each size set to explore th& pae effect even when slight increases in pack
size occur (from 150ml to 330ml in the small sed &lm 500ml to 1500ml in the large set). The
dependent variables for each analysis were ‘podipa estimate of the small pack’ and ‘portion
size estimate of the large pack’, respectivelybdih analyses, a separate between-subjects factor
was used to indicate which of the small can/botiles which of the large bottles each participant
was shown. This allowed us to take any potentifdémce of judgement context, i.e. the
combination of pack sizes each participant wagassi to, into account. Gender, country and
relevance of portion information were included ddiaonal between-subjects factors. We used
the same covariates as in Part 1. Additionallyenimdividual Bonferroni corrected pairédests
were performed to investigate the differences iripo size estimates between the packs shown

in each trial (small vs. large pack).



221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

In Part 3, three univariate General Linear Modetsenperformed on the number of estimated
items per portion, one for each food, with pacle €1z the independent variable, gender, country
and relevance of portion information as the betwsdrject factors. Age, BMI, hunger, General
Health Interest, Subjective Knowledge about heatidiyng, and portion information search
behaviour were included as covariates. Linear ssgoa analyses (simple and adjusted models)

were performed in order to explore potential confiing effects.

Results

Part 1

Repeated measures ANOVAs showed a significant eféaat ofpack size on portion

estimations, for all three products. When partiotpavere presented with the large pack of a food
they estimated on average a larger number of prtio be contained in the pack compared to
when presented with the small pack, in all thremifoategories. Notably, the number of portions
estimated in the larger packs did not follow adinimcrease with the increase in pack size;
leading to a ‘pack size effect’ with estimatesarfjer individual portions in larger packs
compared to smaller packs (see Figure 2). For datecoonfectionery and lasagne, portion size
estimates of the food in the medium pack were 8agnitly larger than those in the small pack
and smaller than those in the large pack (chocataéelium-small MD = 17.1g, SE = 2.52, p <
.001, large-medium MD = 6.4g, SE = .29, p < .0@%agne: medium-small MD = 117.1g, SE =

.24, p <.001, large-medium MD = 51.5g, SE = 3;8%,.001)

Furthermorecountry of residence had a significant effect on porti@e €stimates. For all three
foods, participants from Sweden, Poland and Gerneatignated individual portions to be larger
compared to those from the UK, France and SpainlaSagne, however, UK patrticipants’

portion size estimates were not significantly difet to those from participants in Sweden (MD =
10.8g9, SD =7.8, p =.734), Poland (MD = 6.6g, SD.&, p =.959) and Germany (MD = 3.2g, SD

= 7.8, p =.999) (see Figure 3). The significateiaction between country of residence and pack

10
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size indicated a stronger pack size effect in scoumtries (i.e., Sweden and Poland) compared to
others. Mean values and standard deviations bytgpoan be viewed in the online

supplementary material (S1).

We also found a main effect génder, with men estimating larger individual portionsass all
three products, compared to women. There was aggndicant interaction between gender and
pack size, indicating a stronger pack size effectien than women. This finding was consistent

across all three produéts

Approximately half of the overall sample (46%) icalied that portion information on food and
drink packages was relevant to them. Individuals wéid thaportion infor mation is not

relevant to them provided portion number estimates thatated significantly larger portions to
be contained in a pack compared to those who firelavant across foods . A significant
interaction with pack size was also observed wstimeates indicating larger portions in the larger
packs (i.e., the ‘pack size effect’) for those vdwonot find portion information relevant compared

to those who do, across all food categdries

Covariates: Age, hunger, and General Health Interest had afignt effect on portion size
estimates of crisps. For chocolate confectioneoytign size estimates were affected by the
covariates age, General Health Interest, and pomi@mrmation search behaviour. Hunger,
General Health Interest, Subjective Knowledge abealthy eating, and portion information
search behaviour had an effect on the portioneszenates of lasagne. Those effects were further
investigated with regression analyses. In genaga, General Health Interest, and Subjective
Knowledge about healthy eating were negativelyteelao portion size estimates (i.e., smaller

portion size estimates in older people and in thp@s&cipants with a higher General Health

* Mean values and standard deviations by gendereatelved in the online supplementary material (S2).
“ Mean values and standard deviations by relevahpertion information can be viewed in the onlingpplementary
material (S2).
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268 interest and Subjective Knowledge about healthywgatwhile hunger and portion information

269  search behaviour showed a positive association.

270  In general, all effect sizes were small, rangimgrfi” < .001 to .036 (see Table 2).

271 Part2

272 No significant differences in baseline charactassfgender, age, BMI, education level, hunger,
273  General Health Interest, Subjective Knowledge abealthy eating, relevance of portion

274  information and portion information search behaviavere observed between participants

275  assigned to different trials.

276  GLM analyses revealed a significant main effeqpafk size on portion size estimates, for both

277  size sets of cola-type drink. When participantsenmesented with larger packs (as opposed to the
278  smaller packs within each size set), they estimtitedndividual portions to be larger (small set:
279  MD330-250= 63.5ml, SD = 3.3p < .001, MD30-150= 133ml, SD = 3.3p < .001, MDsp-150=

280 69.5ml, SD = 3.4p < .001; large set: MBoo-1000= 13.9ml, SD = 8.1p = .254, MD500-500=

281  36.5ml, SD = 8.1p < .001, MDoo-500= 22.6ml, SD = 8.1p = .016). An exception was the

282  pairing 1000ml/1500ml in the set of large packsereno difference could be observed. Means

283  and standard errors of portion size estimatesdoh @ack size are presented in Figure 2.

284  Paired samplesstests (Bonferroni corrected) showed that for alkrpairings of cola-type drinks
285  shown (nine trials), individuals tended to estimadetions to be significantly larger when they
286  saw the large pack compared to the estimates tney for the small packs. The only exception
287  was the pairing 330mlI/500ml, where no significaiffiedence was observed in portion size

288  estimates between the two pack sizes (MD = 1.9k 8.82,p = .689). See Table 3 for an

289  overview.

290 Country of residence also had a significant effect on tiquortion size estimates, in both pack

291  sizes. On average, participants in France estinthgedmallest portion sizes, followed by those in

12
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Spain, the UK, Germany, and Poland. Participan®aeden, on the other hand, estimated largest
portion sizes when shown both small and large patksla-type drink (see Figure 3). An
interaction effect of country of residence and psizk could only be found for the set of large
packs (F (5, 11809) = 4.954 < .001) indicating that in some countries (i.e.laRd and Sweden)
the pack size effect (larger portion sizes fordangacks) was stronger than in others for pack

sizes in the range of 500ml to 1500ml.

Gender had a significant effeain cola drinks’ portion size estimat@sen tended to estimate
liquid portions to be larger compared to women toth the smaller and the larger size sets
However, interaction with pack size was not sigmafit, meaning that the magnitude of the pack

size effect did not differ significantly between ma&nd women.

Individuals whaofind portion information on food packagesrelevant tended to estimate larger
liquid portions compared to those who do not finid information relevant. For the set of small
packs, this main effect was statistically signific@MD = 8ml, SD = 2.9p = .006), while for the
set of large packs the effect did not reach sigaifce (MD = 8g, SD = 6.9,= .247). There was

no interaction effect of relevance of portion inf@tion with pack size.

Theinteraction between the particular combination of the smadl #re large pack shown to each
respondent was significant for both small packslange packs. The larger the difference
between the two sizes of cola-type drinks showpaiticipants, the smaller the portion size
estimates of the small-sized packs were. For thefdarge packs, no specific pattern could be

observed.

Covariates: For the set of small packs, only age, General Héaterest, and Subjective
Knowledge about healthy eating had a significafgatfon portion size estimations. For larger
packs, however, hunger and portion information@ehehaviour also showed a significant effect

on portion size estimates. When applying individegression analyses, it became clear that

® Mean values and standard deviations by gendebeaiewed in the online supplementary material (S2)
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337

higher age, General Health Interest, and Subje&in@vledge about healthy eating are
associated with smaller portion size estimatesenmiinger and portion information search

behaviour are associated with larger estimatedqrat

In general, all effect sizes were small, rangimgfi? < .001 to .09. The only exception was the
pack size effect across the small packs of cola-tink where an effect size gf=.118 was
obtained (see Table 3).

Part 3

No significant differences in baseline charactarssfgender, age, BMI, educational level, hunger,
General Health Interest, Subjective Knowledge abealthy eating, relevance of portion
information, and portion information search behavjavere observed between participants
assigned to the different pack size conditions (lsweasus large), except for chicken nuggets
where more people with no education, secondaryatitun; and college/undergraduate education

were assigned to the large pack condition comp@réue small pack condition.

GLM analysis on the estimated number of items tingite up a portion resulted in a significant
main effect ofpack size for each of the three food products. Across atfy respondents
reported more items to make up a portion when tnene presented with the large packs
compared to when they saw the small packs. Meashstandard errors of portion size estimates

for each food and pack size are presented in Figure

Country of residence also had a significant effect on portion sizersates, across all products.
Similar to previous results, respondents from Spdkiand France estimated smaller portion
sizes compared with respondents from Sweden, Paladdermany. See Figure 5 for a graphical

illustration. The interaction effect between coyrgnd pack size was significant only for sweets
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and biscuits (but not chicken nuggets), indicatirggronger pack size effect for some of the

countries (i.e., Poland, Sweden and Germany) cosdparother’

Regarding the effect @fender, men estimated significantly larger portions conegawith
women, across different foods. A significant intéian effect of gender with pack size was
evident only for sweets, meaning that the pack sifext in sweets was stronger for men than for

womer.

No significant main effect farelevance of portion information or interaction effect with pack

size was observed for any of the foods (see Tgble 4

Covariates: Age, hunger, and General Health Interest had afsignt effect on portion size
estimates of chicken nuggets, and sweets, whilbigmuits only hunger had a significant effect.
Those effects were further investigated with regjmsanalyses. In general, higher age and
General Health Interest were associated with smpdigion size estimates while higher levels of

hunger were associated with larger estimated ptgtio
In general, all effect sizes were small, rangirmnr<.001 to .023 (see Table 4)

By way of summary across all parts (data not prtes@rshowed that participants in this study
reported significantly more portions to be includiedhe large packs compared to the smaller
packs of the same food, which, as it stands, sh@agldlt in smaller individual portions. However,
this increase in reported number of portions wdagpnaportionate to the actual increase in pack
size, illustrating thus an increase in the stattign sizes when shown large packs compared to
smaller packs. This indicates that even though lee@alise that large packs contain more

portions, it is likely that they unintentionally@mp serving and consuming larger portions.

Discussion

® Mean values and standard deviations by countrypeariewed in the online supplementary material (S1)
" Mean values and standard deviations by gendebeaiewed in the online supplementary material (S2)
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In the present study, we investigated the effegtaak size on portion size related estimates. In
Parts 1 and 2, participants’ portion size assumptwere measured indirectly via the number of
portions they perceive to be contained in pack®drt 3 we assessed participants’ portion
estimates via the number of items they think mgkea portion based on different pack sizes.
Estimates of larger individual portions in largacks compared to smaller packs (Parts 1 and 2)
as well as estimates of larger number of itemsakemp a portion based on presentations of
larger compared to smaller packs (Part 3) inditatger portions estimates for larger packs, the
so-called ‘pack size effect’. Our results indicatemall but significant ‘pack size effect’ acrofls a

countries, though to a different extent.

When patrticipants were presented with large patksonl/containers of drink, they tended to
estimate the number of portions contained in a f&ased on the portions being larger with larger
packs compared to when presented with smaller padkisroducts tested in Parts 1 and 2 of the
study (crisps, chocolate confectionery, lasagneaacala-type drink) showed such a ‘pack size

effect’.

A similar effect was found in Part 3 where partamps were asked to indicate how many items of
a multi-item food make up a portion. Across alke#food categories (chicken nuggets, sweets
and biscuits), those participants who were showrldige pack reported more items to make up a
portion compared to participants who were showrsthall pack, hence, estimating larger
portions when presented with larger packs. Thesdtseare in line with Madzharov and Block
(2010) who reported an increase in portion sizenasés when more food items were displayed

on pack.

We found demographic effects of gender, with mewliteg to state larger portions across all food
types. While a likely explanation may be the higbeergy requirement for men compared to
women, the range of differences (4-29%) between amelhwomen in stating portions was not

consistent with the 25% more energy intake the@éemmended for men (i.e. 2,000 kcal for
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women versus 2,500 kcal for men). When presentédlaiger packs of food and drink, both men
and women reported larger portions. However, fosthod the foods tested in this study, an
increase in pack size affected men more strongly thomen; when shown larger packs, men’s
portion estimates led to larger portion size insesathan women. This is in line with previous
research (Almiron-Roig et al., 2013; Burger, KerrC&leman, 2007; Rolls, Morris & Roe, 2002;
Yuhas, Bolland & Bolland, 1989, for a meta-analy®e also Zlatevska, Dubelaar & Holden,

2014).

We further found significant country differences.general, participants from Sweden, Poland
and Germany indicated larger portion sizes comprgarticipants from Spain, France and the
UK. These differences may be related to the diffefeod environments and eating habits in each
country (Jenab et al., 2006). However, there isfg®t limited reported evidence on the role that
national eating habits may have in how portionspareeived which calls for further research.
More interestingly, the pack size effect seemeetstronger in some countries than others. For
example, for the majority of the foods tested iis 8tudy, participants from Poland were found to
be influenced to a greater extent by the packediteet, compared to participants from the UK
who seemed to be less influenced. This could Iparha result of differing levels of nutritional
knowledge as Grunert and colleagues (2010) founlkeim cross-national study, including Poland
and the UK, the UK to have the highest knowledgees:on most types of knowledge.
Differences could also relate to the dietary pagehat vary across Europe (Naska et al., 2006;
Nissensohn, Castro-Quezada, & Serra-Majem, 20183.finding is particularly interesting in

light of the sample at hand showing significanfediénces in the country-to-country compaosition
(see Table 1 where distributions of gender, ageca&itbn and BMI sharing the same letter are not
significantly different between countries). Thereressignificantly more women in the Polish and
the Swedish sample compared to all other countlesertheless, the pack size effect was
greatest for these two countries. This would ingiiyeven stronger pack size effect for Swedish

and Polish men.
17



411  We also investigated whether perceived relevang®uion size information has an effect on

412  portion size estimates. Those participants whandidegard portion information on food and

413  drink packages to be personally relevant displaygdneral tendency to estimate larger portions,
414  compared to those who said it was relevant. In Pénvas further shown that pack size affected
415  those for whom portion information is not relevamare strongly than those to whom it is;

416  participants who do not find portion informatiorleneant estimated larger portion sizes than those

417  who find portion information relevant.

418  Finally, we have shown that participants’ portiteesestimates decrease with increasing age (this
419 held true despite significant differences in the agmposition of the country samples, Table 1), a
420 higher General Health Interest and a higher Subgé&nowledge about healthy eating. On the
421  other hand, portion size estimates are larger nghar participants but also for those who said
422  they look for portion information on food packagimgpre often. These associations were not

423  significant across all foods tested but the digettif each association (positive or negative) was

424  consistent, except for age.

425  Our findings are consistent with findings from goais literature. In a similar study, Almiron-
426  Roig and colleagues (2013) presented participaittsawariety of foods in portions that were
427  either larger or smaller than a fixed reference @mand report that for most of the foods that
428  were presented in large portions (larger than egige amount), participants stated fewer (but
429 larger) portions to be included in the serving thye shown. The opposite was the case for
430 foods that were presented in small portions (sm#iken reference amount). In another study,
431  participants were asked to imagine being servérbeda small or a large amount of food (half or
432  double the average amount of food consumed peop@er eating occasion, respectively) and
433  had to indicate how much of this food they wouldsiame (Marchiori, Papies & Klein, 2014). It
434  was shown that the size of the portion can sengeragerence point (anchor) on which people

435 base their estimations of what is an appropriatelarnto consume. The authors suggest that
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other factors such as hunger or liking of the fawaly also play a role, but that the amount finally
consumed is nevertheless biased by the size gfatimn. How exactly the size of the portion can
influence food intake was also studied by Keranagacolleagues (2015) who were able to show
that the unit bias (a unit as considered the ap@tgpamount to eat, see Geier, Rozin & Doros,
2006) may in fact be a segmentation bias: whereslemwiltiple smaller units, participants ate less
than when served a single larger unit. Applying thetion of a segmentation bias to our study
findings, it seems that participants have a prexigion for a limited number of segmentations,

independent of pack sizes.

In general, effect sizes for each fixed factor warall. In part, such small effect sizes can be
significant due to the large sample sizes in eacimty (Hodgkins et al., 2015). However, even
small differences in portion size estimates caraggto significant intake differences over time
and thus have an impact in the long term. Baseti®@portion estimations provided by the study
participants, the corresponding amount of calquersportion was calculated. Given the
significant increase in stated portion sizes franak to large packs of food and drink, the
difference in calories for each of these portiongeased anywhere from 66 to 233 kcal. If people
were to actually consume the portions they statetis study, this would result in a substantial
increase in energy intake, even over a short pafitiehe (Geier, Wansink & Rozin, 2012; Hill et
al., 2003; Rolls, Morris & Roe, 2002; Rolls et &004a; Rolls et al., 2004b; Kral et al., 2003).
However, as the current study did not measure kictizke, this calls for further research to test

whether increased portion size estimates will ldad to the predicted increase in caloric intake.

Albeit this is a widespread practice in food reshgFoster et al., 2006, Cameron & Van
Staveren, 1998), another limitation of the studihesuse of food photographs instead of real
foods as it could cause inaccuracies in the asssgsvhportion sizes (Nelson, Atkinson, &

Darbyshire, 1994). For this reason, reference ¢bmach as plates, cutlery and the bank card next
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to the can or bottle of cola type drink were introdd to the design of this online study to help

participants put the food photographs into perspect

The study findings have a number of implications.shown, large packs may lead to increased
portion sizes across various countries. Making Enaistead of larger packs of foods available to

people may support their efforts to control theitig and maintain a healthy body weight.

However, further studies are needed to explore ldnetalling attention to pack size and its
potential to lead to larger portions may be sugftito control portion size and consumption
frequency. The results of studies with a similgsrapch on the effects of portion size on food
intake, however, show a tendency for increasedrcbmechanisms through body awareness and

mindfulness exercises over educational informatsae Cavanagh et al. 2014).

On a different note, possible effects of portiazesoin consumption should be investigated as well.
It has, for example, been shown that smaller postan satisfy hunger and craving similarly to
large portions (van Kleef, Shimizu, & Wansink, 2D ore research on the topic would help

better understand this relationship.

Conclusions

This study has shown that pack size has an effestaied portion size. Larger packs of food or
drink can lead people to unintentionally estimargér portions. Considering that these stated
portions are likely to be consumed (e.g., MarchiBdpies & Klein, 2014), this has implications
for energy intake and weight status. Hence, maeareh is needed in order to better understand
how people estimate portions, e.g. by studying idrepeople see portions and portions
mentioned on food packs as a realistic amountad far drink someone is likely to consume in
one sitting as opposed to something someone skkonklime in one sitting. Answering this
question would give us insight into the concepsation of food portions in people’s minds and

the rationale behind the ratings people give iriporsize experiments.
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Communication of portion information to people atlicating them on their use should receive
greater attention from public and private authesitiin addition, food companies should focus
more on the provision of portion information on dopacks similarly to what they have done in

the past for nutrition information.
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Table 1. Participant characteristics (as per centages of the total samples)

France Germany Poland Spain Sweden UK Total
n= 2209 n=2171 n= 2169 n= 2206 n= 2207 n=2155 n= 13117
Gender Male 45. 4710 472}.4 45.9 3%.2 44.3
Female 54.5 2 53. 2 57.68° Sf.f 61.8 55.7
Age 18-29 24.8 22: 331 275 21.9 24.7
30-39 219 20. 24\5 30]8 25,4 24.7
40-49 23.2| @ 28.1 b 22l¢F 25/9d 25(0° 25.0
50-64 30.1- 28. 2¥4 159 27.6 25.6
Education None 1.6 0: 6,1 64 62 0.6
Primary school 1.7 13, 2|7 3|8 6|5 4.7
Secondary school to age 15/16 20.1 54 (3.1 11.7 .0 [3 16.9
Secondary school to age 17/18 41.2 1 64.8 487 49.3| © 45.9
College/Undergraduate 1515 8|2 B.3 20.4 20.5 14.6
University/Post graduate 140 9 20.9 20.1 20.4 : 17.4
Body Mass Underweight (BMI<18) 4.6 7 2.7 3. 2. 2.5 3. 3.2
Index Normal weight (18<BMI<25) 52.4] 46. 49.0 50.5 48.0 42.2 48.2
(BMI)? Overweight (25<BMI<30) 3032 328 P 32p¢ 34,84 32.4P 320 1° 32.3
Obese (BMI(BMI>30) 12.7 17. 18.5 12.3 17.1 7 .316

1,086 participants (8.3%) did not provide suffitcidata for classification
In order to compare the distributions of gendee, &glucation, and BMI between countries, the Chasgstatistical test for equal distribution of the

frequencies was applied to each set of categatatal Country distributions for each of gender, ageication, and BMI sharing the same letter ate no
significantly different from each other.

‘p<.05
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Part 1. Portion size estimates (within-subjects design)

Products
(within-subjectsfactor)

Pack sizes

(within-subjectsfactor)

Stimuli

Crisps Small (34.59g) Not applicable Large (120g) |+ Product name and weight
Chocolate confectionery Small (189) Medium (45g) |  rdea(2x35g) * Photos of the contents of the pack and the paeK,its
Lasagne Small (400Q) Medium (1000g Large (1600g) each on a plate with cutlery (product size refeggnc

Quegtion: How many portions (servings) are contained ingitealuct in this picture?
Scale: Vertical slider scale with endpoints of 0.25 aidd 2

Part 2: Portion size estimates (unbalanced block design)

(150 ml)

Cola type soft drink bottle

Not applicable SmalbQinl)

Medium (500ml)

Large (1000ml

Large (1500m

)

Products Pack sizes (within-subjectsfactor) Stimuli
Smaller* Larger*
Cola type soft drink can Very small | Small (330ml) | Not applicable Not applicable Not bpable | « Photo of the product

with a bank card
(product size reference)
Product name and
volume

*Each participant saw one small and one large pack
Question: How many portions (servings) are contained ingteeluct in this picture?
Scale: Vertical slider scale with endpoints of 0.25 aid 2

Part 3: Portion item number estimates (3x2 mixed design)

Products
(within-subjectsfactor)

Pack sizes
(between-subjectsfactor)

Stimuli

Chicken nuggets

Small (4x10qg)

Large (9x109)

Sweets

Small (10x4g

Large (60x4Q)

Biscuits

Small (2x209g)

Large (15x209)

e Product name

» Product in packaging on plate with cutlery (prodsize reference)
» Statement describing number of items and weighitpar contained in pack

Task: Please write the number of [product name] thattiink make up a portion.

Figure 1. Overview of thedesign, stimuli, questions asked and the scales or task used.
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Table 2. Part 1 - Repeated measures ANOV A with covariatesfor each food product

Crisps Chocolate confectionery Lasagne
F (df) p n F (df) p n F (df) p n

Size 46.082 <.001" .004 111.396 <.001" .009 43.26 <.001" .004
(1, 12001) (2, 24002) (2, 24002)

Gender 158.387 < .001" .013 89.911 < .001" .007 22.646 < .001 .002
(1, 12001) (1, 24002) (1, 24002)

Country 89.885 < .001" .036 75.785 < .001" .031 71.939 <.001" .029
(5, 12001) (5, 24002) (5, 24002)

o , 14.792 < .001" .005 31.586 < .001" .003 23.367 <.001" .002
Relevance of portion information (1, 12001) (1, 24002) (1, 24002)

o, 48.505 < .001" .004 35.716 < .001" .003 8.342 < .001" .001
Size*Gender (2, 12001) (2, 24002) (2, 24002)

- 52.198 < .001" .021 33.272 < .001" 014 23.818 <.001" .01
Size*Country (5, 12001) (10, 24002) (10, 24002)

Size*Relevance of portion 12.848 < .001" .001 5.424 .006" .000 4.526 .015 .000
information (1, 12001) (2, 24002) (2, 24002)

- 402528 < .001" .001 37.706 < .001" .003 1.822 77 .000
Covariate: Age (1, 12001) (1, 12001) (1. 12001)

. 578 444 .000 743 .389 .000 1.961 161 .000
Covariate: BMI (1, 12001) (1, 12001) (1, 12001)

. 24.795 < .001" .002 1.808 179 .000 27.511 <.001" .002
Covariate: Hunger (1, 12001) (1, 12001) (1, 12001)

. 52.436 < .001" .004 71.393 < .001" .006 35.083 <.001" .003
Covariate: General Health Interest (1, 12001) (1, 12001) (1, 12001)

Covariate: Subjective Knowledge 017 .898 .000 .381 537 .000 5.98 014 .000
about Healthy Eating (1, 12001) (1, 12001) (1, 12001)

Covariate: Portion information 597 44 .000 4.471 .035 .000 8.215 .004" .001
search behaviour (1, 12001) (1, 12001) (1, 12001)

'p<.05 " p<.0L, " p<.001
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Crisps

Chocolate confectionery

Mean (g) Mean (Nr)

+SD +SD

Mean (g) Mean (Nr)
+ SD +SD

Small pack (34.5g) 33.1+£25.4 21+3.1
Large pack (120g) 51.6 £50.3 41+35

120 -
2
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£
2 s
gﬁg 80_
<
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%S 40 -
Q
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5 Z
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= 0
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Small pack Large pack (120q9)

Small pack (189) 28.3+19.2 14+27
Medium pack (45g) 45.2+29.8 1.8%27
Large pack (2x35g) 51.5+39.3 23+28

1 Portion size in grams
[Pack size/No of estimated Portions]

120 -

100 -
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o
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o
1

o

Small pack Medium Large pack

(34.59) (189) pack (45g) (2x35Q)
L asagneready meal Coladrink
Mean (g) Mean (Nr) Mean (g) Mean
+SD +SD +SD (Nr) + SD

Small pack (400g) 319.7 1752 2127
4382 +3251 3.5+3

Medium pack

(1000g)
Large pack
(16009)

487.7 +4342 5+34

Smaller  150ml 164.3+103.9 1.7+28
packs 250ml 2354 +155.3 19+28

330ml  299.5+171.2 1928

1000 -

800 -

600 -

400 -

200 -

1 Portion size in grams
[Pack size/No of estimated Portions]

Small pack Medium Large pack

(4009)

pack (1000g) (1600g)

Larger 500ml  303.0+222.7 29+3.1
packs 1000ml 327.1 +387.7 5.2+3.6

1500ml 337.6 £426.4 7.1+4.2

1 Portion size in ml
[Pack size/No of estimated Portions]
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Figure 2. Per ception of portion sizes, measured indirectly by means of the number of
portion estimates. Depicted are the stated sizes of 1 portion (in gram or ml), based on
different pack sizesfor each food product (Parts1 and 2).
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Crisps Chocolate Lasagne
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Figure 3. Country differencesin the perception of portion sizes, measured indirectly by means of the number of portion estimates. Depicted
arethe stated sizes of 1 portion (in gram), across all pack sizesfor each food product (Part 1) and (in ml) across the small and the large

pack sizesfor the colatypedrink product (Part 2).
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Table 3. Part 2 - General Linear Model with covariatesfor small and large packs of cola typedrink

Coladrink
Small packs Large packs
F (df) p n F (df) p n

Size 791.524 <.001" 118 10.329 <.001" .002
(1, 11809) (1, 11809)

Gender 41.703 <.001" .004 34.328 <.001" .003
(2, 11809) (2, 11809)

Country 22.117 <.001" .009 22.632 <.001" .009
(5, 11809) (5, 11809)

Relevance of portion information 7.685 .006" .001 1.339 247 .000
(1, 11809) (1, 11809)

Small pack - - - 291 .055 .000

(2, 11809)

Large pack 23.595 <.001" .004 . - .
(2, 11809)

Small size*Large size 3.189 013 .001 2.573 .036 .001
(4, 11809) (4, 11809)

Size*Gender 2.288 102 .000 .500 .607 .000
(2, 11809) (2, 11809)

Size*Country 1.553 114 .001 4.951 <.001" .004
(10, 11809) (10, 11809)

Size*Relevance of portion information 1.865 155 .000 1.197 .302 .000
(2, 11809) (2, 11809)

Covariate: Age 13.326 <.001" .001 8.002 .005" .001
(1, 11809) (1, 11809)

Covariate: BMI 1.413 .235 .000 .006 .939 .000
(1, 11809) (1, 11809)

Covariate: Hunger 1.82 117 .000 6.138 013 .001
(1, 11809) (1, 11809)

Covariate: General Health Interest 75.163 <.001" .006 30.922 <.001" .003
(1, 11809) (1, 11809)

Covariate: Subjective Knowledge about Healthy Eptin 8.095 .004" .001 4.047 044 .000
(1, 11809) (1, 11809)

Covariate: Portion information search behaviour 4.07 .786 .000 6.949 .008" .001
(1, 11809) (1, 11809)
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Paired samplest-testsfor differencesin portion size estimates (in ml) of all pairings of cola drinks shown

Mean difference SE p value
150ml - 500ml 131.7 5.08 < .001
150ml - 1000m 153.4 9.28 < .001
150ml - 1500ml 147.3 7.20 < .001
250ml - 500ml 44.1 4.53 < .001
250ml - 1000m! 102.9 10.25 < .001
250ml - 1500ml 133.9 11.90 < .001
330ml - 500ml 1.9 4.82 .689
330ml - 1000ml 20.0 7.83 011
330ml - 1500ml 59.8 11.08 < .001

'p<.05 p<.0L " p<.001
Paired t-tests were adjusted with Bonferroni coti@t
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Table4. Part 3- General Linear Model with covariatesfor each food product

Chicken nuggets Sweets Biscuits
F (df) P " F (df) P " F (df) P 0

Size 129.694 <.001" 011 275.371 <.001" .023 71.901 <.001” .006
(1, 11960) (1, 11965) (1, 11965)

Gender 12.791 <.001" .001 19.487 <.001" .002 3.916 .048 .000
(1, 11960) (1, 11965) (1, 11965)

Country 12.165 <.001" .005 50.213 <.001" .004 9.811 <.001” .004
(5, 11960) (5, 11965) (5, 11965)

Relevance of portion information 2.653 .103 .000 1.842 175 .000 2.399 121 .000
(1, 11960) (1, 11965) (1, 11965)

Size*Gender 517 AT2 .000 10.401  .001" .001 1.345 246 .000
(1, 11960) (1, 11965) (1, 11965)

Size*Country 1.409 218 .001 21.055 <.001" .009 10.452 <.001” .004
(5, 11960) (5, 11965) (5, 11965)

Size*Relevance of portion information .245 .620 .000 1.202 .273 .000 41 522 .000
(1, 11960) (1, 11965) (1, 11965)

Covariate: Age 10.662  .001" .001 10.851  .001" .001 2.453 111 .000
(1, 11960) (1, 11965) (1, 11965)

Covariate: BMI .043 .836 .000 2.519 112 .000 2.643 104 .000
(1, 11960) (1, 11965) (1, 11965)

Covariate: Hunger 5746  .017 .000 11.649  .001" .001 13.223  <.001" .001
(1, 11960) (1, 11965) (1, 11965)

Covariate: General Health Interest 6.698 .01 .001 20.281 <.001" .002 .299 585 .000
(1, 11960) (1, 11965) (1, 11965)

Covariate: Subjective Knowledge about 1.728 .189 .000 197 .657 .000 2.23 135 .000
Healthy Eating (1, 11960) (1, 11965) (1, 11965)

Covariate: Portion information search 2.034 154 .000 2.367 124 .000 .328 567 .000
behaviour (1, 11960) (1, 11965) (1, 11965)

'p<.05 " p<.01  p<.001
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Chicken nuggets

Sweets

Mean (Nr) Mean (g) Mean (Nr) Mean (g)
+ SD + SD + SD + SD
Small pack (4x109g) 4+7.8 40+ 77.9 Small pack (10x4g) 5.7+13.3 22.7+ 53.1
Large pack (9x10g9) 56+8.9 56.3 £ 89.5 Large pack (60x4g) 11.2+21.3 449+ 85
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Figure 4. Perception of portion sizes, measured indirectly by means of the number of items
that make up a portion. Depicted isthe stated size of 1 portion (in gram), based on different

pack sizesfor each food product (Part 3).
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Poland 51.2+112.6 Poland 47.8+101.1 Poland 103.6 +351.4
Sweden 50.5+47.0 Sweden 46.9 £92.0 Sweden 94.2 +437.2

Figure 5. Country differencesin the per ception of portion sizes, measured indirectly by means of the number of itemsthat make up a
portion. Depicted isthe stated size of 1 portion (in gram), across all pack sizesfor each food product (Part 3).




699  Appendix 1. Test food products and package size portfoliosin Part 1 (rows 1-5) and 2 (row 6)

Crisps

Medium (459)

Large (2 x 35q)

Lasagne ready meal

Medium (1000g)

Large (1600g)

Cola type sqft drink

250ml 1000ml 1500ml

Small set Large set
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700  Appendix 2. Test food productsand pack sizesin Part 3

Chicken nuggets

.,

Small (4 x 10g) Large (9 x 10g)
Sweets

Small (10 x 4q)
Biscuits

Small (2 x 209) Large (15 x 209)
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Highlights

» Consumers estimate larger portions when presented with large food/drink packs.

» Consumers report more items to make up a portion from large multi-item packs.

* Men areinfluenced by the pack size effect to a greater extent than women.

» Countries across Europe differ in their portion size estimates.

»  Whether portion information on food/drink packsis personally relevant to someone
plays arolein estimating portions.



Supplementary material for: “The pack size effectinfluence on consumer estimates of portion sizes”

Table S1. Means, standard deviations, mean differemes (MD) and standard errors (SE) of portion sizestimates across countries

France Germany Poland Spain Sweden UK
Part £ Crisps Small 30.1+1938 34.2+28.% 35.0+30.2 30.5+20.6 39.7+32.6 29.1+14.6
Large 43.1+32.8 51.9+51.4 64.0 + 60.3 46.4 £ 39.58 62.9 + 68.1° 41.1 + 33.6
MD large-smal SE 13.0 + .6* 17.7+ . 29.0+ 1.1 16.0 + .7 23.2+1.7 12.0+ .6
Chocolate  Small 25.2 +16.6 29.2 +20.1° 27.9+19.% 25.8+17.7 33.1+22.6 28.7+18.3
confec-  Medium 40.1+19.4 45.8 + 31.0° 44.8 +29.0° 43.8+25.4 56.5 + 43.6 39.5+20.7
tionary Large 49.7 +30.7 52.2 + 40.7 51.5+ 38.9 50.8 + 34.6° 62.2 + 55.5 425+ 254
MD large-smaltt SE 245+ 6 23.0+.8° 236+.7 25.0+.6° 29.1+1.0F 13.8+ .5
Lasagne Small 2745 + 1442 328.0 + 175.4 323.3 + 206.0 291.6 + 158.4 370.1 +192.8 330.9 + 149.9
Medium 338.0 + 250.0 468.2 + 367.0 465.6 + 357.5 401.1 + 304.2 480.2 + 328.2 478.0 + 305.8
Large 365.3 + 256.0 531.4 + 484.3° 548.0 + 525.0 473.6 + 409.6 500.1 + 436.7° 509.1 + 422.2°
MD large-smaltt SE 90.9 + 5.0 203.4+9.7 225.6 + 10.0 182.0+ 7.7 130.0 + 8.1 178.2 + 8.6
PartZ Colasmall 150ml 147.9 +90.8 169.1 + 111.8° 162.6 + 101.3" 156.8 + 84.4* 184 + 127.5 167.4+101.3
packs 250ml 212.3+142.0 236.1+162.6 234.6 +170.7 230.6 + 129.3" 270.6 + 189.5 228.5+121.F"
330ml 270.5+134.8 299.9 + 185.2 310.5+ 196.6" 292.7 +114. 7 336.1+231.9 287.7 +121.5¢
Cola large 500ml 264.8 +214.2 299.0 + 231.5° 278.6 + 207.6" 290.0 + 171.F" 366.1 + 295.1 319.4+177.9
packs 1000m! 277.3+295.0 281.1 +319.0 339 + 434 .4° 291.8 +245.% 422.2 +568.0 350.3 + 352.6
1500ml 281.5 + 388.8 334.2 + 429.6" 407.4 + 603.2 301.6 + 395.6 369.1 + 393.8° 333.4 +267.9"
MD 1500ml-150mt: SE 1215+ 15.0* 128.1 +12.8* 188.6 + 20.6 100.2 + 12.7 188.4 + 26.7 165.1 + 17.6°
Part3 Chicken Small 3.7+30 4.7 +10.1° 4.0+13.7 3.5+50° 42+47* 3.8+4.2
nuggets Large 5.5 + 6.5™ 6.7 +18.1° 6.2 + 8.0 45+3.7° 5.9 + 4.5 50+3.7*
MD large-smaltt SE 1.7+ .2 19+ .6 21+.5 1.0+.2 1.7+ .2 13+.2
Sweets Small 45+438 5.0 £ 10.2™ 6.3+18.3 3.7+10.9 8.9 +20.9 5.8 + 5.5
Large 10.4 + 23.4 11.1 +18.9 17.7 £ 29.7 43+9.1° 145 + 24.6 95+115
MD large-smaltt SE 6.0+.7 6.1+.7 11.4+1.1 6+.4 56+1.0 38+.4
Biscuits Small 20+1.9 6.0 +8.7 23+3.3%* 29+13.* 3.8+27.2 22+4.1%*
Large 53+19.7 53+11.3 8.1+24.8 4.6 +4.2° 57 +14.6 4.6 +55°
MD large-smaltt SE 33+.6 T+ .4 58+.7 1.7+ .4 20+1.0 24+ .2

¢ Estimated portions in grams/ml
" Number of items that make up a portion
Countries with different superscript letters acragss differ significantly in terms of their pooti size estimates within each pack size (whites)ime the magnitude of the pack size
effect (mean differences calculated as the posipa estimate of the large minus the small paaach food) (grey lines). For Part 3, significance tests are reported because a
between-subjects design was used.
"p<.05 "p< .01, " p<.001



Table S2. Means, standard deviations, mean differeres (MD) and standard errors (SE) of portion sizestimates by gender and relevance of portion

information
Men Women Portion Portion information
information not relevant
relevant
n= 5812 n= 7305 MD e viomen % n= 6071 n= 7046 MRzef‘/;’;tri'e‘s’ag'
Part £ Crisps Small 36.2+29.6 30.6 +21.3 5.6 £ .4%** 31.6 +23.8 34.4+26.7 2.7 £ 4%
Large 59.0 +59.2 45.6 +40.9 13.4 + 9*** 48.5 +45.8 54.2 +53.7 5.7 + 9%
MD large-smalix SE 22.8 £ 7*** 15.0 £ 4*** - 16.9 + 5 *** 19.9 + 5*** -
Chocolate  Small 29.6 +20.9 27.3+17.7 2.3 £ .3%* 26.4+17.8 29.9+20.2 3.5+ 3%
confec- Medium 47.6 £34.2 43.3+25.7 4.3 + 5x** 43.1 +27.2 46.9+31.9 3.8 & 5***
tionary Large 55.7 +45.9 48.2 +32.8 7.5 £ 7% 48.3 +35.3 54.3+42.2 6.0 + 7%
MD large-smal: SE 26.1 £ 5*** 20.9 £ ,3%** - 21.9 £ 4xx* 24.4 £ 4xxx -
Lasagne Small 327.0+197.3 313.8+155.2 13.1 + 3.1*** 304.2 £165.1 332.9+1825 28.7 £ 3.1***
Medium 457.9 £ 359.7 4225+293.9| 35.3+5.7** 410.0+ 292.4 462.5 +349.1 52.6 £ 5.7***
Large 522.0 + 493.3 460.4 + 3785 61.5+ 7.6** 468.7 +418.2 504.0 + 446.9 35.3 £ 7.6***
MD large-smalix SE 195.0 + 5.8*** 146.6 + 4.0*** - 164.5 + 4.8*** 171.1 £ 4.7%* -
Part 2 Cola small  150ml 175.3+120.2 155.7 + 88.2 19.6 + 3.2*** 158.8 + 96.3 169.2 +109.9 10.4 £ 3.2%**
packs 250ml 243.7 £169.2 229.2 +143.4 14.5 £ 4.7%* 226.1 £146.1 243.7 £162.4 17.6 £ 4.7*%**
330ml 312.7 £195.6 289.1 £147.1 23.7 £ 5.2%*%* 290.2 +£158.8 308.1 +£180.9 17.9 £ 5.2%**
Colalarge 500ml 323.7+2425 286.7 +204.4| 37.0 £6.8*** 285.8 +190.1 317.8 +246.4 32.0 £ 6.7***
packs 1000ml 359.0 £ 399.4 301.2+376.1| 57.8+11.8*** 303.4 £ 359.5 3475 +409.4 44,1 £ 11.7%*
1500ml 367.4 £ 460.5 314.3+396.1| 53.1 % 13.0*** 329.0£442.3 345.1+412.1 16.1 + 13.0"
MD 1500ml-150mt: SE 165.6 + 12.1*** 132.7 + 8.6*** - 261.0 £ 10.1*** 279.3 £ 10.2*** -
Part 3 Chicken Small 43+9.7 3.7+5.38 .6 £ 2%k 3.9+7.2 4,.1+8.3 2+ 2%
nuggets Large 6.1+11.8 53+56 .8 & 2%k 54+11.3 5.8+6.3 3+.2%
MD + SE 1.8 £ .3*** 1.5+ 1%* - 1.5 £ 2%** 1.7 £ .2%*%* -
Sweets Small 6.1+14.2 5.3+125 .8+ .3* 5.4+13.8 59+128 A+ 3
Large 12.8 + 23.7 10.0 +18.9 2.8 £ 5% 10.8+22.9 11.6 +19.7 9+ 5"
MD + SE 6.6 + 5*** 4.6 + 4*** - 5.3 + 5¥** 5.8 + .4*** -
Biscuits Small 3.6+9.7 29+153 g+ 3% 3.2+16.9 3.2+8.6 04 + .3
Large 6.3+15.8 5.0+14.6 1.2 £ 4x** 57+17.8 54+124 3+ 4™
MD * SE 2.7 £ 3% 2.1 £ 4% - 2.5 & 4xxx 2.2 £ 3% -

¢ Estimated portions in grams/ml

" Number of items that make up a portion
"p<.05 "p< .01,

Fkk

p <.001






