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Abstract

The customary approach to the study of meal size suggests that ‘events’ occurring during a meal
lead to its termination. Recent research, however, suggests that a number of decisions are made
before eating commences that may affect meal size. The present study sought to address three
key research questions around meal size: the extent to which plate cleaning occurs; prevalence of
pre-meal planning and its influence on meal size; and the effect of within-meal experiences,
notably the development of satiation. To address these, a large-cohort internet-based
questionnaire was developed. Results showed that plate cleaning occurred at 91% of meals, and
was planned from the outset in 92% of these cases. A significant relationship between plate
cleaning and meal planning was observed. Pre-meal plans were resistant to modification over
the course of the meal: only 18% of participants reported consumption that deviated from
expected. By contrast, 28% reported continuing eating beyond satiation, and 57% stated that
they could have eaten more at the end of the meal. Logistic regression confirmed pre-meal
planning as the most important predictor of consumption. Together, our findings demonstrate

the importance of meal planning as a key determinant of meal size and energy intake.
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Introduction



Our energy intake is largely determined by the size of the meals that we consume. Therefore, to
understand energy balance it is critical that we appreciate determinants of meal size (kcal).
Typically, controlled laboratory studies explore meal size by measuring consumption ad libitum.
In this context, participants are presented with a large amount of food and are instructed to eat
until they reach a comfortable level of fullness and wish to terminate the meal. The logic behind
this approach is that meal termination, and hence meal size, is determined primarily by
physiological and psychological processes occurring during and towards the end of a meal that
promote satiation (Blevins & Baskin, 2009; Grill, 2010; Hellstrom, et al., 2004; Zorrilla, et al.,
2005).

Such studies reveal that termination of eating is affected by a number of extrinsic factors;
for example, the presence of television or a recorded auditory narrative (Bellisle, Dalix, &
Slama, 2004; Blass, et al., 2006), and the presence of friends (Hetherington, Anderson, Norton,
& Newson, 2006). The characteristics of the meal itself are also found to be important.
Palatability appears to increase meal size (Yeomans, 1996; Yeomans, Blundell, & Leshem,
2004), while within-meal attenuation of palatability (‘sensory-specific satiety’) may be
interrupted by the introduction of alternative foods which delay meal termination (Rolls, Rolls,
Rowe, & Sweeney, 1981).

By contrast, in our laboratory we have explored determinants of self-selected meal size,
before eating begins. Our research indicates that people have very clear expectations about the
satiety and satiation that foods are likely to confer (Brunstrom, Shakeshaft, & Scott-Samuel,
2008; Brunstrom & Shakeshaft, 2009) and that these expectations are highly correlated with
decisions about portion size. Critically, participants find these decisions very undemanding,

indicating that this process is highly practised and rehearsed.



Together, these observations raise important questions about the control of meal size; in
particular the extent to which meal size is determined by events occurring during a meal or by
decisions taken before it begins, and the extent to which these affect everyday dietary behaviour.
To examine these meal-time behaviours in free-living individuals we identified three key
research questions. The first research question was the extent to which ‘plate cleaning’ occurs.
We hypothesised that this would be commonplace based on evidence from laboratory
observations (Koh & Pliner, 2009; Pliner, 1982; Rolls, Morris, & Roe, 2002; Wansink &
Cheney, 2005; Wansink & Payne, 2008; Wansink, van Ittersum, & Painter, 2006). We also
examined whether plate cleaning varied according to contextual factors, such the amount of
control an individual has over their meal: whether it is prepared by the consumer of the food or
by another agent (e.g., a chef), at home or elsewhere.

The second research question concerned the prevalence of pre-meal planning: the extent
to which meals are planned at the outset, and whether planning corresponds with amount
consumed. The third research question related to the extent to which meal size is affected by
within-meal ‘experiences’ including hunger and satiation, and other extrinsic factors, such as a
desire to eat to avoid waste or in response to social pressure. A related issue concerns the extent
to which these within-meal experiences modify prior plans or whether plans are generally
preserved and determine intake notwithstanding within-meal events.

In addition, we were also interested in the extent to which determinants of meal size
(planning or within-meal experiences) are consistent across individuals (regardless of gender,
age, BMI and dieting), and types of meal (breakfast, lunch, and dinner). To address these issues
we obtained a large data set using a questionnaire focusing on respondents’ most recently

consumed meal.



Methods

Participants

Participants were recruited from an electronic database of staff and students at the University of
Bristol, UK, who had agreed to take part in experiments in our laboratory. No payment was
offered. Instead, participants were voluntarily entered into a prize draw to win a seasonal food
hamper worth £100 Sterling. After data screening (detailed below), 764 participants remained.
Of these, 78% (592) were female and 17% reported currently dieting to lose weight. The sample
had a mean age of 25.6 years (SD = 9.6; range 17-64) and a mean BMI of 22.8 (SD = 3.5; range

15.6-41.2). This research project was approved by a local research ethics committee.

Questionnaire

To address the three research questions outlined above, an internet-based questionnaire was
devised. Data presented here formed part of a larger study also assessing pre-meal cognitions.
The questionnaire items presented here were followed by a set relating to experiences with
particular foods in more specific contexts. The website was coded in HTML and JavaScript and
responses were stored and automatically encoded in preparation for analysis. Participants were
recruited via email and sent a link to the website containing the questionnaire. They were
informed that the purpose of the study was to explore the psychological processes underlying
food choice and dietary behaviour. Before completing the questionnaire, participants were given
the following instruction: ‘Think about the last meal that you ate (excluding snacks). Please

select the MOST APPROPRIATE response to the following questions.’



Items addressing the three research questions were divided into four sections, shown in
Table 1. The first section concerned contextual factors of the meal, such as its setting. The
second section addressed research question 1: incidence of plate cleaning. The third section
addressed research question 2: incidence of planning in the pre-meal period and its influence on
food intake. The fourth section addressed research question 3: within-meal experiences and their
impact on intake. These last items were subdivided into two categories. One of these assessed
evidence for ‘plan modification’ (i.e., eating more or less than anticipated - items 7 and 8) and
the other assessed evidence for ‘plan preservation’ (i.e., eating despite satiation - items 9 and 10).
Explanations for this ‘eating despite fullness’ were explored using item 10a, which was made
available to participants responding positively to item 10 only. These participants were
instructed to select all statements which were applicable to their experience. Response options
were selected based on evidence that eating may be influenced by length of the inter-meal
interval (Nisbett, 1968), food cost (Bowman, 2006) and social norms (Pliner & Mann, 2004).

Items were closed-response in design with responses limited to ‘yes’ or ‘no’, except for
item 10a. Their presentation was not influenced by response to previous items; that is, all
participants saw an identical version of the questionnaire. In addition, measures of gender, age,

height, weight, and dieting status were also taken.

Data analysis

Initially 804 responses were received. Those with missing responses to items 4, 5 or 6 (see
Table 1) were removed from the sample. Data were also screened according to time taken to
complete various sections of the questionnaire, and cases more than 3 standard deviation points

outside the mean were removed. After screening, data from 764 participants were analysed.



Firstly, to address the extent of plate cleaning (research question 1), pre-meal planning (question
2) and the extent to which meal size is affected by within-meal factors (question 3), response
frequencies were examined and chi-square analyses conducted to assess proportions of yes/no
responses on the relevant items of the questionnaire. Individual differences in responses to each
questionnaire item were examined with 2 x 2 chi-squares (gender, dieting status) and t-tests
(BMI, age). To control for multiple testing and protect against family-wise error, a Bonferroni
correction for omnibus testing was employed and a cut-off point of p <.00098 used for the chi-
square analyses. In this way, variables significantly associated with consumption of meals in
their entirety were identified.

To determine significant predictors of plate cleaning behaviour, a logistic regression was
performed with amount eaten (entire meal or less than entire meal) as the outcome variable and
pre-meal, within-meal and individual measures as predictors (those significantly associated with
plate cleaning in the chi-square analyses). Pre-meal variables were pre-meal planning (whether
consumption was planned or unplanned — item 6) and contextual factors (items 1, 2, 4): meal
preparation setting (home or restaurant/café); portion size selection (self or other); and meal type
(breakfast, lunch or dinner), to determine whether patterns were consistent across meals.
Dummy variables were computed for the latter in order to transform it into a binary variable.
Within-meal variables (items 7, 9, 10) were: further helpings taken during the meal (helpings
taken or not); stated ability to have eaten more at the end of the meal (could have eaten more or
not); and stated having eaten less than was anticipated due to satiation (ate less than anticipated
or not). Responses to questionnaire item 10a were not entered. This was because a positive

response (yes) was necessarily dependent on plate cleaning. Gender (male or female) was also



entered in order to examine whether it was predictive of plate cleaning. All data were analysed

using SPSS version 16 (SPSS Inc., Chicago, IL, USA).

Results

Question 1: Are meals eaten in their entirety?
In most cases (91%) the last reported meal was eaten in its entirety (¥* (1) = 407.5, p <.001).
This tendency was evident in all meal contexts; Table 2 shows frequencies and associated
statistics for meals taken at different times of day (breakfast, lunch, dinner), for meals prepared
at home and in restaurants, and for meals and portions selected by the respondent or by
somebody else.

In a second set of tests we explored whether plate cleaning occurred equally in particular
meal contexts or in combination with particular within-meal factors. Separate 2 x 2 and 2 x 3
chi-square analyses are presented in Table 3. Plate cleaning occurred more frequently at
breakfast, when the meal was planned in advance, when the portion was self selected, when the
food was prepared at home, when participants did not eat less than anticipated due to satiation,
when they were able to eat more, when they ate all despite having reached satiation, and when

they were male.

Question 2: Does pre-meal planning affect meal size?
Planned meal size was significantly associated with ingested meal size (y* (1) = 204.5, p <.001).

As shown in Figure 1, most participants (86%) reported that they planned to consume the entire



meal from the outset, and then proceeded to clean their plate. Of the meals that were consumed

in their entirety (total = 91%), consumption was planned from the outset in 92% of cases.

Question 3: Do within-meal experiences influence meal size?

Our analysis revealed that plan modification took place in only 18% of meals (expressed by a
positive response to item 7 or 8). By contrast, plan preservation was relatively common. Fifty
seven percent of our participants reported that they could have eaten more food had it been
available and 28% reported plate cleaning despite reaching satiation earlier in the meal. In 77%
of these latter cases the explanation given was to ‘avoid wasting food’. Frequencies and

associated chi-square statistics are provided in Table 4.

Evaluating predictors of plate-cleaning behaviour

The variables identified by chi-square analysis as significant moderators of plate-cleaning
behaviour (see Table 3) were entered into a logistic regression model in order to examine their
relative predictive importance. These candidate variables were meal type, setting, selection of
portion of food, eating less than anticipated due to satiation, being able to eat more, eating all
despite reaching satiation and gender of participant. All variables were entered in one block. As
meal type had three levels (breakfast, lunch and dinner), three dummy variables were created and
entered into the model. One of these (dinner) was deemed to be redundant; its degrees of
freedom were automatically reduced to zero and it was excluded from the model. Eleven
participants (1%) had missing cases and their data were automatically excluded. The initial
model (constant before independent variables were added) correctly classified 91% of

participants, based on the default prediction that all participants would consume the entire meal.



A summary of the constant and final models is reported in Table 5. Examination of the Wald
statistic and the odds ratio (Exp(B)) showed that the following variables: the presence of a pre-
meal plan, the meal being breakfast, the meal being lunch, the portion being self-selected and
eating less than anticipated due to satiation, all significantly increased the likelihood that the
meal would be consumed in its entirety. The variable regarding the meal being prepared at home
narrowly missed significance and is reported in Table 5. For example, participants were 6.7
times more likely to eat their entire meal if they planned to do so from the outset. Statistically,
the strongest predictor of meal completion was the variable ‘eating less than anticipated due to
satiation’. Specifically, a strong correspondence was observed between plate cleaning and not
eating less than anticipated; that is, the majority of people did not deviate from their pre-meal

plan.

Individual differences

Chi-square analyses revealed a significant relationship between gender and plate cleaning,
questionnaire item 9 (could have eaten more), and item 10 (ate less than anticipated due to
reaching satiation). While males made up only 22% of the sample, as mentioned above (see
Research Question 1) they reported a higher incidence of plate cleaning than females (97% of
meals were eaten in their entirety compared with 89% for females; y* (1) = 10.13, p <.001). A
greater proportion of males than females reported being able to eat more at the end of the meal
(70% compared with 53%; y 2 (1) = 15.80, p <.001). However, more females than males ate less
than planned due to reaching satiation (8% females compared with 1% males; x 2 (1) =10.29, p

<.001). No individual differences were found regarding BMI, dieting status or age.
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Discussion

Our results show that, in free-living participants, consumption at most meals is planned in
advance and that meal planning tends to coincide with plate cleaning (i.e., ‘we eat what we place
on our plate’ (Brunstrom, Scott-Samuel, & Shakeshaft, 2008)). Indeed, in line with our first two
research questions, plate cleaning occurred in 91% of meals, of which 92% were planned in
advance. To date, only a relatively small number of studies have focused on self-reports relating
to meal size and meal termination. For example, Mook and Votaw (1992) and Zylan (1996)
found that fullness was the most common explanation for stopping eating. By contrast,
Hetherington (1996) and Tuomisto et al. (1998) found that satiation was acknowledged by only a
small proportion of respondents, whereas the majority tended to cite hedonic factors such as
tiring of the food. Importantly, these studies did not include questions on planning and plate
cleaning.

The most important predictors of plate cleaning were those relating to pre-meal planning.
Moreover, in answer to our third research question, plans formed before a meal began were
found to be resistant to modification over its course, as shown by the finding from the analysis of
frequencies that 28% of participants reported plate cleaning despite having reached satiation.
Further, in many cases satiation was poorly associated with intake; for example, only 7%
reported eating less than expected due to satiation, and 57% reported being able to consume
more food at the end of the meal. Indeed, logistic regression confirmed that within-meal

consumption factors were poor predictors of plate cleaning.

11



Based on the above, we conclude that meal size is typically planned in advance and that
satiation often plays a secondary role in determining the amount of food that is consumed. This
contrasts the prevailing view which emphasises satiation (fullness) as the primary control of
meal termination (Blundell, et al., 2010; Blundell, Rogers, & Hill, 1987). Typically meal size is
studied using an ad-libitum eating paradigm in which participants are encouraged to eat until
they feel comfortably full. Our findings suggest that this type of behaviour is rarely observed
outside the laboratory, raising questions about the explanatory value of this approach.

Notwithstanding the above point, these findings do not negate a role for satiation in the
control of meal size. Research has shown that expected satiation plays an important role in
determining meal-size decisions (Brunstrom & Rogers, 2009). These expectations may be
governed by the satiation that is experienced after a food has been consumed. Specifically, an
association may form between the sensory characteristics of the meal (taste, volume etc.) and the
visceral sensations that are experienced upon meal completion (Brunstrom, 2005, 2007). These
associations are especially likely to form or change when a mismatch exists between expected
and actual satiation (Wilkinson & Brunstrom, 2009). These learned expectations enable
anticipatory control of meal size in the pre-meal planning stage, and thus inform subsequent
meal size decisions (Brunstrom, 2007, 2008; Higgs, 2005). The high observed incidence of plate
cleaning at meals prepared by the individual (when in full control of their meal), and for those
that tend to have low variability (i.e. breakfast), may suggest that the amount chosen is refined
through such learning processes.

The context in which the meal was prepared and consumed was found to moderate the
tendency to engage in plate cleaning. While plate cleaning was prevalent (at least 77%

consumed their entire meal in all contexts), participants were especially likely to eat their entire
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meal on occasions when the respondent had control over their portion and to a lesser extent when
the meal was prepared at home. This may suggest that individuals have learned the appropriate
amount of food for a meal, and plan and consume those meals accordingly. Lastly, while the
majority of findings were consistent across individuals (across BMI, age and dieting status),
three gender differences were observed. Males were more likely than females to consume their
whole meal and to report being able to eat more, whereas females were more likely to decrease
their consumption from planned in response to feelings of satiation. The lower incidence of plate
cleaning in females, and fewer reports of being able to eat more, are consistent with gender
stereotypes; individuals eating smaller meals are rated as more feminine and less masculine
(Bock & Kanarek, 1995; Chaiken & Pliner, 1987; Pliner & Chaiken, 1990). Moreover, females
tend to be more motivated to control their weight and restrain their eating behaviour
(Westenhoefer, 2005). The responses from the present study may, therefore, be indicative of a
more restrained eating style in females. However, as trait eating behaviours were not assessed
here, more data would be necessary in order to establish restraint as an influence on meal size
and plate cleaning in females.

Our conclusions are based on data from a large cohort. Nevertheless, we are aware of
limitations in our methodology that might be addressed in future work. Notably, the simplicity
of the questionnaire items used to investigate plate cleaning, planning and within-meal
experiences means that a degree of interpretation is required. In this way, the underlying reasons
for the meal-time behaviours observed may be somewhat obscured. For example, the role of
planning in behaviours such as taking further helpings is unknown, as is the basis on which
participants reported being able to eat more. Further, it is possible that responses given to

questionnaire item 10a in particular may have been affected by questionnaire design. While a
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positive response to one or more of the items suggested was not obligatory, the addition of a
free-response option might widen the scope of reasons for overconsumption. Future refinements
may clarify these issues, and we suggest that these findings be validated by direct observation.

The advantages and disadvantages associated with retrospective self-report experimental
designs are discussed elsewhere (Brunstrom, Mitchell, & Baguley, 2005). One potential concern
is that participants may deliberately give false information due to concerns over creating a
negative impression (Hebert, Clemow, Pbert, Ockene, & Ockene, 1995). However, this is
perhaps less likely in the present study given the anonymity of an online questionnaire. A
second concern relates to the reliability and accuracy of memory. However, as the present study
concerned the last meal eaten, time between the meal and questionnaire completion was
minimal. Taking these methodological considerations into account, we may conclude from the
present evidence that meal size is determined primarily by planning occurring in the period
before the meal begins. We would suggest that the role of meal planning has, to date, been
overlooked in the study of meal size, and that the relative importance of satiation at the time of
eating has been overstated.

As pre-meal plans would seem to be a key determinant of meal size, it follows that for
successful weight control the planned amount to be eaten should be an accurate reflection of the
individual’s energetic needs. It is well documented that commercially available portions are
increasing in size, both in restaurants and home cooking (Nielsen & Popkin, 2003; Young &
Nestle, 2002), and that larger than necessary meals promote passive overconsumption (Diliberti,
Bordi, Conklin, Roe, & Rolls, 2004; Rolls, Roe, Kral, Meengs, & Wall, 2004; Rolls, Roe,
Meengs, & Wall, 2004). Our evidence suggests that, rather than being a passive process, eating

behaviour is cognitive in nature, dynamically changing through repeated experience.
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Notwithstanding, we do see some evidence of passive overconsumption in some cases. For
example, 35% of participants were aware that their meal was larger than necessary to achieve
satiation, as they reported having reached satiation with some food remaining (total positive
responses to questionnaire items 7 and 10; see Table 4). Faced with this surplus, 28% of the
whole sample continued eating in order to finish the portion, whereas only 7% reduced their
intake from planned. Therefore, adherence to meal-size plans with little or no adjustment for
satiation may result in miscalculated intake, and potentially a considerable surplus which could

impact on weight control.

In summary, our results suggest that meal planning and plate cleaning are both
commonplace behaviours. At the majority of meals, individuals appear to form a plan in
advance to finish the entire portion, which is then executed. By contrast, we find that fullness
plays a relatively modest role in determining meal size. Together, these findings challenge the
extent to which measures of ad libitum eating capture key processes that govern the control of
meal size in humans. Our evidence suggests the potential for significant theoretical advance by
understanding the cognitive processes prior to consumption, such as meal planning and expected

satiety (Brunstrom, 2005).
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Table 1: Questionnaire items with response options, in order of presentation

Questionnaire item

Response options

Contextual factors

1. What was the meal? Breakfast
Lunch
Dinner
2. Was the meal prepared at home or served from Home
a restaurant or café? Restaurant/café
3. Did you select the type of food or did Selected myself
somebody else? Somebody else
4. Did you select the portion size or did Selected myself
somebody else? Somebody else
Research question
1. Plate cleaning 5. Did you eat all the food on your plate? \Iileos
6. Did you know you were going to eat all of the
2. Pre-rpeal food/leave some food at the beginning of the Yes
planning meal? [deleted as appropriate] No
3. Within-meal 7.Did you end up eating lgss Qf the meal than Yes
. you anticipated (at the beginning) because you
experiences felt too full? No
8. In your last meal did you start eating and then Yes
help yourself to even more food part-way No
through the meal?
9. At the end of your last meal could you have Yes
eaten even more? No
10. In your last meal did you eat all of the food
on your plate even though you felt full and could Yes
have stopped before that point? No
10a. If yes, which of the following applies? Feel
free to select more than one option.
i. I ate more because I didn't want to waste Yes
food
ii. I ate more because the food cost a lot of Yes
money
iii. I ate more because I knew I wasn’t going Yes
to eat again for some time
iv. I ate more because I didn’t want to hurt
somebody's feelings (e.g., because they cooked Yes

the food for me)
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Table 2: Frequency of plate cleaning in the presence of contextual factors (questionnaire items 1-

4)
Entire meal consumed Ve
% of
Context PN Quitem  Yes) No(m  @=1'
total (relative %) (relative %)
Meal type 1
Breakfast 27 204 1
201.0 <001
(99%) (1%)
Lunch 39 266 33
181.6  <.001
(89%) (11%)
Dinner 34 225 35
138.8  <.001
(87%) (13%)
Meal preparation setting )
Home 81 578 38
4734 <001
(94%) (6%)
Restaurant/café 19 117 31
50.0 <.001
(79%) (21%)
Meal type selection 3
Self 86 607 53
465.0 <.001
(92%) (8%)
Other 14 88 16
49.8 <.001
(85%) (15%)
Meal portion selection 4
Self 80 579 34
4845 <001
(95%) (5%)
Other 20 116 35
435 <.001
(77%) (23%)

! Chi-square analyses were conducted on raw frequency data.
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Table 3: Chi-square statistics examining associations between plate cleaning and all
questionnaire items

Variable (association with plate cleaning) ¥ (df = 1) p
Meal type 25.89° <.001
Meal setting 31.72 <.001
Selection of type of food 5.92 .03
Selection of portion of food 45.85 <.001
Meal planning 250.90 <.001
Eating less than anticipated due to reaching satiation ~ 330.20 <.001
Choosing more food during the meal 92 .34
Being able to eat more 25.98 <.001
Eating all despite reaching satiation 26.43 <.001
Gender of individual 10.13 <.001
Dieting status of individual 3.55 .06
BMI of individual r=.03’ 39
Age of individual r=.05 15

'Chi-square analyses were conducted on raw frequency data.

2df=2
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3 Continuous variables on which a point-biserial correlation was conducted.
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Table 4: Response frequencies of questionnaire items addressing within-meal experiences.

Response frequency

Questionnaire construct Item number Yes (n) No (n) v @df=1" p
(% of total) (% of total)

Eating less than . 49 707
anticipated due to satiation (7%) (93%) 572.70 <.001
Taking further helpings 94 670
8 434.26 <.001
(12%) (88%)
Being able to eat more 432 332
9 13.09 <.001
(57%) (43%)
Eating entire portion
214 546
despite reaching satiation 10 145.03 <.001
(28%) (72%)
To avoid wasting food L02 166
a
(22%)
To compensate for a 67
10a
long inter-meal gap (9%)
Because the food cost 48
10a
a lot of money (6%)
To avoid hurting 11
10a
someone’s feelings (1%)

' Chi-square analyses were conducted on raw frequency data.
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*Item 10a only concerned participants who had responded positively to item 10. Participants

were instructed to select all statements with which they agreed; therefore overlap in responses

was possible.
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Table 5: Summary of initial and final logistic regression models predicting plate cleaning with all

variables entered.

95% CI
Variable B SE Wald df p Exp(B) Lower Upper
Constant (Step 0) 239 13 330.74 1 <001 10.95
Eating less than
anticipated due to satiation -3.46 .56 38.41 1 <.001 .03 .01 .09
Meal planning 1.90 45 18.22 1 <.001 6.70 2.78 16.05
Meal portion selection 1.31 .53 6.20 1 <.05 3.70 1.32 10.36
Last meal as breakfast 259  1.11 5.47 1 <.05 13.34 1.52 116.96
Last meal as lunch 92 45 4.15 1 <.05 2.50 1.04 6.03
Meal preparation setting 1.05 .54 3.81 1 051 2.87 1.00 8.27

R” = .68 (Nagelkerke), .30 (Cox and Snell)
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Figure 1: Correspondence between plate cleaning (entire portion or less than entire portion

consumed) and a pre-meal plan to consume the entire meal (consumption planned or unplanned).
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