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Abstract 

This thesis investigated how plate-clearing tendencies and food waste concerns may 

contribute to overconsumption from larger portion sizes of food. Chapter 2 

demonstrated that, irrespective of the portion size served, those who self-reported a 

tendency to plate-clear when eating consumed significantly more food than those who 

reported low plate-clearing tendencies. Chapter 3 demonstrated the reliability and 

validity of a new scale to measure food waste concerns in an eating context. Scores on 

this scale positively predicted self-reported plate-clearing tendencies, but were not 

predictive of objectively measured energy intake, BMI or the likelihood of having 

overweight. Chapter 4 reports on studies in which beliefs about food waste were 

manipulated. Across Chapters 3 and 4, there was little evidence that food waste 

concerns influenced objectively measured food intake. Chapter 5 showed that plate-

clearing tendencies and food waste concerns moderate the influence portion size has 

on intended food consumption. Given that intended consumption predicts actual 

consumption, individuals who are concerned about wasting food and habitually clear 

their plate may be at risk of overeating, especially when faced with larger portions.  

This thesis provides further evidence for a portion size effect on intended and 

actual consumption, with implications for policies and interventions aimed at reducing 

the size of portions available in our food environment. It also provides the first 

thorough investigation into how plate-clearing tendencies and food waste concerns 

influence food intake. My findings suggest that working to create a food environment 

in which plate-clearing would no longer constitute a maladaptive behaviour could 

induce widespread reductions in food intake. I also provide further evidence that food 

waste concerns are associated with plate-clearing tendencies. Further investigation 

into how food waste concerns influence plate-clearing tendencies, and how this may 

influence eating behaviour, is now warranted. 
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Chapter 1: General Introduction 

 

1.1 The Increased Prevalence of Obesity  

Since the 1970s, obesity rates in both adults and children have increased across many 

countries (Finucane et al., 2011; Sassi, Devaux, Cecchini, & Rusticelli, 2009). Ng et 

al. (2014) analysed trends in overweight and obesity by country from 1980 to 2013. 

They found that, worldwide, the proportion of adults with a BMI of 25 and above 

increased from 28.8% to 36.9% in men and from 29.8% to 38.0% in women. In 

addition, an increase in the prevalence of obesity in children and adolescents was 

observed in both developed and developing countries. In 2015, approximately 19.5% 

of the global adult population had obesity, which ranged from less than 6% in Korea 

and Japan to more than 30% in Hungary, New Zealand, Mexico and the United States 

of America (U.S.A.) (OECD/EU, 2017). In the U.S.A., the prevalence of obesity 

continues to exceed 30% across adults in most sex-age groups (Flegal, Carroll, Kit, & 

Ogden, 2012; Ogden, Carroll, Kit, & Flegal, 2016). With regards to the U.K., the 

Health Survey for England 2017 estimated that 28.7% of adults in England are 

classified as having obesity (which has increased from 15% in 1993) and a further 

35.6% are classified as having overweight (House of Commons, 2019). In addition, 

The National Child Measurement Programme estimated that 9.7% and 12.8% of 

children in Reception (aged 4-5) and 20.2% and 14.2% of children in Year 6 (aged 10-

11) were classified as having obesity and overweight respectively (House of 

Commons, 2019). Similar rates of overweight and obesity are reported in Wales, 

Scotland and Northern Ireland (House of Commons, 2019). 
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Obesity refers to excess fat in the body, which is the result of chronic excess 

energy intake, otherwise known as a positive energy balance. It is typically classified 

in terms of BMI, although due to the heightened risk of abdominal obesity or excess 

visceral fat, using waist circumference or waist-height ratio as a measurement is 

becoming a more common diagnostic tool (NHS Choices, 2018). Despite being a 

major focus of public health campaigning, and the creation of various weight loss and 

management programmes, surveillance data indicates that obesity rates appear to not 

have reduced in developed countries (Flegal et al., 2012; Ogden, Carroll, Kit, & Flegal, 

2012; Ogden et al., 2016), or may have slightly increased (Flegal et al., 2012). 

Furthermore, global obesity levels are projected to steadily increase. Wang, 

McPherson, Marsh, Gortmaker, and Brown (2011) forecast 65 million more adults 

with obesity in the U.S.A. and 11 million more adults with obesity in the U.K. by 2030. 

Obesity rates are predicted to be particularly high in the U.S.A., Mexico and England, 

where 47%, 39% and 35% of these populations respectively are predicted to have 

obesity by 2030 (OECD/EU, 2017).  

The costs of obesity are great. Obesity has been found to be associated with 

reduced quality of life (Derraik, De Bock, Hofman, & Cutfield, 2014), reduced life 

expectancy (Fontaine, Redden, Wang, Westfall, & Allison, 2003), and early mortality 

(McGee, 2005), in particular cardiovascular disease mortality (Wu et al., 2014). 

Abdominal obesity specifically has been found to be directly associated with higher 

mortality (Martínez-González et al., 2014). Obesity has also been associated with 

increased risk and incidence of other health problems (Song et al., 2018), including 

coronary artery disease (Zhang et al., 2018), diabetes mellitus (Garcia-Dominic et al., 

2014; Mokdad et al., 2003), osteoarthritis (Schienkiewitz, Mensink, & Scheidt-Nave, 

2012), cardiovascular risk diseases (e.g. hypertension) (Sun, Zhou, Gu, Zhu, & Bi, 
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2018), metabolic syndrome-related risk factors (Al-Bachir & Bakir, 2017), and more 

recently depression (Song et al., 2018). The increased prevalence of obesity may also 

present economic burden to healthcare services (Cawley & Meyerhoefer, 2012), being 

estimated to account for 0.7-2.8% of a country’s total healthcare expenditures 

(Withrow & Alter, 2011), and individual medical expenditures (Song et al., 2018). In 

2016/17, there were 617,000 NHS hospital admissions where obesity was the primary 

(admissions directly attributed to obesity) or secondary (admissions where obesity was 

a factor) diagnosis, an increase of 18% from 2015/16 (Health and Social Care 

Information Centre, 2018). Along with increased prevalence of overweight and obesity 

in the U.K. and U.S.A. by 2030, Wang et al. (2011) also predict a consequential 

increase in cases of diabetes, cancer, stroke and heart disease, and a substantial 

increase in medical costs. Specifically, these are estimated to increase by $48–66 

billion and £1.9-2 billion per year in the U.S.A. and U.K. respectively by 2030. 

In summary, obesity is a serious, global, and ongoing problem. Action is 

needed to reduce overweight and obesity worldwide. So far, despite varied attempts, 

there has been no reduction in obesity rates. However, the aetiology of obesity is 

complex, with a variety of external and internal contributors.  

 

1.2 Human Regulatory Systems 

Our underlying physiology means that individuals are typically susceptible to weight 

gain in environments that allow for excess energy intake without a corresponding 

increase in energy expenditure. In homeostatic terms the increasing commonness of 

overweight and obesity would appear counterintuitive, as humans have developed a 

regulatory system designed to maintain energy balance (Berthoud, Münzberg, & 
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Morrison, 2017). However, these physiological regulatory mechanisms appear much 

more efficient at signalling under-consumption and protecting against starvation and 

weight loss than signalling over-consumption and protecting against excessive weight 

gain (Blundell & King, 1996; Blundell et al., 2005). Thus, chronic exposure to highly 

palatable, energy-dense food in large portion sizes that exceed energy requirements is 

likely to promote chronic overconsumption and excess weight gain (Jeffery et al., 

2007; Prentice & Jebb, 2003).  

 

1.3 Changes to the Food Environment Contributing to Obesity 

The observed increased prevalence of obesity may be explained by changes to the 

environment. The food environment has changed over the past century into one 

characterised by a variety of convenient, relatively inexpensive, highly energy-dense 

and palatable foods. These are packaged, sold and served in large portion sizes 

(Smiciklas-Wright, Mitchell, Mickle, Goldman, & Cook, 2003; Young & Nestle, 

2002, 2003), which deviate drastically from recommended serving sizes (Young & 

Nestle, 2003). Improvements to public transport, increased use of vehicles, limited 

time for exercise, the widespread advent of elevator and escalator conversions, and the 

increase of sedentary jobs and leisure activities suggest that physical activity has, if 

anything, decreased (Hill, Wyatt, Reed, & Peters, 2003). However, McCormack and 

Shiell (2011) found that the associations between specific elements of the built 

environment and physical activity were generally mixed. In addition, Swinburn et al. 

(2011) argue that changes in physical activity cannot account for the global upward 

trend of obesity. However, it has been argued that changes to daily energy expenditure 

may have played some role in the obesity epidemic. For instance, Church et al. (2011) 
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estimated that occupational-related energy expenditure in the U.S. has decreased by 

more than 100 calories over the past 50 years, which could account for a proportion of 

the increase in mean body weight for men and women (Church et al., 2011; Hill et al., 

2003). Therefore, although physical activity is not directly relevant to this thesis, it is 

still relevant to a holistic understanding of the development of, and how to tackle, 

obesity.  

Changes to the food environment present a significant challenge as individuals 

appear to respond more to external signals, such as social influence, portion size, 

tableware size, and variety, than internal signals, such as hunger and satiety (Ello-

martin, Ledikwe, & Rolls, 2005; Rolls, Engell, & Birch, 2000; Vartanian, Sokol, 

Herman, & Polivy, 2013). Thus, it is suggested that we should arm individuals with 

strategies to resist environmental pressures to overconsume (Rolls, 2014). Given the 

importance of food intake and diet in the development of obesity, studying eating 

behaviour – in particular why individuals overeat – is vital to understanding and 

tackling obesity. Even small reductions in conscious energy intake may reduce 

excessive weight gain (Hill, 2009), and even modest weight reductions can have 

substantial positive effects on associated health risks and lifetime health (Wing et al., 

2011). Therefore, investigating ways to reduce the impact of external influences on 

consumer’s intake is of great importance. The external influence on food intake I will 

be focussing on in this thesis is portion size, as systematic increases in portion size 

have been implicated in overconsumption, weight gain and obesity. 

The food environment has changed to one characterised by a surplus of food. 

Snacking behaviour has become common place (Benson, 2009); the number of 

supermarkets, fast food restaurants, take-away restaurants and cafes has grown, and 

eating out of the home is now a regular, relatively affordable occasion for many people 
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(Adams et al., 2015; Food Standards Agency, 2019). Using data from the National 

Diet and Nutrition Survey 2008-2012, Adams et al (2015) found that a fifth to a quarter 

of adults and children in the U.K. eat meals prepared outside of the home once a week 

or more, with one fifth eating take-away meals at home this frequently. Also, a recent 

survey by the Food Standards Agency (2019) found that 11%, 29% and 27% of adults 

report eating breakfast, lunch and dinner respectively outside of the home at least once 

a week or more. The food available in these eateries and supermarkets has become 

more processed, with commercial energy-dense foods becoming cheaper and more 

readily available (Matthiessen, Fagt, Biltoft-Jensen, Beck, & Ovesen, 2003). Lachat et 

al (2012), in a systematic review, highlight eating outside of the home as a risk factor 

for higher energy and fat intake, and lower micronutrient intake. In support, Nielson 

(2002) investigated trends in energy intake between 1977 and 1998 in the U.K. and 

reported an increase in total energy intake over this time, with a shift from meals to 

snacks, and from at-home to away-from-home consumption. Similar shifts were seen 

across age groups, which the authors suggest highlights the role of the environment in 

these shifts. More recently, Drewnowski and Rehm (2013) found that restaurants, 

including fast food, accounted for 16.9-26.3% of total energy intake. In support, 

Robinson, Jones, Whitelock, Mead, and Haynes (2018), in a recent investigation into 

U.K. restaurants, found that the percentage of meals that met public health 

recommendations of 600kcal at lunch and dinner was low (9%) and smaller than the 

percentage of meals with excess energy content (47%). Taken together, these changes 

to the environment have important implications for energy balance.  
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1.4 Portion Size 

 

1.4.1 Increases in portion sizes 

Portion sizes have steadily increased over the past 50 years. A number of studies in 

the U.S.A. highlight that portion sizes of both foods served at and away from home 

have been increasing since the 1970s, and marketplace food portions now exceed 

nutritional recommendations (Smiciklas-Wright et al., 2003; Young & Nestle, 2002, 

2003). Portion sizes of numerous foods appear to have increased (Young & Nestle, 

2007, 2012), particularly energy-dense foods and fast food portions (Piernas & Popkin, 

2011). With the advent of ‘super-sizing’, some portions offered by fast food restaurants 

are 2-5 times larger than their original size (Young & Nestle, 2003). These increases 

in portion sizes appear to have gone largely unnoticed. For instance, Condrasky, 

Ledikwe, Flood, and Rolls (2007) found that, although the majority (76%) of 

restaurant chefs believed they served regular portions, the actual portions of steak and 

pasta they reported serving were 2-4 times larger than recommendations.  

Although not to the extent of those in the U.S.A., portion sizes have also been 

increasing in Europe. Steenhuis, Leeuwis, and Vermeer (2010) report a trend towards 

larger portion sizes, particularly of energy-dense foods, throughout the past decade in 

the Netherlands. This often included discontinuing smaller portion sizes and replacing 

them with larger portion sizes, or adding even larger portion sizes to the selection 

available for a particular product. Matthiessen et al. (2003) report increases in the 

portion sizes of commercial energy-dense foods, beverages, and fast food meals in 

Denmark, with a notable increase in the 1990s and the introduction of the ‘mega meal’ 

in 2001, containing half of an adult’s habitual daily energy intake. Although the Foods 
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Standards Agency (Church, 2008) noted a definite increase in portion sizes in the U.K. 

since the 1980s, only a small number of studies have been conducted on changes in 

U.K. portion sizes. Two studies have highlighted a trend towards larger portions, with 

significant increases in confectionary and fast food portion sizes (Benson, 2009; 

Wrieden, Gregor, & Barton, 2008). 

Notably, research indicates an association between increasing portion sizes and 

the prevalence of overweight and obesity (Nielsen et al., 2003; Rolls, 2003; Young & 

Nestle, 2002, 2003), which supports the argument that increased portion sizes could 

be a contributor to obesity (Ledikwe, Ello-Martin, & Rolls, 2005). Although it is 

difficult to discern how changes in portion size have influenced intake over time, 

Piernas and Popkin (2011), using survey data from 1977 to 2006, report that increased 

portion sizes of energy-dense foods were important contributors to excess energy 

intake for U.S.A. children and adolescents. Furthermore, Duffey and Popkin (2011), 

using data from various U.S.A. national health surveys, report changes in portion sizes 

to be among the environmental factors that accounted for most of the change in daily 

total energy over the last 30 years. Thus, historical increases in portion sizes have been 

identified as a potentially important contributor to the increased prevalence of 

overweight and obesity (Ledikwe, Ello-Martin, & Rolls, 2005; Nielsen et al., 2003; 

Rolls, 2003; Young & Nestle, 2002, 2012). 

 

1.4.2 The Portion Size Effect 

The notion that historic increases in portion size may have caused increased energy 

intake at the population level is supported by robust evidence that people consume 

more food and energy when presented with larger portions, which is termed the 
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‘portion size effect’ (Zlatevska, Dubelaar, & Holden, 2014). According to a recent 

meta-analysis of portion size studies by Zlatevska et al. (2014), for a doubling of 

portion size consumption increases by 35% on average. Effect sizes of at least 30% 

higher consumption due to portion size are reported frequently, with larger effects for 

larger portion sizes (Steenhuis & Vermeer, 2009). Also, Hollands et al. (2015) 

investigated the influence of exposure to different sizes or shapes of portions, 

packages, or individual items on selection or consumption of food products. Their 

meta-analysis found moderate quality evidence that exposure to larger portion sizes 

increases food consumption among adults and children, with a larger effect found in 

adults than children. 

The portion size effect has been reliably observed across different participant 

populations, including children (Fisher & Kral, 2008; Fisher, Liu, Birch, & Rolls, 

2007; Reale et al., 2019; Rolls et al., 2000), young adults (Levitsky & Youn, 2004; 

Piernas & Popkin, 2011) and adults. The effect of portion size has also been evidenced 

in laboratory (Levitsky & Youn, 2004; Rolls, Roe, Meengs, et al., 2004), restaurant 

(Diliberti, Bordi, Conklin, Roe, & Rolls, 2004; Hinton et al., 2013; Reinders, Huitink, 

Dijkstra, Maaskant, & Heijnen, 2017) and free-living settings (French et al., 2014). 

Furthermore, the effect operates irrespective of who determines the amount of food on 

the plate (i.e. subject or experimenter) (Levitsky & Youn, 2004; Rolls et al., 2002), 

participant characteristics such as BMI (Kral, Remiker, Strutz, & Moore, 2014; Smith, 

Conroy, Wen, Rui, & Humphries, 2013), dietary restraint scores, disinhibition scores, 

or gender (Fisher, Arreola, Birch, & Rolls, 2007; Hollands et al., 2015; Rolls et al., 

2002; Rolls, Roe, Kral, et al., 2004; Rolls, Roe, & Meengs, 2007; Rolls, Roe, Meengs, 

et al., 2004; Zuraikat, Roe, Privitera, & Rolls, 2016). However, although the effect 

operates in both men and women (Rolls et al., 2002), the magnitude of the portion size 
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effect has been observed to be greater in men compared to women (Rolls, Roe, Kral, 

et al., 2004; Rolls, Roe, & Meengs, 2006a; Rolls, Roe, Meengs, et al., 2004). 

The portion size effect is observed at various eating occasions with various 

food types, including meals (Diliberti et al., 2004; Levitsky & Youn, 2004; Reinders 

et al., 2017; Roe, Kling, & Rolls, 2016; Rolls, Roe, Meengs, et al., 2004), snacks (Girju 

& Ratchford, 2018; Rolls, Roe, Kral, et al., 2004), and beverages (Flood, Roe, & Rolls, 

2006; Papies, 2018). The portion size effect operates with amorphous food (Cavanagh, 

Vartanian, Herman, & Polivy, 2014; Slawson & Eck, 1997), and in cases when people 

cannot physically see their portion size (Burger, Fisher, & Johnson, 2011; 

Scheibehenne, Todd, & Wansink, 2010). However, the portion size effect is especially 

pronounced with energy-dense foods (Hollands et al., 2015) and individuals have been 

found to consume more when the portion size of a snack food as opposed to a non-

snack food is doubled (Zlatevska et al., 2014). Furthermore, the portion size effect has 

been found to be curvilinear (Vandenbroele, Van Kerckhove, & Zlatevska, 2019; 

Zlatevska et al., 2014). From a study perspective, this may also mean that the 

magnitude of the portion size effect depends on the baseline portion against which 

intake from larger portions is being compared. This is important to consider when 

comparing the results of portion size studies. Nonetheless, the current body of research 

into the portion size effect indicates that it is a robust and widely observed effect. 

Participants have been found to consume more from larger portions, even when 

asked to focus on their body signals in a prior mindfulness task (Marchiori & Papies, 

2014), and with a mindfulness intervention that encouraged participants to focus on 

the taste of the food they were consuming and their internal hunger and satiety signals 

(Cavanagh et al., 2014). Interestingly, changes in portion size appear to go largely 

unnoticed by consumers. For example, Rolls et al. (2002) served participants 4 
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different portion sizes of a meal over a 4-week period (one lunchtime a week) and 

found that less than half (45%) of participants reported noticing differences in the 

lunches served. In addition to this, increased intake does not appear to be compensated 

for by subsequent reductions in intake; often reported ratings of hunger and satiety do 

not significantly differ despite an increase in consumption from larger portions 

(Herman, Polivy, Pliner, & Vartanian, 2015; Kral, Roe, & Rolls, 2004; Rolls et al., 

2002; Rolls, Roe, Meengs, et al., 2004).   

In 2 further studies, Rolls and colleagues found that increasing portion sizes of 

all foods and beverages by 50% and 100% over 2 consecutive days increased daily 

energy intake by 16% and 26% respectively (Rolls et al., 2006) and 50% increases in 

portion sizes of all foods served over 11 days led to a mean increase in daily energy 

intake of approximately 423kcal, resulting in intakes that exceeded energy 

requirements for both men and women (Rolls, Roe, & Meengs, 2007). Roe, Kling, and 

Rolls (2016) also found that serving all foods in large portion sizes led to increased 

intake of the entire meal and of each food, and there was no indication that they 

accounted for the increased portion sizes by adjusting their intake of any of the foods.  

However, there are limitations to these studies suggesting that increases in 

portion size are not compensated for. For example, Benton (2015) argues that the 

laboratory is too artificial a situation to reflect whether compensation occurs, as there 

is limited choice over the meals the individual consumes. In the typical eating 

environment, where individuals are free to choose from a variety of foods, 

compensation may be more likely to occur. However, a study by Jeffery et al. (2007) 

found no indication of compensation for increased lunch intake over 4 weeks of 

exposure to larger portions, despite meal intake being higher in larger than the smaller 

portion condition. There was also evidence of slightly higher weight gain over the 4 
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weeks in the larger compared to smaller portion condition in this study. Furthermore, 

French (2014) exposed a free-living sample of working adults to differing portion sizes 

of a lunchtime meal over 6 months, whereby participants would pick up a lunchbox of 

1 of 3 portion sizes every working day. Lunch intake was significantly higher with 

successive portion sizes and this effect persisted over 6 months. In addition, 

participants in the largest portion size group demonstrated significant weight gain over 

the 6-month period compared to the medium and small portion groups.  

These studies demonstrate how increased portion sizes could lead to excess 

energy intake that is not fully compensated for. In summary, eating from larger 

portions could contribute to weight gain. 

 

1.4.3 Why do we overconsume from larger portions? 

There is a wealth of research showing how and when the portion size effect may occur. 

However, the underlying basis of this effect remains poorly understood, and no 

research to date has provided conclusive evidence regarding why people overeat when 

more food is served (Almiron-Roig, Navas-Carretero, Emery, & Martínez, 2018; 

Benton, 2015; English, Lasschuijt, & Keller, 2015; Herman et al., 2015; Steenhuis & 

Poelman, 2017; Zuraikat, Smethers, & Rolls, 2019). Understanding why portion size 

affects energy intake may aid intervention approaches to reduce energy intake and 

weight. A variety of potential underlying mechanisms explaining why portion size 

influences food intake have been proposed, but the general lack of supporting evidence 

means that these underlying mechanisms remain unclear and widely debated. 

Steenhuis and Poelman (2017) cite dual-process theory (Kahneman, 2003) as 

important in distinguishing between automatic processes that result from external 
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influences on intake that may affect the portion size selected (i.e. monetary value) and 

consumed (i.e. distractions), and more deliberate processes that my reflect mechanisms 

that steer portion size selection and consumption, such as norms relating to 

appropriateness and prior experience. 

 

1.5 External Factors Explaining the Portion Size Effect 

1.5.1 Monetary value of larger portions 

Consumers recognise that larger portions represent better economic value and they get 

more for their money by purchasing and consuming larger portions (Steenhuis & 

Vermeer, 2009; Vermeer, Steenhuis, & Seidell, 2010). Burger et al (2011) found that 

individuals rated larger portions as more appealing and desirable to eat than smaller 

portions. However, in a controlled restaurant-style setting, Zuraikat, Roe, Smethers, 

Reihart, and Rolls (2018) demonstrated that although portion size influenced food 

intake, there was no influence of food cost on food intake, and no food cost by portion 

size interaction effect. Furthermore, several studies demonstrate that portion size 

affects food intake even when participants are provided with food they did not have to 

purchase, for example in laboratory studies (Levitsky & Youn, 2004; Rolls et al., 2002; 

Rolls, Roe, Meengs, et al., 2004). As people do not fully compensate for increased 

intake from larger portions in experimental sessions, there are no savings made 

(Herman et al., 2015). Moreover, if participants wanted “the most for their money” 

they would presumably eat as much as possible irrespective of being given normal or 

large sized portions. This, and the fact that the portion size effect is observed in settings 

where money is irrelevant suggests that value for money alone cannot explain 

overconsumption from larger portions (Zuraikat et al., 2019). Thus, although value for 
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money may partly explain why consumers are more likely to choose to purchase larger 

over smaller portions, this explanation appears less well-suited to explaining why the 

amount of food served during a meal biases how much people eat. 

 

1.5.2 Distractions 

People often consume food in the presence of distractions, such as when dining with 

others, watching television, or playing computer games. Eating while distracted 

(sometimes referred to as ‘mindless eating’ (Steenhuis & Poelman, 2017)), and not 

focused on the food being consumed, may impair an individual’s ability to accurately 

observe and make conscious decisions about how much to consume (Moray, Fu, Brill, 

& Mayoral, 2007) and may therefore contribute to passive overconsumption from 

larger portions. Bellisle, Dalix and Slama (2004) found that both television viewing 

and listening to an audio story were associated with increased lunchtime energy intake 

compared to control conditions. Also, Oldham-Cooper, Hardman, Nicoll, Rogers and 

Brunstrom (2011) found that individuals who were distracted by playing a computer 

game reported feeling less full after lunch, had a less accurate memory for the lunch, 

and consumed significantly more biscuits in a subsequent taste test than non-distracted 

individuals. Furthermore, individuals report lower degrees of fullness and greater 

desire to eat when distracted by a computer game while eating (Brunstrom & Mitchell, 

2006). A review by Robinson et al. (2013) reported that eating whilst distracted is 

associated with a moderate increase in immediate intake and increased intake at a later 

point in time, and this effect was independent of dietary restraint.  

Given that there is evidence to suggest that individuals are poor judges of portion 

size or changes in portion size in situations devoid of distraction (Rolls et al., 2002), 
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frequently eating from large portions in situations where distractions are present may 

increase the risk of excess energy consumption that goes largely unnoticed. However, 

there is also evidence that the portion size effect is present before people start eating. 

Robinson, te Raa, and Hardman (2015) found evidence for a pre-consumption portion 

size effect; male participants reported that they intended to eat the majority of the meal 

served, which equated to a large difference in intended energy consumption and actual 

consumption between portion size conditions. This indicates that people are planning 

from the outset to eat more from larger portions, as opposed to mindlessly continuing 

to eat. 

 

1.6 Potential Mechanisms Underlying the Portion Size Effect 

1.6.1 Unit bias  

Unit bias refers to people’s tendency to eat one unit of food irrespective of its 

size (Geier et al., 2006; Herman et al., 2015), and has been proposed as a potential 

explanation for why individuals consume more from larger portions. A unit of food 

could be a serving of a homogenous food such as a plate of pasta, or a more discrete 

food item such as a biscuit. People consider a single unit to be an appropriate amount 

to eat, and thus eat more when served a larger unit (Geier et al., 2006). In support, 

individuals have been found to consume significantly less when served a food in a 

small unit size compared to a larger size (Marchiori, Waroquier, & Klein, 2011; 

Weijzen, Liem, Zandstra, & De Graaf, 2007). Chang et al (2012) served participants 

500g of fried rice as either small rice balls, large rice balls or an amorphous portion, 

and found that individuals consumed significantly less when served the fried rice as 

small rice balls compared to large rice balls and the amorphous portion of rice.  This 
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theory proposes that consumers are sensitive to the number of units when eating, but 

relatively insensitive to the size of those units. In support, Rolls, Roe, Meengs, et al. 

(2004) found that significantly more was eaten when the size, but not the number, of 

sandwiches served was increased. Also, Marchiori, Waroquier, and Klein (2011) 

found that individuals served full-sized sweets consumed more energy than those 

served half-sized sweets, but the number of pieces eaten did not vary by group.  

Most recently, Vandenbroele, Van Kerckhove, and Zlatevska (2019) 

specifically separated increases of food unit size and number of units and found that 

the portion size effect on consumption was determined more by unit size than unit 

number, with participants eating more when exposed to larger food units as opposed 

to more food units. Thus, the size of the unit(s) presented appears to be driving 

increased consumption in these studies. In support, Almiron-Roig, Solis-Trapala, 

Dodd, and Jebb (2013) found that when participants were asked to estimate how many 

portions were in a given portion of a food, despite a wide range of answers the number 

of estimated portions fluctuated around 1 for many foods, which is consistent with the 

concept of unit bias. Furthermore, a meta-analysis by Hollands et al. (2015) found a 

small to moderate effect of individual unit size on food intake. However, Raynor and 

Wing (2007) found no effect of unit size on food consumption. In their study, 

participants were given a box of food containing 4 different snacks to consume at 

home. The package unit size (small or large single-serving packets of each snack 

provided) and amount of a snack food (amount of snacks providing either 4350kcal or 

8750kcal) were varied across 4 participant groups. Although an effect of amount of 

food was found, with a 100% increase in the amount of food provided producing an 

81% increase in energy consumed from the snack food, no effect of package unit size 
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was found. This indicates that the portion size of the food influences intake 

independent of unit size.  

Moreover, Kerameas, Vartanian, Herman, and Polivy (2015) found no 

evidence that people prefer to eat a single unit, and instead argue that the unit bias may 

be better categorised as a segmentation effect; people eat less when a quantity of food 

is separated into multiple smaller units. Finally, Oldham-Cooper, Wilkinson, 

Hardman, Rogers, and Brunstrom (2017) found that foods presented in multiple 

smaller units were expected to deliver significantly greater satiety than when presented 

in a single unit, which could provide part of an explanation as to why people consume 

less when food is presented in smaller units. They also found that segmentation effects 

did not explain the portion size effect, as portion size influenced food intake regardless 

of how the portion was presented. Thus, unit bias may only partly explain the portion 

size effect. 

 

1.6.2 Appropriateness  

 In many situations the appropriate amount to eat is unclear and, as internal signals are 

often unreliable guides, consumers may rely on external cues like portion size to guide 

their food intake (Herman & Polivy, 2005; Herman et al., 2015; Vartanian, Herman, 

& Polivy, 2016). If people are served larger portions this may indicate that a larger 

amount of food is appropriate to consume, resulting in increased food intake. 

Marchiori, Papies, and Klein (2014) propose that an automatic decision-making 

process of anchoring and adjustment describes the portion size effect. The portion size 

works as an anchor or reference point to determine how much to eat, and adjustments 
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away from this anchor are then made based on additional information such as hunger, 

variety or liking of the food.  

There appears to be a surprisingly wide range of portion sizes that we are 

prepared to accept as appropriate (Herman & Polivy, 2005). In support, Diliberti et al. 

(2004) found that smaller (standard) and larger (150% of standard) portion sizes were 

perceived as equally appropriate; in other words, increasing the portion size by 50% 

did not render it any less appropriate. Also, Kerameas, Vartanian, Herman, and Polivy 

(2015) found that participants served 90g of cookies thought that it was appropriate to 

eat more than did those served 30g of cookies, and that perceived appropriateness 

mediated the effect of portion size on food intake. Marchiori et al. (2014) asked 

participants to imagine being served either a small or large portion of food (i.e. low 

and high ‘anchors’) and to indicate how much they would consume. Interestingly, 

these portion size anchors impacted intake estimates even when participants were told 

that these were randomly chosen and not informative (Marchiori et al., 2014). The fact 

that portion size informs beliefs about appropriate intake, even when portion sizes vary 

widely or individuals are told that the portion is not an indicator of appropriateness, 

suggests that individuals are using the physical amount of food served as a heuristic to 

determine what is a normal amount to eat. Research into labelling and portion size 

training supports this. Brown, Rollo, de Vlieger, Collins, and Bucher (2018) report 

mixed findings with regarding to the influence of labelling on the portion size effect, 

with no apparent consistent effect of any type of label on food intake. Also, increasing 

awareness of portion size at a single session (Cavanagh et al., 2014), and as part of a 

1-year weight loss programme (Rolls, Roe, James, & Sanchez, 2017) did not mitigate 

the portion size effect. Thus, the amount of food served (portion size) has a more 
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powerful influence on how much food people choose to eat, than information about 

portion size. 

This further highlights the recent problem of “portion distortion”; continued 

exposure to larger portion sizes means that people perceive larger portion sizes to be 

an appropriate amount to consume in a single eating event (Herman et al., 2015; 

Schwartz & Byrd-Bredbenner, 2006; Steenhuis & Vermeer, 2009), which in turn may 

encourage consumption of large portion sizes. Larger portions have become standard 

and consequently, consumers have difficulty selecting amounts of food that are 

appropriate for their weight and activity levels. For example, even though supermarket 

portions are often 3 to 4 times larger than recommended portion sizes, consumers 

perceive them to be standard portions (Steenhuis & Vermeer, 2009). Schwartz and 

Byrd-Bredbenner (2006) found that typical portion sizes reported were significantly 

different from those selected by individuals in a similar study conducted 20 years ago.  

This is compounded by the fact that people typically incorrectly estimate 

amounts of food (Nørnberg, Houlby, Jørgensen, He, & Pérez-Cueto, 2014) – even 

those with expertise in nutrition (Japur & Diez-Garcia, 2010) – and are largely unaware 

of reference and recommended portion sizes, often citing portions as ‘normal’ that 

deviate from recommendations (Almiron-Roig et al., 2013; Brogden & Almiron-Roig, 

2011; Burger, Kern, & Coleman, 2007). Thus, larger portion sizes may be altering 

consumer perceptions of what is a normal portion size.  Robinson et al. (2016) 

investigated this in 3 experimental studies, and although they found that visual 

exposure to larger portions sizes influenced perceptions of what constitutes a ‘normal’ 

portion, there was no evidence that this altered food intake.  Furthermore, in a more 

recent study, Robinson and Kersbergen (2018) found that being served and consuming 

a smaller portion influenced both perceptions of normality and led to the selection of 
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smaller portions and reduced consumption at a subsequent eating occasion 24 hours 

later. This suggests that portion sizes may indicate to consumers what constitutes a 

‘normal’ portion. This supports findings from Herman and Polivy (2005), who argue 

that while hunger and satiety play a small role in everyday eating, the principal 

regulatory influence on food intake is exerted by norms which inform us how much is 

appropriate to eat. 

 However, the normative explanation alone seems unlikely to fully explain the 

portion size effect. A meta-analysis by Zlatevska et al. (2014) highlighted that a 100% 

increase in portion size led to a 35% increase in intake. This is lower than we would 

expect if individuals were following an appropriateness norm. If individuals perceive 

a given portion size as appropriate we would expect them to finish or attempt to finish 

this larger portion, equating to closer to a 100% increase in intake as opposed to 35%. 

In addition, although Kerameas et al. (2015) found that norms of appropriate intake 

mediated the effect of portion size on intake, there was not evidence of full mediation. 

Likewise, Versluis and Papies (2016) report that appropriateness only partially 

mediated the effect of portion size in their study investigating portion size, social 

norms and the portion size effect. This indicates that the portion size effect is not fully 

explained by social norms of appropriateness.  

 

1.6.3 Pre-meal planning 

Pre-meal planning may outweigh within-meal influences such as the onset of fullness 

and contribute to overeating from larger portions (Brunstrom, 2011; 2014; Fay et al., 

2011). Several studies demonstrate that individuals plan the amount of food that they 

are going to eat before a meal begins (Fay et al., 2011; Hinton et al., 2013). Fay et al. 
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(2011) found that people usually plan to consume most or all of a portion and this plan 

is typically adhered to once made, even if this means eating past the point of fullness. 

Pre-meal planning was found to be the strongest predictor of intake, whereas within-

meal consumption factors were weaker predictors, supporting the suggestion that 

satiation plays a secondary role in determining how much food is consumed. These 

pre-meal plans were resistant to modification over the course of the meal, with only 

18% reporting consumption that deviated from planned. Also, Robinson, te Raa, et al. 

(2015) found evidence for a pre-consumption portion size effect and that people tended 

to eat in accordance with these pre-meal intentions, which translated to a portion size 

effect on actual consumption in male participants, indicating that people decide how 

much of a portion to consume before a meal commences. However, there was no 

evidence of a pre-consumption portion size effect in females in this study, suggesting 

pre-meal planning is unlikely to fully explain the portion size effect.  

 

1.6.4 Individual differences and the portion size effect  

As mentioned previously, the portion size effect has been reliably observed across 

different situations and participant populations, and operates irrespective of various 

individual differences including BMI (Kral et al., 2014; Smith et al., 2013), dietary 

restraint scores, disinhibition scores or gender (Fisher, Arreola, Birch, & Rolls, 2007; 

Hollands et al., 2015; Rolls et al., 2002; Rolls, Roe, Kral, et al., 2004; Rolls, Roe, & 

Meengs, 2007; Rolls, Roe, Meengs, et al., 2004). Some moderating factors were 

identified by Zlatevska et al. (2014) in a recent meta-analysis which reported that the 

portion size effect is smaller among children, women and people with higher BMI. 
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However, these findings should be treated with some caution, as they may in part be 

caused by differing methodology in different studies. 

Recent literature indicates that individuals with low socio-economic status 

(SES) are more susceptible to overconsuming from larger portions. Best and Papies 

(2019) found that individuals identified as having lower SES intended to consume 

significantly more from larger portions of unhealthy snack foods, which translated into 

15-22% increase in energy intake, whereas there was no difference in the intended 

consumption of healthy snack foods. This difference in susceptibility is suggested to 

result from increased exposure to unhealthy food environments (Burgoine et al., 2016) 

and particular psychological processes that predispose them to overconsume in these 

environments (Best & Papies, 2018). For instance, Best and Papies (2018) found that 

the effect of SES on intended consumption was mediated by perceptions of how much 

is appropriate to eat and trait impulsiveness.  

Satiety responsiveness, how well individuals can regulate their food intake in 

response to physical feelings of fullness, has also been highlighted as influencing the 

effect of portion size on food intake. Zuraikat, Roe, Smethers, Reihart, et al. (2018) 

reported that serving larger portions led to increased intake in individuals with lower 

satiety responsiveness scores but did not affect intake in those with higher scores. 

Thus, the portion size effect was attenuated for individuals who are good at regulating 

their food intake in response to feelings of fullness. A similar response has been 

identified in children, with Mooreville et al. (2015) finding that serving larger portions 

led to greater increases in food intake in children with lower satiety responsiveness 

and greater food responsiveness compared to children with high satiety responsiveness 

scores and lower food responsiveness. Kling, Roe, Keller, and Rolls (2016) also found 

that children rated higher in food responsiveness showed a larger portion size effect 
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on meal intake, although they did not replicate the finding regarding satiety 

responsiveness. The mixed results here may be due to the children’s satiety and food 

responsiveness being reported by their parents.  

 

1.6.5. Summary and thesis focus 

To summarise, there is a plethora of proposed explanations for why people 

overconsume from larger portions. Although there is evidence to support some of these 

explanations, none appear to fully explain the effect of portion size on food intake. 

Determining the mechanisms underlying the effect of portion size has applied 

relevance to public health, as it would clarify what interventions may be worthwhile 

and effective targets to reduce intake from larger portions. This thesis will focus on 

investigating 2 factors that may explain why people eat more from larger portions, 

specifically plate-clearing tendencies and food waste concerns.  

 

1.7 Plate-clearing 

1.7.1 Plate-clearing tendencies 

A tendency to clear one’s plate when eating out of habit (“plate-clearing”) could 

explain why larger portion sizes promote overeating. When given larger portions, 

individuals who habitually plate-clear may be more likely to attempt to finish the 

portion, and so will be more likely to consume more food, which arguably leads to the 

portion size effect. Many people plate-clear. Robinson and colleagues found that a 

large proportion of both U.K. and U.S. participants reported plate-clearing tendencies 

(Robinson & Hardman, 2016; Robinson et al., 2015), with the majority (77.9%) of 
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U.K. participants agreeing that they ‘always tend to clear [their] plate when eating’ 

(Robinson & Hardman, 2016). Fay et al. (2011) found that participants reported plate-

clearing at most meals (91%) and planning to do this in most cases (92%). Also, 2 

restaurant-based studies report high incidences of plate-clearing, with Hinton et al. 

(2013) reporting that in the majority of meals (83%), most or all of the food weight 

was consumed (90% or more), and Lorenz et al. (2017) reporting that most (72%) 

participants indicated that they had no food leftovers when eating. These findings 

demonstrate that clearing one’s plate is a common tendency. Furthermore, Fay et al. 

(2011) reported that, of the 91% who reported clearing the plate at their previous meal, 

28% reported plate-clearing despite reaching satiation earlier in the meal. This 

indicates that plate-clearing tendencies are a common influence on meal intake, 

potentially overruling within-meal influences on intake. Although research into how 

plate-clearing tendencies affect food intake in an obesogenic food environment is 

currently sparse, parental encouragement to clear the plate in childhood and food waste 

concerns have been highlighted as potentially important in the development of plate-

clearing tendencies (Fay et al., 2011; Robinson & Hardman, 2016).  

 

1.7.2 Encouragement to plate-clear in childhood 

Plate-clearing tendencies may be cultivated from an early age as a result of parenting 

practices (Birch, McPhee, Shoba & Steinberg, 1987; Rolls et al., 2000). This may 

potentially reduce reliance on internal satiety cues and shift attention to external 

environmental cues, such as portion size (Birch et al., 1987). If children are socialised 

to respond to environmental cues, then large portions could encourage children to 

over-eat, thus contributing to weight gain (Rolls et al., 2000). In support, mothers who 
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were more controlling in their feeding practices, for example encouraging children to 

eat only at mealtimes or to finish all of the food given to them, had children who 

displayed less evidence of self-regulating intake (Johnson & Birch, 1994). Also, Birch 

et al. (1987) encouraged children to focus on either external cues (including the amount 

of food left on the plate) or internal cues of intake (such as hunger and satiety) and 

gave them either a low or high calorie density preload before allowing ad libitum 

consumption of snacks. The children encouraged to focus on internal cues showed 

evidence of responsiveness to the caloric density of the preload, eating less following 

the high-calorie compared to the low-calorie preload, whereas those encouraged to 

focus on external cues did not adjust their intake in response to the caloric density of 

the preload. Also, when the children were rewarded for consumption, they consumed 

more food. This demonstrates how encouraging children to focus on external cues 

could contribute to these individuals being more susceptible to overeating from larger 

portions. Furthermore, parental encouragement to plate-clear during childhood 

(retrospectively reported) was found to predict current plate-clearing tendencies 

(Robinson & Hardman, 2016) and to be associated with overeating in adulthood 

(Brunstrom, Mitchell, & Baguley, 2005). However, these studies involved 

retrospectively reporting on experiences of parental encouragement, so there is a 

potential for biased responses. Interestingly, Benson (2009), in a focus group study, 

found that many participants reported feeling guilty if they leave food on their plates, 

as they had been encouraged from an early age to finish their food. Therefore, being 

served a large portion, along with encouragements such as ‘clear your plate’ or ‘finish 

all your food if you want dessert’ may result in the development of susceptibility to 

the influence of larger portion sizes on food intake  (Brunstrom et al., 2005).  
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1.7.3 Plate-clearing, weight gain and overconsumption 

In the current obesogenic environment, where large portion sizes are plentiful and 

common, plate-clearing may be a maladaptive behaviour which could contribute to 

overeating (Robinson & Hardman, 2016). In support of this idea, research has linked 

plate-clearing to obesity, showing that individuals with overweight and obesity are 

more likely to clear their plate when eating than individuals with a healthy body weight 

(Dodd, Birky, & Stalling, 1976; Krassner, Brownell, & Stunkard, 1979; Le Bow, 

Chipperfield, & Magnusson, 1985). More recently, Robinson and colleagues found 

plate-clearing to be predictive of heavier body weight in a sample of young adults, 

suggesting that a tendency to plate-clear is a risk factor for obesity (Robinson & 

Hardman, 2016; Robinson et al., 2015).  

These associations between plate-clearing tendencies and weight status suggest 

that plate-clearing may be associated with overconsumption, and thus may contribute 

to weight gain. Plate-clearing tendencies may therefore explain why people eat more 

from larger portions. A small number of portion size studies have examined in 

secondary analyses whether plate-clearing tendencies moderate the influence that 

larger portions have on food intake, and have reported that there is no evidence that 

plate-clearing tendencies statistically moderated the influence of portion size on food 

intake (Rolls, Roe, Kral, et al., 2004; Rolls, Roe, Meengs, et al., 2004). However, the 

extent to which plate-clearing tendencies could explain the influence that portion size 

had on food intake was not the primary focus of these studies, resulting in a limited 

sample size for moderation analysis, along with limited information regarding how 

plate-clearing tendencies were measured and whether the sample included a substantial 
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number of participants with and without plate-clearing tendencies. Thus, there has 

been no research to date that has primarily examined whether plate-clearing tendencies 

are associated with increased ad-libitum food intake.   

 

1.7.4 Summary 

In summary, the tendency for most people to clear their plates when eating may explain 

why people tend to eat more from larger portions of food. Plate-clearing tendencies 

may lead people to habitually consume more from larger portions in an attempt to clear 

the portion they are served. Parental encouragement during childhood to clear the plate 

at mealtimes and concerns about food going to waste may in part explain widespread 

plate-clearing tendencies. Although plate-clearing tendencies have been shown to be 

associated with increased BMI, little research has examined the influence of plate-

clearing tendencies on food intake and the effect of larger portion sizes on eating 

behaviour.  

 

1.8 Food Waste Concerns 

1.8.1 The global problem of food waste 

Food waste is a growing problem, with an estimated one third of all food produced for 

human consumption being wasted at great economic and environmental cost (Food 

and Agriculture Organization of the United Nations, 2014; Gustavsson, Cederberg, 

Sonesson, Van Otterdijk, & Meybeck, 2011). This equates to around 1.3 billion tonnes 

of food wasted annually, with an estimated cost of $750 billion (Food and Agriculture 

Organization of the United Nations, 2013). High levels of food waste exacerbate 
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environmental impacts such as greenhouse gas emissions, nutrient loss, and the 

inefficient use of resources, all of which have substantial economic costs (Food and 

Agriculture Organization of the United Nations, 2014). As the majority of preventable 

food waste occurs at the household level in medium to high income countries 

(Gustavsson et al., 2011; Quested, Ingle, & Parry, 2013), various campaigns and 

schemes to raise awareness of household food waste are in operation. A famous 

example is the “Love Food Hate Waste” campaign (The Waste and Resources Action 

Programme, 2019). Since the campaign’s launch in 2007, tackling food and drink 

waste has received much attention worldwide, with innovations from governments, 

businesses and local authorities. Furthermore, there was a reduction of 1.3 million 

tonnes (15%) of household food and drink waste between 2007 and 2012. However, 

there is still a huge problem: of the 7 million tonnes still wasted, 60% was identified 

as avoidable (Quested et al., 2013).  

Rather than a standalone behaviour, wasting food results from interactions 

between a myriad of behaviours and attitudes related to purchasing, storage and 

preparation of food, as well as consumption (Abdelradi, 2018; Aktas et al., 2018; 

Ganglbauer, Fitzpatrick, & Comber, 2013; Gjerris & Gaiani, 2013; Parizeau, von 

Massow, & Martin, 2015; Quested, Parry, Easteal, & Swannell, 2011). The literature 

highlights misunderstanding use-by dates (Abeliotis, Lasaridi, & Chroni, 2014), the 

pressures of family, time and the need for a convenient lifestyle (Mallinson, Russell, 

& Barker, 2016; Parizeau et al., 2015), food expiring or being thrown out without being 

prepared into a meal and over-purchasing (Gaiani, Caldeira, Adorno, Segrè, & 

Vittuari, 2017) as relevant to food waste at the household level. Even ‘green’ 

consumers – such as those who value organic food and vegetarianism – waste a lot of 
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edible food, providing reasons such as spoilage, short shelf life, forgotten in the fridge, 

or eating outside of the home (McCarthy & Liu, 2017).  

1.8.2. Public opinion on food waste 

Individuals are aware of this global issue, with most consumers citing food waste as a 

serious issue with individual responsibility. Principato, Secondi, and Pratesi (2015) 

found that the majority (84.1%) of respondents reported being aware of the economic 

and environmental problems liked to food waste. Parizeau et al. (2015) reported that 

although many cited food waste as an environmental (68%) or economic (72%) 

problem, it was most commonly cited as a social problem (83%). Importantly, most 

individuals report being concerned about food waste (Abdelradi, 2018; Gaiani et al., 

2017; Parizeau et al., 2015). Specifically, Setti, Falasconi, Segrè, Cusano, and Vittuari 

(2016) found that the majority of their sample reported being concerned about food 

waste from an ethical standpoint (86%) and were aware of the environmental 

consequences (82%). Also, Gaiani et al. (2017) found that most (64.7%) of their 

respondents considered the environmental impact of food while shopping, with some 

(30.8%) taking it into account occasionally, and only few (4.3%) not considering it at 

all. Most of their respondents considered food waste a serious issue (90%) and reported 

being worried about food waste (78%).  

Many consumers are averse to waste (Bolton & Alba, 2012), particularly food 

waste (Gjerris & Gaiani, 2013), and the ‘waste not want not’ attitude “appears to be 

embedded in the [British] public’s consciousness” (Benson, 2009, page 4). A number 

of surveys highlight that consumers are aware that their purchasing behaviour is 

wasteful and associate wasting formerly usable food with negative emotions, most 

typically guilt (Evans, 2011, 2012; Quested, Marsh, Stunell, & Parry, 2013; Quested 
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et al., 2011; Stefan, van Herpen, Tudoran, & Lähteenmäki, 2013). Wasting food is 

cited as wrong (Graham-Rowe, Jessop, & Sparks, 2014), inappropriate, unacceptable, 

and irresponsible (Lorenz et al., 2017), whereas engaging in behaviours to reduce food 

waste is good, beneficial, pleasant and satisfying (Russell, Young, Unsworth, & 

Robinson, 2017), as well as being the ‘right’ thing to do (Graham-Rowe et al., 2014). 

Parizeau et al. (2015), investigated the guilt associated with different household 

wasting behaviours and found that the most guilt-inducing practice was wasting food, 

with most respondents (85%) agreeing wasting food made them feel guilty. 

Furthermore, Abeliotis, Lasaridi, and Chroni (2014) found that, while the majority 

(90%) of their sample reported that they care ‘a great deal’ about the amount of food 

wasted in their household, only few (10%) reported that they cared ‘a little’ or ‘not 

very much’, and no one selected ‘I don’t care’. Visschers, Wickli, and Siegrist (2016) 

found that Swiss responders typically reported strong negative attitudes towards food 

waste, and held subjective and personal norms opposed to wasting food. Thus, there 

appears to be a strong ‘feel bad’ factor around wasting food (Abeliotis et al., 2014).  

Given that consumers are generally averse to food waste (Bolton & Alba, 

2012), it is reasonable to predict that intentions drive food waste behaviours. However, 

the literature is mixed on how these emotions translate into action. Visschers et al. 

(2016) found that intentions to reduce food were rather high, and related to less food 

waste. However, it has also been found that intentions are negatively associated with 

food waste behaviour (Aktas et al., 2018; Russell et al., 2017), or do not have a 

significant effect on reported food waste (Stefan et al., 2013). This counter-intuitive 

finding may reflect individuals being aware that they waste a lot of food, which creates 

stronger intentions to reduce food waste although their actual food waste behaviour 

may not change. Interestingly, Graham-Rowe, Jessop, and Sparks (2015) found that 
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intentions were significantly associated with increased likelihood that participants had 

reduced their household fruit and vegetable waste a week later. However, they did not 

look at behaviour any further than one week later, and the self-reported nature of the 

study could reflect demand characteristics.  

In summary, it appears that individuals are typically aware of the problem 

posed by food waste. Wasting food breeds negative feelings such as guilt and concern 

and individuals are motivated to reduce food waste, albeit with questionable levels of 

success.  

 

1.8.3 Food waste concerns and overconsumption 

Given that concerns about food waste may be common (Evans, 2011, 2012), one 

obvious action an individual can take to waste less food is to eat more or all of the food 

that is served to them. Thus, when served larger portions of food consumers may try 

to eat more food in order to ensure that less food is wasted. Concerns about food waste 

may therefore contribute to increased food intake from larger portions and weight gain. 

Although food waste concerns have not been investigated in the context of food intake 

before, Hall, Guo, Dore, and Chow (2009) suggest a link between surplus food, food 

waste and overeating. Using the U.S.A. as an example, they argue that the obesity 

epidemic has been the result of a ‘push effect’ of increased food availability and 

marketing, with individuals being unable to match their food intake with the increased 

supply of cheap, readily-available food. Thus, addressing the surplus of food in our 

food environment may reduce both food waste and obesity rates. This is supported by 

Roe, Apolzan, Qi, Allen, and Martin (2018) who analysed plate waste under free-living 

conditions. Although participants wasted more food from larger portions, they still 
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overconsumed from these larger portions. This indicates that larger portions 

paradoxically contribute to both overconsumption and wasting of food (Hall et al., 

2009).  

There has currently been very little research into how food waste concerns can 

influence food intake, but one study found that the most common reason given for why 

people continued eating past the point of fullness was “to avoid wasting food” (Fay et 

al., 2011). Also, Robinson and Hardman (2016) found that people with personal food 

waste concerns were more likely to report being plate-clearers. Therefore, food waste 

concerns may promote plate-clearing tendencies, which in turn would be hypothesised 

to increased food intake from larger portion sizes. In addition, 2 studies have found 

that presenting participants with a take-away container, a method to save surplus or 

leftover food from going to waste, reduced how much food they consumed. Bates and 

Shanks (2015) found that participants provided with a take-away container at the start 

of a lunchtime meal consumed an average of 90kcal less of the meal than participants 

who were not given a container. In support, Zuraikat, Roe, Smethers and Rolls (2018) 

followed a similar paradigm over 4 laboratory sessions with 4 portion sizes (100%, 

125%, 150% and 175% of baseline) but instead informed participants that leftover 

food would be packaged to take away after the meal. Participants provided with this 

information consumed less than those in a control condition without a take-away 

option. It could be argued that in these 2 studies the availability of a take-away 

container reduces how much people eat in that sitting by reducing concerns about food 

waste, although this explanation was not directly tested.  

In the aforementioned study by Robinson and Hardman (2016), personal food 

waste concerns were measured via a single non-validated question: “I don’t like to see 

food going to waste”. In order to measure food waste concerns in the studies reported 
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in this thesis, a food waste concerns scale was created and validated. Aktas et al. (2018) 

created a 4-item scale to measure personal attitudes towards food waste, including 

items such as “I feel bad when uneaten food is thrown away”, but it does not measure 

food waste concerns in relation to eating behaviour. This is also true of a scale created 

by Stancu et al. (2016) to measure attitudes towards food waste. Graham-Rowe et al. 

(2015) also created a scale to measure attitudes towards wasting food. However, this 

was in a very specific context, addressing a specific behaviour (“to reduce the amount 

of fruit and vegetables that gets thrown away from my household…”) (Graham-Rowe 

et al., 2015, page 197). In comparison, our scale was designed to measure concerns 

towards food being wasted generally, rather than in a specific context. Therefore, 

although there are some existing scales that measure attitudes towards food waste, 

these focus more specifically on engaging in food waste behaviours (Graham-Rowe et 

al., 2015; Russell et al., 2017) or do not include a food intake element (Aktas et al., 

2018; Stancu et al., 2016). Therefore, we created a scale to measure food waste 

concerns in the context of food intake.  

 

1.8.4 Summary 

In summary, food waste remains a global problem, with many reporting feelings 

of guilt around wasting food and desires to reduce the amount of food they waste. 

Individuals may be encouraged to consume more food from larger portions to reduce 

the amount of food that goes to waste at an eating occasion. This could encourage 

overconsumption, particularly when consumers are frequently faced with larger 

portion sizes. So far, there has been no research directly investigating the influence of 

food waste concerns on food intake. 
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1.9 Summary and Thesis Aims 

This thesis examines 2 factors that have received little empirical attention to date, 

plate-clearing tendencies and food waste concerns, both of which have not yet been 

explored in relation to overeating from large portions of food. Plate-clearing 

tendencies may lead people to habitually consume more from larger portions in an 

attempt to clear the portion they are served, and food waste concerns may encourage 

people to consume more from larger portions to reduce the amount of food that is 

wasted. Furthermore, whether these factors interact to influence overconsumption, and 

how they may moderate the portion size effect, is unknown. Desires to plate-clear 

when given a portion of food may explain why people overeat from larger portions, 

and food waste concerns may encourage plate-clearing habits and thus 

overconsumption. Therefore, the overarching aim of this thesis is to investigate how 

plate-clearing tendencies and concerns about food waste may contribute to 

overconsumption from larger portions. See Figure 1.1 (page 37) for a schematic of the 

structure of this thesis and the aims informing each study, and Figure (page 38) for a 

schematic demonstrating how each study addresses the overarching objectives of this 

thesis.  

Chapter 2 examines whether plate-clearing tendencies explain why people 

overeat from larger portions. It describes a laboratory study in which participants were 

categorised as plate-clearers and non-plate-clearers (using a question from a 5-item 

plate-clearing scale (Robinson, Aveyard, et al., 2015)) before attending a single 

session, during which they were served a lunchtime meal of either a normal or larger 

portion of pasta in tomato sauce. I tested the hypothesis that portion size would have a 

stronger influence on food intake for plate-clearers than non-plate-clearers, and that 
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portion size and a tendency to plate-clear would be independently associated with 

increased food intake.  

Chapter 3 investigates the reliability and validity of the food waste concerns 

scale, a 5-item scale that we devised. The first aim was to investigate the factor 

structure, test-retest reliability, the convergent and divergent validity of this scale. In 

the first study, participants completed the same questionnaire, which included the food 

waste concerns scale, measures of attitudes, intentions and emotions towards food 

waste, and measures of hunger and overeating, on 2 separate occasions with a 2-week 

gap. In the second study, a large cohort of participants answered the food waste 

concerns scale, the plate-clearing scale (Robinson, Aveyard, et al., 2015) and their 

BMI was objectively measured. The association between food waste concerns, plate-

clearing tendencies and measured BMI, was investigated. The second aim of Chapter 

3 was to investigate the relationship between food waste concerns, plate-clearing 

tendencies and overeating from larger portions.  The third study examined whether 

food waste concerns and plate-clearing tendencies are predictive of eating more from 

large portions in the laboratory. Responses on the plate-clearing and food waste 

concerns scales were obtained before participants attended a laboratory session, during 

which they were served a larger-than-normal portion of pasta in tomato sauce for lunch 

and their meal intake was measured. I investigated whether food waste concerns would 

be associated with increased food intake directly and via plate-clearing tendencies.  

Chapter 4 investigated how food waste concerns influence food intake, 

specifically whether intake is affected by being explicitly told that leftover food will 

be wasted through 2 laboratory studies. In the first study, participants were presented 

with a control message or told that leftover food will be saved, wasted or available for 

them to take home at the end of the study. In the second study, participants were either 
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presented with a control message or told that leftover food would be wasted in a more 

rigorous design and with a larger sample size. Participants were then given a large 

portion of a snack food to consume whilst watching TV. I investigated the hypothesis 

that participants would consume more if they are told that leftover food will be wasted.   

Finally, Chapter 5 investigated how plate-clearing tendencies and food waste 

concerns are associated with intended consumption from larger portions. Chapter 5 

describes an online study in which participants were shown images of pasta in tomato 

sauce served in a range of portion sizes and asked how much of each portion they 

would intend to eat at a hypothetical meal. Self-reported plate-clearing tendencies and 

food waste concerns were also measured. I investigated whether individuals would 

intend to consume more from larger than smaller portions, and whether plate-clearing 

tendencies and food waste concerns would moderate the effect of portion size on 

intended consumption. 
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Figure 1.1. Flowchart showing the overall thesis structure and aims of each individual study   
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Figure 1.2. Venn diagram showing how each study addresses the overarching thesis aim 
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Chapter 2: Plate-clearing tendencies and overeating from larger portions 

 

2.1 Chapter Introduction 

This chapter addresses the following question: do plate-clearing tendencies explain 

overconsumption from larger portions? It has been reliably demonstrated that larger 

portions lead to increased consumption (Zlatevska et al., 2014). However the 

mechanisms underlying the effect of portion size remain unclear and a myriad of 

potential explanations and mechanism have been proposed (Almiron-Roig et al., 2018; 

Benton, 2015; English et al., 2015; Herman et al., 2015; Steenhuis & Poelman, 2017). 

No research to date has provided a conclusive explanation of the portion size effect; 

the ubiquitous tendency to clear the plate when eating could in part explain why people 

eat more from larger portions.  

 

The study reported in Chapter 2 has been published as: 

Sheen, F., Hardman, C. A., & Robinson, E. (2018). Plate-clearing tendencies and 

portion size are independently associated with main meal food intake in women: A 

laboratory study. Appetite, 127, 223-229. 
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2.2 Introduction 

The tendency for larger portion sizes of food to promote increased food intake, the 

‘portion size effect’, has been observed across multiple food types (Diliberti et al., 

2004; Levitsky & Youn, 2004; Rolls, Roe, Kral, et al., 2004; Rolls, Roe, Meengs, et 

al., 2004), situations (e.g. laboratory (Rolls, Roe, Meengs, et al., 2004) and restaurant 

setting (Diliberti et al., 2004)), and participant populations (Levitsky & Youn, 2004; 

Rolls et al., 2000, 2002). The portion size effect occurs irrespective of who determines 

the amount of food on the plate (Rolls et al., 2002) and individual differences such as 

BMI, dietary restraint, disinhibition or gender (Rolls et al., 2002, 2007; Rolls, Roe, 

Kral, et al., 2004; Rolls, Roe, Meengs, et al., 2004). Since the 1970s, portion sizes of 

foods served both in and outside of the home have been increasing and marketplace 

portions now exceed nutrition recommendations (Matthiessen et al., 2003; Nielsen & 

Popkin, 2003; Smiciklas-Wright et al., 2003; Young & Nestle, 2007). Because of this, 

it has been suggested that increases in portion size may be partly responsible for 

population level weight gain (Rolls, 2003; Steenhuis & Vermeer, 2009; Young & 

Nestle, 2002). 

A variety of potential underlying mechanisms explaining why portion size 

influences food intake have been proposed, but the general lack of supporting evidence 

means that these underlying mechanisms remain unclear and widely debated (see 

Herman et al. (2015) and Benton (2015) for recent reviews). A normative explanation 

suggests that consumers rely on external cues such as portion size to inform on what 

is a ‘normal’ or ‘appropriate’ amount to eat (Herman & Polivy, 2005; Herman et al., 

2015; Vartanian et al., 2016); if people are served larger portions this indicates that a 

larger amount of food is appropriate to consume and this results in increased food 

intake. In a similar vein, Marchiori, Papies, and Klein (2014) propose that an anchoring 
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and adjustment process may explain the portion size effect. Portion size serves as a 

cognitive ‘anchor’ or reference point to determine how much to eat, and adjustments 

away from this anchor are then made based on additional information such as hunger 

or liking of the food.  

A tendency to clear one’s plate when eating out of habit (‘plate-clearing’) could 

explain why larger portion sizes promote overeating, as we reason that individuals who 

attempt to plate-clear will be more influenced by the amount of food served to them 

(i.e. they are less reliant on internal signals of satiety). Past research has linked plate-

clearing to obesity, showing that individuals with overweight and obesity are more 

likely to clear their plate when eating than their normal weight counterparts (Dodd et 

al., 1976; Krassner et al., 1979; Le Bow et al., 1985). More recently, 2 studies 

(Robinson, Aveyard, et al., 2015; Robinson & Hardman, 2016) have shown that self-

reported plate-clearing tendencies are positively associated with BMI, suggesting that 

a tendency to plate-clear is a risk factor for obesity. Moreover, in these studies 

(Robinson, Aveyard, et al., 2015; Robinson & Hardman, 2016) a large proportion of 

participants reported plate-clearing tendencies, suggesting that plate-clearing is 

relatively common. In support of this, a study by Hinton et al. (2013) found that in 

83% of meals, 90% or more of the food weight was consumed. Fay et al. (2011) found 

that plate-clearing was reported for 91% of meals and pre-planned in 92% of cases. 

Furthermore, 28% of these participants reported plate-clearing despite reaching 

satiation earlier in the meal. Thus, the tendency to plate-clear when eating appears to 

be common and this behavioural tendency could in part explain why consumers eat 

more when served larger portions of food. 

A small number of portion size studies have examined in secondary analyses 

whether plate-clearing tendencies moderate the influence that larger portions have on 
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food intake, and have found no evidence that plate-clearing tendencies statistically 

moderated the influence of portion size on food intake (Rolls, Roe, Kral, et al., 2004; 

Rolls, Roe, Meengs, et al., 2004). However, the extent to which plate-clearing 

tendencies could explain the influence that portion size had on food intake was not the 

primary focus of these studies, resulting in a limited sample size for moderation 

analysis, along with limited information regarding how plate-clearing tendencies were 

measured and whether the sample included a substantial number of participants with 

and without plate-clearing tendencies. Thus, there has been no research to date that has 

primarily examined whether plate-clearing tendencies are associated with increased 

ad-libitum food intake.   

The aim of the present study was to examine whether the tendency to clear 

one’s plate when eating is associated with greater food intake in response to increased 

portion size. We recruited participants who self-reported a tendency to clear their plate 

when eating (plate-clearers) and participants who did not self-report this tendency 

(non-plate-clearers) into a laboratory study. Participants were served either a normal 

or large sized lunchtime meal and meal food intake was objectively measured. This 

design allowed us to examine whether the influence that portion size has on food intake 

is moderated by plate-clearing tendencies (portion size*plate-clearing tendency 

interaction effect), to replicate the effect that portion size has on food intake (main 

effect of portion size), and to examine whether the tendency to clear one’s plate when 

eating is associated with increased food intake (main effect of plate-clearing tendency). 

We predicted that plate-clearing tendencies would moderate the influence of portion 

size on food intake; portion size would significantly influence food intake among 

participants with a tendency to plate-clear when eating, but this effect would be smaller 

(or non-existent) among participants without a tendency to plate-clear when eating. 
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We also predicted that both portion size and a tendency to plate-clear would be 

independently associated with increased food intake.  

 

2.3 Method 

Participant recruitment and eligibility 

We aimed for a minimum sample size of 80 participants (n ≥20 per group) for 

analytical purposes. We recruited slightly above this number (N =91) in case of having 

to exclude participant data. As our primary interest was in whether plate-clearing 

tendencies moderated the portion size effect (and were unsure of the likely association 

between plate-clearing and energy intake), we opted for this sample size as it provided 

sufficient power to detect an overall effect of portion size on food intake that was 

moderate to large in statistical size (d =.65, 80% power, p <.05), which is in line with 

a review of portion size studies by Zlatevska et al. (2014). We opted to recruit females 

only, as gender has been shown to moderate the magnitude of the portion size effect 

on food intake (Rolls, Roe, Kral, et al., 2004; Rolls et al., 2006; Rolls, Roe, Meengs, 

et al., 2004). 

Participants were recruited from staff and students at the University of 

Liverpool and the surrounding area. The majority of participants (73%) were 

reimbursed financially for their participation and a minority of participants were 1st 

year psychology students participating in exchange for course credit. Eligibility 

criteria were as follows: female, BMI (self-reported): 18.5-29.9, no history of food 

allergies, characterized as either a plate-clearer or a non-plate-clearer based on 

responses to an online screening questionnaire. Demographics questions (age, gender, 

height and weight), and questions unrelated to the study (i.e. lifestyle questions) were 
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included in the online screening questionnaire to disguise its purpose. Embedded in 

the questionnaire was an item used to measure plate-clearing tendencies, as used in 

Robinson et al. (2015). Participants responded to the question “I always tend to clear 

my plate when eating” using a 5-point Likert scale. Participants who answered ‘agree’ 

were deemed ineligible, as we reasoned that they may not have a particularly strong 

tendency to plate-clear. Participants who answered ‘Strongly disagree’, ‘Disagree’, or 

‘Neither agree nor disagree’ were eligible to participate as non-plate-clearers; those 

who answered ‘Strongly agree’ were eligible to participate as plate-clearers. Therefore, 

our 2 groups of participants were those who identified strongly as being habitual plate-

clearers (“plate-clearers”) or did not identify as being habitual plate-clearers (“non-

plate-clearers”). 

 

Design 

The current study used a between-subjects design. The independent variables were 

plate-clearing tendency (plate-clearer or non-plate-clearer) and portion size condition 

(normal or large). Participants were randomly assigned to a portion size condition 

using an online random number generator (https://www.random.org/lists/).  

 

Demand characteristics 

To disguise the aims of the study it was described to participants as being about 

‘Hunger and Cognitive Performance’. During the study participants completed a word 

search task before and after being served a lunchtime meal of pasta in tomato sauce. 

Feedback questionnaires about the word search tasks were also included to corroborate 

the cover story, and at the end of the study participants were also asked about their 

https://www.random.org/lists/
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beliefs regarding the study purpose (see procedure), in order to account for findings 

being explained by demand characteristics. 

 

Test food 

Participants were served pasta in tomato sauce at a 1:1 ratio (Tesco Conchiglie pasta, 

Dolmio Bolognese ‘Smooth Tomato’ sauce) in either a 500g or 1000g portion on a 

standard white dinner plate, with a 500ml glass of water. The ‘normal’ and ‘large’ 

portion sizes used were chosen from the results of a pilot study in which participants 

reported on the size of pasta meals that would be normal and large in size. These 

portions were selected to be larger than what people would typically eat in order to 

reduce the possibility of there being an insufficient amount of food that would have 

produced an artificial ceiling effect on how much participants ate. In line with other 

portion size studies (e.g. Rolls et al. (2002, 2006)), the large portion size in the present 

study was 100% larger than the normal portion size. Pasta dishes have been used as a 

test food in other portion size studies (e.g. Diliberti et al. (2004) and Rolls et al. (2002)) 

and pilot testing indicated that participants found the meal to be palatable, which was 

also confirmed by satisfaction ratings in the current study. 

 

Main measures 

Appetite: A mood and appetite measures questionnaire was used, including 3 appetite 

items: hunger, fullness, and desire-to-eat. These were presented as paper-based 99mm 

visual analogue scale questions (e.g. “How FULL do you feel right now?”) with the 

anchors of ‘Not at all’ to ‘Extremely’. The accuracy of measurement was confirmed 

by double entry. 
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Plate-clearing tendencies: To measure plate-clearing tendencies during the laboratory 

visit participants completed a self-report measure of plate-clearing, as used in 

Robinson et al. (2015). The measure consists of 5 questions (“I always tend to clear 

my plate when eating.”; “I normally finish eating when my plate is empty.”; “Before I 

start eating, I normally plan to finish the serving I am about to eat.”; “I rarely leave 

food on my plate.”; “It is normal for me to have very little food left or an empty plate 

at the end of a meal.”), with a 5-point Likert scale response format (‘Strongly disagree’ 

to ‘Strongly agree’). Scores were summed, with a higher score indicating stronger 

plate-clearing tendencies (α =.89, (Robinson, Aveyard, et al., 2015)).  

The Dutch Eating Behaviour Questionnaire (DEBQ): The DEBQ (Van Strien, Frijters, 

Bergers, & Defares, 1986) was used to measure external eating, emotional eating and 

restraint (e.g. “Do you have the desire to eat when you are irritated?” ‘Never’ to ‘Very 

often’). 

Perceptions of portion size: Participants were asked to indicate their opinion regarding 

the size of the portion they were served for lunch (“In my opinion, the portion I was 

given in this study was…”) with a 7-point Likert scale response format (‘Too small’ = 

1, to ‘Too large’ = 7).  

Awareness of study hypotheses: Participants completed a final questionnaire which 

included a free-text response question regarding what the participants believed the aim 

of the study to be (“What do you think the aim of the study was?”).  

 

Other measures 

Participants also completed other measures relating to their eating habits and their 

experience during the study that we included for future research purposes, and 
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therefore did not plan to analyse in the present study. For a full description of these 

additional measures and missing questionnaire data see Appendix 1 (pages 195-7).  

 

Procedure 

The study was approved by the University of Liverpool Ethics Committee. Participants 

attended a single weekday lunchtime session. To standardize appetite participants were 

asked not to eat in the 2 hours prior to the study, or drink in the hour prior to the study. 

On arrival the experimenter obtained informed consent and verbally confirmed that 

the participant had no known food allergies and had not eaten in the 2 hours prior to 

the study session. Participants then completed the word search task, in which they were 

given 3 minutes to find as many words as possible from a list provided in the grid of 

letters. This was followed by a cognitive task feedback questionnaire, which included 

filler questions about the difficulty of the task and any distractions they experienced 

whilst completing the task, and a bogus personality questionnaire consisting of 10 

questions. Participants then completed the mood and appetite questionnaire. After 

completing a short questionnaire to confirm an absence of food allergies, participants 

were served the lunchtime meal. Participants were told that they could eat and drink 

as much as they desired and to press a buzzer located in the cubicle to alert the 

experimenter when they had finished. Upon completion, the experimenter removed the 

lunchtime meal. Participants were then given a second word search task to complete, 

after which they answered another cognitive task feedback questionnaire and the mood 

and appetite measures questionnaire for a second time. Participants then completed the 

plate-clearing measure, some additional questions that included the perceptions of 

portion size item, the DEBQ, and a final questionnaire that included the awareness of 
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study hypotheses measure, before having their height and weight measured. Finally, 

the experimenter debriefed the participant and reimbursed them for their time. The 

experimental session lasted for approximately 50 minutes.  

 

Main Analysis Strategy 

A 2 x 2 ANOVA, with the between-subjects factors of plate-clearing (plate-

clearer/non-plate-clearer) and portion size (normal/large), was used to test whether 

participant characteristics (age, BMI, external eating, restraint and emotional eating) 

differed between conditions. We examined differences in appetite (desire-to-eat, 

hunger, fullness) using mixed ANOVAs, with time (before meal/after meal) as the 

within-subjects factor, and portion size (normal/large) and plate-clearing tendency 

(plate-clearer/non-plate-clearer) as the between-subjects factors. 

To test our main hypotheses we planned to conduct a 2 x 2 ANOVA with 

factors of portion size (normal/large) and plate-clearing tendency (plate-clearer/non-

plate-clearer). The dependent variable was the weight of food eaten (in grams), which 

was calculated by weighing the plate of food before and after consumption. We also 

planned to run a hierarchical regression analysis to examine whether controlling for 

potential confounding variables had any effect on the results observed, with the 

following predictors: plate-clearing*portion size interaction, portion size 

(normal/large), plate-clearing tendency (plate-clearer/non-plate-clearer), BMI, 

emotional eating score, restraint score and external eating score. Results were 

considered significant at a p <.05. 
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Sensitivity Analyses  

We also planned to examine whether the pattern of results seen in our main analysis 

was observed when total plate-clearing score was treated as a continuous variable 

using a moderation analysis, which was run using PROCESS (Hayes, 2013). Portion 

size (normal/large) was the independent variable (X), weight of food eaten in grams 

the outcome variable (Y) and plate-clearing tendency (continuous score derived from 

total scale score) was the moderator (M). 

Finally, we also planned to examine the effect of removing participants that 

were aware of the study aims or those who finished the portion they were served on 

our main planned analysis. Participants were characterised as being aware of the study 

aims if in their written response to the question “What do you think the aim of the 

study was?” they mentioned the influence of portion size. Two researchers 

independently coded participant responses to this question, and agreed that 11 

participants appeared to show some awareness of the study aims.  Participants were 

identified as having finished the portion if they left less than 10% of the weight of the 

portion uneaten. Under this criterion, 7 participants (6 plate-clearers, 1 non-plate-

clearer) were identified as finishing the normal portion size and no participants were 

identified as finishing the large portion size. 

 

2.4 Results 

Sample characteristics 

A total of 91 participants were recruited (48 plate-clearers and 43 non-plate-clearers). 

Two participants were excluded from analyses due to researcher error in the weight of 

food served. This resulted in 89 participants being retained for use in our main 
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analysis; 48 plate-clearers and 41 non-plate-clearers, with a mean age of 25.43 

(±10.22) years and a mean BMI of 22.42 (±2.63) kg/m2. See Table 2.1 for participant 

characteristics, meal satisfaction, average plate-clearing scores for each condition, and 

full ANOVA results. The average plate-clearing scores were 4.23 (±0.63) for the plate-

clearing group and 2.75 (±0.80) for the non-plate-clearing group. There were no 

significant main effects or interactions for age, BMI, external eating or emotional 

eating, with the exception of a significant main effect of plate-clearing on restraint 

scores (p =.001), whereby plate-clearers reported significantly higher dietary restraint 

scores than non-plate-clearers. The meal received reasonable satisfaction ratings 

across the conditions and there were no significant differences between the conditions, 

with the exception of a significant main effect of portion size on satisfaction scores (p 

=.016), with participants served the large portion size reporting lower meal satisfaction 

than those served the normal portion size. There were no significant differences 

between the conditions on average plate-clearing score, with the exception of a 

significant main effect of plate-clearing group on average plate-clearing score (p 

<.001), with plate-clearers scoring significantly higher on the plate-clearing scale than 

non-plate-clearers.
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Table 2.1. Participant characteristics, meal satisfaction and average plate-clearing score (values are mean (±SD) and ANOVA results) 

Table 2.1 displays the differences between plate-clearers and non-plate-clearers with regards to participant characteristics (age, BMI, emotional eating, restraint, external 

eating), meal satisfaction and plate-clearing score, and the results of ANOVAs investigating significant differences between plate-clearers and non-plate-clearers and 

individuals in each portion size condition. All ANOVA results were non-significant, with the exception of a main effect of portion size condition on satisfaction, whereby 

meal satisfaction was rated as significantly lower in the large compared to the normal portion size condition; a main effect of plate-clearing on restraint, whereby plate-

clearers scored significantly higher in restraint than non-plate-clearers; and a main effect of plate-clearing on average plate-clearing score, whereby plate-clearers scored 

significantly higher on the plate-clearing scale than non-plate-clearers.*p < .05; **p < .01, ***p < .001  

a DEBQ subscales are scored from 1-5 with higher values denoting greater emotional eating, restraint and external eating. b These variables contain data from <89 participants, 

as they are missing data (see Appendix 1, pages 196-7). c The highest possible average plate-clearing score is 5.  

 Plate-clearers  

(n = 48) 

Non-plate-clearers  

(n = 41) 

 

Main effect of 

Portion Size 

condition 

Main effect of Plate-

clearing group 

Portion Size by 

Plate-clearing 

interaction effect 

Portion size condition Normal  

(n = 25) 

Large  

(n = 23) 

Normal  

(n = 21) 

Large  

(n = 20) 

Age (years) b 25.54 (±8.41) 28.09 (±12.16) 25.05 (±11.96) 22.65 (±7.34) p >.99, 𝜂𝑝
2 <.01 p =.178, 𝜂𝑝

2 =.02 p =.261, 𝜂𝑝
2  = .02 

BMI (kg/m²) b 21.50 (±2.18) 22.85 (±2.43) 23.18 (±3.60) 22.39 (±2.00) p =.619, 𝜂𝑝
2 <.01 p =.282, 𝜂𝑝

2 =.01 p =.058, 𝜂𝑝
2 =.04 

Emotional eating a
 2.66 (±0.84) 2.80 (±1.00) 2.31 (±0.79) 2.50 (±0.55) p =.341, 𝜂𝑝

2 =.01 p =.066, 𝜂𝑝
2 =.04 p =.883, 𝜂𝑝

2 <.01 

Restraint a b 2.85 (±0.54) 2.95 (±0.71) 2.25 (±0.65) 2.60 (±0.78) p =.127, 𝜂𝑝
2 =.03 p =.001***, 𝜂𝑝

2  =.12 p =.378, 𝜂𝑝
2  =.01 

External eating a b   3.59 (±0.65) 3.56 (±0.66) 3.30 (±0.54) 3.51 (±0.49) p =.472, 𝜂𝑝
2 =.01 p =.173, 𝜂𝑝

2 =.02 p =.354, 𝜂𝑝
2 =.01 

Satisfaction   4.04 (±0.79) 3.65 (±0.98) 4.19 (±0.75) 3.75 (±0.55) p =.016*, 𝜂𝑝
2 =.07 p =.463, 𝜂𝑝

2 =.01 p =.876, 𝜂𝑝
2 <.01 

Plate-clearing score c 4.30 (±0.65) 4.15 (±0.61) 2.79 (±0.88) 2.71 (±0.73) p =.457, 𝜂𝑝
2 =.01 p <.001***, 𝜂𝑝

2 =.52 p =.825, 𝜂𝑝
2 <.01 
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Table 2.2. Appetite ratings (100-mm VAS) pre-and post-lunch (values are mean (±SD) and ANOVA results) 

  Plate-clearers  

(n = 48) 

Non-plate-clearers  

(n = 41) 

 

Main effect of Time Main effect of 

Portion Size 

Main effect of 

Plate-clearing 

Portion Size by 

Plate-clearing 

interaction 

effect   Portion size 

condition 

Normal 

(n = 25) 

Large  

(n = 23) 

Normal 

(n = 21) 

Large  

(n = 20) 

 

Pre-

lunch 

Desire-to-eat a 62.33 

(±28.69) 

 

67.90 

(±16.35) 

60.47 

(±27.08) 

64.15 

(±22.46) 

 

p <.001***, 𝜂𝑝
2 =.85 

 

p =.360, 𝜂𝑝
2 =.01 

 

p =.594, 𝜂𝑝
2 <.01 

 

p =.869, 𝜂𝑝
2 <.01 

 

 Hunger a 63.83 

(±30.23) 

 

 

69.73 

(±19.60) 

64.86 

(±24.38) 

65.91 

(±23.41) 

 

p <.001***, 𝜂𝑝
2 =.86 

 

p =.260, 𝜂𝑝
2 =.02 

 

p =.691, 𝜂𝑝
2 <.01 p =.429, 𝜂𝑝

2 =.01 

  

 Fullness a 18.35 

(±16.81) 

 

18.42 

(±16.30) 

16.69 

(±21.19) 

19.38 

(±13.54) 

 

p <.001***, 𝜂𝑝
2 =.92 

 

p =.625, 𝜂𝑝
2 <.01 

 

p =.889, 𝜂𝑝
2 <.01 

 

p =.441, 𝜂𝑝
2 =.01 

 

Post-

lunch 

Desire-to-eat a 8.28 

(±10.03) 

 

7.85 

(±8.38) 

8.47 

(±9.48) 

7.97 

(±12.99) 

    

 Hunger a 7.98 

(±9.42) 

 

3.00 

(±2.28) 

6.78 

(±11.93) 

5.91 

(±12.38) 

 

    

 Fullness a 85.52 

(±10.77) 

87.30 

(±9.80) 

87.77 

(±11.18) 

85.68 

(±14.16) 

    

          

Values are Mean(±SD) for pre-lunch and post-lunch appetite measures, and results of a mixed ANOVA with time (before meal/after meal) as the within-subjects factor, and 

portion size (normal/large) and plate-clearing tendency (plate-clearer/non-plate-clearer) as the between-subjects factors. 

Participants felt significantly less desire-to-eat, significantly less hungry, and significantly fuller post-lunch relative to pre-lunch. There was no significant portion size*plate-

clearing tendency interaction, main effect of portion size condition or main effect of plate-clearing tendency on any of the 3 self-reported appetite measures. 

***p <.001.   

a These variables contain data from <89 participants, as there are missing data (see Appendix 1, pages 196-7)
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Self-reported appetite 

Mean appetite ratings are displayed in Table 2.2. As expected, participants felt 

significantly less desire-to-eat, significantly less hungry, and significantly fuller post-

lunch relative to pre-lunch (i.e. main effect of time in each analysis). There was no 

significant portion size*plate-clearing tendency interaction, main effect of portion size 

condition or main effect of plate-clearing tendency on any of the 3 self-reported 

appetite measures (pre- and post-meal ratings). 

 

Table 2.3. Mean weight of food eaten in grams (values are Mean (±SE)) 

Table 2.3 displays the mean weight of food eaten (in grams). The mean difference in food intake 

between the normal and large portion size conditions was 100.55g (p <.001). The mean difference in 

food intake between plate-clearers and non-plate-clearers was 68.21g (p =.006). **p .<01; ***p <.001. 

n indicates number of participants.  

 

Perception of portion size 

There was no portion size*plate-clearing tendency interaction effect, F(1,85) = 0.05, 

p =.823, 𝜂𝑝
2 <.01, or main effect of plate-clearing tendency, F(1,85) = 0.06, p =.814, 

𝜂𝑝
2 <.01, on perceived normality of portion size, indicating that perceptions of the 

portion sizes served were similar among plate-clearers and non-plate-clearers. As 

 Plate-clearers Non-plate-clearers 
Plate-clearers and  

Non-plate-clearers combined 

Normal Portion 

Size condition 
353.01 (±20.44), n = 25 299.48 (±17.79), n = 21 ***328.57 (±14.18), n = 46 

Large Portion Size 

condition  
468.97 (±31.56), n = 23 383.29 (±26.78), n = 20 ***429.12 (±21.76), n = 43 

Portion Size 

conditions 

combined 

**408.58 (±20.15), n = 48 **340.36 (±17.96), n = 41   
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expected, there was a significant main effect of portion size on perceived normality of 

portion size served, F(1,85) = 87.60, p <.001, 𝜂𝑝
2 =.51; participants that were served 

the large portion size perceived it as being larger in size than participants served the 

normal sized portion.   

 

Main outcomes 

The mean weight of food eaten in each condition is displayed in Table 2.3. The 2 x 2 

ANOVA indicated that there was no significant portion size*plate-clearing tendency 

interaction effect on food intake, F(1,85) = 0.42, p =.519, 𝜂𝑝
2 =.01. Thus, the magnitude 

of the portion size effect was similar in plate-clearers and non-plate-clearers. However, 

there was a significant main effect of portion size; significantly more food was 

consumed when participants were served a large vs. normal sized portion, F(1, 85) = 

16.15, p <.001, 𝜂𝑝
2 =.16. There was also a significant main effect of plate-clearing 

tendency; plate-clearers consumed significantly more food than non-plate-clearers, 

F(1, 85) = 7.84, p =.006, 𝜂𝑝
2 =.08. Re-running this analysis with the 11 participants 

characterised as showing awareness of the study aims removed from the sample did 

not change the pattern of statistical significance observed. Re-running this analysis 

with the 7 participants identified as finishing the normal portion removed from the 

sample did not change the pattern of statistical significance observed. A hierarchical 

regression was used to examine whether controlling for participant BMI, emotional 

eating, restraint and external eating affected the results of the main analyses. The 

regression model predicted 21% of variance in weight of food eaten, ΔR² = .21, F(7, 

81) = 4.38, p <.001. As in the main analysis the portion size by plate-clearing 

interaction was non-significant (β = .04, p =.675), portion size was significantly 
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positively associated with weight of food eaten (β = .36, t(81) = 3.69, p <.001), and so 

was plate-clearing (β = .23, t(81) = 2.22, p =.029). Participant BMI (β = .11, p =.251), 

emotional eating (β = .22, p =.078), restraint (β = .04, p =.683), and external eating (β 

= -.06, p =.627) were not significant predictors of weight of food eaten.  

 

Results of sensitivity analyses 

When plate-clearing was treated as a continuous variable the same pattern of results 

was observed as in the main analysis. The regression model predicted approximately 

36% of variance in weight of food eaten, R² = .36, F(3, 85) = 15.57, p <.001. Plate-

clearing tendencies did not significantly moderate the effect of portion size on weight 

of food eaten (b = 3.26, se = 4.48, p =.469, 95% CIs [-5.64, 12.16]), however there 

was a significant effect of portion size on weight of food eaten (b = 108.11, se = 22.65, 

p <.001, 95% CIs [63.07, 153.15]), and a significant effect of plate-clearing tendency 

on weight of food eaten (b = 11.56, se = 2.23, p <.001, 95% CIs [7.13, 16.00]). 

Including meal satisfaction as a covariate in our main analysis strategy did not 

influence the pattern of statistical significance observed. 

 

2.5 Discussion 

The primary aim of the present study was to examine whether individual 

differences in plate-clearing tendencies moderate the influence that portion size has on 

meal food intake in a laboratory setting. We found that the influence that portion size 

had on food intake was similar in size irrespective of participant plate-clearing 

tendencies, which is consistent with previous research (Rolls, Roe, Kral, et al., 2004; 

Rolls, Roe, Meengs, et al., 2004). Thus, there was no evidence that a tendency to clear 
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one’s plate explains the effect that portion size has on food intake. In line with a 

number of other studies (Diliberti et al., 2004; Levitsky & Youn, 2004; Rolls et al., 

2000, 2002, 2007; Rolls, Roe, Kral, et al., 2004; Rolls, Roe, Meengs, et al., 2004), we 

found that portion size had a significant effect on meal food intake, whereby 

participants consumed more food when served a larger portion. We also found that 

irrespective of the portion size served, participants with a self-reported tendency to 

clear their plate when eating consumed significantly more food than participants who 

did not self-report a tendency to clear their plate when eating.  

As far as we are aware, the results of the present study are the first to link plate-

clearing tendencies to increased food intake. Plate-clearing has been associated with 

increased BMI (Robinson, Aveyard, et al., 2015; Robinson & Hardman, 2016) and 

because of this it has been suggested to be a potentially maladaptive behaviour in the 

current obesogenic environment (Robinson, Aveyard, et al., 2015; Robinson & 

Hardman, 2016). We found that irrespective of the portion size served participants 

with a tendency to clear their plate when eating consumed significantly more food than 

non-plate-clearers. However, because the portion sizes provided in the present study 

were deliberately selected to be large, very few participants actually cleared their plate. 

Thus, based on the present study it seems likely that individuals with a tendency to 

clear their plate when eating may have a desire to do so and this may increase the 

amount of food they consume at a meal even if it does not result in all available food 

being consumed. This finding was robust to controlling for other dietary habits (such 

as dietary restraint) and BMI, which suggests that the association between a tendency 

to clear one’s plate when eating and increased meal food intake is not explained by 

plate-clearers and non-plate-clearers differing on these other variables. The present 

findings therefore suggest that a tendency to clear one’s plate when eating may 
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promote overeating. However, because we examined food intake at a single test meal, 

we do not know whether the increased food intake observed among plate-clearers 

would be compensated for at subsequent meals. Thus, examining whether plate-

clearing tendencies promote excessive consumption in the long-term would now be 

informative. 

As in many other portion size studies (Zlatevska et al., 2014) we found 

evidence for the portion size effect, and our results further highlight the robust nature 

of the portion size effect, as even a group of participants who explicitly reported not 

being motivated to plate-clear when eating were susceptible to the influence of portion 

size. This indicates that the portion size effect is not limited to individuals who have a 

tendency to clear their plate when eating. However, we also found that participant with 

plate-clearing tendencies consumed more (irrespective of portion size) than 

participants without such tendencies, which has behavioural implications. In the 

current obesogenic environment, individuals with plate-clearing tendencies are likely 

to be at higher risk of passive overconsumption, and thus likely to be at higher risk of 

weight gain.  

The failure to find evidence in support of plate-clearing tendencies moderating 

the influence of portion size on meal food intake may indicate that factors other than 

plate-clearing tendencies are better placed to explain why portion size has a reliable 

effect on food intake. However, the present study has limitations that warrant 

consideration. Because the study was conducted in a laboratory setting, demand 

characteristics may in part explain why the influence of portion size on food intake 

was similar in size across plate-clearers and non-plate-clearers. For example, even if 

participants without plate-clearing tendencies did not wish to consume a considerable 

amount of food from the portion sizes provided they may have felt it would be ill 
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mannered to waste a very large amount of food. Likewise, although we conducted pilot 

work to select portion sizes served that would be ‘normal’ and ‘large’ in size, on 

average participants perceived the normal sized portion to be larger than normal. It is 

likely that the relationship between increasing portion sizes and food intake is 

curvilinear (Zlatevska et al., 2014); if the portion sizes served in the present study had 

been smaller in size it is plausible that participants without plate-clearing tendencies 

may have continued to waste a substantial amount of food. However, participants with 

plate-clearing tendencies may have come close to finishing the amount of food served 

in both portion size conditions and this would likely lead to a larger effect of portion 

size on food intake in plate-clearers vs. non-plate-clearers. It is possible that the size 

of the portions and the large difference between the portion sizes led to a ceiling effect, 

“washing out” the effects of plate-clearing tendencies and thus limiting the ability to 

detect an interaction between portion size and plate-clearing. In future, a wider range 

of portion sizes should be used to allow greater sensitivity to the potential influence of 

plate-clearing on the portion size effect, especially given that the portion size effect 

has been found to be curvilinear (Zlatevska et al., 2014). It should also be noted that 

we found a main effect of portion size on meal satisfaction, with those in the large 

portion size condition reporting lower meal satisfaction. This finding is consistent with 

research which suggests that consumers habituate to large portions of food and find 

them less enjoyable by meal end (Garbinsky, Morewedge, & Shiv, 2014). 

Further limitations of the present research were that our sample was not 

representative of the general population and that plate-clearing tendencies were self-

reported. We presume that participants are likely to be able to report with some 

accuracy on whether they tend to clear their plate when eating, but self-report measures 

can introduce bias and objective measurement of plate-clearing tendencies would be 
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preferential. There is now evidence that self-reported plate-clearing tendencies predict 

elevated food intake (the present study) and BMI (Robinson, Aveyard, et al., 2015; 

Robinson & Hardman, 2016), and objectively measured plate-clearing is more 

common among individuals with overweight and obesity than those of normal weight 

(Dodd et al., 1976; Krassner et al., 1979; Le Bow et al., 1985). Work that makes use 

of objective measurement of plate-clearing tendencies to clarify the extent to which 

plate-clearing is a behavioural risk factor for excess consumption and weight gain 

would therefore be valuable. Addressing these potential limitations of the present 

research in future studies will clarify the relationship between plate-clearing 

tendencies and the influence of portion size on food intake. 

 

2.6 Chapter conclusion 

In this laboratory study of female participants, the tendency to clear one's plate when 

eating was associated with increased food intake during a lunchtime meal. 

Experimentally manipulating the portion size of the lunchtime meal also affected food 

intake, although the tendency for a larger portion size to increase food intake was 

observed irrespective of participant plate-clearing tendencies. The findings of the 

present study suggest that those who habitually plate-clear may be at risk of overeating. 
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Chapter 3: Associations between food waste concerns, plate-clearing tendencies, 

food intake and BMI 

 

3.1 Chapter Introduction 

Chapter 3 introduces the second overarching focus of this thesis: food waste concerns. 

Food waste concerns may lead to desires and attempts to avoid food waste. In this way 

food waste concerns may encourage people to consume more food at an eating 

occasion, to reduce the amount of food that is wasted. Food waste concerns may also 

encourage desires to clear the plate when eating. A 5-item scale was created to measure 

food waste concerns in these studies. The aim of this chapter was to investigate the 

reliability and validity of the food waste concerns scale, and the relationship between 

food waste concerns, plate-clearing tendencies, body weight and overconsumption 

from larger portions. Chapter 3 details 3 studies investigating associations between 

food waste concerns, plate-clearing tendencies, food intake and BMI. 

 

The studies reported in Chapter 3 have been submitted to the journal Appetite as: 

Sheen, F., Hardman, C. A., & Robinson, E. (Under Review). Food waste concerns, 

eating behaviour and body weight, Appetite. 

 

 

 

 

 

3.2 Introduction 
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In the last thirty years, there have been striking increases in population-level body 

weight across most developed countries (Ng et al., 2014; OECD/EU, 2017), including 

the U.K. (House of Commons, 2019). Changes to the food environment have been 

identified as a likely cause of the ‘obesity crisis’ (Swinburn et al., 2011). For example, 

larger portion sizes of energy dense food products are now more common 

(Matthiessen, Fagt, Biltoft-Jensen, Beck, & Ovesen, 2003; Piernas & Popkin, 2011; 

Steenhuis, Leeuwis, & Vermeer, 2010; Young & Nestle, 2003, 2007, 2012). Likewise, 

food prepared outside of the home often has a high energy content (Robinson, Jones, 

et al., 2018). Alongside increases in obesity, in recent times there has also been a 

growing awareness of the problem of food waste (FAO, 2014; Food and Agriculture 

Organization of the United Nations., 2013; Quested, Ingle, & Parry, 2013).  

In higher income countries, a large proportion of food is wasted per capita at 

the retail and household level (Gustavsson et al., 2011). Because of this, there are 

attempts to raise public awareness about food waste, such as the ‘Love Food Hate 

Waste’ campaign that was initiated by The Waste and Resources Action Programme 

in 2007 (Quested et al., 2013). However, despite a 15% reduction of household food 

and drink waste in the U.K. in the 5 years following the campaign’s launch, there are 

approximately 7 million tonnes of food and drink still wasted per annum, 60% of 

which is considered avoidable (Quested et al., 2013). Consumers also report being 

concerned about wasting food. For example, Setti, Falasconi, Segrè, Cusano, and 

Vittuari (2016) found that the majority of their sample of 1,403 Italian consumers 

reported concerns about food waste from an ethical standpoint (86%) and because of 

the environmental consequences of throwing food away (82%). Also, Gaiani et al. 

(2017) found that the majority of their respondents, also an Italian sample of 3,087 

participants, considered food waste a serious issue. In addition, studies have shown 
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that people will often report feelings of guilt around wasting food (Abdelradi, 2018; 

Gaiani et al., 2017; Parizeau et al., 2015).  

Although research has demonstrated that consumers now identify food waste 

as a significant issue, the extent to which food waste concerns may influence eating 

behaviour has received far less attention. Fay et al. (2011) investigated the prevalence 

of plate-clearing, pre-meal planning, and their influence on meal size. In an online 

questionnaire study, participants were asked about the last meal they had consumed. 

One question asked participants if they had “eaten all of the food on [their] plate, even 

though [they] could have stopped before that point”. Of the individuals who answered 

yes, 77% reported that this was because they did not want to waste food. In other 

words, these individuals had cleared the plate past the point of fullness because they 

wanted to avoid food waste. Also, Robinson and Hardman (2016) found that a single 

item measure of disliking wasting food was predictive of self-reported plate-clearing 

tendencies in a sample of University students, and plate-clearing tendencies were 

associated with having a higher BMI. 

Given that many people now live in an ‘obesogenic environment’, concerns 

about wasting food may be a contributor to excess energy intake. Indeed, Hall, Guo, 

Dore, and Chow (2009) propose a link between surplus food, food waste and 

overeating. Hall et al. (2009) argue that the obesity epidemic has been the result of the 

“push effect” of increased food availability and marketing, with individuals being 

unable to match their food intake with the increased supply of cheap, easily available 

food. Thus, the aim of the present research was to examine the relationships between 

food waste concerns, eating behaviour and body weight. Because concerns about food 

waste may promote excess energy consumption through encouraging the behaviour of 

plate-clearing, we made a number of predictions. We predicted that greater concerns 
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about wasting food would be associated with greater intentions to behave in ways that 

minimize food waste, such as eating leftovers (Study 1), greater plate-clearing 

tendencies and heavier body weight (Study 2) and objectively measured energy intake 

when served a large portion of food (Study 3).  

 

3.3 Study 1 

As we were aware of no scale directly measuring concerns about wasting food when 

eating, we designed a 5-item scale.  In Study 1, we collected data online and tested 

internal consistency, test-retest reliability, convergent and divergent validity of the 

scale. Participants completed the same battery of questionnaires 2 weeks apart. To 

examine convergent validity, we hypothesised that the scale should predict intentions 

to reduce food waste and emotions experienced in response to the thought of wasting 

food. Given that our interest was in the potential influence of food waste concerns on 

eating behaviour and body weight, we tested the scale’s divergent validity by 

examining whether it was distinct to existing trait measures of appetite and over-

eating.  

 

3.3.1 Method 

Participant recruitment and eligibility 

We aimed to recruit 300 participants, which is considered appropriate for scale 

development by Comrey, Lee, and Lee (2013). In total, 300 U.K. participants (207 

females, 93 males) were recruited through the online recruitment platform Prolific 

Researcher. Eligibility criteria were as follows: aged 18 or over, no history of or 

current food allergies, no history of or current eating disorder(s) and fluent in English. 
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Of these 300, 276 (191 females, 85 males) completed the questionnaire a second time 

2 weeks later. Participants were provided with monetary reimbursement for their time.  

 

Measures 

Food waste concerns scale: Participants completed a self-report measure of concerns 

about wasting food. The scale consisted of 5 items (7-point Likert-scales, ‘Strongly 

disagree’ to ‘Strongly agree’) designed to address concerns about wasting food (“It is 

morally wrong to waste food”, “I cannot stand throwing food away”, “Even if I felt 

full, I would rather finish what is on my plate than see it go to waste”, “It is fine for 

food to go to waste sometimes”, “It can be acceptable to waste food”). Scores on the 

latter 2 items were reverse-scored. Scores were summed, with a higher score indicating 

stronger concerns regarding food waste. 

Intentions to reduce food waste: A 4-item self-report measure was taken from Aktas 

et al. (2018) (e.g. “I intend to eat leftover food”) with a 7-point Likert scale response 

format (‘Strongly disagree’ to ‘Strongly agree’). Scores were summed, with a higher 

score indicating stronger intentions to reduce food waste (α =.80) (Aktas et al., 2018). 

Emotions towards wasting food: A single-item measure was taken from Russell, 

Young, Unsworth, and Robinson (2017). Participants were asked “Which of the 

following words best describe how you feel about wasting food in your home?” and 

provided with a list of emotions. Participant selected all the emotions that applied to 

them. These were then dummy coded as 1 = emotion present (i.e. selected) and 0 = 

emotion absent (i.e. not selected). From these, a negative emotion score (total score of 

responses to the 3 negative emotions: frustrated, anxious, guilty) and a positive 

emotion score (total score of responses to the 4 positive emotions: optimistic, proud, 
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content, relaxed) were computed, with higher scores indicating higher negative or 

positive emotions (Russell et al., 2017). 

Overeating: The disinhibition subscale of the original Three Factor Eating 

Questionnaire (TFEQ) was used to measure trait overeating (Stunkard & Messick, 

1985). Scores were summed, with a higher score indicating higher tendency towards 

overeating (α =.91) (Stunkard & Messick, 1985). 

Hunger: The hunger subscale of the original TFEQ was used to measure trait appetite 

(Stunkard & Messick, 1985). Scores were summed, with a higher score indicating 

higher tendency towards hunger (α =.85) (Stunkard & Messick, 1985). 

Attention check: We included an attention check question, “This is an attention check. 

Please leave blank”, at 2 points in the study to ensure that participants were attending 

to the questions.  

 

Procedure 

After accessing the online study site, participants reported their gender, age, weight, 

height and answered questions relating to the inclusion criteria. In a randomized order, 

participants then completed the food waste concerns items, food waste intentions, food 

waste emotions, the trait disinhibition scale and trait appetite scale. Participants were 

invited to complete the same questionnaires 14 days later. Participants were 

reimbursed for their participation and the study took approximately 20 minutes to 

complete. A full copy of the questionnaire participants received can be found at 

https://osf.io/aef75/.  
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Analysis Strategy 

To assess the internal consistency of the food waste concerns scale, we conducted a 

factor analysis on the first wave of data collected (time 1) using an oblique rotation 

and calculated Cronbach’s alpha (a Cronbach’s alpha of >.70 is considered acceptable 

for a sample size of n <300 (Cicchetti, 1994; Kline, 2013; Nunnally & Bernstein, 1994; 

Ponterotto & Ruckdeschel, 2007)).  

To assess test-retest reliability, we examined the intra-class correlation (ICC) 

between the total food waste concerns score obtained at the initial time of testing (time 

1) and following the 2-week interval (time 2). An average measures ICC and 95% 

confident intervals were calculated based on the mean of time 1 and time 2 (k = 2), 

with absolute-agreement and a 2-way mixed-effects model. Scores of 0.60 or more 

indicate good test–retest reliability (Cicchetti, 1994).  

To assess convergent validity, we used linear regression to examine whether 

the food waste concerns scale predicted food waste intentions and food waste 

emotions, controlling for age, gender, BMI, trait hunger and trait overeating. Finally, 

to examine divergent validity, we used Pearson’s correlation analysis to examine the 

correlation between the food waste concerns scale and the measures of overeating and 

hunger. We expected that that the food waste concerns scale would not be strongly 

correlated with overeating or hunger (i.e. r <.5). Results were considered significant 

at a p <.05. All analyses were conducted in IBM SPSS Statistics 24. 

 

3.3.2 Results 

Two hundred and seventy-six participants (191 females and 85 males) completed both 

online questionnaires and had a mean age of 37.43 (±12.66) years and a mean BMI 
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(self-reported with data missing from 2 participants) of 26.41 (±5.99) kg/m2. The 

sample had a mean food waste concerns score of 4.74 (±1.23) at time 1 and 4.79 

(±1.16) at time 2, equating to responses of ‘Neither agree nor disagree’ to ‘Somewhat 

agree’ with being concerned about food waste (7-point scale). 

 

Exploratory factor analysis, internal consistency and test-rest reliability 

An exploratory factor analysis was conducted on the 5 items with oblique rotation 

(direct oblimin). The Kaiser-Meyer-Olkin measure verified the sampling adequacy for 

the analysis, (KMO = 0.78), and Bartlett’s Test of Sphericity demonstrated that 

correlations between items were large enough for factor analysis, ²(10) = 517.17, p 

<.001. A single factor was identified with an eigenvalue over Kaiser’s criterion of 1 

(Eigenvalue = 2.94) and explained 58.8% of the total variance of the observed 

variables. The scale had good internal consistency, with all 5 items loading onto a 

single factor (α =.82). See Appendix 2 (page 199) for factor loadings and correlations 

between individual scale items. The food waste concerns scale had excellent test-retest 

reliability. The ICC was .90 (95% CIs = .87-.92, F(275,275) = 10.00, p<.001). 

 

Convergent and divergent validity 

As expected, food waste concerns scores were significantly positively correlated with 

intentions to reduce food waste (r(274) = .58, p <.001) and negative emotions towards 

wasting food (r(274) = .34, p <.001). Food waste concerns scores were significantly 

negatively correlated with positive emotions towards wasting food (r(274) = -.29, p 

<.001). These associations remained significant in regression analyses controlling for 

age, gender, BMI, trait appetite and overeating (see Appendix 2, pages 200-1). As 
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predicted, food waste concerns were not strongly correlated (r <.5) with trait 

overeating (r(274) = .09, p =.128) or trait appetite (r(274) = .16, p =.009), indicating 

that the scale is psychometrically distinct from measures of motivation to eat.  

 

3.4 Study 2 

In Study 1, we found that the 5 items from the food waste concerns scale all loaded 

onto a single factor, which we operationalise as a measure of individual differences in 

concerns about wasting food. The scale demonstrated good internal consistency and 

excellent test-retest reliability. We also found evidence in support of the scale’s 

convergent validity (predictive of emotional response to food waste and intentions to 

avoid wasting food) and divergent validity (only weakly associated with measures of 

trait overeating and appetite). Our aim in Study 2 was to examine whether food waste 

concerns are predictive of a behaviour that may promote excess energy consumption 

in the current food environment (the tendency to clear one’s plate when eating) and 

body weight. We also conducted a confirmatory factor analysis of the food waste 

concerns scale in Study 2.  

 

3.4.1 Method 

We included the 5-item food waste concerns scale at the end of a series of laboratory 

studies conducted at the University of Liverpool during 2016-2018. Studies were 

approved by the University of Liverpool research ethics board and participants were 

drawn from University students and the local community. Studies typically involved 

participants consuming a lunchtime meal or snack, in addition to completing standard 

psychological and eating behaviour questionnaires. See Appendix 2 (page 203) for 
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detailed information on the included studies. For Study 2, we made use of data from 

14 studies, all of which had a researcher taken measurement of weight and height and 

included the food waste concerns scale. In 4 of these 14 studies, self-reported plate-

clearing tendencies were also collected. As used in previous research, the plate-

clearing measure consisted of 5 questions (“I always tend to clear my plate when 

eating.”; “I normally finish eating when my plate is empty.”; “Before I start eating, I 

normally plan to finish the serving I am about to eat.”; “I rarely leave food on my 

plate.”; “It is normal for me to have very little food left or an empty plate at the end of 

a meal.”) with a 5-point Likert scale response format (‘Strongly disagree’ to ‘Strongly 

agree’). Scores were summed, with a higher score indicating stronger plate-clearing 

tendencies (α = .89) (Robinson, Aveyard, et al., 2015). 

 

Analysis strategy  

Using SPSS AMOS 24, a confirmatory factor analysis was performed on the single-

factor solution observed in Study 1. For full information on the analysis strategy for 

the confirmatory factor analysis see Appendix 2 (page 202). A linear regression was 

used to test whether food waste concerns scores predicted plate-clearing tendencies 

scores while controlling for age, BMI and gender. We used linear regression analysis 

to also test whether food waste concerns scores were positively associated with BMI 

(kg/m2), while controlling for age and gender. Finally, a logistic regression was 

conducted to investigate whether food waste concerns score predicted the likelihood 

of having overweight (BMI <25.0 vs. BMI ≥ 25.0). Results were considered significant 

at a p <.05.  
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3.4.2 Results 

We included 996 participants in our main analyses (739 females and 227 males), with 

a mean age of 25.39 (±10.96) years, and a mean BMI of 24.78 (±5.30) kg/m2.  The 

sample had a mean food waste concerns score of 4.45 (±1.26). Of these 966 

participants, 212 also completed the plate-clearing scale. 

 

Confirmatory factor analysis 

The Cronbach’s alpha of the 5-item food waste concerns scale was acceptable (α = 

.80). The confirmatory factor analysis confirmed the single-factor structure yielded by 

the exploratory factor analysis in Study 1. Following the addition of covariance 

pathways based on modification indices, the single-factor model provided a good fit 

to the data (normed χ2 (χ2/df) = 3.52, CFI =.995, TLI =.984, RMSEA (90% CI) =.051 

(.02-.09), SRMR =.02). See Appendix 2 (pages 205-6) for an explanation and 

schematic of this model.   

 

Food waste concerns, plate-clearing tendencies and body weight 

Food waste concerns score were positively associated with self-reported plate-clearing 

tendencies in the linear regression controlling for gender, age and BMI, whereby 

greater concerns about wasting food were predictive of greater plate-clearing 

tendencies (β = .37, p <.001). See Appendix 2 (pages 206-7) for full regression model 

results. Food waste concerns (β = -.04, p =.174) did not significantly predict BMI 

(continuous variable). Likewise, food waste concerns did not predict whether a 

participant was more likely to have overweight than be classed as healthy weight, B 

<.01 (SE =.01), Wald <.01, p =.984; OR =1.00, 95% CIs =0.86-1.17. See Appendix 2 

(page 207) for full results.  
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3.5 Study 3 

In Study 2, we found that although concerns about food waste were associated with an 

increased likelihood of self-reported plate-clearing, there was no significant 

association between food waste concerns and body weight. In Study 3, we aimed to 

explore the relationship between food waste concerns and energy intake when served 

a large portion of food. We tested whether food waste concerns are associated with 

increased energy intake when served a large portion of food because concerns about 

waste increase a person’s likelihood of wanting to clear their plate when eating, which 

in turn has been shown to be predictive of increased energy intake (Sheen, Hardman, 

& Robinson, 2018) (i.e. an indirect effect of food waste concerns on energy intake via 

plate-clearing tendencies).  

 

3.5.1 Method 

Participant recruitment and eligibility 

Based on Fritz and MacKinnon (2010), we aimed to recruit a minimum sample size of 

at least 126 participants in order to detect a mediation effect that was moderate to small 

in size. In total, 128 participants (85 females, 43 males) were recruited from 

staff/students at the University of Liverpool and the surrounding area. Most 

participants took part in exchange for course credit (1st year psychology students, 

68.8%) whilst other participants were reimbursed financially for their participation. 

Eligibility criteria were: aged 18 or over, no history of food allergies, and had not 

participated in any recent similar studies (i.e. laboratory studies of food intake).  
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Overview 

Participants completed questions on their plate-clearing tendencies and food waste 

concerns in an online pre-session questionnaire at least 1 day before the study session. 

To disguise the aims of the study, participants were informed in advance that the study 

was about ‘Eating and Memory’. Participants completed word memory tasks before 

and after consuming ad libitum from a large lunch time meal in the laboratory.  

 

Test food 

Participants were served pasta in tomato sauce at a 1:1 ratio (Tesco Conchiglie pasta 

and Dolmio Bolognese ‘Smooth Tomato’ sauce, see Table 3.1 for nutritional 

information) in a 500g portion on a standard white dinner plate, with a 500ml glass of 

water. This portion size was chosen as participants in a recent laboratory study 

identified this portion as being ‘larger than normal’ and only a minority of participants 

(15%) consumed it in its entirety (Sheen et al., 2018). Pilot testing indicated that 

participants found the meal to be palatable, which was confirmed by an item measuring 

liking of the meal in the current study. 
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Table 3.1. Nutritional information for lunchtime meal (Tesco Conchiglie pasta and 

Dolmio ‘Smooth Tomato’ pasta sauce)  

Typical Values Per portion (500g) 

Energy 2199kJ / 519kcal 

Fat 3.54g 

Saturates 0.6g 

Carbohydrate 100.3g 

Sugars 19.9g 

Fibre 7.4g 

Protein 17.5g 

Salt 2.1g 

Table 3.1 displays the nutritional information for 500g of cooked pasta in tomato sauce, approximately 

calculated from the nutritional information for the uncooked ingredients per 100g, as available. 500g of 

cooked pasta and tomato sauce at a 1:1 ratio (250g of cooked pasta and 250g of cooked sauce) equates 

to approximately 360g of uncooked ingredients (110g of uncooked Tesco Conchiglie Pasta (dry weight) 

and 250g of uncooked Dolmio “Smooth Tomato” pasta sauce). 

 

Measures 

Participants completed the food waste concerns scale (α = .80) described in Study 1, 

and the plate-clearing scale (α = .89) (Robinson, Aveyard, et al., 2015) described in 

Study 2. 

Appetite: A mood and appetite measures questionnaire was administered, including 3 

appetite items: hunger, fullness, and desire-to-eat. These were presented as 99mm 

visual analogue scale questions (e.g. “How FULL do you feel right now?”) with the 

anchors of ‘Not at all’ to ‘Extremely’.  
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Perceptions of portion size: Participants completed the question (“In my opinion, the 

portion I was given in this study was…”) with a 7-point Likert scale response format 

(‘Too small’ to ‘Too large’).  

Liking: Participants completed a question on liking of the lunchtime meal (“Overall, I 

liked the taste of the meal that was served to me”) on a 5-point Likert scale response 

format (‘Strongly disagree’ to ‘Strongly agree’). 

Three Factor Eating Questionnaire (TFEQ): The TFEQ (Stunkard & Messick, 1985) 

was used to measure uncontrolled eating (e.g. “When I have eaten my quota of 

calories, I am usually good about not eating any more.”), disinhibition (e.g. “I usually 

eat too much at social occasions, like parties and picnics.”), and restraint (e.g. “I am 

usually so hungry that I eat more than three times a day.”).  

Awareness of study aims: Participants completed a free-text response question 

regarding what they believed the aim of the study to be (“What do you think the aim 

of the study was?”), in addition to another question (see Appendix 2, page 208).  

 

Procedure 

Before attending a single weekday lunchtime session, participants completed an online 

pre-session questionnaire that included the food waste concerns and plate-clearing 

scales. To standardize appetite, participants were asked not to eat in the 2 hours prior 

to the study or drink in the hour prior. On arrival the experimenter obtained informed 

consent, verbally confirmed that the participant had no known food allergies and had 

not eaten in the 2 hours prior to the study session, and asked participants to complete 

a short medical history questionnaire in compliance with laboratory health and safety 

procedures. Participants then completed a word memory task (included as part of the 
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cover story). Participants were presented with 25 words on a laptop. Each word was 

shown for 5 seconds and participants then were asked to write down as many words 

as they could remember. This was followed by a mock feedback questionnaire, which 

included filler questions about the difficulty of the task and any distractions they 

experienced whilst completing the task. Participants then completed the mood and 

appetite questionnaire, before being served the lunchtime meal. Participants were told 

that they could eat and drink (500ml water) as much as they desired and to press a 

buzzer located in the cubicle to alert the experimenter when they had finished. Upon 

completion, the experimenter removed the lunchtime meal. Participants then 

completed the mood and appetite measures questionnaire for a second time, and were 

given a similar word memory task and mock feedback questionnaire. Participants then 

completed the questions on portion size, lunchtime meal liking, the TFEQ, and 

questions regarding awareness of the study aims, before having their height and weight 

measured. Finally, the experimenter debriefed the participant and reimbursed them for 

their time. Each experimental session took approximately 50 minutes.  

 

Analysis strategy 

We planned to examine the indirect effect of food waste concerns on food intake via 

plate-clearing tendencies using a mediation analysis, which was run using PROCESS 

version 3 (Hayes, 2017). Food waste concerns (continuous score derived from total 

scale score) was the independent variable (X), food intake (measured as weight of food 

eaten in grams) was the outcome variable (Y) and plate-clearing tendency (continuous 

score derived from total scale score) was the mediator (M). All variables for the 
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mediation analysis were log-transformed. Results were considered significant at a p 

<.05. 

 

Sensitivity analyses 

We conducted Pearson’s correlations between plate-clearing tendency score, food 

waste concerns score, food intake and the following variables: gender, age, BMI, 

appetite ratings (desire-to-eat, hunger, fullness), meal enjoyment, restraint, 

disinhibition and hunger (measured using the TFEQ). If any of these variables were 

significantly correlated with plate-clearing tendency score, food waste concerns score 

and/or food intake we included them as covariates in an additional mediation analysis. 

All variables for the mediation analysis were log-transformed (except for gender). We 

also planned to examine the effect of removing participants that were aware of the 

study aims on our main planned analysis. Participants were characterised as being 

aware of the study aims if they mentioned the influence of plate-clearing tendencies, 

food waste concerns or eating from large portions. Two researchers independently 

coded participant responses to this question and identified 8 participants with some 

awareness of the study aims. One participant requested and consumed a second serving 

of food, and therefore was served a total of 1000g of pasta in tomato sauce (2 portions), 

and 2 participants completed the screening questionnaire retrospectively (i.e. after the 

study session). We examined the effect of removing these participants in a sensitivity 

analysis and the results remained the same (see Appendix 2, pages 209-10).



77 

3.5.2 Results 

Table 3.2. Participant characteristics, meal liking, perception of portion size of meal, 

average food waste concerns score and average plate-clearing score 

 

Table 3.2 displays averages for the number of days between completing the screening questionnaire 

and attending the study session, participants characteristics (age, BMI), food waste concerns score, 

plate-clearing tendency score, weight of food eaten (g), liking and perception of portion size.  

a Two participants did not complete the screening questionnaire before the study session due to error, 

and instead completed the measures shortly after the laboratory session.  

b Age (years) contains data from 127 participants, as there are missing data. 

c Food waste concerns score is on a 1 to 7 scale, with higher values denoting greater food waste 

concerns.  

d Plate-clearing score is on a 1 to 5 scale, with higher values denoting greater plate-clearing 

tendencies. 

e Liking is on a 1 to 5 scale, with higher values denoting greater liking. 

f  Perception of portion size is on a 1 to 5 scale, with higher values denoting that the participant 

perceived the lunchtime meal to be larger in size. 

 Mean (±SD) 

Time between screening questionnaire and study session (days)  a 10.70 (±9.34) 

Age (years) b 22.69 (±9.12) 

BMI (kg/m2) 23.85 (±4.45) 

Food waste concerns score c 4.25 (±1.19) 

Plate-clearing score d  3.94 (±0.65) 

Weight of food eaten (grams) 399.20 (±109.86) 

Liking  e 4.05 (±0.75) 

Perception of portion size  f 4.84 (±0.85) 
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Main analyses 

One hundred and twenty-eight participants (85 females, 43 males) were included in 

our sample. See Table 3.2 for sample characteristics, and see Appendix 2 (page 209) 

for correlations between food waste concerns, plate-clearing tendencies, food intake 

and other study variables. In the mediation analysis there was no direct effect of food 

waste concerns on food intake, B =.12, SE =.12, 95% CIs = -0.13-0.36, p =.340. Food 

waste concerns were positively associated with plate-clearing tendencies, B =.16, SE 

=.06, 95% CIs =0.05-0.28, p =.005 and greater plate-clearing tendencies were 

associated with greater food intake, but not significantly so, B =.29, SE =.18, 95% CIs 

= -0.08-0.65, p =.124. Contrary to predictions, there was no significant indirect effect 

of food waste concerns on food intake via plate-clearing tendencies (b(SE) =.05(.06), 

95% CI = -0.01, 0.22) (see Figure 3.1).  

 

Figure 3.1. Model displaying the indirect effect of food waste concerns on food intake 

via plate-clearing tendencies 

 

 

 

 

Figure 3.1 shows a conceptual model of our expected mediation model, with food waste concerns (X) 

on food intake (Y) mediated by plate-clearing tendencies (M). Contrary to predictions, there was no 

significant indirect effect of food waste concerns on food intake via plate-clearing tendencies. Values 

are B(SE). **p<.01
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Sensitivity analyses 

For the sensitivity analysis, 6 variables were correlated with either food waste 

concerns, plate-clearing tendencies and/or food intake and were therefore included in 

the mediation analysis as covariates: gender, desire-to-eat pre-lunch, hunger pre-lunch, 

fullness pre-lunch, meal enjoyment (liking) and hunger (measured by the TFEQ). The 

results of the model with covariates included were the same as in the unadjusted model. 

Food waste concerns significantly predicted plate-clearing tendencies, but were not 

directly or indirectly associated with food intake (see Appendix 2, pages 209-10, for 

full results).  

 

3.6 Discussion 

The aim of the present research was to examine the relationships between food waste 

concerns, eating behaviour and body weight. We developed and validated a short scale 

to measure concerns about wasting food when eating. In Study 1, the scale was shown 

to have a single factor structure, in addition to good internal consistency, excellent 

test-retest reliability, as well as both convergent (i.e. predictive of emotional responses 

to food waste) and divergent validity (i.e. only weakly associated with measures of 

trait overeating and appetite). In Study 2, the single factor structure of the scale was 

confirmed. Because concerns about food waste may promote excess energy 

consumption through encouraging the behaviour of plate-clearing, we made a number 

of predictions. We predicted that greater concerns about wasting food would be 

associated with greater intentions to behave in ways that minimize food waste, such as 

eating leftovers (Study 1), greater self-reported plate-clearing tendencies and/or 

heavier body weight (Study 2) and objectively measured energy intake when served a 

large portion of food (Study 3). Although we found that greater food waste concerns 
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were associated with self-reported intentions to minimize food waste and plate-

clearing tendencies, we did not find evidence that food waste concerns were associated 

with body weight or laboratory-measured energy intake when served a large meal.  

A strength of this research is the development and validation of a short scale to 

measure food waste concerns when eating. Although there are some scales created to 

measure attitudes towards food waste, these tend not to focus on eating behaviour 

(Aktas et al., 2018; Graham-Rowe et al., 2015; Russell et al., 2017). Why we observed 

no evidence linking food waste concerns to increased energy intake warrants 

consideration. Previous research highlights a disconnect between attitudes, intentions 

and behaviours, often referred to as the attitude-behaviour gap (Ajzen, 2001; Sheeran, 

2002). For instance, Vermeir and Verbeke (2006) found that sustainable food 

purchasing intentions were not wholly consistent with attitudes towards a sustainable 

brand. Alternatively, previous research has suggested that guilt regarding wasting food 

can stem from a variety of sources. For example, personal responsibility, ethical, 

moral, environmental, financial concerns (Benson, 2009; Schanes, Dobernig, & Gözet, 

2018; Setti et al., 2016), or perceived value of food itself (Ganglbauer et al., 2013). It 

may therefore be important to consider the origin of a person’s concerns about wasting 

food in order to understand the effect these concerns may have on eating behaviour. 

For example, participants were provided with a free meal in Study 3 in a laboratory 

context. However, in a restaurant setting in which a person has had to pay for a meal 

and/or perceives the meal as being more valuable, food waste concerns may be more 

influential and promote overconsumption. Likewise, in Study 3 food was prepared by 

a researcher and participants may not have felt personally responsible for any wasted 

food and therefore not acted on their concerns about wasting food in this context. We 

also found no evidence linking food waste concerns to heavier body weight. This may 
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be because food waste concerns do not cause overeating or it may be because there are 

other factors associated with food waste concerns that mitigate any association with 

overeating. Alternatively, people concerned about food waste may primarily avoid 

wasting food though other ways than consumption (e.g. adjusting their purchasing and 

cooking behaviour).   

We did find that food waste concerns were predictive of self-reported plate-

clearing tendencies (Study 2 and 3). This is consistent with a previous finding that 

disliking wasting food was associated with plate-clearing tendencies (Robinson & 

Hardman, 2016), and that avoiding food waste was a common reason for plate-clearing 

beyond the point of fullness (Fay et al., 2011). Food waste concerns may therefore be 

a determinant of plate-clearing tendencies. However, plate-clearing tendencies were 

self-reported in the present studies. These data were also cross-sectional and given that 

the food waste concerns scale was found to have excellent test-retest reliability, it 

would now be useful to investigate how food waste concerns impact on eating 

behaviour or weight gain over time.  

There are a number of factors that limit the generalisability of the present 

research. As we sampled U.K. participants and relied on predominantly white educated 

participants (university samples used in Study 2 and 3), examining food waste 

concerns in samples that are more diverse may yield different results. As discussed, 

we measured energy intake in a laboratory context and it may be the case that food 

waste concerns are more likely to impact on energy intake under different 

circumstances, such as when food is perceived as being more valuable and/or when 

personal responsibility, moral or environment concerns for wasted food are more 

salient. In this vein, our short scale also does not consider the potential causes of 
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concerns about wasting food when eating and future research may benefit from 

addressing the causes of food waste concerns.  

 

3.7 Chapter Conclusion 

Across 3 studies, we provide evidence that concerns about food waste are related to 

self-reported intentions to minimize food waste and plate-clearing tendencies, but no 

evidence that food waste concerns are related to objectively measured energy intake 

in the laboratory or body weight.  
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Chapter 4: The influence of manipulating beliefs about wasting leftover food on 

overeating from larger portions 

 

 

4.1 Chapter Introduction 

In Chapter 3, the studies reported found that food waste concerns were positively 

predictive of plate-clearing tendencies, but there were no associations found between 

food waste concerns, BMI and food intake. However, in these studies general concerns 

about wasting food were self-reported and associations between these, BMI and food 

intake were examined cross-sectionally. It may be that concerns about food being 

wasted are more likely to influence intake in a specific context in which food waste is 

highlighted, such as when leftover food is expected to go to waste. Chapter 4 consists 

of 2 laboratory-based studies investigating how food intake is affected by being 

explicitly told that leftover food will be wasted. 
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4.2 Introduction 

An obesogenic eating environment is characterised by a surplus of food, which also 

translates into a significant amount of food going to waste (Gustavsson et al., 2011). 

Food waste is a complex, global issue (FAO, 2014; Food and Agriculture Organization 

of the United Nations., 2013; Quested, Ingle, & Parry, 2013), and despite attempts to 

reduce household food waste, there is still approximately 7 million tonnes of food and 

drink wasted in U.K. households alone (Quested et al., 2013). Individuals report being 

aware that food waste is a problem (Abdelradi, 2018; Gaiani et al., 2017; Parizeau et 

al., 2015), with many reporting being concerned about wasting food (Gaiani et al., 

2017; Setti et al., 2016) and citing food waste as a social problem with individual 

responsibility (Parizeau et al., 2015). 

 People are typically averse to food waste (Bolton & Alba, 2012; Gjerris & 

Gaiani, 2013) and report feelings of guilt and concern around wasting food (Abdelradi, 

2018; Abeliotis et al., 2014; Gaiani et al., 2017; Parizeau et al., 2015). Wasting food 

is cited as the most guilt-inducing household waste practice (Parizeau et al., 2015), 

whereas engaging in behaviours to reduce food waste is seen as good, beneficial, 

pleasant and satisfying (Russell et al., 2017). Thus, there appears to be a widely held 

belief that wasting food should be avoided.  

One obvious action an individual can take to waste less food is to eat more, or 

all, of the food that is served to them. Recently, there has research examining how food 

waste concerns influence the amount of food wasted and intentions to perform 

behaviours to mitigate food waste (Aktas et al., 2018; Graham-Rowe et al., 2015; 

Parizeau et al., 2015; Russell et al., 2017), but the influence of beliefs about food going 

to waste on food intake is yet to be investigated. Concerns over food going to waste 

may encourage individuals to eat more than they otherwise would be motivated to. 
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This may be particularly true when faced with larger portions; individuals may be 

encouraged to overconsume as there is more food that could go to waste. Zuraikat et 

al. (2019) argue that reducing food waste represents another way value from a meal 

can be enhanced and that individuals may overconsume in order to reduce waste and 

increase value from larger portions. In support, Roe, Apolzan, Qi, Allen, and Martin 

(2018) found that although individuals wasted more food from larger portions, they 

still overconsumed from these larger portions. 

These is also some indirect evidence indicating that whether or not people 

believe food will go to waste affects food intake. Bates and Shanks (2015) found that 

participants provided with a take-away container at the start of a lunchtime meal 

consumed an average of 90kcal less of the meal than those not given a container. 

Zuraikat, Roe, Smethers and Rolls (2018) followed a similar paradigm over 4 

laboratory sessions with 4 portion sizes (100%, 125%, 150% and 175% of baseline) 

but instead told participants that leftover food would be packaged to take away after 

the meal. Participants given this information consumed less than those in a control 

condition without a take-away option. It could be argued that the availability of a take-

away container may reduce how much people eat in that sitting by reducing concerns 

about food waste. However, this is speculative, as this mediator was not explicitly 

tested in either study. Thus, we propose it is plausible that knowing whether food 

leftover from an eating occasion would be saved or wasted may influence food intake. 

In Chapter 3, food waste concerns were positively associated with plate-

clearing tendencies, but there were no associations with BMI or food intake. However, 

in these studies general (i.e. non-specific) food waste concerns were self-reported and 

only cross-sectional associations with food intake were examined. It may be that 

beliefs concerning food going to waste are most likely to influence food intake, in 
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specific situations where leftover food is expected to go to waste. Therefore, the aim 

of the 2 studies in this chapter is to examine the influence of experimentally 

manipulating whether or not people believe food will go to waste on food intake. 

The first study in this chapter examined whether manipulating food waste 

beliefs affects food intake of a snack food, specifically investigating whether 

individuals will consume more if they believe leftover food will be wasted. 

Participants were randomized to receive 1 of 4 versions of a bogus study information 

sheet to manipulate beliefs about what would happen to any leftover food served in 

the study. The second study aimed to replicate the findings of the first study.  

 

4.3 Study 1 

4.3.1 Method  

Participant recruitment and eligibility 

We aimed for a sample size of 120 participants (30 per condition). We did not conduct 

an a-priori power analysis, as this was an exploratory study, however our sample size 

met the recommendations for minimum sample sizes (Simmons, Nelson, & 

Simonsohn, 2011). We recruited slightly above this number (N = 121) in the case of 

having to exclude 1 participant’s data. Participants were recruited from staff and 

students at the University of Liverpool and the surrounding area. Most participants 

were reimbursed financially for their participation (64.5%) whilst others took part in 

exchange for course credit (1st year psychology students). Eligibility criteria were as 

follows: aged 18 or over, no history of food allergies, and had not participated in any 

recent similar studies. One participant was removed from the sample for analysis due 
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to a missing value for weight of food left after intake (human error). Therefore, data 

from 120 participants was analyzed (80 females, 40 males). 

 

Cover story 

To disguise the aims of the study, it was described to participants as being about ‘TV, 

personality, mood, and character identification’. To further corroborate this cover 

story, attention was drawn to the lounge laboratory in which the study took place (a 

laboratory decorated like a living room/lounge). The experimenter told the participants 

that this was a deliberate choice to make the study more realistic, providing a relaxing 

environment in which you would typically watch television. Participants completed 

mood measures before and after watching a television episode, and questionnaires on 

personality, enjoyment of the television episode, and identification with the episode’s 

characters.  

 

Design 

The current study used a between-subjects design. Participants were randomized to 1 

of 4 conditions:  control, food will be saved, food will be available to take home, or 

food will be wasted. We included the 2 conditions in which participants were led to 

believe that no food would be wasted in order to explore whether this may decrease 

food intake compared to the control condition. We reasoned that participants may 

reduce their food intake even more if they believed they would personally benefit from 

the food not going to waste (the ‘take home’ condition) as compared to if it was not 

clear what would happen to the leftover food that was saved (‘food is saved’ 

condition). Participants were assigned to each condition using RANDOM.ORG. 
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Experimental manipulation 

Four different versions of the study information sheet were created, identical except 

for the final sentence that provided a message about what would happen to the leftover 

food from the study. This message corresponded to one of the 4 conditions: control 

(“All food is ordered from local supermarkets“), ‘food is saved’ (“Any food leftover 

from the study session is saved; no leftover food will go to waste“),‘take home’ 

(“Leftover food during a session is available to be taken home by that volunteer“), and 

‘food is wasted’ (“For health and safety reasons, all leftover food has to be thrown 

away“). 

 

Test food 

Participants were served a large bag of Butterkist ‘Sweet Cinema Style’ popcorn 

(approximately 100g and 503kcal) with a 500ml glass of water. Popcorn was identified 

as a realistic snack to consume whilst watching television. As in Rolls, Roe, Kral, 

Meengs and Wall (2004) participants ate directly from the bag of popcorn as opposed 

to a bowl, so that they had fewer visual cues to guide or monitor their consumption. 

 

Main measures 

Appetite: A mood and appetite measures questionnaire was administered, which 

included 3 appetite items: hunger, fullness, and desire-to-eat. These were presented as 

99mm visual analogue scale questions (e.g. “How FULL do you feel right now?”) with 

the anchors of ‘Not at all’ to ‘Extremely’.  
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Awareness of research questions: Participants completed a free-text response question 

regarding what they believed the aim of the study to be (“What do you think the aim 

of the study was?”).  

Extent of belief that leftover food will be wasted: Participants were asked, “To what 

extent did you believe that left over food in this study would be thrown away/wasted?” 

which was scored on a 99mm VAS scale with anchors of ‘Did not believe it would be 

wasted’ to ‘Believed the food would be wasted’. 

Belief regarding leftover food: Participants were asked, “What do you believe will 

happen to the food leftover from this study?” and had the following responses to 

choose from: ‘It will be wasted’, ‘It will not be wasted’, ‘It will be taken home by me’, 

and ‘Other’. The first, second and third responses corresponded to the information 

provided in the ‘food is saved’, ‘take home’ and ‘food is wasted’ conditions 

respectively.  

Perceptions of portion size: Participants completed a question regarding what they 

thought of the portion size served (“In my opinion, the portion I was given in this study 

was…”) with a 7-point Likert scale response format (‘Too small’ to ‘Too large’). The 

higher the score, the larger the participant perceived the portion to be. 

 

Other measures 

Participants also completed other measures during the study that we included for future 

research purposes, and therefore did not plan to analyse in the present study (see 

Appendix 3 (pages 212-3) for a full description of all measures administered). 
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Procedure 

Participants attended a single weekday session between 11am and 5pm. To standardize 

appetite, participants were asked not to eat for 2 hours prior to the study, or drink for 

1 hour prior to the study. On arrival, the experimenter verbally confirmed that the 

participant had no known food allergies and had not eaten in the 2 hours prior to the 

study session. Participants were then given a short information sheet regarding general 

laboratory practice, which contained the experimental manipulation (see earlier 

section ‘Experimental manipulation’), and were left for 2 minutes to read it. Upon their 

return, the experimenter read out aloud each point on the sheet to ensure the participant 

had read and understand the information. Participants then completed the mood and 

appetite questionnaire and were provided with the bag of popcorn and a glass of water. 

They were then told that they would be watching an episode from the comedy series 

‘Friends’, and to help themselves to the refreshments provided if they wished. The 

episode (“The one with all the jealousy”) contained no focus on food or characters 

eating in the episode. The television clip lasted for 22 minutes and 44 seconds, and 

participants informed the researcher when the clip was over. Once the clip was over, 

participants answered the mood and appetite measures for a second time, a 

questionnaire about the television clip, and a personality questionnaire to corroborate 

the cover story. Participants next completed the study aims question, before being 

given questionnaires about the portion they were served, what they believed would 

happen to leftover food, plate-clearing scale, and the food waste concerns scale. Once 

completed, participants had their height and weight measured, and were then debriefed 

and reimbursed for their time. The experimental session lasted for approximately 40 

minutes.  
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Main analyses  

We ran a univariate ANOVA with condition as the between-subjects factor and the 

extent to which participant believed that food would go to waste as the dependent 

variable. We also ran a univariate ANOVA to examine the influence of condition on 

food intake. The dependent variable was food intake, measured as the weight of food 

eaten (in grams), which was calculated by weighing the bag of popcorn before and 

after consumption. Planned comparisons were examined using Bonferroni corrections 

(adjusted significance level is p<.008). We also planned to run a correlation to 

investigate the relationship between food intake, measured as the weight of food eaten 

in grams, and the extent to which people believed that leftover food would go to waste. 

Results were considered significant at a p <.05.  

 

Sensitivity analyses  

We planned to examine the effect of removing participants for whom the manipulation 

had not worked on our main planned analysis. Responses to the question “What do 

you believe will happen to the food leftover from this study?” included “it will be 

wasted”, “it will not be wasted”, “it will be taken home by me”, and “other”. The first, 

second and third responses corresponded to ‘food is saved’, ‘take home’ and ‘food is 

wasted’ conditions respectively. There was no specified response for control, and these 

participants were kept in the analysis. In total, 28 people did not select the response 

that corresponded to their study condition (15, 6 and 7 participants from the ‘food is 

saved’, ‘take home’ and ‘food is wasted’ conditions respectively).  

We also planned to examine the effect of removing participants that were aware 

of the study aims on our main planned analysis. Participants were characterised as 
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being aware of the study aims if in their written response to the question “What do you 

think the aim of the study was?” they mentioned the influence of food waste concerns 

or beliefs about what would happen to leftover food. Two researchers independently 

coded participant responses to this question and agreed that no participants showed 

awareness of the study aims.  

 

Exploratory analysis 

As the study manipulation did not seem to be understood in the ‘food is saved’ and 

‘take home’ conditions (see Results section), we removed these conditions and 

compared the control condition and the food is wasted condition separately using an 

independent-samples t-test. We also planned to conduct a 2 x 2 ANOVA to examine 

the gender by condition interaction on food intake in these 2 conditions, in order to 

examine whether gender may moderate the effect of believing food would be wasted.  

 

4.3.2 Results 

Sample Characteristics 

A total of 121 participants were recruited (81 females, 40 males). One participant was 

excluded from analyses due to researcher error in recording the weight of food eaten. 

This resulted in 120 participants (80 females, 40 males; 30 per condition) being 

retained for use in our main analysis, with a mean age of 23.30 (±8.03) years and a 

mean BMI of 23.78 (±4.18) kg/m². On average, participants reported that they believed 

the portion size served to be ‘very large’ (2.28 (±0.95)). 
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Table 4.1. Effect of condition on the extent of belief that leftovers will be wasted and 

the weight of food eaten (values are mean (±SD) and ANOVA results) 

 

Table 4.1 displays the results of univariate ANOVAs to investigate whether they were significant 

differences in the extent to which participants believed that leftover food would be wasted or in the 

weight of food eaten (g) in each condition. There was a significant main effect of condition on the 

extent to which the participant believed that food would be wasted. See Figure 4.1 for comparisons.  

a This was scored on a 99mm VAS scale with anchors of “did not believe it would be wasted” to 

“believed the food would be wasted”. 

 

Main Analysis 

 See Table 4.1 and Figure 4.1 for full ANOVA results. There was a significant main 

effect of condition on the extent to which participants believed that food would be 

wasted. The extent to which participants believed that food would be wasted was 

significantly higher in the ‘food is wasted’ condition than in the control, ‘food is 

saved’, and ‘take home’ conditions. However, the extent of belief in the ‘control’ 

condition was not significantly different from the ‘food is saved’ or ‘take home’ 

conditions, which did not significantly differ from each other. Food intake was also 

significantly positively correlated with the extent to which participants believed that 

food would be wasted (r(118) = .19, p =.038). However, a univariate ANOVA 

Condition 
Control 

(n = 30) 

‘Food is saved’ 

(n = 30) 

‘Take home’ 

(n = 30) 

‘Food is wasted’ 

(n = 30) 

Main effect of 

Condition 

The extent of belief that 

leftovers will be wasted a 

47.68 

(±35.04) 

28.85 

(±30.56) 

41.58 

(±35.72) 

78.63 

(±26.21) 
p <.001, 𝜂𝑝

2 =.25 

Weight of food eaten (g) 
25.74 

(±20.91) 

32.76  

(±27.46) 

30.84 

(±23.25) 

39.48  

(±28.59) 
p =.213, 𝜂𝑝

2 =.04 
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indicated no significant difference between the weight of food eaten (in grams) in the 

4 conditions. 

 

Figure 4.1. The extent of belief that leftovers will be wasted split by condition 

(Confidence Intervals are Bonferroni adjusted) 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 shows the effect of condition on the extent to which the participants believed that food would 

be wasted. Extent of belief was significantly higher in the ‘food is wasted’ condition than in the control 

(p =.002), ‘food is saved’ (p <.001), and ‘take home’ (p <.001) conditions. However, the extent of belief 

in the ‘control’ condition was not significantly different from the ‘food is saved’ (p =.150) or the ‘take 

home’ (p>.999) conditions, which did not significantly differ from each other (p =.764).    
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Sensitivity analyses 

In total, 28 people did not select the response that corresponded to their study 

condition. Re-running the main analyses with these 28 participants removed did not 

change the patterns of statistical significance observed. 

 

Exploratory analysis 

Table 4.2. Mean weight of food eaten (g) by condition (control or food is wasted) and 

gender  

Table 4.2 shows the mean weight of food eaten (in grams) split by condition (control or food is wasted) 

and gender. Values are Mean (±SD). 

 

Table 4.2 displays the mean weight of food eaten (in grams) split by condition and 

gender. An independent-samples t-test demonstrated that significantly more food was 

eaten by those who were told that leftover food would be wasted compared to the 

control group, t(53.12) = -2.13, p =.038, d =.55. A 2 x 2 ANOVA showed a significant 

gender by condition interaction effect on weight of food eaten, F(1,56) = 4.68, p =.035, 

𝜂𝑝
2 =.08. Males ate significantly more food when they were told that the food would 

be wasted compared to receiving control information, t(18) = -3.17, p =.005, d =1.42.  

However, intake in the ‘control’ and ‘food is wasted’ conditions did not significantly 

differ in females, t(38) = -0.53, p =.596, d =.17.  

Condition Male (n = 20) Female (n = 40) Total (N = 60) 

Control (n = 30) 21.12 (±13.18) 28.05 (±23.84) 25.74 (±20.91) 

Food is wasted (n = 30) 54.00 (±30.08) 32.22 (±25.54) 39.48 (±28.59) 
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4.3.3 Conclusion 

The aim of the present study was to examine whether experimentally manipulating 

beliefs about whether food served in the study would go to waste affects food intake 

from a large portion of snack food. There was no significant main effect of belief 

condition on food intake. However, the extent to which the participant believed that 

food would be wasted was significantly positively correlated with food intake. Also, 

in exploratory analyses we found that participants consumed significantly more food 

when they were led to believe that leftover food would be wasted, as opposed to being 

told nothing. This effect was observed among males, but not females. We found that 

our experimental manipulations to lead participants to believe that the food would not 

be wasted did not work as intended; these conditions did not significantly differ from 

the control condition in the extent to which participants believed the food would be 

wasted/saved. Likewise, when explicitly asked what would happen to the food in these 

conditions, a number of participants did not answer correctly (either they did not 

remember or did not believe our manipulation). However, our experimental 

manipulation designed to lead participants to believe that food would be wasted was 

effective. Given that our findings of significance were exploratory and driven by a 

small number of males (n <20 per condition). Study 2 aimed to replicate these findings 

with a larger sample size. 

Unexpectedly, we found that males consumed significantly more when they 

were told that leftover food would be wasted compared to receiving control 

information, whereas there was no significant difference in intake between the 

‘control’ and ‘food is wasted’ condition in females. The reason for this gender 

difference is unclear, but we speculate that it could be related to competing eating 

goals, particularly in females. One study has found that females report being more 
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concerned about eating, body weight, and physical appearance, lower appearance self-

esteem and give weight control greater importance than males (Pliner, Chaiken, & 

Flett, 1990). It may be that females are considering eating-related goals, such as body 

weight and health, which may mean that they consume less in response to food waste 

information than males. However, this is speculative. In the second study, we recruited 

an equal number of male and females to be sufficiently powered to examine and 

replicate the potential influence of gender.   

The second study sought to replicate the findings of the previous study with a 

refined study design and larger sample size. Following on from exploratory findings 

of the first study, it was hypothesized that participants would consume more food if 

they were told that leftover food would be wasted as opposed to receiving no 

information (control). Likewise, we tested whether we would replicate the finding that 

males would consume significantly more food in the ‘food is wasted’ condition than 

the control condition, whereas there would be no significant difference in the food 

intake of females in the condition and ‘food is wasted’ conditions. A secondary aim 

was to try to investigate whether the basis of any gender difference in response to the 

food waste belief manipulation would be due to differences in dietary restraint between 

males and females.  

 

4.4 Study 2 

4.4.1 Method 

Participant recruitment and eligibility  

We aimed to recruit a sample size of 160 participants (80 females, 80 males) which 

would provide more than adequate statistical power to detect a medium-sized 
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interaction effect (80% power, p < 0.05, G*Power 3.1.3), in order to detect the between 

group difference in the previous study and examine the moderation by gender (40 

males and females in each condition). Participants were recruited from staff and 

students at the University of Liverpool and the surrounding area. Approximately half 

of the participants took part in exchange for course credit (1st year psychology students, 

50.9%), whereas the other half were reimbursed financially for their participation 

(49.1%). Eligibility criteria were as follows: aged 18 or over, no history of food 

allergies, and had not participated in any recent similar studies. We recruited 165 

participants, however 4 participants were excluded from analyses due to human errors 

in weighing food (n = 2), stating that they did not eat any popcorn because they did 

not like it (n = 1), and personally knowing the researcher (n = 1). Therefore, data from 

161 participants was analyzed (81 females, 80 males). 

 

Design 

The current study used a between-subjects design. Participants were randomized to 1 

of 2 conditions: control or food will be wasted. Participants were assigned to each 

condition using RANDOM.ORG. 

 

Experimental manipulation 

Two different versions of the study information sheet were used, these were identical 

to those used in the ‘control’ and ‘food is wasted’ conditions for Study 1. This message 

corresponded to 1 of the 2 conditions: control (“All food is ordered from local 

supermarkets“), or ‘food is wasted’ (“For health and safety reasons, all leftover food 

has to be thrown away“). 
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Test food, measures and procedure 

The method was the same as the first study, with the following changes: 

1. Although we used the same brand and flavour of popcorn, the company had 

rebranded this product as ‘Cinema Sweet’ popcorn, and slightly changed the 

kilocalorie content (526kcal per 100g bag).  

2. In order to address our secondary aim to investigate whether the basis of any 

gender difference in response to the food waste belief manipulation would be 

due to differences in dietary restraint between males and females, the original 

TFEQ (Stunkard & Messick, 1985) was added. This provides measures of 

uncontrolled eating (e.g. “When I have eaten my quota of calories, I am usually 

good about not eating any more.”), disinhibition (e.g. “I usually eat too much 

at social occasions, like parties and picnics.”) and restraint (e.g. “I am usually 

so hungry that I eat more than three times a day.”).  

3. To avoid testing over lunchtimes, sessions ran between the hours of 10-12 

midday and 2-5pm.  

 

Main analyses  

A t-test was conducted with condition (control/food is wasted) as the between-subjects 

factor and the extent to which participant believed that food would be wasted as the 

dependent variable (i.e. responses to the question “To what extent did you believe that 

left over food in this study would be thrown away/wasted?”).  

A 2 x 2 ANOVA was conducted, with condition (control/food is wasted) and 

gender (male/female) as between-subject factors. The dependent variable was food 

intake, measured as the weight of food eaten (in grams) which was calculated by 
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weighing the bag of popcorn before and after consumption. We also planned to run a 

correlation to investigate the relationship between food intake and the extent to which 

people believed that leftover food would go to waste (i.e. “To what extent did you 

believe that left over food in this study would be thrown away/wasted?”).  Results 

were considered significant at a p <.05. 

 

Sensitivity analyses 

We planned to examine the effect of removing participants for whom the manipulation 

had not worked on our main planned analysis, i.e. those who did not appear to believe 

that leftover food would go to waste. Responses to the question “What do you believe 

will happen to the food leftover from this study?” were compared to condition, and 

any mismatches were identified. In total, 23 people from the ‘food is wasted’ condition 

did not select the response “it will be wasted”. We also planned to examine the effect 

of removing participants that were aware of the study aims on our main planned 

analysis. Participants were characterised as being aware of the study aims if in their 

written response to the question “What do you think the aim of the study was?” they 

mentioned the influence of food waste concerns or beliefs about what would happen 

to leftover food. Two researchers independently coded participant responses to this 

question and agreed that no participants showed awareness of the study aims.  

 

Exploratory analyses 

One potential explanation for gender differences in intake when led to believe that 

leftover food will go to waste is that females may be eating instead in response to 

dieting attempts.  Therefore, we controlled for restraint (measured using the TFEQ) in 
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all primary analyses that involved gender to investigate whether any gender 

interactions were removed when restraint was accounted for.    

 

4.4.2 Results 

Sample Characteristics 

After exclusions (see Participant recruitment and eligibility), 161 participants (81 

females, 80 males) were retained for use in our main analysis, with a mean age of 

25.79 (±11.49) years and a mean BMI of 24.23 (±3.79) kg/m².  

 

Main Analysis 

The extent to which the participants believed that food would be wasted was 

significantly higher in the ‘food is wasted’ than in the control condition, t(120.14) = -

5.54, p <.001, d =.87. 

Table 4.3 displays the mean weight of food eaten (in grams) split by condition 

and gender. A 2 x 2 ANOVA showed that there was no significant main effect of 

condition, F(1,157) = 0.25, p =.620, 𝜂𝑝
2 <.01, or gender, F(1,157) = 1.13, p =.290, 𝜂𝑝

2 

=.01, on the weight of food eaten. There was a significant gender by condition 

interaction effect on weight of food eaten, F(1,157) = 5.01, p =.027, 𝜂𝑝
2 =.03. Intake in 

the ‘control’ and ‘food is wasted’ conditions did not significantly differ in males, t(78) 

= 1.81, p =.074, d =.40, or females, t(79) = -1.33, p =.189, d =.29. Thus, this interaction 

effect appears to be driven by a tendency (non-significant) for males to eat less when 

told food would be wasted vs. control (the opposite direction of results to Study 1).   
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Table 4.3. Mean weight of food eaten (g) by condition (control or food is wasted) and 

gender (values are mean(±SD)) 

 

A Pearson’s correlation showed that food intake was not significantly 

correlated with the extent to which the participant believed that food would be wasted 

in the overall sample (r(159) =.05, p =.535).  

 

Sensitivity analyses 

In total, 22 of the ‘food is wasted’ participants did not select the response “it will be 

wasted”. When the main analyses were re-run with these 22 participants removed, the 

gender by condition interaction effect on weight of food eaten became non-significant, 

F(1,135) = 2.63, p =.107, 𝜂𝑝
2 =.02. There were no other changes to the patterns of 

statistical significance observed in the main analyses. 

 

Exploratory analyses 

Controlling for restraint (measured using the TFEQ) in a 2 x 2 ANCOVA with 

condition (control/food is wasted) and gender (male/female) as between-subject 

factors did not change the patterns of significance observed in the main analysis. 

 

Condition Male (n=80) Female (n=81) Total (N=161) 

Control (n = 81) 44.14 (±27.73) 30.42 (±24.78) 37.19 (±27.01) 

Food is wasted (n = 80) 32.76 (±28.44) 37.66 (±24.35) 35.21 (±26.42) 
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4.4.3 Conclusion 

The aim of the present study was to replicate the findings of the first study. We did not 

replicate the findings of Study 1. There was no overall difference in food intake 

between participants led to believe that the food they were eating would be thrown 

away and participants who received no information. Although there was a significant 

interaction between gender and condition (p =.027) as in Study 1, when the interaction 

was broken down the pattern of results was not the same as in Study 1. The interaction 

appeared to be driven by a trend (p =.074) for males to consume more in the control 

condition than the food is wasted condition, which is the opposite finding to Study 1. 

There was no evidence that females consumed significantly more or less food 

dependent on their experimental condition. We also failed to replicate the positive 

significant association between the extent to which participants believed that the test 

food would go to waste and food intake observed in Study 1.  

 

4.5 Discussion 

The aim of this chapter was to investigate whether experimentally manipulating beliefs 

about whether food would go to waste or not influences food intake. In Study 1, we 

find no supporting evidence for this effect in our main planned analyses. However, 

exploratory analyses showed that participants consumed significantly more food when 

they were told that leftover food would be wasted, as opposed to being told nothing, 

and the more certain people were that food would be wasted, the more they consumed. 

This effect was driven by a small number of male participants, as males (but not 

females) ate significantly more food when they were told that the food would be 

wasted compared to control. However, a replication with a more rigorous study design 



104 

did not replicate these findings. In Study 2, we recruited a larger sample size overall 

and an appropriate number of male participants. However, there was no significant 

main effect of belief condition on the weight of food eaten, and although there was a 

significant gender by condition interaction effect on weight of food eaten, this was 

driven by a tendency (non-significant) for males to eat less when told food would be 

wasted vs. control (the opposite direction of results to Study 1).  In Study 2, we also 

failed to replicate the significant correlation observed between beliefs about food 

going to waste and food intake observed in Study 1. 

The reason for conflicting findings in these 2 studies is not clear. It is possible 

that the samples in the first and second study differed, however inspection of the data 

indicates that these participant groups were similar on variables such as age and BMI. 

We only measured dietary restraint in the second study, so whether the samples 

differed on more specific eating behavior traits is not known, although our exploratory 

analyses in the latter study indicated that these did not affect the influence of food 

waste concerns on food intake. Also, it is possible that the different times of day of the 

study sessions between the studies could have influenced how hungry, full, and the 

desire to eat that participants felt. However, exploratory testing we performed found 

no evidence in support of this (see Appendix 3, pages 213-4). 

A more simple explanation is that the findings of our exploratory analyses in 

Study 1 were erroneous and a ‘false positive’ finding. The overall effect of believing 

that food would be wasted vs. control on food intake was driven by male participants 

and there were only a small number of male participants in each condition. Because 

we used a between-subjects design it is therefore plausible that random sampling 

resulted in a higher proportion of male participants eating a lot of popcorn being 

allocated to the food is wasted condition than the control condition. ‘False positive’ 
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findings are thought to be most likely under conditions of small sample sizes in 

between-subject designs because such conditions increase the likelihood of random 

differences between experimental groups occurring (Simmons et al., 2011). 

The lack of convincing evidence on the effect of manipulating beliefs about 

food going to waste across the main analyses of our 2 studies may have been caused 

by the methods that we used. Participants were provided with a snack food that they 

did not have to pay for, which may not reflect real life situations, where the inherent 

value and the cost of a food would be considered. This could provide an explanation 

as to why individuals did not act on their food waste concerns by consuming more 

food. It is possible that people attribute more value to certain foods (such as meat or 

fish) which are more expensive and substantial, and would be less likely to waste such 

foods in a similar paradigm. In addition, the fact that this was an extra snacking 

occasion and not a set meal that participants prepared themselves could have meant 

that other factors as well as food waste concerns influenced their intake. Replication 

of this study in the context of a meal, or more valuable food, would now be of interest. 

The 2 studies utilised a similar study paradigm. It must be considered that our 

method of experimentally manipulating food waste beliefs, by highlighting that 

leftover food would go to waste, may not have worked as effectively as we expected. 

The majority of participants in the ‘food is wasted’ condition reported that the leftover 

food would be wasted when they were asked ‘What do you believe will happen to the 

food leftover from this study?’, and the extent to which participants believed that the 

leftover food would go to waste was significantly higher in this group than in the 

‘control’ group. However, it is difficult to discern whether these beliefs actually impact 

on how concerned participants were about the food going to waste. We presume that 

food waste concerns may have been heightened as a result of being led to believe the 
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food would be wasted, but did not measure this. In future, it may be beneficial to 

measure food waste concerns in response to the experimental manipulation. Also, we 

have no way of controlling what individuals in the ‘control’ condition, who were not 

given any message regarding leftover food, believed would happen to the leftover 

food. The responses of these participants when asked to report what they believed 

would happen to the leftover food were varied, but some did indicate that they believed 

leftover food would go to waste. This is likely because it was a laboratory study, so 

participants may have believed that saving or taking food home in these studies is 

unlikely. Furthermore, these participants may have taken part in other studies in which 

they were informed that food would be thrown away. Therefore, some individuals in 

the control condition may have been eating in response to concerns about food waste, 

despite our intention to provide no message about what would happen to leftover food.   

Another potential limitation relates to our cover story. Participants were told 

that these studies were about ‘TV, mood, personality and character identification’, and 

it was highlighted to the participants that the study took place in the lounge laboratory 

to create a more natural, cosy environment in which they would watch TV, to 

corroborate this cover story. The popcorn and glass of water were provided as 

refreshments to consume whilst watching the comedy episode, with the reasoning that 

this would not seem suspicious as it is typical to consume a snack food whilst watching 

TV in the home. However, responses to the questions regarding the aims of the study 

indicate that participants often made a connection between watching TV and 

consuming more food through being distracted.  

Finally, many of these individuals were students and staff from the University 

of Liverpool who would have a higher than average level of education, and so may 

approach food waste differently. The food used in our study, sweet popcorn, was an 
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unhealthy snack food. Whether or not those with differing education attainments, or 

differences in socioeconomic status, diverge in their approaches to wasting food has 

not been investigated, so it is unclear whether this would have an impact.  

 

4.6 Chapter Conclusion  

Chapter 4 detailed 2 studies examining the influence of manipulating beliefs about 

food waste on food intake. Specifically, investigating whether being explicitly told that 

leftover food will be wasted influenced intake of that food. In our main planned 

analyses of both studies we found no evidence to suggest that being led to believe that 

food would be wasted increased consumption of that food. In exploratory analyses of 

Study 1 that were limited in sample size we found some supportive evidence. 

However, Study 2 did not replicate these results. The present studies do not provide 

evidence that believing food will be wasted affects food intake. However, a number of 

methodological and sampling limitations of these studies should be addressed to 

comprehensively test this hypothesis in future.   
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Chapter 5: The influence of portion size, plate-clearing tendencies and food waste 

concerns on intended consumption 

 

5.1 Chapter Introduction 

Chapters 2, 3 and 4 outlined studies investigating the influence of plate-clearing 

tendencies and food waste concerns on food intake. In Chapter 2, participants with 

higher plate-clearing tendencies consumed significantly more than those who self-

report lower plate-clearing tendencies, although plate-clearing tendencies did not 

moderate the influence of portion size on food intake. In Chapter 3, food waste 

concerns were positively associated with plate-clearing tendencies. However, food 

waste concerns were not significantly associated with the likelihood of having 

overweight, BMI or food intake. In Chapter 4, experimentally manipulating beliefs 

about what would happen to leftover food did not influence food intake. The final 

experimental chapter of this thesis outlines an online study that investigated the 

potential interacting influence of plate-clearing tendencies and food waste concerns on 

intended consumption of a range of different portion sizes. 
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5.2 Introduction 

Most of the research into the portion size effect investigates actual intake in a 

laboratory or restaurant setting (e.g. Diliberti, Bordi, Conklin, Roe, and Rolls (2004) 

and Rolls, Roe, Meengs, and Wall (2004)). However, there is evidence that portion 

size influences intended food intake (Best & Papies, 2019; Cahayadi, Geng, Mirosa, 

& Peng, 2019; Robinson, te Raa, et al., 2015). Given that how much people intend to 

eat tends to maps onto how much they subsequently eat (Cahayadi et al., 2019; 

Robinson, te Raa, et al., 2015), intended consumption may be important in 

understanding the influence of portion size. Therefore, further investigation into what 

individuals intend to do when faced with larger portions may offer some insights into 

why we eat more, and typically overconsume when faced with larger portions. Several 

studies demonstrate that individuals plan the amount of food that they are going to eat 

before a meal begins (Fay et al., 2011; Hinton et al., 2013; Le Bow et al., 1985), and 

typically follow through with their intentions regarding a meal (Fay et al., 2011). 

Furthermore, recent research indicates that pre-meal planning may outweigh within-

meal influences such as the onset of fullness (Brunstrom, 2011; 2014; Fay et al., 2011). 

For example, Fay et al. (2011) found that pre-meal planning was the strongest predictor 

of intake whereas within-meal influences, such as internal signals of satiety, were 

weaker predictors.  

Three studies have investigated the effect of portion size on intended 

consumption. Robinson, te Raa, et al. (2015) examined the effect of manipulating 

portion size on intended consumption of 2 lunchtime meals and 1 dessert across 3 

studies. Participants were shown an image of either a standard or a large portion of the 

meal, and asked to indicate how much they would intend to consume at a hypothetical 

evening meal in a restaurant. Participants reported the percentage of the meal they 
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would intend to consume. In the last study, participants were served a portion of ice 

cream, reported how much they intended to consume, and subsequently consumed as 

much ice cream as they wished from that portion. The first 2 studies found evidence 

for a pre-consumption portion size effect; participants intended to consume the 

majority of the meal in both cases, and thus intended to consume more calories when 

served a larger as opposed to smaller portion. The last study also found evidence for a 

pre-consumption portion size effect, which translated to a portion size effect on actual 

consumption in males. In contrast, females intended to consume less from the larger 

portion, and a portion size effect on actual intake was not observed.  

Best and Papies (2019) utilised a similar paradigm online, showing participants 

portion sizes of a number of healthy and unhealthy snack foods. They found that 

participants intended to consume more from larger than smaller portions. Interestingly, 

they also found a larger portion size effect for unhealthy than healthy snacks, and that 

individuals with lower socioeconomic status intended to consume significantly more 

from larger portions than from smaller portions of unhealthy snack foods, relative to 

individuals with a higher socioeconomic status. Cahayadi, Geng, Mirosa, and Peng 

(2019) also compared the portion size effect on intended and actual consumption. 

Participants rated ‘expected intake’ (which is synonymous with ‘intended 

consumption’) for a pasta dish at 3 different portion sizes (400g, 600g and 800g) and 

then consumed each of these portions in ad libitum meal sessions over 7 weeks. 

Although expected intake increased as portion sizes became larger, following a near 

linear relationship, actual intake had a smaller increment with very large portion sizes 

(i.e. 600g-800g). Such that the pre-meal portion size effect was comparable to the 

actual portion size effect with moderate portion sizes (400-600g) but significantly 

stronger than the actual effect with larger portion sizes (600g-800g). This supports the 
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idea that portion size has a stronger influence on pre-meal planning than on energy 

intake, but only when the portion size is particularly large. This is in line with research 

showing that the portion size effect on food intake is curvilinear and so is diminished 

with very large portions (Vandenbroele et al., 2019; Zlatevska et al., 2014).  

Plate-clearing is a common eating behaviour (Robinson, Aveyard, et al., 2015; 

Robinson & Hardman, 2016). Specifically, Robinson and Hardman (2016) studied 

self-reported plate-clearing tendencies and found that the majority (77.9%) of 

participants agreed that they ‘always tend to clear [their] plate when eating’. Two 

restaurant studies report plate-clearing occurring in 83% (Hinton et al., 2013) and 72% 

(Lorenz et al., 2017) of meals, with many participants reporting they ‘generally try to 

return an empty plate’ in the cafeteria (Lorenz et al., 2017). A tendency to clear one’s 

plate when eating out of habit could put individuals at risk of regular passive 

overconsumption, and consequently at higher risk of excess weight gain. Previous 

research has found plate-clearing to be most common among participants with obesity 

(Dodd et al., 1976; Krassner et al., 1979; Le Bow et al., 1985), and more recently 2 

studies (Robinson, Aveyard, et al., 2015; Robinson & Hardman, 2016) have shown 

that self-reported plate-clearing tendencies are positively associated with BMI, 

suggesting that a tendency to plate-clear is a risk factor for obesity.  

A tendency to plate-clear may represent an important pre-meal intention or 

decision. If plate-clearers are more influenced by the amount served to them - having 

a tendency to clear the plate out of habit - they may be less reliant on internal signals 

of satiety that arise during a meal, and thus may typically stick to their pre-meal 

decision to clear the plate. Fay et al. (2011) investigated the prevalence of pre-meal 

planning and plate-clearing behaviour by asking participants questions about the last 

meal they consumed. Ninety-one percent of individuals reported consuming all of their 
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last meal, or clearing the plate at their last meal, and in 92% of these cases this was 

pre-planned. Importantly, 28% followed through with this plan to consume all of the 

meal, and cleared their plate, despite feeling full before the end of the meal. Therefore, 

this indicates that individuals who engage in habitual plate-clearing will intend to 

consume most or all of a portion of food they are served. 

Given that Fay et al. (2011) did not manipulate or measure the size of the 

participants’ last consumed meal (as it was retrospective), conclusions cannot be 

drawn about how plate-clearers respond to differing portion sizes. In Chapter 2 of this 

thesis, it was found that plate-clearers consumed significantly more of a laboratory 

meal than non-plate-clearers, however there was no plate-clearing by portion size 

interaction effect on laboratory measured food intake. In other words, participants with 

plate-clearing tendencies exhibited a portion size effect of similar magnitude to that of 

non-plate-clearers. However, there are a few reasons to investigate a potential plate-

clearing by portion size interaction effect on intended consumption. First, the study in 

Chapter 2 utilised only 2 portion sizes, which were 500g and 1000g respectively, and 

participants most commonly cited these portions as ‘larger than normal’ and ‘too large’ 

respectively. A meta-analysis by Zlatevska, Dubelaar, and Holden (2014) concludes 

that the portion size effect is curvilinear, and so is diminished for very large portions, 

which is also supported by more recent work (Vandenbroele et al., 2019). Given that 

the portion size we used as the ‘large’ portion was deemed ‘too large’, participants 

may have exhibited a diminished response to the portion size effect in this condition. 

The current study presented participants with 11 different portion sizes ranging from 

the recommended portion (280g) to 300% of the recommended portion (840g). Using 

a wide range of portion sizes should allow a more thorough investigation of the 

potential interplay between portion size and plate-clearing on intended consumption. 
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A small number of portion size studies have examined the portion size by plate-

clearing interaction effect on food intake in secondary analyses, and have found no 

evidence that plate-clearing tendencies interact with portion size to influence food 

intake (Rolls, Roe, Kral, et al., 2004; Rolls, Roe, Meengs, et al., 2004). However, the 

interaction effect was not the primary focus of these studies, resulting in a limited 

sample size for moderation analysis and limited information regarding how plate-

clearing tendencies were measured and whether the sample included a substantial 

number of participants with and without plate-clearing tendencies. Thus, further 

investigation is warranted. Finally, as mentioned previously, intended consumption 

has been found to be closely related to actual consumption (Cahayadi et al., 2019; 

Robinson, te Raa, et al., 2015). Therefore, investigating a portion size by plate-clearing 

interaction effect on intended consumption will provide insight into how people may 

intend to consume and respond to differing portion sizes in the food environment. 

Individuals report being aware that food waste is a problem (Abdelradi, 2018; 

Gaiani et al., 2017; Parizeau et al., 2015), with most consumers citing it as a serious 

issue (Parizeau et al., 2015). People are typically averse to food waste (Bolton & Alba, 

2012; Gjerris & Gaiani, 2013) and report feelings of guilt and concern around wasting 

food (Abdelradi, 2018; Gaiani et al., 2017; Parizeau et al., 2015). For example, across 

studies investigating opinions regarding food waste, 37-90% of adults agree that food 

waste is a problem (Abdelradi, 2018; Gaiani et al., 2017; Parizeau et al., 2015; Setti et 

al., 2016), specifically an environmental, economic, ethical, and social problem 

(Parizeau et al., 2015; Setti et al., 2016). Respondents typically see individuals as 

responsible for reducing food waste (Parizeau et al., 2015) and report being concerned 

about wasting food (Abdelradi, 2018; Gaiani et al., 2017; Parizeau et al., 2015) and 
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the associated consequences (Setti et al., 2016). Thus, there appears to be a widely held 

belief that wasting food is problematic and should be avoided. 

Although food waste concerns have not been investigated in the context of food 

intake before, Bates and Shanks (2015) found that participants provided with a take-

away container at the start of a lunchtime meal consumed an average of 90kcal less of 

the meal than participants who were not given a container. In a similar vein, Zuraikat, 

Roe, Smethers and Rolls (2018) found that participants told that leftover food would 

be packaged to take away after the meal consumed less than those in a control 

condition without a take-away option. It could be argued that in these 2 studies the 

availability of a take-away container reduces how much people eat in that sitting by 

reducing concerns about food waste. This indicates that individuals may eat less, or at 

the very least not overeat, at an eating occasion where food waste becomes less of a 

concern. 

Hall, Guo, Dore, and Chow (2009) propose that surplus food, food waste and 

overeating are paradoxically linked, which is illustrated in a recent study by Roe, 

Apolzan, Qi, Allen, and Martin (2018). Although plate waste was significantly 

associated with number of grams of food selected in this study, with individuals 

wasting more food from larger portions, participants still consumed more from larger 

portions. This indicates that larger portions paradoxically contribute to both 

overconsumption and wasting of food (Hall et al., 2009). Fay et al. (2011) also found 

that when participants were asked if they had “eaten all of the food on [their] plate, 

even though [they] could have stopped before that point”, of the individuals who 

answered yes, 77% reported that this was because they did not want to waste food. In 

previous chapters we have found a positive association between food waste concerns 

and plate-clearing tendencies, and Benson (2009) found that many participants 



115 

reported feeling guilty if they leave food on their plates, as they had been encouraged 

from an early age to clear their plate.  

From these findings, it is proposed that part of the reason why people plate-

clear is to avoid wasting food, and in some cases, this may lead people to overconsume. 

Individuals may be inclined to eat more or attempt to clear their plates in order to avoid 

wasting food. Thus, food waste concerns may contribute to decision-making processes 

regarding how much to eat (by increasing  plate-clearing tendencies) and thus increase 

risk of overconsumption in an environment characterised by large portions. 

  Given that food waste concerns and plate-clearing may encourage people to eat 

more, we suggest that those who report high plate-clearing tendencies and high food 

waste concerns will plan to eat more food, especially when faced with larger portions. 

Thus, the current study aimed to examine the influence of portion size, plate-clearing 

tendencies and food waste concerns on intended consumption in an online study. More 

specifically, the portion size effect on intended consumption with a range of portion 

sizes was examined, and whether those who self-report higher plate-clearing 

tendencies and/or food waste concerns are more prone to the influence of portion size 

on intended food intake was examined. Participants were presented with 11 different 

portion sizes of pasta in tomato sauce in a random order and asked how much of each 

portion they would intend to consume at a hypothetical meal.  

It was hypothesised that there would be a main effect of portion size on 

intended consumption, such that people would plan to consume more from larger than 

smaller portions. We predicted a portion size by plate-clearing interaction effect on 

intended consumption, such that participants who have higher plate-clearing 

tendencies would plan to consume more food from large portions than those with lower 
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plate-clearing tendencies. We also predicted that there would be a portion size by food 

waste concerns interaction effect on intended consumption, such that participants who 

have higher food waste concerns would plan to consume more from larger portions 

than those with lower food waste concerns.  

In addition, as an exploratory hypothesis, we predicted a 3-way interaction 

effect on food intake. Specifically, it was predicted that food waste concerns would 

moderate the relationship between plate-clearing and portion size on intended 

consumption. We made this hypothesis on the basis that food waste concerns may be 

more likely to influence food intake from larger portions when a person already has an 

intention to plate-clear, whereby concerns about food waste result in a person 

following through on their plan to attempt to eat the majority of the food provided.  

 

5.3 Method 

Participant recruitment and eligibility 

As this was an exploratory study we did not conduct a formal power analysis and aimed 

to recruit a minimum sample size of 200 participants. This sample size however would 

provide us with sufficient power to detect a medium-small sized effect of portion size 

and interactions (at 80% power). Participants were recruited via social media 

(Facebook adverts, Twitter posts), posters across the University of Liverpool campus, 

and email announcements on the University of Liverpool staff and student intranet. 

Participants were considered eligible to take part if they were aged 18 years or over 

and had not taken part in either of our previous laboratory or questionnaire studies 

which focused on plate-clearing tendencies, food waste concerns, and overeating from 

larger portions.  
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A total of 640 participants started the study. Of these, 221 were incomplete 

responses that were deemed unusable. A response was deemed unusable if the 

participant had not completed as a minimum the questions relevant to our hypotheses, 

specifically all intended consumption, plate-clearing tendency, and food waste 

concerns questions. Two participants failed the comprehension check and 8 failed the 

attention check. Thus, the final analytic sample of participants was 409.  

 

Design  

The current study used a mixed design. The independent variables were portion size 

image (within-subjects), with 11 levels ranging from 100-300% of the recommended 

portion size of pasta, plate-clearing tendency score and food waste concerns score 

(between-subjects factors). Participants were shown all 11 portion size images in a 

randomized order and rated their intended consumption for each. The dependent 

variable was intended consumption (kcals).   

 

Portion size images 

We selected 11 portion size images of penne pasta in tomato sauce, ranging from 100% 

to 300% of a recommended portion (280g), with the portion size shown increasing by 

20% of the recommended portion size with each subsequent photo. Pasta dishes have 

been used as a test food in other portion size studies (e.g. Diliberti et al 2004; Rolls, 

Morris & Roe, 2002), with pasta in tomato sauce being a typical meal that we reasoned 

most of our participants would be familiar with and consume relatively regularly.  
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Main measures 

Dieting: Participants were asked, “Are you currently dieting?” with a coded response 

of 1 = ‘Yes’, 2 = ‘No’. 

Hunger: Participants reported their current level of hunger (“Please rate your current 

level of hunger”) on a 7-point Likert scale response format (1 = ‘Not at all hungry’ to 

7 = ‘Extremely hungry’).  

Intended consumption: Intended consumption was measured using a single item: 

“Imagine you are served the displayed portion for an evening meal. How much of the 

portion would you plan to eat? Please answer as a percentage from 0-100”. This 

percentage was then used to calculate intended consumption in kilocalories based on 

manufacturer-reported calorie content of the meal components (for weight and 

kilocalories for each portion size see Appendix 4, page 216).  

Liking: Participants reported how much they liked pasta in tomato sauce on a 7-point 

Likert scale (1 = ‘Not at all’ to 7 = ‘I like pasta a lot’). 

Frequency of consumption: Participants reported how regularly they consumed pasta 

in tomato sauce, ranging from ‘Daily’ to ‘Less frequently than once a year’.   

Familiarity: Participants reported how familiar they were with pasta in tomato sauce 

on a 7-point Likert scale (1 = ‘Not familiar at all’ to 7 = ‘Extremely familiar’). 

Plate-clearing tendencies: Participants completed a self-report measure of plate-

clearing (as used in Robinson et al. (2015)). The measure consists of 5 questions (e.g. 

“I always tend to clear my plate when eating.”) with a 5-point Likert scale response 

format (‘Strongly disagree’ to ‘Strongly agree’). Scores were summed, with a higher 

score indicating stronger plate-clearing tendencies (α = .89) (Robinson et al., 2015). 
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Food waste concerns: Participants completed a self-report measure of individual food 

waste concerns. The measure consists of 5 questions (e.g. “It is fine for food to go to 

waste sometimes.”) with a 7-point Likert scale response format (‘Strongly disagree’ to 

‘Strongly agree’). Scores were summed, with a higher score indicating stronger 

concerns regarding food waste (α = .80). 

Attention check: We also included an attention check question “This is an attention 

check. Please leave blank.” among the plate-clearing questions to ensure that 

participants were attending to the questions. Participants who did not correctly respond 

to the attention check were excluded from the analysis. 

Comprehension of percentages: We included a comprehension question to ensure 

participants understood percentages. Participants were presented with an image of a 

circle that was coloured half white and half blue and asked, “Which percentage of the 

circle shown above is blue?” with the choice of ‘25%’, ‘50%’, ‘75%’, or ‘100%’. 

Participants who did not select ‘50%’ were excluded from the analysis. 

 

Other Measures 

Participants also completed other measures during the study that we included as part 

of a student project (see Appendix 4, page 216, for a full description of additional 

measures administered). 

 

Procedure  

This study was approved by the University of Liverpool ethics committee. Participants 

first completed questions on demographics, current dieting and hunger level. 
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Participants then viewed the 11 portion size images in a randomized order and reported 

their intended consumption for each. Next, participants completed food-related 

measures (liking, consumption frequency, and familiarity), comprehension and 

attention checks, the plate-clearing scale, the food waste concerns scale and the other 

included measures. Finally, participants were asked to indicate how they had heard 

about the study, were taken to the debriefing page and thanked for their participation. 

The study took approximately 15 minutes to complete. 

 

Main analysis strategy 

All statistical analyses were ran using IBM SPSS Statistics 24. To first investigate 

whether there was a portion size effect on intended consumption, we planned to 

conduct a within-subjects ANOVA, with portion size (11 levels) as a within-subjects 

factor and intended consumption (in kcal) as the dependent variable. Planned contrasts 

were used to investigate whether there was a significant increase in the calories 

consumed with each subsequent portion size. 

An 11 x 2 ANOVA, with portion size (11 levels) as a within-subjects factor, 

plate-clearing score as a between-subjects factor (plate-clearers/non-plate-clearers), 

and intended consumption (in kcal) as a dependent variable, was conducted to 

investigate the influence of plate-clearing tendencies on intended consumption, and to 

assess the portion size*plate-clearing interaction effect on intended consumption. 

Individuals were defined as ‘plate-clearers’ if they score 18 or higher, and as ‘non-

plate-clearers’ if they score 17 or lower on the plate-clearing scale. This was informed 

by our previous study, where the average plate-clearing score of a sample of self-

identified plate-clearers and non-plate-clearers was 17.76. An 11 x 2 ANOVA, with 
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portion size (11 levels) as a within-subjects factor, food waste concerns score as a 

between-subjects factor (low/high) and intended consumption (in kcal) as a dependent 

variable was conducted to investigate the influence of food waste concerns on intended 

consumption, and to assess the portion size*food waste concerns interaction effect on 

intended consumption. Individuals were defined as having ‘high’ food waste concerns 

if they scored 21 or higher, and as having ‘low’ food waste concerns if they score 20 

or lower on the food waste concerns scale. This was informed by the midpoint of the 

possible scale scores (with a lowest possible score (7) and the highest possible score 

(35) on this scale).  

Finally, as it may be expected that those who are dieting may be more 

motivated to eat less, we planned to run the main analyses with those who reported 

that they were currently dieting removed from the sample. Results were considered 

significant at a p <.05. 

 

Sensitivity analyses  

We also planned to examine whether the pattern of results seen in our main analysis 

was observed when portion size, total plate-clearing score and total food waste 

concerns score were treated as continuous variables using multilevel modelling. We 

used multilevel modelling to account for the fact that 11 responses were given by each 

individual (within-subjects variable of portion size). Thus, our data was organised in 

2 levels, with portion size trials (11 images; level 1) nested within participants (level 

2). Plate-clearing and food waste concerns were level 2 predictors. The models 

included random intercepts.  
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Model 1 included portion size (11 images; level 1) to investigate the effect of 

portion size on intended consumption. Model 2 and Model 3 were compared to Model 

1 to examine the additional variance explained by adding plate-clearing tendencies and 

food waste concerns as predictors. Model 2 included portion size trial (11 images; level 

1), plate-clearing tendencies (level 2) and their interaction to investigate the portion 

size by plate-clearing interaction on intended consumption. Model 3 included portion 

size trial (11 images; level 1), food waste concerns (level 2) and their interaction to 

investigate the portion size by food waste concerns interaction on intended 

consumption. Models included random intercepts. 

 

Exploratory analyses 

To investigate the 3-way interaction (portion size by plate-clearing tendencies by food 

waste concerns) on intended consumption, Model 4 included portion size (11 images; 

level 1), individual participant (level 2), plate-clearing tendencies (level 2) and food 

waste concerns (level 2). This model was also compared to Model 2 to investigate the 

additional variance explained when we include food waste concerns in the interaction 

term. A significant portion size by plate-clearing by food waste concerns interaction 

effect on intended consumption would indicate moderated moderation. See Figure 5.1 

for a conceptual diagram.  

 

 

 



123 

Figure 5.1. Proposed moderated moderation model of plate-clearing and food waste 

concerns, portion size and intended consumption 

 

 

 

 

 

Figure 5.1 shows a conceptual model of our expected 3-way interaction, or moderated moderation 

model. It is predicted that the strength of the effect of portion size (X) on intended consumption (Y) 

would be moderated by plate-clearing tendency scores (W), which in turns would be moderated by food 

waste concerns scores (Z). 

 

5.4 Results 

Sample characteristics 

The analytic sample (N = 409) consisted of 93 males and 316 females, with a mean 

age of 26.15 (±12.55) years. Seventy-six participants reported that they were currently 

dieting. The mean intended consumption in kilocalories at each portion size, split by 

plate-clearing tendency score and food waste concerns score is displayed in Table 5.1
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Table 5.1. Intended consumption (in kcal) for each portion size (in kcal) split by plate-clearing tendency type and food waste concerns score 

Portion size 

(% of recommended) 

Portion size 

(in kcal) 

  Food waste concerns  

Non-plate-clearers (n = 118) Plate-clearers (n = 291) Low (n = 226) High (n = 183) Total (N = 409) 

100% 299.00 267.86 (±44.44) 280.72 (±42.04) 273.98 (±42.70) 280.75 (±43.40) 277.01 (±43.09) 

120% 328.90 272.02 (±84.00) 320.05 (±60.82) 300.50 (±68.39) 313.21 (±74.98) 306.19 (±71.60) 

140% 418.60 280.53 (±83.37) 344.98 (±84.24) 315.73 (±84.87) 339.55 (±92.04) 326.39 (±88.83) 

160% 478.40 286.47 (±92.20) 366.64 (±100.63) 331.79 (±100.27) 357.99 (±108.42) 343.51 (±104.68) 

180% 538.20 313.21 (±103.38) 410.36 (±116.50) 368.10 (±117.50) 399.92 (±123.37) 382.33 (±121.05) 

200% 598.00 326.92 (±120.38) 442.81 (±139.32) 388.51 (±138.81) 435.13 (±146.33) 409.37 (±143.93) 

220% 657.80 322.21 (±119.55) 447.48 (±159.89) 390.98 (±151.40) 436.48 (±166.35) 411.34 (±159.68) 

240% 717.60 326.20 (±134.04) 468.61 (±171.40) 405.95 (±168.10) 454.17 (±177.45) 427.52 (±173.80) 

260% 777.40 361.29 (±157.81) 508.46 (±186.89) 443.39 (±186.94) 493.93 (±192.44) 466.00 (±190.85) 

280% 837.20 343.39 (±158.81) 525.45 (±206.45) 440.27 (±202.03) 513.25 (±214.48) 472.93 (±210.59) 

300% 897.00 380.84 (±166.43) 559.53 (±217.98) 475.21 (±213.27) 548.44 (±221.44) 507.98 (±219.74) 

Table 5.1 displays the intended consumption in kilocalories for each portion size image presented split by plate-clearing tendency type (plate-clearers/non-plate-clearers) and 

food waste concerns score (‘low’ and ‘high’). ‘Plate-clearers’ were individuals who scored 18 or higher and ‘non-plate-clearers’ were individuals who scored 17 or lower, on 

the plate-clearing scale. ‘Low’ food waste concerns were defined as scoring 20 or lower, and ‘high’ food waste concerns as scoring 21 or higher on the food waste concerns 

scale. Values are Mean (±SD).
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Main outcomes 

There was a significant main effect of portion size on intended consumption, F(2.99, 

1221.23) = 278.70, p <.001, 𝜂𝑝
2 =.41, with participants intending to consume 

significantly more from larger portions. There was a significant increase in intended 

consumption with every increase in portion size (ps <.01), except for 200-220% (p 

=.666) and 260-280% (p =.285) of the recommended portion size (see Table 5.2 for 

effect sizes for each comparison). 

 

Table 5.2. Pairwise comparisons for intended consumption (kcal) for each portion size 

Portion sizes (being compared) Change in intended consumption  Cohen’s d 

280g - 336g 29.18 .56*** 

336g - 392g 20.19 .36*** 

392g – 448g 17.13 .29*** 

448g – 504g 38.82 .53*** 

504g – 560g 27.04 .35*** 

560g – 616g 1.97 .02 

616g – 672g 16.18 .19*** 

672g – 728g 38.48 .39*** 

728g – 784g 6.92 .05 

784g – 840g 35.05 .28*** 

Table 5.2 shows the change in intended consumption (mean difference) and effect sizes (Cohen’s d) for 

each pairwise comparison. ***p <.001 

 

There was a significant main effect of portion size, F(3.30, 1343.61) = 177.77, 

p <.001, 𝜂𝑝
2 =.31, and a significant main effect of plate-clearing type, F(1, 407) = 78.11, 

p <.001, 𝜂𝑝
2 =.16, on intended consumption, with plate-clearers intending to consume 

significantly more than non-plate-clearers. There was a significant portion size*plate-

clearing type interaction effect on intended consumption, F(3.30, 1343.61) = 32.67, p 
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<.001, 𝜂𝑝
2 =.07. Portion size effects on intended consumption tended to be statistically 

larger in plate-clearers than non-plate-clearers (see Table 5.3 for effect sizes for each 

comparison). 

 

Table 5.3. Pairwise comparisons for intended consumption (in kcal) for each portion 

size (kcal) split by plate-clearing tendency type 

Portion sizes 

(being compared) 

Non-plate-clearers (n = 118) Plate-clearers (n = 291) 

Change in intended 

consumption 

Cohen’s d Change in intended 

consumption 

Cohen’s d 

280g - 336g 4.16 .06 39.33 .96*** 

336g - 392g 8.51 .15 24.93 .45*** 

392g – 448g 5.94 .11 21.66 .37*** 

448g – 504g 26.73 .41** 43.72 .58*** 

504g – 560g 13.72 .19 32.44 .42*** 

560g – 616g -4.71 .05 4.68 .05 

616g – 672g 3.99 .05 21.13 .25** 

672g – 728g 35.09 .37** 39.85 .40*** 

728g – 784g -17.90 .18 16.99 .12 

784g – 840g 37.45 .38 34.08 .26*** 

Table 5.3 shows the change in intended consumption (mean difference) for each pairwise comparison 

made, and the effect sizes (Cohen’s d) for plate-clearers and non-plate-clearers. **p <.01, ***p <.001 

 

There was a significant main effect of portion size, F(3.05, 1240.37) = 287.62, 

p <.001, 𝜂𝑝
2 =.41, and a significant main effect of food waste concerns, F(1, 407) = 

10.92, p =.001, 𝜂𝑝
2 =.03, on intended consumption, with those reporting high food 

waste concerns intending to consume significantly more than those reporting low food 

waste concerns. There was a significant portion size*food waste concerns interaction 

effect on intended consumption, F(3.05, 1240.37) = 6.14, p <.001, 𝜂𝑝
2 =.02. Portion 

size effects on intended consumption tended to be statistically larger in those who self-
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reported high food waste concerns than those who self-reported low food waste 

concerns (see Table 5.4 for effect sizes for each comparison). 

Removing participants that reported they were currently dieting did not change 

the overall pattern of statistical significance observed in the main analyses (see 

Appendix 4, page 217 for the main analyses with dieters removed). 

 

Table 5.4. Pairwise comparisons for intended consumption (in kcal) for each portion 

size (in kcal) split by food waste concerns score type 

Portion sizes 

(being compared) 

Low (n = 226) High (n = 183) 

Change in intended 

consumption 
Cohen’s d 

Change in intended 

consumption 
Cohen’s d 

280g - 336g 26.52 .56 32.47 .57*** 

336g - 392g 15.23 .28 26.33 .47 *** 

392g – 448g 16.06 .27 18.44 .31*** 

448g – 504g 36.31 .50** 41.93 .56*** 

504g – 560g 20.42 .27 35.22 .46*** 

560g – 616g 2.47 .03 1.35 .01 

616g – 672g 14.97 .18 17.68 .21** 

672g – 728g 37.44 .36** 39.76 .43*** 

728g – 784g -3.12 .03 19.33 .14 

784g – 840g 34.94 .36 35.19 .23*** 

Table 5.4 shows the change in intended consumption (Mean(±SD)) for each pairwise comparison made, 

and the effect sizes (Cohen’s d) for those who self-report low and high food waste concerns. **p <.01, 

***p <.001 

 

Results of sensitivity analyses 

All results remained the same when plate-clearing tendencies and food waste concerns 

were treated as continuous variables. Full regression models for all reported models 
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are presented in Table 5.5. Model 1 revealed a significant effect of portion size on 

intended consumption, with participants intending to consume significantly more from 

larger than smaller portions (b =22.16, SE =0.42, p <.001). 

A chi-squared test showed that Model 2 was a significantly better fit than 

Model 1 (χ2(2) = 630.62, p <.001). Model 2 revealed a significant portion size by plate-

clearing tendencies interaction effect on intended consumption. Portion size had a 

stronger effect on intended consumption for those who self-reported higher plate-

clearing tendencies compared to those who self-reported lower plate-clearing 

tendencies (b =2.14, SE =0.09, p <.001) (see Figure 5.2).  

A chi-squared test showed that Model 3 was a significantly better fit than 

Model 1 (χ2(2) = 109.36, p <.001). Model 3 revealed a significant portion size by food 

waste concerns interaction effect on intended consumption. Portion size had a stronger 

effect on intended consumption for those who self-reported higher food waste 

concerns compared to those who self-reported lower food waste concerns (b =0.65, SE 

=0.07, p <.001) (see Figure 5.3).  

 

Results of exploratory analyses  

A chi-squared test showed that Model 4 was a significantly better fit than Model 2 

(which investigated the portion size by plate-clearing interaction) (χ2(4) = 28.79, p 

<.001). Model 4 demonstrated a significant 3-way interaction on intended 

consumption (b =0.07, SE =0.01, p <.001 (see Figure 5.4). The interaction between 

self-reported plate-clearing tendencies and portion size became larger as self-reported 

food waste concerns increased. Thus, the tendency for plate-clearing tendencies to 

moderate the impact of portion size on food intake was more pronounced among those 
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who reported higher food waste concerns than those who reported lower food waste 

concerns. 

 

Figure 5.2. A visual representation of the moderation of the effect of portion size on 

intended consumption by changing plate-clearing tendency score  

 

 

 

 

 

Figure 5.2 displays the intended consumption (in kcal) at select levels of portion size (1-11) and plate-

clearing tendency scores. ‘Low’ ‘Medium’ and ‘High’ plate-clearing tendency scores are Mean-1SD, 

Mean, and Mean+1SD respectively. 

 

Figure 5.3. A visual representation of the moderation of the effect of portion size on 

intended consumption by changing food waste concerns score 

 

 

 

 

 

 

Figure 5.3 displays the intended consumption (in kcal) at select levels of portion size (1-11) and food 

waste concerns scores. ‘Low’ ‘Medium’ and ‘High’ food waste concerns scores are Mean-1SD, Mean, 

and Mean+1SD respectively.  
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Table 5.5. Multilevel regression models for all Mixed Models 

 Model 1 Model 2 Model 3 Model 4 

 B SE B SE B SE B SE 

Intercept 260.73*** 6.57 220.86*** 25.97 259.86*** 21.49 208.33** 80.03 

Portion Size (continuous) 22.16*** 0.42 -18.76*** 1.82 9.27*** 1.40 4.87 5.61 

PCT - - 2.08 1.32 - - 3.32 4.18 

PCT x portion size - - 2.14*** 0.09 - - 0.78** 0.29 

FWC - - - - 0.04 1.03 0.42 4.24 

FWC x portion size - - - - 0.65*** 0.07 -1.24*** 0.30 

PCT x FWC - - - - - - -0.05 0.21 

FWC x PCT x portion size - - - - - - 0.07*** 0.01 

Residual variance level 2 14289.07*** 1050.70 10263.09*** 763.28 13700.52*** 1008.40 10169.06*** 756.42 

Residual variance level 1 8080.42*** 178.68 7150.80*** 158.13 7899.63*** 174.69 7107.06*** 157.16 

Model fit (-2 log likelihood) 54480.40 53849.79 54371.04 53821.00 

Table 5.5 displays the multilevel regression model for Model 4. Portion size was a level 1 predictor. Plate-clearing tendencies (PCT) and food waste concerns (FWC) were level 

2 (individual level) predictors. All predictors were included as individual main effects, in all possible 2-way interactions, and in a 3-way interaction. Values are B(SE). **p 

<.01, ***p <.001
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Figure 5.4. A visual representation of the moderating effect of plate-clearing tendency on the effect of portion size on intended consumption by 

changing food waste concerns score (low, medium and high) 

 

 

 

 

 

 

Figure 5.4 displays the intended consumption (in kcal) at select levels of portion size (1-11) and plate-clearing tendency (PCT) scores, which are then split by ‘low’, ‘medium’ 

and ‘high’ food waste concerns (FWC). Low’, ‘medium’, and ‘high’ plate-clearing tendency scores are Mean-1SD, Mean, and Mean+1SD respectively.  ‘Low’, ‘medium’, and 

‘high’ food waste concerns scores are Mean-1SD, Mean, and Mean+1SD respectively.
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5.5 Discussion 

The aim of the present study was to examine whether plate-clearing tendencies and 

food waste concerns moderate the influence portion size has on intended consumption 

of a hypothetical lunchtime meal. As expected, we found a significant portion size 

effect on intended consumption, with individuals intending to consume significantly 

more from larger portions relative to smaller portions. We found that individuals who 

self-reported higher plate-clearing tendencies intended to consume significantly more 

from larger portions relative to smaller portions than those who self-reported lower 

plate-clearing tendencies. Participants who self-reported higher food waste concerns 

also intended to consume significantly more from larger portions relative to smaller 

portions than those who self-reported lower food waste concerns. Finally, exploratory 

findings showed a significant 3-way interaction of portion size by plate-clearing 

tendencies by food waste concerns on intended consumption. This demonstrated that 

the interaction between self-reported plate-clearing tendencies and portion size 

becomes larger as self-reported food waste concerns increase.  

The portion size effect on food intake is a robust finding (Hollands et al., 2015; 

Steenhuis & Vermeer, 2009; Zlatevska et al., 2014), but research into the portion size 

effect on intended consumption is limited. The current findings demonstrate that 

intended consumption increased as portion sizes became larger, supporting the 

findings of Cahayadi et al. (2019) and Robinson, te Raa, et al. (2015). Cahayadi et al. 

(2019) found a near linear relationship between portion size and intended 

consumption, and Robinson, te Raa, et al. (2015) found that intended consumption led 

to males overconsuming, showing a pre-consumption portion size effect.  
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 The current findings also support a portion size by plate-clearing interaction 

effect on intended consumption. Given that individuals typically stick to their pre-meal 

intentions, even over within-meal influences such as the onset of fullness (Brunstrom, 

2014; Brunstrom, 2011; Fay et al., 2011), pre-meal intentions to plate-clear could 

potentially be maladaptive in the current eating environment characterised by large 

portions. However, the first study of this thesis found no significant portion size by 

plate-clearing interaction effect on actual food intake. There are some potential 

explanations that may reconcile these different findings. First, this online study 

improves upon the laboratory intake study (Study 1 of Chapter 2) by utilising 11 

portion size images, as opposed to serving 2 portion sizes only. In addition, the 2 

portion sizes served in the laboratory study were large, and it is possible that the size 

of the portions and the large difference between them led to a ceiling effect, “washing 

out” the effects of plate-clearing tendencies and thus limiting the ability to detect an 

interaction between portion size and plate-clearing. An immediate next step would be 

to replicate the laboratory intake study using more portion sizes.  This would allow 

greater sensitivity to the potential influence of plate-clearing on the portion size effect, 

especially given that the portion size effect has been found to be curvilinear and 

diminishes with larger portion sizes (Vandenbroele et al., 2019; Zlatevska et al., 2014). 

Second, although intended consumption has been shown to be an accurate 

measure of what an individual will subsequently consume, there are still within-meal 

influences that act on actual food intake. Cahayadi et al. (2019) report that the intended 

portion size effect is similar to that for actual consumption at moderate portion sizes, 

but not at very large portion sizes, which is attributed to internal signals that occur 

during a meal but not during the pre-meal planning process (Morton et al., 2006; Rolls 

et al., 1981; Rolls, 1986; Yeomans, 2000). Finally, the artificial environment of the 
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laboratory where Study 1 of Chapter 2 took place may have also created an extra 

influence of social desirability, for instance not wishing to appear greedy. Therefore, 

replicating the study in a restaurant-based or more naturalistic setting would now be 

of interest. 

The current study found that those who reported higher food waste concerns 

planned to eat more food, especially when faced with larger portions. Food waste 

concerns may encourage people to eat more than they otherwise would be motivated 

to. Research has indicated that individuals may consume less when food waste 

concerns are reduced (Bates & Shanks, 2015; Zuraikat, Roe, Smethers, & Rolls, 2018), 

and others have proposed a link between surplus food, food waste and overeating (Hall 

et al., 2009; Roe et al., 2018). However, as with plate-clearing tendencies, the studies 

detailed in Chapters 3 and 4 did not find an effect of food waste concerns on food 

intake, even when experimentally manipulated, so it is unclear how food waste 

concerns influence actual consumption. Given that this is the first study to investigate 

a portion size by food waste concerns interaction effect, replication is now needed. 

We explored whether food waste concerns would moderate the relationship 

between plate-clearing and portion size on intended consumption. A significant 

portion size by plate-clearing tendencies by food waste concerns interaction effect on 

intended consumption was found. Specifically, the interaction between self-reported 

plate-clearing tendencies and portion size became larger as self-reported food waste 

concerns increased. This finding supports our earlier preposition that food waste 

concerns may be more likely to influence intended consumption when a person already 

has an intention to plate-clear, whereby concerns about food waste result in a person 

following through on their plan to attempt to eat the majority of the food provided. 
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Following on from these exploratory findings, it would now be of interest to 

investigate whether this moderated moderation model holds for actual food intake. 

A limitation of the current study was its online nature. Portion sizes were 

presented as images, and it could be argued that individuals may have not gained a 

realistic perspective of the size of the portion from a screen. An improvement would 

be to use a paradigm that allows individuals to be directly faced with the portion they 

are judging, or to use 3D-modelling (as in Cahayadi et al. (2019)). Further limitations 

of the present research were that our sample was not representative of the general 

population and that plate-clearing tendencies and food waste concerns were self-

reported. We presume that participants are likely to be able to report with some 

accuracy on whether they tend to clear their plate when eating and how concerned they 

are about wasting food, but self-report measures can introduce bias and objective 

measurement of each would be preferential. Also, the plate-clearing tendencies and 

food waste concerns questions were measured after the intended consumption 

questions were completed. Some participants may have answered in a way that was 

consistent with their answers to the intended consumption questions, i.e. reporting 

being high in plate-clearing tendencies and food waste concerns to justify their 

intentions to consume most or all of the food in the 11 different portion sizes. 

Addressing the above limitations in future studies will clarify the relationship 

between plate-clearing tendencies, food waste concerns and the influence of portion 

size on both intended and actual consumption. The immediate next step would be to 

replicate the current findings with actual consumption as an outcome measure. 

Previous work indicates that measures of intended consumption are likely to map well 

onto actual consumption (Robinson, te Raa, et al., 2015; Wilkinson et al., 2012). Also, 

the meta-analysis by Zlatevska et al. (2014) highlights a larger effect of portion size 
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on actual consumption (d =.45) than on intended consumption (d =.18), which suggests 

that the influence of plate-clearing and food waste concerns on actual intake from 

larger portions may be underestimated by intended consumption results.  

The current study did not investigate gender differences, and given that 

Robinson et al. (2015) only used 2 portion sizes in their study, replicating the current 

study with equal numbers of males and females to enable thorough investigation of 

interactions with gender would be useful. Previous research has highlighted that males 

typically report stronger plate-clearing tendencies than females (Fay et al., 2011), a 

finding that we have replicated (see Study 2 of Chapter 3). Therefore, investigating 

how gender influences the associations found in the current study would be of interest.  

Finally, Best and Papies (2019) recently found a larger intended portion size 

effect for unhealthy than healthy snacks. If people intend to consume more from 

unhealthy foods, this may present a further issue regarding overconsumption of 

energy, and potentially contribute to excess weight gain. Furthermore, they found that 

individuals with lower socioeconomic status intended to consume significantly more 

from larger portions of unhealthy snack foods. This indicates that portion size may 

influence those with lower socioeconomic status differently. Therefore, looking at how 

plate-clearing tendencies, food waste concerns and socioeconomic status combine to 

influence the portion size effect may now be informative, as plate-clearing and 

concerns about food waste may differ according to socioeconomic status.   

 

5.6 Chapter Conclusion 

The findings of the present study demonstrated that plate-clearing tendencies and food 

waste concerns moderate the influence portion size has on intended consumption of a 

hypothetical lunchtime meal. Exploratory findings showed a significant 3-way 
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interaction of portion size by plate-clearing tendencies by food waste concerns on 

intended consumption, suggesting that the tendency for people with plate-clearing 

tendencies to be more responsive to portion size becomes larger if they are particularly 

concerned about food waste. Overall, these results indicate those who are concerned 

about wasting food and habitually clear their plate may be at risk of overeating, 

especially when faced with larger portions.  
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Chapter 6: General Discussion 

 

6.1 Overview of Findings 

The overarching aim of this thesis was to investigate how plate-clearing tendencies 

and food waste concerns may contribute to overconsumption from larger portions. 

Chapter 2 outlines a lunchtime laboratory study with an all-female sample. Participants 

were categorised as either plate-clearers or non-plate-clearers, and randomised to 

receive either a normal or a large portion of pasta in tomato sauce. I found evidence 

for the portion size effect; participants consumed significantly more food from larger 

relative to smaller portions of the lunchtime meal provided. This highlights the robust 

nature of the portion size effect, as even a group of participants who explicitly reported 

not being motivated to clear their plate when eating were susceptible to the effect of 

portion size, therefore indicating that the phenomenon is not limited to those who self-

report a tendency to clear their plate. 

 Also, irrespective of the portion size served, those who self-reported a tendency 

to plate-clear consumed significantly more of the lunchtime meal they were served 

than those who reported low plate-clearing tendencies. Coupled with research 

demonstrating that plate-clearing behaviours are associated with increased BMI 

(Robinson, Aveyard, et al., 2015; Robinson & Hardman, 2016), this suggests that 

plate-clearing is a potentially maladaptive eating behaviour, particularly in an eating 

environment characterised by larger portions. Furthermore, there was no portion size 

by plate-clearing interaction effect on food intake; the effect that portion size had on 

intake was similar in size regardless of participants’ reported plate-clearing tendencies. 
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Therefore, there was no evidence that a tendency to clear one’s plate when eating 

explains the portion size effect. 

 Chapter 3 examines the reliability and validity of a self-devised scale to 

measure food waste concerns in an eating context. The food waste concerns scale was 

found to have a single-factor structure. The scale demonstrated ‘good’ internal 

consistency (Kline, 2013; Nunnally & Bernstein, 1994; Ponterotto & Ruckdeschel, 

2007) (Study 1 of Chapter 3) and ‘excellent’ test-retest reliability (Cicchetti, 1994) 

over a 2-week interval (Study 1 of Chapter 3). It also exhibited convergent validity, 

significantly predicting intentions to reduce food waste, negative and positive 

emotions towards wasting food, and divergent validity, appearing to be 

psychometrically distinct from overeating and hunger (Study 1 of Chapter 3). Thus, I 

successfully developed a reliable and valid novel tool to measure food waste concerns 

in the context of eating behaviour, and it is a valuable contribution of this thesis. 

 Scores on the food waste concerns scale positively predicted self-reported 

plate-clearing tendencies (Study 2 of Chapter 3). This supports research finding that 

‘avoiding food waste’ was a common reason for clearing the plate despite feeling full 

earlier in the meal (Fay et al., 2011), and that a single item measure of dislike of 

wasting food was predictive of plate-clearing tendencies in a sample of University 

students (Robinson & Hardman, 2016). However, food waste concerns were not 

associated with BMI or the likelihood of having overweight. In addition, Study 3 of 

Chapter 3 investigated whether food waste concerns and plate-clearing tendencies are 

predictive of eating more from a larger portion of a lunchtime meal in a laboratory 

setting. Results showed that while self-reported food waste concerns were associated 

with self-reported plate-clearing tendencies, there was no indirect effect of food waste 

concerns on food intake from a large portion via plate-clearing tendencies or directly. 
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This suggests that being more concerned about food waste does not put individuals at 

higher risk of developing overweight and obesity, or of overconsuming from larger 

portions. 

These results were corroborated by 2 studies that utilised a different paradigm, 

specifically investigating whether directly manipulating beliefs about what would 

happen to leftovers would influence intake from a large portion of a snack food (Study 

1 and Study 2 of Chapter 4). In Study 1, an exploratory study, participants were told 

that the food would be saved, available to take home, wasted, or received a control 

sentence, and their intake of a snack was covertly measured. There was no significant 

effect of belief condition on food intake in the planned analyses. However, exploratory 

analyses that compared the control and ‘food is wasted’ conditions only found that 

participants consumed significantly more when they were led to believe that leftovers 

would be wasted, relative to being given no message regarding the leftover food. In 

addition, the more certain participants reported believing that leftovers would be 

wasted was associated with increased food intake. Also, males consumed significantly 

more when they were told that food would be wasted, relative to receiving no message, 

whereas intake between conditions did not differ in females. However, as these 

findings were exploratory and limited by a small sample size, I replicated the study 

with a more rigorous design and sufficient power in Study 2. Study 2 did not replicate 

these findings. There was no significant effect of belief condition on food intake, and 

although there was a significant gender by condition interaction effect on weight of 

food eaten, this was driven by a tendency (non-significant) for males to eat less when 

told food would be wasted vs. control (the opposite direction of results to Study 1).  In 

Study 2, I also failed to replicate the significant correlation observed between beliefs 

about food going to waste and food intake observed in Study 1. Overall, across 
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Chapters 3 and 4 I did not find convincing evidence that food waste concerns influence 

objectively measured food intake. 

 The final study in this thesis (see Chapter 5) investigated the influence 

of plate-clearing tendencies and food waste concerns on intended consumption from 

larger vs. smaller portions. Study 1 in Chapter 5 tested whether plate-clearing 

tendencies and food waste concerns moderate the influence portion size has on 

intended consumption of a hypothetical lunchtime meal. In support of a small amount 

of research into the effect of portion size on intended consumption (Cahayadi et al., 

2019; Robinson, te Raa, et al., 2015), participants intended to consume significantly 

more food from larger relative to smaller portions. I also found that plate-clearing 

tendencies and food waste concerns moderated the influence portion size has on 

intended consumption of a hypothetical meal. This suggests that both plate-clearing 

tendencies and food waste concerns may inform decisions regarding how much of a 

portion to consume. Given that intended consumption has been found to be predictive 

of actual consumption (Cahayadi et al., 2019), these results indicate that individuals 

who are concerned about wasting food and habitually clear their plate may be at risk 

of overeating, especially when faced with larger portions. However, why these effects 

were not found on actual intake is unclear. It may be that individuals with high plate-

clearing tendencies or food waste concerns intend to consume more of a given portion, 

but are still subject to within-meal influences that limit intake, especially for very large 

portions. Alternatively, methodological considerations such as the smaller number of 

portion sizes I used to test these hypotheses in my studies measuring actual intake may 

have contributed. 
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Figure 6.1 Venn diagram showing how the research findings of this thesis relate to the wider literature on portion size, plate-clearing, food waste 

concerns, and overconsumption 
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6.2 Theoretical Implications  

See Figure 6.1 for an infographic displaying how the research findings of this thesis 

relate to the wider literature on portion size, plate-clearing, food waste concerns, and 

overconsumption. First, my findings contribute to the wealth of literature on the 

portion size effect, finding that a female sample consumed significantly more food 

when provided with a large portion relative to a smaller portion of a lunchtime meal. 

This adds to existing literature showing that the portion size effect occurs with a variety 

of foods (Diliberti et al., 2004; Levitsky & Youn, 2004; Reinders et al., 2017; Rolls, 

Roe, Kral, et al., 2004; Rolls, Roe, & Meengs, 2004), in artificial laboratory settings 

(Levitsky & Youn, 2004; Rolls, Roe, Meengs, et al., 2004), at a lunchtime meal 

(Diliberti et al., 2004; French et al., 2014) and in females (Rolls et al., 2002; Rolls, 

Roe, Kral, et al., 2004; Rolls, Roe, Meengs, et al., 2004; Zuraikat, Roe, Smethers, & 

Rolls, 2018). Interestingly, the ‘normal’ and ‘large’ portions were more than double 

and quadruple the recommended portion size for that meal. Despite individuals 

labelling these as ‘larger than normal’ and ‘too large’ respectively, participants in the 

larger portion condition still consumed more. This highlights the risk of 

overconsumption from larger portions, as people overconsume even from portions 

deemed ‘too large’. 

 Although the effect of portion size on actual intake is well documented, the 

influence of portion size on intended consumption has received much less attention. 

My finding that individuals intended to consume significantly more from larger 

portions, intending to consume significantly more with each subsequent portion size, 

indicates that portion size influences intended consumption and decision-making even 

before a given meal begins. This also supports Cahayadi et al. (2019) who found a near 

linear relationship between portion size and intended consumption. Likewise, 
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Robinson, te Raa, et al. (2015) found that intended consumption and actual 

consumption were similar in males and females when served different portion sizes of 

food. It would now be of interest to merge the paradigms utilised in Chapters 5 and 2. 

Specifically, participants could complete the online questionnaire utilised in Study 1 

of Chapter 5, then be categorised as plate-clearers and non-plate-clearers (as in Study 

1 of Chapter 2) and consume either a small, medium or large portion in the laboratory. 

This would allow investigation of both intended and actual consumption in 

conjunction. It would also enable further investigation of the pre-consumption portion 

size effect found by Robinson, te Raa, et al. (2015). Given that the portion size has 

been found to be curvilinear (Zlatevska et al., 2014), future research would benefit 

from using a range of portion sizes (time and funding permitting). 

My research has implications for how plate-clearing tendencies are viewed in 

eating behaviour research. A small number of portion size studies have found no 

evidence that plate-clearing tendencies statistically moderated the influence of portion 

size on food intake (Rolls, Roe, Kral, et al., 2004; Rolls, Roe, Meengs, et al., 2004). 

However, the extent to which plate-clearing tendencies could explain the influence 

that portion size had on food intake was not the primary focus of these studies. This 

resulted in a limited sample size for moderation analysis, along with little information 

regarding how plate-clearing tendencies were measured and whether the sample 

included a substantial number of participants with and without plate-clearing 

tendencies. Thus, my study is the first to principally examine whether plate-clearing 

tendencies are associated with increased ad-libitum food intake, and to investigate the 

interaction between portion size and plate-clearing tendencies with a sufficient sample 

size. 
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 I refer to those who self-report high plate-clearing tendencies as ‘plate-

clearers’. This does not necessarily mean that, to qualify as a ‘plate-clearer’, one must 

eat all of a portion of food served to them. I propose that those who have a tendency 

to plate-clear will not clear every portion of food they consume, but have the desire 

and effort to clear their plate when eating. As such, these tendencies may lead them to 

overconsume, and occasionally consume all of the food they are served. This can be 

seen in my first study, whereby only 7 participants (6 ‘plate-clearers’ and 1 ‘non-plate-

clearer’) finished the ‘normal portion’, with no participants finishing the large portion. 

These results suggest that individuals with a tendency to plate-clear may increase the 

amount of food they consume at a meal, even if this does not result in all the available 

food being consumed. Therefore, plate-clearing tendencies can still influence food 

consumption without people simply eating all of the food they are served. Overall, 

plate-clearers consumed significantly more relative to those who self-reported lower 

plate-clearing tendencies, highlighting how this tendency may encourage 

overconsumption.  

 In the first study of this thesis (see Chapter 2), I found that plate-clearers 

consumed significantly more than non-plate-clearers, irrespective of the size of the 

portion. This has potential behavioural implications. In both Robinson, Aveyard, et al 

(2015) and Robinson and Hardman (2016), it was suggested that individuals with a 

tendency to plate-clear may be at higher risk of passive overconsumption in the current 

obesogenic environment, and thus at higher risk of weight gain. This is consistent with 

previous research that has also indicated a relationship between plate-clearing and 

BMI; thus, plate-clearing may present a risk factor for excess weight gain. 

Furthermore, in the present research the effect of plate-clearing tendencies on intake 

was robust to controlling for other dietary habits (such as dietary restraint) and BMI. 



 

 

146 
 

This suggests that the association between a tendency to plate-clear when eating and 

increased meal intake is not explained by plate-clearers and non-plate-clearers 

differing on these variables. Investigation into the differences between self-identified 

‘plate-clearers’ and ‘non-plate-clearers’ is now warranted. Some research indicates 

that plate-clearing tendencies stem from parental practises during childhood (e.g. 

Robinson and Hardman (2016)). However, this was not explored in the current study, 

and the biases involved with retrospective reporting make this explanation more 

difficult to investigate.  

 The final study in this thesis (Study 1 of Chapter 5) demonstrated a portion size 

by plate-clearing interaction effect on intended consumption, with the effect of portion 

size on intended consumption being larger in plate-clearers than non-plate-clearers. 

Previous research has also demonstrated that many individuals frequently plan to clear 

their plate and typically stick to this intention (Fay et al., 2011), even over within-meal 

influences such as the onset of fullness (Brunstrom, 2011, 2014). Together, these 

findings suggest that intentions to plate-clear may be maladaptive and contribute to 

overeating, particularly in an eating environment characterised by increasingly larger 

portions. However, Study 1 of Chapter 2 which investigated plate-clearing tendencies 

and food intake of an actual lunchtime meal found no portion size by plate-clearing 

interaction effect on actual food intake. Given that these 2 studies are the first to 

investigate the influence of plate-clearing tendencies on intended and actual 

consumption, further investigation is necessary to clarify this. 

To my knowledge, this thesis represents the first examination of the impact of food 

waste concerns (and experimentally manipulating beliefs about what would happen to 

leftover food) on eating behaviours and food intake. In Study 2 of Chapter 3, I found 

that food waste concerns were positively predictive of self-reported plate-clearing 
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tendencies, in line with previous literature (Robinson & Hardman, 2016). Those who 

reported higher food waste concerns also reported significantly higher plate-clearing 

tendencies. Together, these findings suggest that food waste concerns may be a 

potential determinant for plate-clearing tendencies. As noted, I also found those who 

report higher plate-clearing tendencies consume significantly more food than those 

who report lower plate-clearing tendencies. I also propose that if individuals are highly 

concerned about wasting food, they will desire to waste less food, and therefore be 

more likely to want to clear their plate. In situations where this portion is large, and 

thus more food is liable to be wasted, this effect may be stronger. Over time, this 

increased intake resulting from plate-clearing tendencies, encouraged by concerns 

about food waste, may lead to excess weight gain.  

However, in a laboratory study where actual food intake was covertly 

measured, food waste concerns did not predict food intake directly or via plate-clearing 

(Study 3 of Chapter 3). This was supported by a different method utilised in Chapter 

4, whereby beliefs regarding what would happen to leftover food were experimentally 

manipulated. Manipulating beliefs about what would happen to leftover food did not 

influence intake of a large portion of a snack food. In addition, food waste concerns 

did not predict BMI nor the likelihood of having overweight. Given that weight gain 

is a complicated, multifaceted problem, food waste concerns in isolation may not have 

a substantial influence on BMI.  

In addition, the reasons why individuals are concerned about food waste, and 

why others are less concerned, are likely to be complex. On top of this, why people 

ultimately act or do not act on these concerns is unclear. Previous research highlights 

the attitude-behaviour gap, or the disconnect between attitudes, intentions and 

behaviours (Ajzen, 2001; Sheeran, 2002; Vermeir & Verbeke, 2006). For instance, 
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Vermeir and Verbeke (2006) found that participants’ sustainable food purchasing 

intentions were not wholly consistent with their attitudes. Also, greater intentions to 

reduce food waste have, paradoxically, been associated with wasting more food (Aktas 

et al., 2018; Russell et al., 2017) and reducing household food waste (Graham-Rowe 

et al., 2015), demonstrating that intentions do not always translate to expected 

behaviour. Specifically, the latter findings illustrate that one may hold strong food 

waste concerns, but still engage in behaviours that lead to food going to waste. 

Concerning the findings in Study 3 of Chapter 3, this may also partly explain why 

holding stronger food waste concerns was not associated with consuming more food 

at the lunchtime meal. 

Although my studies and newly created scale measured concerns about food 

waste, they do not investigate the underpinning reasons for being concerned about 

wasting food or how these might differ amongst individuals. Previous research has 

suggested that guilt regarding wasting food can stem from a variety of sources 

including ethical, moral, environmental or financial concerns (Benson, 2009; Schanes 

et al., 2018; Setti et al., 2016), or perceived value of food itself (Ganglbauer et al., 

2013). It is possible that the specific reasons for being concerned about food waste 

inform the behaviours enacted to attempt to reduce food waste. Therefore, it may be 

important to consider the origin of a person’s concerns about wasting food in order to 

understand the effect these concerns might have on their eating behaviour. For 

example, Study 1 of Chapter 2 and Study 3 of Chapter 3 involved providing 

participants with a free meal in laboratory context. Food waste concerns may be more 

influential and promote overconsumption in a restaurant setting, where a person has 

had to pay for a meal and therefore may perceive the meal as being more valuable. 

Furthermore, in these studies a researcher prepared the food. Therefore, participants 
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may not have felt personally responsible for any wasted food, and therefore may not 

have felt compelled to act on their concerns about wasting food in this context. 

Expanding my current food waste concerns scale into one that is more comprehensive 

would allow us to discern individual reasons underlying food waste concerns, and 

investigate how these may impact differently on overconsumption of food and other 

behaviours in response to those concerns.   

Our findings also support research that highlights gender differences in plate-

clearing tendencies. As in previous work (Fay et al., 2011), I found that males reported 

stronger plate-clearing tendencies than females (Study 2 of Chapter 3). Previous 

research also indicates that males may exhibit a stronger portion size effect on food 

intake than females (Rolls, Roe, Kral, et al., 2004; Rolls, Roe, & Meengs, 2006a; Rolls, 

Roe, Meengs, et al., 2004), intending to consume more from a large portion and 

exhibiting a portion size effect where females did not when actual intake was measured 

(Robinson, te Raa, et al., 2015). This could be related to stronger plate-clearing 

tendencies in males than females, which may be related to societal constructs of 

masculinity. Previous research is mixed as to whether individuals consider it more 

masculine and less feminine to consume more food (Chaiken & Pliner, 1987; Pliner et 

al., 1990; Yantcheva & Brindal, 2013) and further investigation is required to discern 

whether males are more at risk of overconsumption, through societal pressures to 

finish portions, than females.  

 

6.3 Applied Relevance 

There is an abundance of research stating that large portions increase energy intake, 

and I have found that individuals both intended to consume more from larger portions 
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(even when portions were 300% of a recommended portion) (Study 1 of Chapter 5) 

and actually consume more when faced with larger relative to smaller portions (Study 

1 of Chapter 2). Interventions that target the food environment, especially those that 

work to reduce the size, availability and appeal of large portions, could contribute to 

substantial reductions in the amount of food people select and consume (Hollands et 

al., 2015).  

Changes to the food environment have the potential to reach a larger proportion 

of people than individual-level behavioural interventions, which may only reach a very 

small select audience (Adams, Mytton, White, & Monsivais, 2016). Furthermore, 

plate-clearing tendencies are common and habitual (Robinson, Aveyard, et al., 2015; 

Robinson & Hardman, 2016). Such behaviours may be hard to modify, and so tackling 

the food environment to ensure that plate-clearing no longer constitutes a maladaptive 

behaviour would be more effective. In this vein, Bray (2004) highlights that the typical 

treatments to tackle obesity, such as dieting, exercise and behaviour therapy, can be 

considered cognitive, taking continued effort at an individual level. Most importantly, 

there is evidence that population interventions that require recipients to use personal 

resources to benefit, such as responding to a message or making a behavioural change, 

can exacerbate health inequalities (Beauchamp, Backholer, Magliano, & Peeters, 

2014; Lorenc, Petticrew, Welch, & Tugwell, 2013). An example is a recent U.K. 

government campaign ‘Change4Life’, which uses education, advice and guidance in 

an attempt to improve the populations’ diet quality and activity behaviours. Individuals 

must hear the message, engage with it, and have the motivation and resources to 

change their behaviour in order to benefit from this intervention. Thus, population 

interventions that rely less on individual actions and more on changes to the external 

environment are likely to be most effective and equitable, and more likely to achieve 
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both public health aims of preventing disease and reducing inequalities (Adams et al., 

2016; Beauchamp et al., 2014; Dobbs et al., 2014).   

Thus, one recommendation of this thesis would be widespread downsizing of 

portion sizes in the food environment. In a recent economic analysis, reduced portion 

size was ranked as having the highest potential to reduce the population health burden 

of obesity (Dobbs et al., 2014). Unlike individual-level approaches or taxation, this 

would influence all individuals equally, and rely less on recipient’s levels of literacy 

and cognitive control (Adams et al., 2016; Beauchamp et al., 2014; Hollands et al., 

2015). The idea of downsizing is not new, having been discussed widely as a potential 

intervention for obesity (Hetherington & Blundell-Birtill, 2018; Hetherington et al., 

2018). Individuals have been found to view a wide range of portions as normal 

(Haynes et al., 2019; Herman & Polivy, 2005), some of which deviate from public 

health recommendations (Almiron-Roig et al., 2013; Brogden & Almiron-Roig, 2011). 

The widespread downsizing of portion sizes would provide widespread exposure to 

smaller portions (Raynor, 2014), potentially reducing the size of portions that are 

considered ‘normal’ over time and leading to sustained reductions in intake. In support, 

Robinson and Kersbergen (2018) found that being served and consuming a smaller 

portion influenced perceptions of normality and led to the selection of smaller portions 

and reduced consumption at a subsequent eating occasion 24 hours later.  

However, there is a question of how much portion sizes should be reduced. 

Some research indicates that there is typically a wide range of portion sizes that 

individuals recognises as ‘normal’, meaning that they would consume that portion in 

its entirety at a given eating occasion (Haynes et al., 2019; Herman & Polivy, 2005). 

Very small or very large portions are likely to be outside of this ‘norm range’, and so 

not seen as ‘normal’. Thus, portion sizes no longer visually perceived to be normal in 
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size may inspire compensatory intake. In support, Haynes et al. (2019) found that 

participants reported that they would compensate for portions that they saw as 

‘smaller-than-normal’. In light of this finding, there could be a risk of going ‘too small’ 

and actually encouraging people to consume more, to compensate for what they 

perceive to be too small a portion. An alternative is to increase the available range of 

portion sizes, to give individuals the choice to select smaller portions. However, 

Zuraikat, Roe, Privitera, and Rolls (2016) found that, although presenting a range of 

portion sizes allowed the selection of smaller portions, the sizes offered were a critical 

determinant of energy intake. This suggests that increasing the range of portion sizes 

available would help to moderate intake if the portion sizes offered were within an 

appropriate range for energy needs. Thus, downsizing may still be necessary, given 

the dramatic sizes of portion sizes that have been noted (Condrasky et al., 2007; 

Piernas & Popkin, 2011; Smiciklas-Wright et al., 2003; Young & Nestle, 2002, 2003, 

2007, 2012).   

We still must exercise caution in implementing downsizing as an intervention 

to tackle obesity. There is currently little research into interventions to reduce portion 

size, and existing studies show mixed results (Steenhuis & Vermeer, 2009). In 

addition, a lot of existing evidence into the effect of reducing portion size comes from 

studies into very large portions. Therefore, we cannot be certain that reducing to 

smaller portions would be effective in reducing food consumption (Marteau, Hollands, 

Shemilt, & Jebb, 2015). The environmental impact of downsizing is also unclear. For 

instance, Fresán, Errendal, Craig, and Sabaté (2019) found that individual-serving 

containers produced more greenhouse gas emissions than multi-serving packages for 

a wide range of commonly consumed foods. However, they also noted that the 

environmental impact of food production were always greater than those associated 
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with the packaging of the product, suggesting that if downsizing occurred in such a 

way that food production was reduced, then this may have environmental benefits that 

outweigh the increased use of packaging.  

One major criticism of downsizing is the potential lack of public acceptance, 

with findings from a focus group study suggesting that portion size reductions may not 

be publicly accepted (Vermeer et al., 2010). One issue for this is the cost-effectiveness 

of purchasing and consuming larger portions (Vermeer et al., 2010). Alternatively, 

participants felt more positive about increased availability of portion sizes and pricing 

strategies, followed by improvements to serving-size labels (Vermeer et al., 2010). My 

work contributes an interesting angle to this discussion. Dislike of waste, particularly 

food waste, and concerns about the global issue of food waste are well-documented 

(Abdelradi, 2018; Gaiani et al., 2017; Parizeau et al., 2015; Setti et al., 2016). 

Therefore, it may be that people would be more willing to accept downsizing as a 

solution not only to overconsumption, but also to reduce food waste. Further research 

into public opinion on downsizing as a solution to reduce food waste would be of 

interest. Since making substantial changes to the food environment could take many 

years, arming individuals with the awareness, knowledge and skills that contribute 

towards having a healthy, balanced diet may present a more timely approach to reduce 

the prevalence of overweight and obesity. 

My findings on intended consumption are particularly relevant to eating 

outside of the home, where large portions of food are the norm and typically exceed 

daily energy intake recommendations (Robinson, Jones, et al., 2018). I found that 

individuals intended to consume significantly more from larger relative to smaller 

portions of a hypothetical main meal. Given that a recent survey by the Foods 

Standards Agency found that 11%, 29% and 27% of adults report eating breakfast, 
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lunch and dinner outside of the home at least once a week or more (Food Standards 

Agency, 2019), this may contribute to overconsumption in restaurants or cafes. I also 

found that plate-clearing tendencies and food waste concerns individually moderate 

the effect of portion size on intended consumption. Therefore, this may be a 

particularly problem for individuals with high plate-clearing tendencies, which are 

common (Fay et al., 2011; Hinton et al., 2013; Lorenz et al., 2017; Robinson, Aveyard, 

et al., 2015; Robinson & Hardman, 2016) or high food waste concerns, which are also 

common (Evans, 2011, 2012). Also, Best and Papies (2019) found a larger intended 

portion size effect for unhealthy than healthy snacks, which may present a further issue 

regarding overconsumption of energy. Furthermore, my finding that those with 

stronger plate-clearing tendencies consume more than those with lower plate-clearing 

tendencies represents a target for behaviour intervention. Making people aware of the 

ubiquitous nature of plate-clearing tendencies, and the ease at which we overconsume 

in today’s food environment on a potentially daily basis, may encourage individuals 

to mitigate this behaviour. A solution specific to eateries outside of the home would 

be to utilise take-away boxes, which has been suggested to attenuate the portion size 

effect on consumption of a meal (Bates & Shanks, 2015; Zuraikat, Roe, Smethers, & 

Rolls, 2018). Saving leftovers for a subsequent eating occasion presents a practical 

solution to both overconsumption and reducing waste that could be encouraged by 

restaurants (i.e. advertising the provision of take-away boxes at the end of a meal). 

Although this thesis represents one of the first lines of research into how food 

waste concerns influence food intake, a relationship between them has been alluded to 

previously by Hall, Guo, Dore, and Chow (2009). Hall et al. (2009) proposed a 

paradoxical relationship between an abundant food environment, wasted food and 

obesity, which is maintained by growing portion sizes. These authors suggest that if 
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you tackle one of these elements, you will actively aid in the improvement of the 

others. Some research into the effect of portion size reduction on food intake supports 

this. Berkowitz, Marquart, Mykerezi, Degeneffe, and Reicks (2016) examined 

consumption and plate waste for 5 weeks before and 7 weeks after introducing 5 

reduced-size meals in a worksite cafeteria, and for 3 weeks before and 4 weeks after 

introducing these in a restaurant setting. Food waste and energy intake were 

significantly lower when both full and reduced-size meals were served compared to 

when only full size portions were available. This suggests that reducing portion sizes 

and providing a wider range of options could influence both intake and waste. 

Furthermore, the intervention was well received, with both eateries continuing to offer 

the reduced portion sizes after the intervention. However, what do we target? The food 

environment, food waste, or obesity? These 3 issues have proved thus far to be difficult 

to tackle, and my research does not clarify how exactly food waste concerns influence 

food intake beyond intended consumption. Thus, further research into how we could 

more effectively target any one of these issues would be valuable, and would hopefully 

have a positive impact on all 3 issues.  

 

6.4 Strengths and Limitations 

The research methods utilised in this study have several strengths. I strived to use 

validated measures and scales where possible to ensure that psychological processes 

and behaviours were sensitively recorded. I also validated my own scale to measure 

food waste concerns to ensure it would accurately measure food waste concerns in 

these studies. I utilised power calculations to ensure that these samples were large 

enough to provide sufficient power to detect likely effects. Attention checks were 

utilised in my online studies to increase my certainty that the data collected was from 
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participants who were attending and answering questions as honestly as possible. In 

my laboratory studies, food intake was always covertly measured. I also made use of 

cover stories that were believable and descriptive, and included specific tasks, to 

disguise the aims of each study. Recent research indicates that people may act 

differently if they are aware of the hypotheses of the study (Kersbergen, Whitelock, 

Haynes, Schroor, & Robinson, 2019) or if they are aware that their eating behaviour 

is being observed (Robinson, Hardman, Halford, & Jones, 2015). The use of cover 

stories in eating behaviour research is recommended (Best, Barsalou, & Papies, 2018; 

Robinson, Bevelander, Field, & Jones, 2018).  

All my observational studies, where food intake was directly and covertly 

measured, took place in a laboratory setting. This makes drawing implications and 

conclusions about the behaviour of free-living participants in a real world setting 

difficult. First, eating behaviour is affected by a multitude of factors and there is a 

certain amount of etiquette involved when eating. The use of large portion sizes in all 

my laboratory studies may have encouraged those who may have usually eaten less to 

consume more, so as not to appear ill-mannered towards the experimenter who had 

cooked their food and would see the amount of food they leave. On the other hand, 

those who may have usually eaten more from a large portion may have been 

constrained by impression management, not wanting to appear greedy. For example, 

in the study outlined in Chapter 2, participants were presented with a hot lunchtime 

meal that has come from the research laboratory kitchen and been cooked by the 

researcher. Even if participants with lower plate-clearing tendencies did not wish to 

consume a considerable amount of food from the portion size provided, they may have 

felt it would be ill mannered to waste a very large amount of food that had been 

prepared for them. Alternatively, some of those who identified themselves as plate-
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clearers may have consumed less to avoid appearing greedy. Indirect support to this 

proposition comes from a study by Robinson, Kersbergen, Brunstrom, and Field 

(2014), who found that participants ate significantly less when told that their 

consumption would be recorded. 

The artificial eating situation created by a laboratory study, in which 

participants are provided with a set portion of a food or meal that they did not have to 

choose or pay for, neglects elements of eating occasions that are present in real-world 

settings. An exception to this is the studies reported in Chapter 4, which took place in 

a laboratory designed to look like a lounge. Utilising a laboratory that more closely 

matches the experience I want to investigate in participants would be more 

ecologically valid. Another solution would be to replicate my studies in a real-world 

setting, such as a restaurant or canteen, to discern whether the results from the 

laboratory mirror those found in the free-living environment. However, such 

naturalistic approaches bring different caveats to consider, such as lack of 

methodological control. 

Across most of my studies individuals were recruited from student and staff 

populations from the University of Liverpool (the exceptions to this are Study 1 of 

Chapter 3, which utilised an online recruitment platform used by participants across 

the U.K., and the study reported in Chapter 5, which utilised social media posting to 

recruit more widely). The majority of participants were students, some of whom were 

seeking course credits and so would take part in many of these studies, or staff 

members, who again would be aware of these ongoing studies and take part in many 

studies in their lunch break for monetary reimbursement. Both of these populations are 

not representative of the general population. Furthermore, these individuals may be 

aware of the use of cover stories, deception and concealing of aims. Thus, they may 
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be more sceptical or recognise it as an artificial situation where behaviour is being 

measured. This could influence how participants behave in the study, regardless of 

whether or not they are aware of the study aims. 

In terms of my research aims, we may expect university students and staff to 

have a higher than average level of education than the general population. Whether or 

not those with differing education attainments, or differences in socioeconomic status, 

diverge in their approaches to plate-clearing or practicing behaviours intended to 

reduce food waste has not been investigated. However, these have been found to be 

important to other aspects of eating behaviour. For example, Best and Papies (2019) 

found that those with lower socioeconomic status intended to consume more from 

larger portions.  

A limitation across all studies is that plate-clearing tendencies and food waste 

concerns were self-reported. Although we would expect individuals to be able to report 

with some accuracy on their plate-clearing behaviour and food waste concerns, self-

report measures can introduce bias. However, there was variability in these measures 

throughout my studies, which indicates that it was not the case that everyone felt 

compelled to report high plate-clearing tendencies and food waste concerns, Also, this 

is unavoidable when measuring food waste concerns, as concerns by their nature are 

self-reported. For plate-clearing tendencies, utilising objective measures of plate-

clearing behaviour to corroborate self-reported measures is a possible solution. 

However, my studies would indicate that one can report strong plate-clearing 

tendencies without necessarily finishing every portion of food served to them. 

Although ‘plate-clearers’ may not always clear the plate every time without fail, the 

desire and effort to clear the plate is present when eating, which I argue encourages 

overconsumption, as was observed in Study 1 of Chapter 2.  
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Apart from Study 1 of Chapter 3, that explicitly aimed to investigate the 

consistency of food waste concerns over a 2-week period, all my studies were cross-

sectional, with food intake being examined at a single test meal or measures completed 

at one time point. Therefore, I do not know if those with stronger food waste concerns 

and stronger plate-clearing tendencies would be more at risk of overconsumption or 

weight gain over time. For example, in the study outlined in Chapter 2, it was found 

that plate-clearers consumed significantly more than non-plate-clearers. However, I 

cannot discern whether individuals would have compensated for this increased intake 

at subsequent eating occasions, which would influence whether plate-clearing 

tendencies inspire overconsumption or weight gain over time. I have found that the 

food waste concerns scale has excellent test-retest reliability, but this has not been 

investigated with regards to the plate-clearing tendencies scale (Robinson, Aveyard, 

et al., 2015). It would now be useful to investigate how food waste concerns and plate-

clearing tendencies impact weight gain and food intake over time.  

Finally, the failed replication of Study 1 of Chapter 4 presents a lesson for the 

scientific study of eating behaviour in Psychology. Here, I attempted to replicate 

significant but exploratory findings. However, I believe the findings of my exploratory 

analyses in Study 1 were most likely erroneous and a ‘false positive’ finding, as the 

overall effect of believing that food would be wasted vs. control on food intake was 

driven by a small number of male participants in each condition. Because I used a 

between-subjects design it is plausible that random sampling resulted in a higher 

proportion of male participants eating a lot of popcorn being allocated to the food is 

wasted condition than the control condition. ‘False positive’ findings are thought to be 

most likely under conditions of small sample sizes in between-subject designs, because 

such conditions increase the likelihood of random differences between experimental 



 

 

160 
 

groups occurring (Simmons et al., 2011). There is guidance regarding creating robust 

studies to examined the psychology of eating behaviour (Best et al., 2018; 

Hetherington & Rolls, 2018; Robinson, Bevelander, et al., 2018) and replication of 

findings before publication may also improve the reliability of research findings.  

 

6.5 Contributions and Future Directions 

This thesis represents the first piece of extensive research to investigate the 

influence of plate-clearing tendencies and food waste concerns on overconsumption 

from larger portions. As such, replications of all these studies would be beneficial. A 

key contribution of this thesis is the development and validation of a novel tool to 

measure food waste concerns in the context of eating behaviour. Although there are 

some existing scales that measure attitudes towards food waste, these focus more 

specifically on engaging in food waste behaviours (Graham-Rowe et al., 2015; Russell 

et al., 2017) or do not include a food intake element (Aktas et al., 2018). My scale, 

which addresses food waste concerns in the context of food intake, could be used in 

future to investigate food waste concerns and how they impact both eating and food 

wastage.  

Study 1 of Chapter 5 is the first to look at the influence of plate-clearing 

tendencies and food waste concerns on intended consumption, and one of only 3 

studies to investigate the effect of portion size of intended consumption. As such, it 

contributes significantly to this currently sparse literature. An immediate follow-up 

would be to replicate this study design in conjunction with a paradigm that includes 

both intended and actual consumption as outcome measures, such as studies by 

Cahayadi et al. (2019) and Robinson, te Raa, et al. (2015). This would not only expand 
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upon the literature investigating how intended consumption corresponds to actual 

consumption, but would also improve upon some limitations in my studies. For 

example, only 1 or 2 portion sizes were used in the studies measuring food intake 

reported in this thesis. Since the portion size effect has been found to be curvilinear 

(Zlatevska et al., 2014), it would be of interest to investigate how plate-clearing 

tendencies and food waste concerns influence food intake from various portion sizes.  

 

6.6 Summary  

This thesis provides further evidence for a portion size effect on both intended and 

actual consumption, which has implications for policies and interventions aimed at 

reducing the size of portions available in our food environment. Also, this thesis 

provides the first thorough investigation into how plate-clearing tendencies and food 

waste concerns influence food intake. My finding that those who self-report stronger 

plate-clearing tendencies consume more than those who report lower plate-clearing 

tendencies indicates that targeting plate-clearing behaviours as an avenue for 

intervention, or working to create a food environment in which plate-clearing would 

no longer constitute a maladaptive behaviour, would benefit widespread reductions in 

food intake. I also provide evidence that food waste concerns are associated with plate-

clearing tendencies. Further investigation into how food waste concerns influence 

plate-clearing tendencies and how this may influence eating behaviours is now 

warranted.  

 

 



 

 

162 
 

References 

Abdelradi, F. (2018). Food waste behaviour at the household level: A conceptual 

framework. Waste Management, 71, 485–493. 

https://doi.org/10.1016/j.wasman.2017.10.001 

Abeliotis, K., Lasaridi, K., & Chroni, C. (2014). Attitudes and behaviour of Greek 

households regarding food waste prevention. Waste Management and Research, 

32(3), 237–240. https://doi.org/10.1177/0734242X14521681 

Adams, J., Goffe, L., Brown, T., Lake, A. A., Summerbell, C., White, M., … 

Adamson, A. J. (2015). Frequency and socio-demographic correlates of eating 

meals out and take-away meals at home: cross-sectional analysis of the UK 

national diet and nutrition survey, waves 1–4 (2008–12). International Journal of 

Behavioral Nutrition and Physical Activity, 12(1), 1–9. 

https://doi.org/10.1186/s12966-015-0210-8 

Adams, J., Mytton, O., White, M., & Monsivais, P. (2016). Why Are Some Population 

Interventions for Diet and Obesity More Equitable and Effective Than Others? 

The Role of Individual Agency. PLoS Medicine, 13(4), 1–7. 

https://doi.org/10.1371/journal.pmed.1001990 

Ajzen, I. (2001). Nature and operation of attitudes. Annual Review of Psychology, 

52(1), 27–58. 

Aktas, E., Sahin, H., Topaloglu, Z., Oledinma, A., Huda, A. K. S., Irani, Z., … 

Kamrava, M. (2018). A consumer behavioural approach to food waste. Journal 

of Enterprise Information Management, 31(5), 658–673. 

https://doi.org/10.1108/JEIM-03-2018-0051 

Al-Bachir, M., & Bakir, M. A. (2017). Predictive value of body mass index to 



 

 

163 
 

metabolic syndrome risk factors in Syrian adolescents. Journal of Medical Case 

Reports, 11(1), 1–7. https://doi.org/10.1186/s13256-017-1315-2 

Almiron-Roig, E., Navas-Carretero, S., Emery, P., & Martínez, J. A. (2018). Research 

into food portion size: methodological aspects and applications. Food & 

Function, 9(2), 715–739. https://doi.org/10.1039/C7FO01430A 

Almiron-Roig, E., Solis-Trapala, I., Dodd, J., & Jebb, S. A. (2013). Estimating food 

portions. Influence of unit number, meal type and energy density. Appetite, 71, 

95–103. https://doi.org/10.1016/j.appet.2013.07.012 

Bates, K. J., & Shanks, C. B. (2015). Placement of a take-out container during meal 

influences energy intake. Eating Behaviors, 19, 181–183. 

https://doi.org/10.1016/j.eatbeh.2015.09.004 

Beauchamp, A., Backholer, K., Magliano, D., & Peeters, A. (2014). The effect of 

obesity prevention interventions according to socioeconomic position: a 

systematic review. Obesity Reviews, 15(7), 541–554. 

https://doi.org/10.1111/obr.12161 

Bellisle, F., Dalix, A. M., & Slama, G. (2004). Non food-related environmental stimuli 

induce increased meal intake in healthy women: Comparison of television 

viewing versus listening to a recorded story in laboratory settings. Appetite, 43(2), 

175–180. https://doi.org/10.1016/j.appet.2004.04.004 

Benson, C. (2009). Increasing portion size in Britain. Society, Biology and Human 

Affairs, 74(2), 4–20. https://doi.org/10.1063/1.2756072 

Benton, D. (2015). Portion size: what we know and what we need to know. Critical 

Reviews in Food Science and Nutrition, 55(7), 988–1004. 



 

 

164 
 

https://doi.org/10.1080/10408398.2012.679980 

Berkowitz, S., Marquart, L., Mykerezi, E., Degeneffe, D., & Reicks, M. (2016). 

Reduced-portion entrées in a worksite and restaurant setting: Impact on food 

consumption and waste. Public Health Nutrition, 19(16), 3048–3054. 

https://doi.org/10.1017/S1368980016001348 

Berthoud, H. R., Münzberg, H., & Morrison, C. D. (2017). Blaming the brain for 

obesity: integration of hedonic and homeostatic mechanisms. Gastroenterology, 

152(7), 1728–1738. https://doi.org/10.1053/j.gastro.2016.12.050 

Best, M., Barsalou, L. W., & Papies, E. K. (2018). Studying human eating behaviour 

in the laboratory: Theoretical considerations and practical suggestions. Appetite, 

130, 339–343. https://doi.org/10.1016/J.APPET.2018.06.001 

Best, M., & Papies, E. K. (2018). Socioeconomic status and the susceptibility to 

overeat from excessive food portions. 

Best, M., & Papies, E. K. (2019). Lower socioeconomic status is associated with higher 

intended consumption from oversized portions of unhealthy food. Appetite, 140, 

255–268. https://doi.org/10.1016/J.APPET.2019.05.009 

Birch, L. L., McPhee, L., Shoba, B. C., Steinberg, L., & Krehbiel, R. (1987). “Clean 

up your plate”: effects of child feeding practices on the conditioning of meal size. 

Learning and Motivation, 18(3), 301–317. 

Blundell, J. E., & King, N. A. (1996). Overconsumption as a cause of weight gain: 

behavioural–physiological interactions in the control of food intake (appetite). In 

D. J. Chadwick & G. Cardew (Eds.), The Origins and Consequences of Obesity. 

(pp. 138–158). West Sussex, England: John Wiley & Sons. 



 

 

165 
 

https://doi.org/10.1002/9780470514962.ch9 

Blundell, J. E., Stubbs, R. J., Golding, C., Croden, F., Alam, R., Whybrow, S., … 

Lawton, C. L. (2005). Resistance and susceptibility to weight gain: Individual 

variability in response to a high-fat diet. Physiology and Behavior, 86(5), 614–

622. https://doi.org/10.1016/j.physbeh.2005.08.052 

Bolton, L. E., & Alba, J. W. (2012). When less is more: Consumer aversion to unused 

utility. Journal of Consumer Psychology, 22(3), 369–383. 

https://doi.org/10.1016/j.jcps.2011.09.002 

Bray, G. A. (2004). The epidemic of obesity and changes in food intake: the Fluoride 

Hypothesis. Physiology & Behavior, 82(1), 115–121. 

https://doi.org/10.1016/j.physbeh.2004.04.033 

Brogden, N., & Almiron-Roig, E. (2011). Estimated portion sizes of snacks and 

beverages differ from reference amounts and are affected by appetite status in 

non-obese men. Public Health Nutrition, 14(10), 1743–1751. 

https://doi.org/10.1017/S1368980011000528 

Brown, H. M., Rollo, M. E., De Vlieger, N. M., Collins, C. E., & Bucher, T. (2018). 

Influence of the nutrition and health information presented on food labels on 

portion size consumed: A systematic review. Nutrition Reviews, 76(9), 655–677. 

https://doi.org/10.1093/nutrit/nuy019 

Brunstrom, J. M. (2011). The control of meal size in human subjects: a role for 

expected satiety, expected satiation and premeal planning. Proceedings of the 

Nutrition Society, 70(2), 155–161. https://doi.org/10.1017/S002966511000491X 

Brunstrom, J. M. (2014). Mind over platter: pre-meal planning and the control of meal 



 

 

166 
 

size in humans. International Journal of Obesity, 38(S1), S9–S12. 

https://doi.org/10.1038/ijo.2014.83 

Brunstrom, J. M., & Mitchell, G. L. (2006). Effects of distraction on the development 

of satiety. The British Journal of Nutrition, 96(4), 761–769. 

https://doi.org/10.1079/BJN20061880 

Brunstrom, J. M., Mitchell, G. L., & Baguley, T. S. (2005). Potential early-life 

predictors of dietary behaviour in adulthood: a retrospective study. International 

Journal of Obesity, 29(5), 463–474. https://doi.org/10.1038/sj.ijo.0802890 

Burger, K. S., Fisher, J. O., & Johnson, S. L. (2011). Mechanisms Behind the Portion 

Size Effect: Visibility and Bite Size. Obesity, 19(3), 546–551. 

https://doi.org/10.1038/oby.2010.233 

Burger, K. S., Kern, M., & Coleman, K. J. (2007). Characteristics of self-selected 

portion size in young adults. Journal of the American Dietetic Association, 

107(4), 611–618. https://doi.org/10.1016/j.jada.2007.01.006 

Burgoine, T., Forouhi, N. G., Griffin, S. J., Brage, S., Wareham, N. J., & Monsivais, 

P. (2016). Does neighborhood fast-food outlet exposure amplify inequalities in 

diet and obesity? A cross-sectional study. The American Journal of Clinical 

Nutrition, 103(6), 1540–1547. https://doi.org/10.3945/ajcn.115.128132 

Cahayadi, J., Geng, X., Mirosa, M., & Peng, M. (2019). Expectancy versus 

experience–Comparing Portion-Size-Effect during pre-meal planning and actual 

intake. Appetite, 135, 108–114. https://doi.org/10.1016/J.APPET.2019.01.012 

Carmines, E., & McIver, J. (1981). Analyzing Models with Unobserved Variables: 

Analysis of Covariance Structures. In G. W. Bohrnstedt & E. F. Borgatta (Eds.), 



 

 

167 
 

Social movement (pp. 65–115). Beverly Hills: Sage. 

Cavanagh, K., Vartanian, L. R., Herman, C. P., & Polivy, J. (2014). The effect of 

portion size on food intake is robust to brief education and mindfulness exercises. 

Journal of Health Psychology, 19(6), 730–739. 

https://doi.org/10.1177/1359105313478645 

Cawley, J., & Meyerhoefer, C. (2012). The medical care costs of obesity: an 

instrumental variables approach. Journal of Health Economics, 31(1), 219–230. 

https://doi.org/10.1016/j.jhealeco.2011.10.003 

Chaiken, S., & Pliner, P. (1987). Women, but not men, are what they eat: the effect of 

meal size and gender on perceived femininity and masculinity. Personality and 

Social Psychology Bulletin, 13(2), 166–176. 

Church, S. (2008). Trends in portion sizes in the UK-A preliminary review of published 

information Report to the Food Standards Agency. London: Food Standards 

Agency. 

Church, T. S., Thomas, D. M., Tudor-Locke, C., Katzmarzyk, P. T., Earnest, C. P., 

Rodarte, R. Q., … Bouchard, C. (2011). Trends over 5 decades in U.S. 

occupation-related physical activity and their associations with obesity. PLoS 

ONE, 6(5), 1–7. https://doi.org/10.1371/journal.pone.0019657 

Cicchetti, D. V. (1994). Guidelines, criteria, and rules of thumb for evaluating normed 

and standardized assessment instruments in psychology. Psychological 

Assessment, 6(4), 284–290. 

Comrey, A. L., Lee, H. B., & Lee, H. B. (2013). A First Course in Factor Analysis. 

Psychology Press. https://doi.org/10.4324/9781315827506 



 

 

168 
 

Condrasky, M., Ledikwe, J. H., Flood, J. E., & Rolls, B. J. (2007). Chefs’ opinions of 

restaurant portion sizes. Obesity, 15(8), 2086–2094. 

https://doi.org/10.1038/oby.2007.248 

Derraik, J. G. B., De Bock, M., Hofman, P. L., & Cutfield, W. S. (2014). Increasing 

BMI is associated with a progressive reduction in physical quality of life among 

overweight middle-aged men. Scientific Reports, 4, 95–98. 

https://doi.org/10.1038/srep03677 

Diliberti, N., Bordi, P. L., Conklin, M. T., Roe, L. S., & Rolls, B. J. (2004). Increased 

portion size leads to increased energy intake in a restaurant meal. Obesity 

Research, 12(3), 562–568. https://doi.org/10.1038/oby.2004.64 

Dobbs, R., Sawers, C., Thompson, F., Manyika, J., Woetzel, J., Child, P., … 

Spatharou, A. (2014). Overcoming obesity: an initial economic analysis. 

Dodd, D. K., Birky, H. J., & Stalling, R. B. (1976). Eating behavior of obese and 

normal-weight females in a natural setting. Addictive Behaviors, 1(4), 321–325. 

https://doi.org/10.1016/0306-4603(76)90039-3 

Drewnowski, A., & Rehm, C. D. (2013). Energy intakes of US children and adults by 

food purchase location and by specific food source. Nutrition Journal, 12(1), 59. 

https://doi.org/10.1186/1475-2891-12-59 

Duffey, K. J., & Popkin, B. M. (2011). Energy density, portion size, and eating 

occasions: Contributions to increased energy intake in the United States, 1977-

2006. PLoS Medicine, 8(6), e1001050, 1–8. 

https://doi.org/10.1371/journal.pmed.1001050 

Ello-martin, J. a, Ledikwe, J. H., & Rolls, B. J. (2005). The influence of food portion 



 

 

169 
 

size and energy density on energy intake : implications for weight management. 

The American Journal of Clinical Nutrition, 82(1), 236S-241S. 

https://doi.org/82/1/236S [pii] 

English, L., Lasschuijt, M., & Keller, K. L. (2015). Mechanisms of the portion size 

effect. What is known and where do we go from here? Appetite, 88, 39–49. 

https://doi.org/10.1016/j.appet.2014.11.004 

Evans, D. (2011). Blaming the consumer - once again: The social and material contexts 

of everyday food waste practices in some English households. Critical Public 

Health, 21(4), 429–440. https://doi.org/10.1080/09581596.2011.608797 

Evans, D. (2012). Beyond the throwaway society: ordinary domestic practice and a 

sociological approach to household food waste. Sociology, 46(1), 41–56. 

https://doi.org/10.1177/0038038511416150 

Fay, S. H., Ferriday, D., Hinton, E. C., Shakeshaft, N. G., Rogers, P. J., & Brunstrom, 

J. M. (2011). What determines real-world meal size? Evidence for pre-meal 

planning. Appetite, 56(2), 284–289. https://doi.org/10.1016/j.appet.2011.01.006 

Finucane, M. M., Stevens, G. A., Cowan, M. J., Danaei, G., Lin, J. K., Paciorek, C. J., 

… Ezzati, M. (2011). National, regional, and global trends in body-mass index 

since 1980: systematic analysis of health examination surveys and 

epidemiological studies with 960 country-years and 9·1 million participants. The 

Lancet, 377(9765), 557–567. https://doi.org/10.1016/S0140-6736(10)62037-5 

Fisher, J. O., Arreola, A., Birch, L., & Rolls, B. (2007). Portion size effects on daily 

energy intake in low-income Hispanic and African American children and their 

mothers. The American Journal of Clinical Nutrition, 86(6), 1709–1716. 

https://doi.org/86/6/1709 [pii] 



 

 

170 
 

Fisher, J. O., & Kral, T. V. E. (2008). Super-size me : Portion size effects on young 

children’s eating, 94(1), 39–47. https://doi.org/10.1016/j.physbeh.2007.11.015 

Fisher, J. O., Liu, Y., Birch, L. L., & Rolls, B. J. (2007). Effects of portion size and 

energy density on young children’s intake. The American Journal of Clinical 

Nutrition, 86(1), 174–179. https://doi.org/10.3945/ajcn.111.017848.1 

Flegal, K. M., Carroll, M. D., Kit, B. K., & Ogden, C. L. (2012). Prevalence of obesity 

and trends in the distribution of body mass index among US adults, 1999-2010. 

Jama, 307(5), 491–497. https://doi.org/10.1001/jama.2012.39 

Flood, J. E., Roe, L. S., & Rolls, B. J. (2006). The effect of increased beverage portion 

size on energy intake at a meal. Journal of the American Dietetic Association, 

106(12), 1984–1990. https://doi.org/10.1016/J.JADA.2006.09.005 

Fontaine, K., Redden, D., Wang, C., Westfall, A., & Allison, D. (2003). Years of life 

lost due to obesity. The Journal of the American Medical Association, 289(2), 

187–193. 

Food and Agriculture Organization of the United Nations. (2013). Food wastage 

footprint: impacts on natural resources: summary report. Food wastage footprint 

Impacts on natural resources: summary report. https://doi.org/ISBN 978-92-5-

107752-8 

Food and Agriculture Organization of the United Nations. (2014). Food Wastage 

Footprint: Fool cost-accounting. Food and Agriculture Organization of the 

United Nations (FAO). https://doi.org/ISBN 978-92-5-107752-8 

Food Standards Agency. (2019). The Food and You Survey: Wave 5, Combined report 

for England, Wales and Northern Ireland. Retrieved from 



 

 

171 
 

https://www.food.gov.uk/sites/default/files/media/document/food-and-you-

wave5-combined-report-web-revised.pdf 

French, S. A., Mitchell, N. R., Wolfson, J., Harnack, L. J., Jeffery, R. W., Gerlach, A. 

F., … Pentel, P. R. (2014). Portion size effects on weight gain in a free living 

setting. Obesity, 22(6), 1400–1405. https://doi.org/10.1002/oby.20720 

Fresán, U., Errendal, S., Craig, W. J., & Sabaté, J. (2019). Does the size matter? A 

comparative analysis of the environmental impact of several packaged foods. 

Science of the Total Environment, 687, 369–379. 

https://doi.org/10.1016/j.scitotenv.2019.06.109 

Fritz, M. S., & MacKinnon, D. P. (2010). Required sample size to detect the mdiated 

effect. Psychological Science, 18(3), 233–239. https://doi.org/10.1111/j.1467-

9280.2007.01882.x.Required 

Gaiani, S., Caldeira, S., Adorno, V., Segrè, A., & Vittuari, M. (2017). Food wasters: 

profiling consumers’ attitude to waste food in Italy. Waste Management, 72, 17–

24. https://doi.org/10.1016/j.wasman.2017.11.012 

Ganglbauer, E., Fitzpatrick, G., & Comber, R. (2013). Negotiating food waste: Using 

a practice lens to inform design. ACM Transactions on Computer-Human 

Interaction (TOCHI), 20(2), 1–25. https://doi.org/10.1145/2463579.2463582 

Garbinsky, E. N., Morewedge, C. K., & Shiv, B. (2014). Interference of the end: why 

recency bias in memory determines when a food is consumed again. 

Psychological Science, 25(7), 1466–1474. 

https://doi.org/10.1177/0956797614534268 

Garcia-Dominic, O., Lengerich, E. J., Camacho, F., Gallant, N. R., Wray, L. A., Ahern, 



 

 

172 
 

F., … Ulbrecht, J. S. (2014). Prevalence of diabetes and associated obesity in 

Pennsylvania adults, 1995-2010. Preventing Chronic Disease, 11(7), 1–10. 

https://doi.org/10.5888/pcd11.130330 

Geier, A. B., Rozin, P., & Doros, G. (2006). Unit Bias A new heuristic that helps 

explain the effect of portion size on food intake. Psychological Science, 17(6), 

521–525. https://doi.org/10.1111/j.1467-9280.2006.01738.x 

Girju, M., & Ratchford, M. (2018). The Influences of Portion Size, Context and 

Package Characteristics on Snack Food Consumption: Evidence from a U.S. 

Rolling Cross-Sectional Survey. Journal of Food Products Marketing, 25(3), 

295–321. https://doi.org/10.1080/10454446.2018.1553745 

Gjerris, M., & Gaiani, S. (2013). Household food waste in Nordic countries : 

Estimations and ethical implications. Etikk i Praksis. Nordic Journal of Applied 

Ethics, 7(1), 6–23. https://doi.org/10.5324/eip.v7i1.1786 

Graham-Rowe, E., Jessop, D. C., & Sparks, P. (2014). Identifying motivations and 

barriers to minimising household food waste. Resources, Conservation and 

Recycling, 84, 15–23. https://doi.org/10.1016/j.resconrec.2013.12.005 

Graham-Rowe, E., Jessop, D. C., & Sparks, P. (2015). Predicting household food 

waste reduction using an extended theory of planned behaviour. Resources, 

Conservation and Recycling, 101, 194–202. 

https://doi.org/10.1016/j.resconrec.2015.05.020 

Gustavsson, J., Cederberg, C., Sonesson, U., Van Otterdijk, R., & Meybeck, A. (2011). 

Global Food Losses and Food Waste. Rome: FAO. 

Hall, K. D., Guo, J., Dore, M., & Chow, C. C. (2009). The progressive increase of food 



 

 

173 
 

waste in America and its environmental impact. PLoS ONE, 4(11). 

https://doi.org/10.1371/journal.pone.0007940 

Hayes, A. F. (2013). Introduction. In Introduction to Mediation, Moderation, and 

Conditional Process Analysis: A Regression-Based Approach. 

https://doi.org/10.1111/jedm.12050 

Hayes, A. F. (2017). Introduction to Mediation, Moderation, and Conditional Process 

Analysis: A Regression-based Approach (2nd ed.). Guilford Publications. 

Haynes, A. (2019a). Using portion size normality to predict the effect of portion size 

reduction on compensatory intake. Retrieved August 7, 2019, from 

https://osf.io/wzesx/ 

Haynes, A. (2019b). Visual exposure and compensating for small portions. Retrieved 

August 7, 2019, from https://osf.io/xbpg3/ 

Haynes, A., Hardman, C. A., Makin, A. D. J., Halford, J. C. G., Jebb, S. A., & 

Robinson, E. (2019). Visual perceptions of portion size normality and intended 

food consumption: a norm range model. Food Quality and Preference, 72, 77–

85. https://doi.org/10.1016/J.FOODQUAL.2018.10.003 

Herman, C. P., & Polivy, J. (2005). Normative influences on food intake. Physiology 

and Behavior, 86(5), 762–772. https://doi.org/10.1016/j.physbeh.2005.08.064 

Herman, C. P., Polivy, J., Pliner, P., & Vartanian, L. R. (2015). Mechanisms 

underlying the portion-size effect. Physiology & Behavior, 144, 129–136. 

https://doi.org/10.1016/j.physbeh.2015.03.025 

Hetherington, M. M., & Blundell-Birtill, P. (2018). The portion size effect and 

overconsumption - towards downsizing solutions for children and adolescents. 



 

 

174 
 

Nutrition Bulletin, 43(1), 61–68. https://doi.org/10.1111/nbu.12307 

Hetherington, M. M., Blundell-Birtill, P., Caton, S. J., Cecil, J. E., Evans, C. E., Rolls, 

B. J., & Tang, T. (2018). Understanding the science of portion control and the art 

of downsizing. Proceedings of the Nutrition Society, 77(3), 347–355. 

https://doi.org/10.1017/s0029665118000435 

Hetherington, M. M., & Rolls, B. J. (2018). Favouring more rigour when investigating 

human eating behaviour is like supporting motherhood and apple pie: a response 

to Robinson, Bevelander, Field, and Jones (2018). Appetite, 130, 330–333. 

https://doi.org/10.1016/j.appet.2018.05.013 

Hill, J. O. (2009). Can a small-changes approach help address the obesity epidemic? 

A report of the Joint Task Force of the American Society for Nutrition, Institute 

of Food Technologists, and International Food Information Council. American 

Journal of Clinical Nutrition, 89(2), 477–484. 

https://doi.org/10.3945/ajcn.2008.26566.2 

Hill, J. O., Wyatt, H. R., Reed, G. W., & Peters, J. C. (2003). Obesity and the 

environment: where do we go from here? Science, 299(5608), 853–855. 

https://doi.org/10.1126/science.1079857 

Hinton, E. C., Brunstrom, J. M., Fay, S. H., Wilkinson, L. L., Ferriday, D., Rogers, P. 

J., & De Wijk, R. (2013). Using photography in “The Restaurant of the Future”: 

a useful way to assess portion selection and plate cleaning? Appetite, 63, 31–35. 

https://doi.org/10.1016/j.appet.2012.12.008 

Hollands, G. J., Shemilt, I., Marteau, T. M., Jebb, S. A., Lewis, H. B., Wei, Y., … 

Ogilvie, D. (2015). Portion, package or tableware size for changing selection and 

consumption of food, alcohol and tobacco. Cochrane Database of Systematic 



 

 

175 
 

Reviews, (9). https://doi.org/10.1002/14651858.CD011045.pub2 

House of Commons. (2019). Obesity Statistics. Obesity Statistics (Briefing paper, 

Number 3336). London. 

Hu, L.-T., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance 

structure analysis: conventional criteria versus new alternatives. Structural 

Equation Modeling: A Multidisciplinary Journal, 6(1), 1–55. 

https://doi.org/10.1080/10705519909540118 

Japur, C. C., & Diez-Garcia, R. W. (2010). Food energy content influences food 

portion size estimation by nutrition students. Journal of Human Nutrition and 

Dietetics, 23(3), 272–276. https://doi.org/10.1111/j.1365-277X.2010.01042.x 

Jeffery, R. W., Rydell, S., Dunn, C. L., Harnack, L. J., Levine, A. S., Pentel, P. R., … 

Walsh, E. M. (2007). Effects of portion size on chronic energy intake. 

International Journal of Behavioral Nutrition and Physical Activity, 4(1), 27–31. 

https://doi.org/10.1186/1479-5868-4-27 

Johnson, L., & Birch, L. (1994). Parent’s and children’s adiposity and eating style, 

94(5), 653–661. 

Kahneman, D. (2003). A Perspective on Judgment and Choice Mapping Bounded 

Rationality. American Psychologist, 58(9), 1–35. https://doi.org/10.1037/0003-

066X.58.9.697 

Kerameas, K., Vartanian, L. R., Herman, C. P., & Polivy, J. (2015). The effect of 

portion size and unit size on food intake: unit bias or segmentation effect? Health 

Psychology, 34(6), 670–676. https://doi.org/10.1037/hea0000160 

Kersbergen, I., Whitelock, V., Haynes, A., Schroor, M., & Robinson, E. (2019). 



 

 

176 
 

Hypothesis awareness as a demand characteristic in laboratory-based eating 

behaviour research: An experimental study. Appetite, 141, 104318. 

https://doi.org/10.1016/j.appet.2019.104318 

Kim, K. H. (2005). The relation among fit indexes, power, and sample size in structural 

equation modeling. Structural Equation Modeling, 12(3), 368–390. 

https://doi.org/10.1207/s15328007sem1203_2 

Kline, P. (2013). Handbook of Psychological Testing. Routledge. 

https://doi.org/10.4324/9781315812274 

Kling, S. M. R., Roe, L. S., Keller, K. L., & Rolls, B. J. (2016). Double trouble: portion 

size and energy density combine to increase preschool children’s lunch intake. 

Physiology & Behavior, 162, 18–26. 

https://doi.org/10.1016/j.physbeh.2016.02.019 

Kral, T. V. E., Remiker, A. M., Strutz, E. M., & Moore, R. H. (2014). Role of child 

weight status and the relative reinforcing value of food in children’s response to 

portion size increases. Obesity, 22(7), 1716–1722. 

https://doi.org/10.1002/oby.20757 

Kral, T. V. E., Roe, L. S. and, & Rolls, B. J. (2004). Combined effects of energy 

density and portion size on energy intake in Women. The American Journal of 

Clinical Nutrition, 79(8), 962–968. 

Krassner, H. A., Brownell, K. D., & Stunkard, A. J. (1979). Cleaning the plate: food 

left over by overweight and normal weight persons. Behaviour Research and 

Therapy, 17(2), 155–156. https://doi.org/10.1016/0005-7967(79)90024-X 

Le Bow, M. D., Chipperfield, J. G., & Magnusson, J. (1985). Leftovers, body-weight 



 

 

177 
 

and sex of eater. Behaviour Research and Therapy, 23(2), 217. 

Ledikwe, H., Ello-Martin, A., & Rolls, J. (2005). Portion sizes and the obesity 

epidemic. The Journal of Nutrition, 135(4), 905–909. 

Ledikwe, J. H., Ello-Martin, J. a, & Rolls, B. J. (2005). Symposium: Modifying the 

food environment: Energy density, food costs, and portion size. Journal of 

Nutrition. 

Levitsky, D. A., & Youn, T. (2004). The more food young adults are served, the more 

they overeat. The Journal of Nutrition, 134(10), 2546–2549. 

Lomax, R., & Schumacker, R. (2004). A beginner’s guide to structural equation 

modeling. Psychology Press. Retrieved from 

https://content.taylorfrancis.com/books/download?dac=C2010-0-36865-

1&isbn=9781135641924&format=googlePreviewPdf 

Lorenc, T., Petticrew, M., Welch, V., & Tugwell, P. (2013). What types of 

interventions generate inequalities? Evidence from systematic reviews. Journal 

of Epidemiology and Community Health, 67(2), 190–193. 

https://doi.org/10.1136/jech-2012-201257 

Lorenz, B. A., Hartmann, M., Hirsch, S., Kanz, O., & Langen, N. (2017). Determinants 

of plate leftovers in one German catering company. Sustainability, 9(5), 1–17. 

https://doi.org/10.3390/su9050807 

MacCallum, R. C., Browne, M. W., & Sugawara, H. M. (1996). Power analysis and 

determination of sample size for covariance structure modeling. Psychological 

Methods, 1(2), 130–149. https://doi.org/10.1037/1082-989X.1.2.130 

Mallinson, L. J., Russell, J. M., & Barker, M. E. (2016). Attitudes and behaviour 



 

 

178 
 

towards convenience food and food waste in the United Kingdom. Appetite, 103, 

17–28. https://doi.org/10.1016/j.appet.2016.03.017 

Marchiori, D., & Papies, E. K. (2014). A brief mindfulness intervention reduces 

unhealthy eating when hungry, but not the portion size effect. Appetite, 75, 40–

45. https://doi.org/10.1016/j.appet.2013.12.009 

Marchiori, D., Papies, E. K., & Klein, O. (2014). The portion size effect on food intake. 

An anchoring and adjustment process? Appetite, 81, 108–115. 

https://doi.org/10.1016/j.appet.2014.06.018 

Marchiori, D., Waroquier, L., & Klein, O. (2011). Smaller Food Item Sizes of Snack 

Foods Influence Reduced Portions and Caloric Intake in Young Adults. Journal 

of the American Dietetic Association, 111(5), 727–731. 

https://doi.org/10.1016/j.jada.2011.02.008 

Marteau, T. M., Hollands, G. J., Shemilt, I., & Jebb, S. A. (2015). Downsizing: Policy 

options to reduce portion sizes to help tackle obesity. BMJ, 351, 1–5. 

https://doi.org/10.1136/bmj.h5863 

Martínez-González, M. A., García-Arellano, A., Toledo, E., Bes-Rastrollo, M., Bullo, 

M., Corella, D., … Estruch, R. (2014). Obesity indexes and total mortality among 

elderly subjects at high cardiovascular risk: the PREDIMED study. PLoS ONE, 

9(7), e103246. https://doi.org/10.1371/journal.pone.0103246 

Matthiessen, J., Fagt, S., Biltoft-Jensen, A., Beck, A. M., & Ovesen, L. (2003). Size 

makes a difference. Public Health Nutrition, 6(1), 65–72. 

https://doi.org/10.1079/PHN2002361 

McCarthy, B., & Liu, H.-B. (2017). ‘Waste not, want not’: exploring green consumers’ 



 

 

179 
 

attitudes towards wasting edible food and actions to tackle food waste. British 

Food Journal, 119(12), 2519–2531. https://doi.org/10.1108/BFJ-03-2017-0163 

McCormack, G. R., & Shiell, A. (2011). In search of causality: a systematic review of 

the relationship between the built environment and physical activity among 

adults. The International Journal of Behavioral Nutrition and Physical Activity, 

8(1), 1–11. https://doi.org/10.1186/1479-5868-8-125 

McGee, D. L. (2005). Body mass index and mortality: a meta-analysis based on 

person-level data from twenty-six observational studies. Annals of Epidemiology, 

15(2), 87–97. https://doi.org/10.1016/j.annepidem.2004.05.012 

Mokdad, A. H., Ford, E. S., Bowman, B. A., Dietz, W. H., Vinicor, F., Bales, V. S., & 

Marks, J. S. (2003). Prevalence of obesity, diabetes, and obesity-related health 

risk factors, 2001. Jama, 289(1), 76–79. https://doi.org/10.1001/jama.289.1.76 

Mooreville, M., Davey, A., Orloski, A., Hannah, E. L., Mathias, K. C., Birch, L. L., 

… Fisher, J. O. (2015). Individual differences in susceptibility to large portion 

sizes among obese and normal‐weight children, 23(4), 808–814. 

https://doi.org/10.1002/oby.21014 

Moray, J., Fu, A., Brill, K., & Mayoral, M. S. (2007). Viewing television while eating 

impairs the ability to accurately estimate total amount of food consumed. 

Bariatric Nursing and Surgical Patient Care, 2(1), 71–76. 

https://doi.org/10.1089/bar.2006.9991 

Morton, G. J., Cummings, D. E., Baskin, D. G., Barsh, G. S., & Schwartz, M. W. 

(2006). Central nervous system control of food intake and body weight. Nature, 

443(7109), 289–295. https://doi.org/10.1038/nature05026 



 

 

180 
 

Ng, M., Fleming, T., Robinson, M., Thomson, B., Graetz, N., Margono, C., … 

Gakidou, E. (2014). Global, regional, and national prevalence of overweight and 

obesity in children and adults during 1980–2013: a systematic analysis for the 

Global Burden of Disease Study 2013. The Lancet, 384(9945), 766–781. 

https://doi.org/10.1016/S0140-6736(14)60460-8 

NHS Choices. (2018). BMI healthy weight calculator. Retrieved from 

https://www.nhs.uk/Tools/Pages/Healthyweightcalculator.aspx 

Nielsen, S. J., & Popkin, B. M. (2003). Patterns and trends in food portion sizes, 1977-

1998. Jama, 289(4), 450–453. https://doi.org/10.1001/jama.289.4.450 

Nørnberg, T. R., Houlby, L., Jørgensen, L. N., He, C., & Pérez-Cueto, F. J. A. (2014). 

Do we know how much we put on the plate? Assessment of the accuracy of self-

estimated versus weighed vegetables and whole grain portions using an 

Intelligent Buffet at the FoodScape Lab. Appetite, 81, 162–167. 

https://doi.org/10.1016/j.appet.2014.06.007 

Nunnally, J. C., & Bernstein, I. H. (1994). Psychometric theory, 3rd Edition. New 

York: McGraw-Hill. 

OECD/EU. (2017). Obesity Update 2017. https://doi.org/10.1007/s11428-017-0241-7 

Ogden, C. L., Carroll, M. D., Kit, B. K., & Flegal, K. M. (2012). Prevalence of obesity 

and trends in body mass index among US children and adolescents, 1999-2010. 

JAMA - Journal of the American Medical Association, 307(5), 483–490. 

https://doi.org/10.1001/jama.2012.40 

Ogden, C. L., Carroll, M. D., Kit, B. K., & Flegal, M. (2016). Prevalence of Childhood 

and Adult Obesity in the United States, 2011–2012. Jama, 311(8), 806–814. 



 

 

181 
 

https://doi.org/10.1001/jama.2014.732.Prevalence 

Oldham-Cooper, R. E., Hardman, C. A., Nicoll, C. E., Rogers, P. J., & Brunstrom, J. 

M. (2011). Playing a computer game during lunch affects fullness, memory for 

lunch, and later snack intake. American Journal of Clinical Nutrition, 93(2), 308–

313. https://doi.org/10.3945/ajcn.110.004580 

Oldham-Cooper, R. E., Wilkinson, L. L., Hardman, C. A., Rogers, P. J., & Brunstrom, 

J. M. (2017). Presenting a food in multiple smaller units increases expected 

satiety. Appetite, 118, 106–112. https://doi.org/10.1016/j.appet.2017.07.024 

Oldham, M., Tomiyama, A. J., & Robinson, E. (2018). The psychosocial experience 

of feeling overweight promotes increased snack food consumption in women but 

not men. Appetite, 128, 283–293. https://doi.org/10.1016/J.APPET.2018.05.002 

Papies, E. K. (2018). Children’s portion-size effect for sugar-sweetened beverages and 

water in two field experiments: Moderating effects of liking and family 

socioeconomic status. 

Parizeau, K., von Massow, M., & Martin, R. (2015). Household-level dynamics of 

food waste production and related beliefs, attitudes, and behaviours in Guelph, 

Ontario. Waste Management, 35, 207–217. 

https://doi.org/10.1016/j.wasman.2014.09.019 

Piernas, C., & Popkin, B. M. (2011). Increased portion sizes from energy-dense foods 

affect total energy intake at eating occasions in US children and adolescents: 

Patterns and trends by age group and sociodemographic characteristics, 1977-

2006. American Journal of Clinical Nutrition, 94(5), 1324–1332. 

https://doi.org/10.3945/ajcn.110.008466 



 

 

182 
 

Pliner, P., Chaiken, S., & Flett, G. L. (1990). Gender differences in concern with body 

weight and physical appearance over the lifespan. Personality and Social 

Psychology Bulletin, 16(2), 263–273. 

Ponterotto, J. G., & Ruckdeschel, D. E. (2007). An overview of coefficient alpha and 

a reliability matrix for estimating adequacy of internal consistency coefficients 

with psychological research measures. Perceptual and Motor Skills, 105(3), 997–

1014. https://doi.org/10.2466/pms.105.3.997-1014 

Prentice, A. M., & Jebb, S. A. (2003). Fast foods, energy density and obesity: a 

possible mechanistic link. Obesity Reviews, 4(4), 187–194. 

https://doi.org/10.1046/j.1467-789X.2003.00117.x 

Principato, L., Secondi, L., & Pratesi, C. A. (2015). Reducing food waste: an 

investigation on the behaviour of Italian youths. British Food Journal, 117(2), 

731–748. https://doi.org/10.1108/BFJ-10-2013-0314 

Quested, T. E., Ingle, R., & Parry, A. (2013). Household food and drink waste in the 

United Kingdom 2012. WRAP, London. https://doi.org/978-1-84405-458-9 

Quested, T. E., Marsh, E., Stunell, D., & Parry, A. D. (2013). Spaghetti soup: The 

complex world of food waste behaviours. Resources, Conservation and 

Recycling, 79, 43–51. https://doi.org/10.1016/j.resconrec.2013.04.011 

Quested, T. E., Parry, A. D., Easteal, S., & Swannell, R. (2011). Food and drink waste 

from households in the UK. Nutrition Bulletin, 36(4), 460–467. 

https://doi.org/10.1111/j.1467-3010.2011.01924.x 

Raynor, H. A. (2014). What to do about portion sizes? Roundtable discussion at the 

forefronts in portion size conference. International Journal of Obesity, 38(S1), 



 

 

183 
 

S34–S36. https://doi.org/10.1038/ijo.2014.87 

Raynor, H. A., & Wing, R. R. (2007). Package unit size and amount of food: Do both 

influence intake? Obesity, 15(9), 2311–2319. 

https://doi.org/10.1038/oby.2007.274 

Reale, S., Hamilton, J., Akparibo, R., Hetherington, M. M., Cecil, J. E., & Caton, S. J. 

(2019). The effect of food type on the portion size effect in children aged 2–12 

years: A systematic review and meta-analysis. Appetite, 137, 47–61. 

https://doi.org/10.1016/j.appet.2019.01.025 

Reinders, M. J., Huitink, M., Dijkstra, S. C., Maaskant, A. J., & Heijnen, J. (2017). 

Menu-engineering in restaurants - adapting portion sizes on plates to enhance 

vegetable consumption: a real-life experiment. International Journal of 

Behavioral Nutrition and Physical Activity, 14(1), 1–11. 

https://doi.org/10.1186/s12966-017-0496-9 

Robinson, E., Aveyard, P., Daley, A., Jolly, K., Lewis, A., Lycett, D., & Higgs, S. 

(2013). Eating attentively: a systematic review and meta-analysis of the effect of 

food intake memory and awareness on eating. The American Journal of Clinical 

Nutrition, 97(4), 728–742. https://doi.org/10.3945/ajcn.112.045245 

Robinson, E., Aveyard, P., & Jebb, S. A. (2015). Is plate clearing a risk factor for 

obesity? A cross-sectional study of self-reported data in US adults. Obesity, 23(2), 

301–304. https://doi.org/10.1002/oby.20976 

Robinson, E., Bevelander, K. E., Field, M., & Jones, A. (2018). Methodological and 

reporting quality in laboratory studies of human eating behavior. Appetite, 125, 

486–491. https://doi.org/10.1016/J.APPET.2018.02.008 



 

 

184 
 

Robinson, E., & Hardman, C. A. (2016). Empty plates and larger waists: a cross-

sectional study of factors associated with plate clearing habits and body weight. 

European Journal of Clinical Nutrition, 70(6), 750–752. 

https://doi.org/10.1038/ejcn.2015.218 

Robinson, E., Hardman, C. A., Halford, J. C., & Jones, A. (2015). Eating under 

observation: a systematic review and meta-analysis of the effect that heightened 

awareness of observation has on laboratory measured energy intake. The 

American Journal of Clinical Nutrition, 102(2), 324–337. 

https://doi.org/10.3945/ajcn.115.111195 

Robinson, E., Jones, A., Whitelock, V., Mead, B. R., & Haynes, A. (2018). 

(Over)eating out at major UK restaurant chains: observational study of energy 

content of main meals. BMJ, 363, 1–8. https://doi.org/10.1136/bmj.k4982 

Robinson, E., & Kersbergen, I. (2018). Portion size and later food intake: evidence on 

the “normalizing” effect of reducing food portion sizes. The American Journal of 

Clinical Nutrition, 107(4), 640–646. https://doi.org/10.1093/ajcn/nqy013 

Robinson, E., Kersbergen, I., Brunstrom, J. M., & Field, M. (2014). I’m watching you. 

Awareness that food consumption is being monitored is a demand characteristic 

in eating-behaviour experiments. Appetite, 83, 19–25. 

https://doi.org/10.1016/J.APPET.2014.07.029 

Robinson, E., Oldham, M., Cuckson, I., Brunstrom, J. M., Rogers, P. J., & Hardman, 

C. A. (2016). Visual exposure to large and small portion sizes and perceptions of 

portion size normality: Three experimental studies. Appetite, 98, 28–34. 

https://doi.org/10.1016/j.appet.2015.12.010 

Robinson, E., te Raa, W., & Hardman, C. A. (2015). Portion size and intended 



 

 

185 
 

consumption. Evidence for a pre-consumption portion size effect in males? 

Appetite, 91, 83–89. https://doi.org/10.1016/j.appet.2015.04.009 

Roe, B. E., Apolzan, J. W., Qi, D., Allen, H. R., & Martin, C. K. (2018). Plate waste 

of adults in the United States measured in free-living conditions. PLoS ONE, 

13(2), 1–16. https://doi.org/10.1371/journal.pone.0191813 

Roe, L. S., Kling, S. M. R., & Rolls, B. J. (2016). What is eaten when all of the foods 

at a meal are served in large portions? Appetite, 99, 1–9. 

https://doi.org/10.1016/j.appet.2016.01.001 

Rolls, B. J. (1986). Sensory-specific Satiety. Nutrition Reviews, 44(3), 93–101. 

Rolls, B. J. (2003). The Supersizing of America: Portion Size and the Obesity 

Epidemic. Nutrition Today, 38(2), 42–53. https://doi.org/10.1097/00017285-

200303000-00004 

Rolls, B. J. (2014). What is the role of portion control in weight management? 

International Journal of Obesity, 38, S1–S8. https://doi.org/10.1038/ijo.2014.82 

Rolls, B. J., Engell, D., & Birch, L. L. (2000). Serving portion size influences 5 year 

old but not 3 year old children’s food intakes. Journal of American Dietetic 

Association. https://doi.org/10.1016/S0002-8223(00)00070-5 

Rolls, B. J., Morris, E. L., & Roe, L. S. (2002). Portion size of food affects energy 

intake in normal-weight and overweight men and women. The American Journal 

of Clinical Nutrition, 76(6), 1207–1213. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/12450884 

Rolls, B. J., Roe, L. S., James, B. L., & Sanchez, C. E. (2017). Does the incorporation 

of portion-control strategies in a behavioral program improve weight loss in a 1-



 

 

186 
 

year randomized controlled trial? International Journal of Obesity, 41(3), 434–

442. https://doi.org/10.1038/ijo.2016.217 

Rolls, B. J., Roe, L. S., Kral, T. V. E., Meengs, J. S., & Wall, D. E. (2004). Increasing 

the portion size of a packaged snack increases energy intake in men and women. 

Appetite, 42(1), 63–69. https://doi.org/10.1016/S0195-6663(03)00117-X 

Rolls, B. J., Roe, L. S., & Meengs, J. S. (2004). Salad and satiety: Energy density and 

portion size of a first-course salad affect energy intake at lunch. Journal of the 

American Dietetic Association, 104(10), 1570–1576. 

https://doi.org/10.1016/j.jada.2004.07.001 

Rolls, B. J., Roe, L. S., & Meengs, J. S. (2006). Larger portion sizes lead to a sustained 

increase in energy intake over 2 days. Journal of the American Dietetic 

Association, 106(4), 543–549. https://doi.org/10.1016/j.jada.2006.01.014 

Rolls, B. J., Roe, L. S., & Meengs, J. S. (2007). The Effect of Large Portion Sizes on 

Energy Intake Is Sustained for 11 Days. Obesity, 15(6), 1535–1543. 

https://doi.org/10.1038/oby.2007.182 

Rolls, B. J., Roe, L. S., Meengs, J. S., & Wall, D. E. (2004). Increasing the portion size 

of a sandwich increases energy intake. Journal of the American Dietetic 

Association, 104(3), 367–372. https://doi.org/10.1016/j.jada.2003.12.013 

Rolls, B. J., Rolls, E. T., Rowe, E. A., & Sweeney, K. (1981). Sensory specific satiety 

in man. Physiology & Behavior, 27(1), 137–142. https://doi.org/10.1016/0031-

9384(81)90310-3 

Russell, S. V., Young, C. W., Unsworth, K. L., & Robinson, C. (2017). Bringing habits 

and emotions into food waste behaviour. Resources, Conservation and Recycling, 



 

 

187 
 

125, 107–114. https://doi.org/10.1016/j.resconrec.2017.06.007 

Sassi, F., Devaux, M., Cecchini, M., & Rusticelli, E. (2009). The obesity epidemic: 

analysis of past and projected future trends in selected OECD countries. OECD 

Health Working Papers (Vol. No.45). Paris: OECD Publishing. 

https://doi.org/10.1787/225215402672 

Schanes, K., Dobernig, K., & Gözet, B. (2018). Food waste matters - A systematic 

review of household food waste practices and their policy implications. Journal 

of Cleaner Production, 182, 978–991. 

https://doi.org/10.1016/j.jclepro.2018.02.030 

Scheibehenne, B., Todd, P. M., & Wansink, B. (2010). Dining in the dark. The 

importance of visual cues for food consumption and satiety. Appetite, 55(3), 710–

713. https://doi.org/10.1016/j.appet.2010.08.002 

Schienkiewitz, A., Mensink, G. B. M., & Scheidt-Nave, C. (2012). Comorbidity of 

overweight and obesity in a nationally representative sample of German adults 

aged 18-79 years. BMC Public Health, 12(1), 1–11. https://doi.org/10.1186/1471-

2458-12-658 

Schreiber, J. B., Nora, A., Stage, F. K., Barlow, E. A., & King, J. (2006). Reporting 

Structural Equation Modeling and Confirmatory Factor Analysis Results: A 

Review. The Journal of Educational Research, 99(6), 323–338. 

https://doi.org/10.3200/JOER.99.6.323-338 

Schwartz, J., & Byrd-Bredbenner, C. (2006). Portion distortion: typical portion sizes 

selected by young adults. Journal of the American Dietetic Association, 106(9), 

1412–1418. https://doi.org/10.1016/j.jada.2006.06.006 



 

 

188 
 

Setti, M., Falasconi, L., Segrè, A., Cusano, I., & Vittuari, M. (2016). Italian 

consumers’ income and food waste behavior. British Food Journal, 118(7), 

1731–1746. 

Sheen, F., Hardman, C. A., & Robinson, E. (2018). Plate-clearing tendencies and 

portion size are independently associated with main meal food intake in women: 

A laboratory study. Appetite, 127. https://doi.org/10.1016/j.appet.2018.04.020 

Sheeran, P. (2002). Intention—Behavior Relations: A Conceptual and Empirical 

Review. European Review of Social Psychology, 12(1), 1–36. 

https://doi.org/10.1080/14792772143000003 

Simmons, J. P., Nelson, L. D., & Simonsohn, U. (2011). False-Positive Psychology: 

Undisclosed Flexibility in Data Collection and Analysis Allows Presenting 

Anything as Significant. Psychological Science, 22(11), 1359–1366. 

https://doi.org/10.1177/0956797611417632 

Slawson, D. L., & Eck, L. H. (1997). Intense practice enhances accuracy of portion 

size estimation of amorphous foods. Journal of the American Dietetic 

Association, 97(3), 295–297. https://doi.org/10.1016/S0002-8223(97)00076-X 

Smiciklas-Wright, H., Mitchell, D. C., Mickle, S. J., Goldman, J. D., & Cook, A. 

(2003). Foods commonly eaten in the United States, 1989-1991 and 1994-1996: 

Are portion sizes changing? Journal of the American Dietetic Association, 

103(1), 41–47. https://doi.org/10.1053/jada.2003.50000 

Smith, L., Conroy, K., Wen, H., Rui, L., & Humphries, D. (2013). Portion size variably 

affects food intake of 6-year-old and 4-year-old children in Kunming, China. 

Appetite, 69, 31–38. https://doi.org/10.1016/j.appet.2013.05.010 



 

 

189 
 

Song, H. J., Hwang, J., Pi, S., Ahn, S., Heo, Y., Park, S., & Kwon, J. W. (2018). The 

impact of obesity and overweight on medical expenditures and disease incidence 

in Korea from 2002 to 2013. PLoS ONE, 13(5), 1–14. 

https://doi.org/10.1371/journal.pone.0197057 

Stancu, V., Haugaard, P., & Lähteenmäki, L. (2016). Determinants of consumer food 

waste behaviour: Two routes to food waste. Appetite, 96, 7–17. 

https://doi.org/10.1016/j.appet.2015.08.025 

Steenhuis, I. H. M., Leeuwis, F. H., & Vermeer, W. M. (2010). Small, medium, large 

or supersize: trends in food portion sizes in the Netherlands. Public Health 

Nutrition, 13(6), 852–857. https://doi.org/10.1017/S1368980009992011 

Steenhuis, I. H. M., & Poelman, M. (2017). Portion size: latest developments and 

interventions. Current Obesity Reports, 6(1), 10–17. 

https://doi.org/10.1007/s13679-017-0239-x 

Steenhuis, I. H. M., & Vermeer, W. M. (2009). Portion size: review and framework 

for interventions. International Journal of Behavioral Nutrition and Physical 

Activity, 6(1), 1–10. https://doi.org/10.1186/1479-5868-6-58 

Stefan, V., van Herpen, E., Tudoran, A. A., & Lähteenmäki, L. (2013). Avoiding food 

waste by Romanian consumers: The importance of planning and shopping 

routines. Food Quality and Preference, 28(1), 375–381. 

https://doi.org/10.1016/J.FOODQUAL.2012.11.001 

Stunkard, A. J., & Messick, S. (1985). The three-factor eating questionnaire to measure 

dietary restraint, disinhibition and hunger. Journal of Psychosomatic Research, 

29(1), 71–83. https://doi.org/10.1016/0022-3999(85)90010-8 



 

 

190 
 

Sun, J., Zhou, W., Gu, T., Zhu, D., & Bi, Y. (2018). A retrospective study on 

association between obesity and cardiovascular risk diseases with aging in 

Chinese adults. Scientific Reports, 8(1), 1–8. https://doi.org/10.1038/s41598-018-

24161-0 

Swinburn, B. A., Sacks, G., Hall, K. D., McPherson, K., Finegood, D. T., Moodie, M. 

L., & Gortmaker, S. L. (2011). The global obesity pandemic: shaped by global 

drivers and local environments. The Lancet, 378(9793), 804–814. 

https://doi.org/10.1016/S0140-6736(11)60813-1 

The Waste and Resources Action Programme. (2019). Love Food Hate Waste | WRAP 

UK. Retrieved August 12, 2019, from http://www.wrap.org.uk/content/love-

food-hate-waste 

Tucker, C. A., & Farrelly, T. (2016). Household food waste: the implications of 

consumer choice in food from purchase to disposal. Local Environment, 21(6), 

682–706. https://doi.org/10.1080/13549839.2015.1015972 

Van Strien, T., Frijters, J. E., Bergers, G., & Defares, P. B. (1986). The Dutch Eating 

Behavior Questionnaire (DEBQ) for assessment of restrained, emotional, and 

external eating behavior. International Journal of Eating Disorders, 5(2), 295–

315. https://doi.org/10.1002/erv.2448 

Vandenbroele, J., Van Kerckhove, A., & Zlatevska, N. (2019). Portion size effects 

vary: The size of food units is a bigger problem than the number. Appetite, 140, 

27–40. https://doi.org/10.1016/j.appet.2019.04.025 

Vartanian, L. R., Herman, C. P., & Polivy, J. (2016). What does it mean to eat an 

appropriate amount of food? Eating Behaviors, 23, 24–27. 

https://doi.org/10.1016/j.eatbeh.2016.07.002 



 

 

191 
 

Vartanian, L. R., Sokol, N., Herman, C. P., & Polivy, J. (2013). Social models provide 

a norm of appropriate food intake for young women. PLoS ONE, 8(11), 1–9. 

https://doi.org/10.1371/journal.pone.0079268 

Vermeer, W. M., Steenhuis, I. H. M., & Seidell, J. C. (2010). Portion size: a qualitative 

study of consumers’ attitudes toward point-of-purchase interventions aimed at 

portion size. Health Education Research, 25(1), 109–120. 

https://doi.org/10.1093/her/cyp051 

Vermeir, I., & Verbeke, W. (2006). Sustainable Food Consumption: Exploring the 

Consumer “Attitude – Behavioral Intention” Gap. Journal of Agricultural and 

Environmental Ethics, 19(2), 169–194. https://doi.org/10.1007/s10806-005-

5485-3 

Versluis, I., & Papies, E. K. (2016). The Role of Social Norms in the Portion Size 

Effect: Reducing Normative Relevance Reduces the Effect of Portion Size on 

Consumption Decisions. Frontiers in Psychology, 7, 1–12. 

https://doi.org/10.3389/fpsyg.2016.00756 

Visschers, V. H. M., Wickli, N., & Siegrist, M. (2016). Sorting out food waste 

behaviour: A survey on the motivators and barriers of self-reported amounts of 

food waste in households. Journal of Environmental Psychology, 45, 66–78. 

https://doi.org/10.1016/j.jenvp.2015.11.007 

Wang, Y. C., McPherson, K., Marsh, T., Gortmaker, S. L., & Brown, M. (2011). 

Health and economic burden of the projected obesity trends in the USA and the 

UK. The Lancet, 378(9793), 815–825. https://doi.org/10.1016/S0140-

6736(11)60814-3 

Weijzen, P. L. G., Liem, D. G., Zandstra, E. H., & De Graaf, C. (2007). Sensory 



 

 

192 
 

specific satiety and intake: The difference between nibble-and bar-size snacks. 

Appetite, 50(2–3), 435–442. https://doi.org/10.1016/j.appet.2007.09.008 

Whitelock, V., Gaglione, A., Davies-Owen, J., & Robinson, E. (2019). Focused 

attention during eating enhanced memory for meal satiety but did not reduce later 

snack intake in men: A randomised within-subjects laboratory experiment. 

Appetite, 136, 124–129. https://doi.org/10.1016/J.APPET.2019.01.021 

Whitelock, V., Higgs, S., Brunstrom, J. M., Halford, J. C. G., & Robinson, E. (2018). 

No effect of focused attention whilst eating on later snack food intake: Two 

laboratory experiments. Appetite, 128, 188–196. 

https://doi.org/10.1016/J.APPET.2018.06.002 

Whitelock, V., Kersbergen, I., Higgs, S., Aveyard, P., Halford, J. C. G., & Robinson, 

E. (2019). A smartphone based attentive eating intervention for energy intake and 

weight loss: results from a randomised controlled trial. BMC Public Health, 

19(611), 1–11. https://doi.org/10.1186/s12889-019-6923-x 

Whitelock, V., & Robinson, E. (2018). Remembered Meal Satisfaction, Satiety, and 

Later Snack Food Intake: A Laboratory Study. Nutrients, 10(1883), 1–11. 

https://doi.org/10.3390/nu10121883 

Wilkinson, L. L., Hinton, E. C., Fay, S. H., Ferriday, D., Rogers, P. J., & Brunstrom, 

J. M. (2012). Computer-based assessments of expected satiety predict 

behavioural measures of portion-size selection and food intake. Appetite, 59(3), 

933–938. https://doi.org/10.1016/j.appet.2012.09.007 

Wing, R., Lang, W., Wadden, T., Safford, M., Knowler, W., Bertoni, A., … 

Wagenknecht, L. (2011). Benefits of modest weight loss in improving 

cardiovascular risk factors in overweight and obese individuals with type 2 



 

 

193 
 

diabetes. Diabetes Care, 34(7), 1481–1486. https://doi.org/10.2337/dc10-2415. 

Withrow, D., & Alter, D. A. (2011). The economic burden of obesity worldwide: a 

systematic review of the direct costs of obesity. Obesity Reviews, 12(2), 131–141. 

https://doi.org/10.1111/j.1467-789X.2009.00712.x 

Wrieden, W., Gregor, A., & Barton, K. (2008). Have food portion sizes increased in 

the UK over the last 20 years? Proceedings of the Nutrition Society, 

67(OCE)(E211), 1. https://doi.org/10.1017/S0029665108008434 

Wu, C. Y., Chou, Y. C., Huang, N., Chou, Y. J., Hu, H. Y., & Li, C. P. (2014). 

Association of body mass index with all-cause and cardiovascular disease 

mortality in the elderly. PLoS ONE, 9(7), 1–10. 

https://doi.org/10.1371/journal.pone.0102589 

Yantcheva, B., & Brindal, E. (2013). How much does what you eat matter? The 

potential role of meal size, fat content, and gender on ratings of desirability. 

Eating Behaviors, 14(3), 285–290. https://doi.org/10.1016/j.eatbeh.2013.05.001 

Yeomans, M. (2000). Rating changes over the course of meals: what do they tell us 

about motivation to eat? Neuroscience & Biobehavioral Reviews, 24(2), 249–

259. https://doi.org/10.1016/S0149-7634(99)00078-0 

Young, L. R., & Nestle, M. (2002). The contribution of expanding portion sizes to the 

US obesity epidemic. American Journal of Public Health, 92(2), 246–249. 

https://doi.org/10.2105/AJPH.92.2.246 

Young, L. R., & Nestle, M. (2003). Expanding portion sizes in the US marketplace: 

Implications for nutrition counseling. Journal of the American Dietetic 

Association, 103(2), 231–240. https://doi.org/10.1053/jada.2003.50027 



 

 

194 
 

Young, L. R., & Nestle, M. (2007). Portion sizes and obesity: responses of fast-food 

companies. Journal of Public Health Policy, 28(2), 238–248. 

https://doi.org/10.1057/palgrave.jphp.3200127 

Young, L. R., & Nestle, M. (2012). Reducing portion sizes to prevent obesity: A call 

to action. American Journal of Preventive Medicine, 43(5), 565–568. 

https://doi.org/10.1016/j.amepre.2012.07.024 

Zhang, X., Lv, W. Q., Qiu, B., Zhang, L. J., Qin, J., Tang, F. J., … Hao, Y. R. (2018). 

Assessing causal estimates of the association of obesity-related traits with 

coronary artery disease using a Mendelian randomization approach. Scientific 

Reports, 8(1), 1–7. https://doi.org/10.1038/s41598-018-25305-y 

Zlatevska, N., Dubelaar, C., & Holden, S. S. (2014). Sizing Up the Effect of Portion 

Size on Consumption: A Meta-Analytic Review. Journal of Marketing, 78(3), 

140–154. https://doi.org/10.1509/jm.12.0303 

Zuraikat, F. M., Roe, L. S., Privitera, G. J., & Rolls, B. J. (2016). Increasing the size 

of portion options affects intake but not portion selection at a meal. Appetite, 98, 

95–100. https://doi.org/10.1016/j.appet.2015.12.023 

Zuraikat, F. M., Roe, L. S., Smethers, A. D., Reihart, L. W., & Rolls, B. J. (2018). 

Does the cost of a meal influence the portion size effect? Appetite, 127, 341–348. 

https://doi.org/10.1016/j.appet.2018.05.020 

Zuraikat, F. M., Roe, L. S., Smethers, A. D., & Rolls, B. J. (2018). Doggy bags and 

downsizing: Packaging uneaten food to go after a meal attenuates the portion size 

effect in women. Appetite, 129, 162–170. 

https://doi.org/10.1016/j.appet.2018.07.009 



 

 

195 
 

Zuraikat, F. M., Smethers, A. D., & Rolls, B. J. (2019). Potential moderators of the 

portion size effect. Physiology & Behavior, 204, 191–198. 

https://doi.org/10.1016/J.PHYSBEH.2019.02.043 

 

 

 

 

 

 

  



 

 

196 
 

Appendices 

 

Appendix 1: Supplementary Materials for Chapter 2 

Participants completed a number of other self-report measures that we collected in 

order to inform other research. For completeness, we describe them below. 

 

Additional plate-clearing questions 

Participants completed 5 additional items relating to their plate-clearing habits: 

parental encouragement (“My parents used to always encourage me to clear my plate 

when eating”), parental reward for plate-clearing (“As a child, I would be rewarded by 

my parents for clearing my plate”), dislike of food waste (“I don’t like to see food go 

to waste”), tendency to plate-clear past the point of fullness (“Even when served a very 

large portion of food and I start to feel full, I feel that I have to clear my plate”), and 

habitual plate-clearing (“When eating, I clear my plate out of habit”). These items were 

presented in a 5-point Likert scale response format (‘Strongly disagree’ to ‘Strongly 

agree’).  

 

Questions related to food consumption 

Participants were also asked why they stopped eating the portion (“I stopped eating 

this portion because…”) for which they had a selection of responses to choose from: 

“I was no longer hungry”, “I was bored”, “I’ve had all that I am allowed”, “the food 

was all gone”, “the food stopped tasting good”, and “for another reason (please 

specify)”, where they could write their response by hand if they wished. 
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Participants were also asked why they finished the portion they consumed (“I 

finished this portion because…”) for which they had a selection of responses to choose 

from: “I felt hungry”, “The food was really addictive”, “To relieve negative emotions 

(e.g. boredom, anxiety, etc.)”, “I couldn’t control myself”, “I didn’t want to turn down 

free food”, “I was craving something savoury”, “Because it was just there”, “I wanted 

to fill myself up” and “for another reason (please specify)”, where they could write 

their response by hand if they wished. 

Participants were also asked “To what extent did the portion size influenced 

how much you ate?”, for which they were given a 99mm visual analogue scale 

question with the anchors of ‘Not at all’ to ‘Extremely’. 

 

Awareness of measurement of consumption 

Participants were asked about their experience of the study at the end of the 

study; included in this feedback questionnaire was the question “I felt as though the 

amount of food I was eating would be measured by the researcher”. This was presented 

in a 5-point Likert scale response format (‘Strongly disagree’ to ‘Strongly agree’). 

 

Missing data 

There was no missing data on the main outcome variables, but there was data 

missing from some of the secondary measures. List-wise deletion was used for any 

inferential statistics calculations with the affected variables. Missing data is as follows: 

1 participant’s age, 1 participant’s BMI, 5 participants’ baseline appetite  measures 

before eating (fullness), 9 participants’ appetite measures after eating (fullness), and 1 
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participant’s appetite measures after eating (fullness). Two participants’ did not 

complete the baseline appetite measures correctly. One participant had data missing 

for the external eating measure, and one participant had missing data for the restraint 

measure. 
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Appendix 2: Supplementary Materials for Chapter 3 

Study 1 

Figure 1. Scree plot for Exploratory Factor Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 displays a scree plot showing the factors generated by the exploratory factor analysis. The 

inflection point, and the fact that Factor 1 is the only factor to have an Eigenvalue above Kaiser’s 

criterion of 1.0 (Eigenvalue =2.94), indicates a single factor structure. 
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Table 1. Correlations, means and standard deviations for the 5 items of the food waste 

concerns scale (Time 1) 

 Item 1 a Item 2 Item 3 Item 4 Item 5 a 

Item 1 a 1     

Item 2 .56 1    

Item 3 .54 .68 1   

Item 4 .32 .35 .34 1  

Item 5 a .66 .49 .45 .38 1 

Mean(±SD) 4.62 (±1.72) 5.07 (±1.59) 5.26 (±1.56) 4.39 (±1.74) 4.34 (±1.49) 

Table 1 display the correlations, mean and standard deviations (Mean(±SD)) for the 5 food waste 

concerns items. Item 1 = “It is fine for food to go to waste sometimes”; Item 2 = ““It is morally wrong 

to waste food”; Item 3 = “I cannot stand throwing food away”; Item 4 = “Even if I felt full, I would 

rather finish what is on my plate than see it go to waste”; Item 5 = “It can be acceptable to waste food”.  

a Items were reversed-scored prior to calculating the food waste concerns score.  

 

Table 2. Factor matrix 

 Factor loadings 

“It is fine for food to go to waste sometimes” a .78 

“It is morally wrong to waste food” .77 

“I cannot stand throwing food away” .74 

“Even if I felt full, I would rather finish what is on my plate 

than see it go to waste” 

.72 

“It can be acceptable to waste food.” a .46 

Table 2 displays the factor loadings for each item. All of these are above .40, which indicates that they 

are significant factor loadings. Therefore, all 5 items loaded onto the same factor.  

a Items were reversed-scored prior to calculating the food waste concerns score.  
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Convergent validity 

Two participants presented unclear responses for either weight or height, and 

so they were removed from analyses involving BMI. No implausible height and weight 

values were reported. A regression analysis was conducted to examine whether food 

waste concerns were positively associated with intentions to reduce food waste, while 

controlling for age, gender, BMI, hunger and overeating. The full model predicted 

approximately 36% of variance in intentions to reduce food waste, R2 =.36, F(6, 267) 

=25.16, p <.001. Food waste concerns scores were positively associated with 

intentions to reduce food waste (β =.59, p <.001). Age (β =.06, p =.254), gender (β 

=.01, p =.913), BMI (β = -.08, p =.160), trait overeating (β = -.13, p =.076) and trait 

hunger (β =.02, p =.801) did not significantly predict intentions to reduce food waste. 

A regression analysis was conducted to examine whether food waste concerns 

were positively associated with negative emotions towards wasting food, while 

controlling for age, gender, BMI, hunger and overeating. The full model predicted 

approximately 15% of variance in negative emotions towards wasting food, R2 =.15, 

F(6, 267) =7.73, p <.001. Food waste concerns scores were positively associated with 

negative emotions towards wasting food (β =.34, p <.001). Age was negatively 

associated with negative emotions towards food waste (β = -.13, p =.028). Gender (β 

=.04, p =.464), BMI (β = -.04, p =.523), overeating (β =.07, p =.397) and hunger (β 

=.03, p =.752) did not significantly predict negative emotions towards wasting food. 

A regression analysis was conducted to examine whether food waste concerns 

were negatively associated with positive emotions towards wasting food, while 

controlling for age, gender, BMI, hunger and overeating. The full model predicted 

approximately 9% of variance in positive emotions towards wasting food, R2 =.09, 
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F(6, 267) =4.50, p <.001. Food waste concerns scores were negatively associated with 

positive emotions towards wasting food (β = -.29, p <.001). Age (β =.03, p =.583), 

gender (β = -.07, p =.229), BMI (β < -.01, p =.956), overeating (β = -.04, p =.639) and 

hunger (β < .01, p =.995) did not significantly predict positive emotions towards 

wasting food.   

 

Study 2 

We included the 5-item food waste concerns scale at the end of a series of laboratory 

studies conducted at the University of Liverpool during 2016-2018. After removal of 

duplicate participants and missing values from 14 studies, we had data from 966 

participants with complete food waste concerns scale ratings and researcher measured 

weight and height. See Table 3 for the number of participants from each individual 

data set that were included in our main analyses. 

 

Confirmatory factor analysis 

Appropriateness of sample size  

To determine the minimum sample size required for our confirmatory factor analysis, 

a minimum sample size for tests of fit was computed on the basis of the Root Mean 

Square Error of Approximation (RMSEA) fit index using R Statistics software (Kim, 

2005; MacCallum, Browne, & Sugawara, 1996). Chosen null and alternative values of 

RMSEA, the ɑ level, degrees of freedom, and desired level of power were entered, and 

the program computed the minimum necessary sample size to achieve the desired 
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power. Our calculation of power (at RMSEA H0 =.10, RMSEA H1 =.05, a =.05, df =5, 

and 80% power) found that a minimum of 569 respondents would be required. 

 

Main analysis strategy  

Using AMOS 22, a confirmatory factor analysis was performed on our one-factor 

solution. Model fit was assessed by examining the normed χ2 test, the Comparative 

Fit Index (CFI), the Tucker-Lewis index (TFI), the RMSEA and Standardized Root 

Mean Square Residual (SRMR). A normed χ2 test was used, as the χ2 test of exact fit 

is highly sensitive to large sample sizes, which inflate the χ2 value.  A normed χ2 test 

value between 1 and 2 are indicative of a ‘good’ model fit, between 2 and 3 an 

‘acceptable’ model fit (Carmines & McIver, 1981), although Lomax and Schumacker 

(2004) argue that up to 5 is ‘acceptable’. CFI values of ≥ 0.95 are considered ‘good’, 

and ≥ 0.90 is ‘acceptable’. TFI values of ≥.95 indicate ‘good’ fit and ≥.90 is considered 

‘acceptable’ (Hu & Bentler, 1999). RMSEA values indicate either ‘good fit’ (≤0.05), 

‘fair fit’ (≤0.08), or ‘mediocre fit’ (≤0.10). SRMR values of <0.08 are considered 

‘good fit’ (Hu & Bentler, 1999; Schreiber, Nora, Stage, Barlow, & King, 2006). Where 

appropriate, model fit was improved by adding covariance pathways between error 

terms. These were determined following inspection of the modification indices and 

consideration of theoretical explanations. 
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Table 3. Study 2 individual studies (N=966) 

Table 3 displays the titles of each study, the author(s), and links to the relevant publication or data set 

(if available online). The number of participants from each of the individual data sets used to create the 

final data set for this analysis (N = 966) is also shown.

Study 

number 
Study reference 

Number of 

participants in 

present analysis 

1 Using the norm range to predict the effect of portion size reduction on compensation 

(Haynes, 2019a) (Study 1, unpublished data, available at: https://osf.io/wzesx/) 

39 

2 
Using the norm range to predict the effect of portion size reduction on compensation 

(Haynes, 2019a) (Study 2, unpublished data, available at: https://osf.io/wzesx/) 
19 

3 
Visual perceptions of portion size normality and intended food consumption (Study 2 

in (Haynes et al., 2019) 
34 

4 Laboratory study on body size and social anxiety (unpublished data) 41 

5 Laboratory study on body size and conformity (unpublished data) 38 

6 Laboratory study on beliefs about food intake and food wastage (unpublished data) 120 

7 Portion size and later food intake (Study 3 in Robinson and Kersbergen (2018)) 13 

8 
The psychosocial experience of feeling overweight and snack food consumption 

(Study 1 in (Oldham, Tomiyama, & Robinson, 2018)) 

72 

9 
The psychosocial experience of feeling overweight and snack food consumption 

(Study 2 in (Oldham et al., 2018)) 
111 

10 
Influence of attentive eating on later snack food intake (Study 2 in Whitelock, Higgs, 

Brunstrom, Halford, and Robinson (2018)) 
136 

11 
Influence of attentive eating on memory for meal satiety and later food intake in men 

(Whitelock, Gaglione, Davies-Owen, & Robinson, 2019) 
33 

12 
Remembered Meal Satisfaction, Satiety, and Later Snack Food Intake (Whitelock & 

Robinson, 2018) 
120 

13 
Smartphone-based attentive eating intervention for energy intake and weight loss 

(Whitelock, Kersbergen, et al., 2019) 
62 

14 
Visual exposure and compensation for small portions (Haynes, 2019b) (unpublished 

data, available at: https://osf.io/xbpg3/) 
128 

https://osf.io/wzesx/
https://osf.io/wzesx/
https://osf.io/xbpg3/
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Table 4. Correlations, means and standard deviations for the 5 items of the food waste 

concerns scale 

 Item 1 a Item 2 Item 3 Item 4 Item 5 a 

Item 1 a 1     

Item 2 .42 1    

Item 3 .44 .54 1   

Item 4 .35 .38 .58 1  

Item 5 a .61 .42 .43 .34 1 

Mean(±SD) 4.41 (±1.70) 4.83 (±1.62) 4.77 (±1.70) 4.24 (±1.79) 4.00 (±1.60) 

Item 1 = “It is fine for food to go to waste sometimes”; Item 2 = ““It is morally wrong to waste food”; 

Item 3 = “I cannot stand throwing food away”; Item 4 = “Even if I felt full, I would rather finish what 

is on my plate than see it go to waste”; Item 5 = “It can be acceptable to waste food.”.  

a Items were reversed-scored prior to calculating the food waste concerns score.  

 

Table 5. Standardised and unstandardized coefficients for confirmatory factor 

analysis 

Observed variable β B SE p 

Item 1 a .55 1.08 .06 <.001 

Item 2 .71 1.33 .10 <.001 

Item 3 .80 1.58 .10 <.001 

Item 4 .71 1.48 .11 <.001 

Item 5 a .54 1.00 b   

In the context of a confirmatory factor analysis values represent standardised and unstandardized 

factor loadings. The unstandardized coefficients (B) indicate that all items significantly loaded onto 

the latent factor. a Items were reversed-scored prior to calculating the food waste concerns score and 

running this analysis. b This path (‘Food Waste Concerns’ to ‘Item 5’) is fixed at 1 (and thus has no SE 

and there is no significance test for this path) as this path is setting the measurement scale of the latent 

variable (Food Waste Concerns) in relation to the indicator variable (Item 5). See Figure 2. 
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Confirmatory factor analysis 

Five items were free to load onto the latent factor (food waste concerns score). The 

initial iteration indicated an acceptable to poor fit model (normed χ2 (χ2/df) =40.06, 

CFI =.873, TLI =.746, RMSEA (90% CI) =.201 (.18-.23), SRMR =.07). The normed 

χ2 test value was above the cut-off of 5.00 for ‘acceptable fit’, both CFI and TLI values 

were below the cut-off of 0.90 for ‘acceptable fit’, and the RMSEA was above the cut-

off of .10 for ‘mediocre fit’. Only the SRMR value indicated a good model fit, being 

below the cut-off of .08 for ‘good fit’. However, following the addition of covariance 

pathways based on modification indices, the single-factor model provided a good fit 

to the data (normed χ2 (χ2/df) =3.52, CFI =.995, TLI =.984, RMSEA (90% CI) =.051 

(.02-.09), SRMR =.02). Here, the normed χ2 test value was below .5, indicating 

‘acceptable fit’; both CFI and TLI values were above .95, indicating ‘good fit’; the 

RMSEA value was lower than .08, indicating ‘fair fit’; and the SRMR value was lower 

than .08, indicating ‘good fit’. Figure 2 shows the final model. Table 5 shows the 

standardised and unstandardized parameter estimates. Standardised factor loadings 

indicated that all items appropriately reflected their underlying latent variable (Figure 

2). 
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Figure 2. Model generated by Confirmatory Factor Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 shows the model generated by the confirmatory factor analysis. Values are standardised 

coefficients. Values in bold italics are factor loadings for the respective item. ‘e’ denotes the error term 

for each item. The curved arrows represent covariances between error terms, which were added 

following inspection of the model indices 

 

Food waste concerns and plate-clearing tendencies 

A regression analysis was conducted to examine whether food waste concerns 

predicted plate-clearing tendencies score while controlling for gender, age, and BMI. 

The full model predicted approximately 22% of variance in plate-clearing tendencies 
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score, R2 =.22, F(4, 205) =14.06, p <.001. Gender was negatively associated with 

plate-clearing tendencies, with higher plate-clearing scores in males than females (β = 

-.23, p <.001). Food waste concerns score was positively associated with plate-clearing 

tendencies, with greater food was concerns being associated with greater plate-clearing 

tendencies (β =.37, p <.001). Age (β =.07, p =.294) and BMI (β = -.05, p =.491) did 

not significantly predict plate-clearing tendencies. 

 

Food waste concerns and weight 

A regression analysis was conducted to examine whether food waste concerns 

were associated with BMI, while controlling for age and gender. The full model 

predicted approximately 21% of variance in BMI, R2 = .21, F(3, 960) = 86.65, p <.001. 

Age was positively associated with BMI (β =.46, p <.001). However, gender (β = -.03, 

p =.242) and food waste concerns (β = -.04, p =.174) did not significantly predict BMI. 

A logistic regression analysis was conducted to investigate whether food waste 

concerns predicted likelihood of being overweight, while controlling for age and 

gender. The regression model significantly predicted BMI, correctly identifying 70.6% 

of cases, Cox & Snell R² =.13, Nagelkerke R² =.17, p <.001. Age was associated with 

an increased likelihood of being overweight, B =.07 (SE =.01), Wald =98.27, p <.001; 

OR =1.08, 95% CIs =1.06-1.09. Neither gender, B =.18 (SE =.17), Wald =1.14, p 

=.286); OR =1.19, 95% CIs =0.86-1.66, or food waste concerns, B <.01 (SE =.01), 

Wald <.01, p =.984; OR =1.00, 95% CIs =0.90-1.12, were associated with the 

likelihood of being overweight. 
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Study 3 

Other measures 

Awareness of measurement of consumption 

Participants were asked about their experience of the study at the end of the 

study (including awareness of the study aims). Included in this questionnaire was the 

question “I felt as though the amount of food I was eating would be measured by the 

researcher”. This was presented in a 5-point Likert scale response format (‘Strongly 

disagree’ to ‘Strongly agree’). The data were not analysed in the context of the present 

study. See https://osf.io/aef75/ for study measures in full.
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Table 6. Pearson’s correlations between study variables 

 

Table 6 displays the correlations between plate-clearing tendencies (PCT) score (M), food waste concerns (FWC) score (X), food intake (measured in grams) (Y) and the 

following potential covariates: gender, age, BMI, desire-to-eat pre-lunch, hunger pre-lunch, fullness pre-lunch, meal enjoyment (liking), restraint, disinhibition and hunger 

(measured via the TFEQ). Six variables were found to be correlated with one or more of our mediation variables, and therefore 6 variables were included as covariates in our 

mediation analysis.  

*p <.05; **p <.01, ***p <.001 

a Age (years) contains data from 127 participants, as there are missing data. 

b Dietary restraint contains data from 123 participants, as there are missing data. 

 

FWC 

score 

PCT 

score 

Food intake 

(g) 

Gender 

Age 

(years)a 

BMI 

(kg/m²) 

Desire-to-eat 

pre-lunch 

Hunger 

pre-lunch 

Fullness 

pre-lunch 

Meal enjoyment 

(liking) 

Dietary 

restraint b 

Disinhibition Hunger 

FWC score - .29** .19* -.01 .09 -.06 .17 .21* -.08 .06 -.04 .17 .43*** 

PCT score  .29** - .20* -.19* -.07 .12 -.10 -.01 -.07 .17 -.09 .15 .04 

Food intake 

(g) 

.19* .21* - -.36*** .14 -.02 .23* .17 -.24** .35*** -.01 .07 .25** 
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Results of sensitivity analyses 

Food waste concerns score was positively correlated with hunger pre-lunch (r(126) 

=.21, p =.023) and hunger (TFEQ) (r(126) =.43, p <.001). Plate-clearing tendencies 

were negatively correlated with gender (r(126) =.-19, p =.035). Weight of food eaten 

(g) was negatively correlated with gender (r(126) =-.36, p <.001) and fullness pre-

lunch (r(126) =-.24, p =.008), and positively correlated with desire-to-eat pre-lunch 

(r(126) =.23, p =.010), meal enjoyment (liking) (r(126) =.35, p <.001) and hunger 

(TFEQ measure) (r(126) =.25, p =.005). All other correlations were found to be non-

significant (ps >.05). Therefore, 6 covariates were included in the mediation analysis: 

gender, desire-to-eat pre-lunch, hunger pre-lunch, fullness pre-lunch, meal enjoyment 

(liking) and hunger (measured by the TFEQ). All variables were log-transformed 

(except for gender). Including these 6 covariates in the mediation model did not change 

the pattern of significance observed. Food waste concerns were positively associated 

with plate-clearing tendencies, B =.18, SE =.06, 95% CIs =0.06-0.30, p =.003. There 

was no direct effect of food waste concerns on food intake, B =.07, SE =.11, 95% CIs 

= -0.15-0.29, p =.545. Plate-clearing tendencies did not significantly predict food 

intake, B =.17, SE =.16, 95% CIs = -0.15-0.49, p =.304. There was no significant 

indirect effect of food waste concerns on food intake via plate-clearing tendencies, 

b(SE) =.03(.05), 95% CIs = -0.01, 0.17.  

Two participants completed the screening questionnaire retrospectively (i.e. 

after the study session). Re-running the main analyses with these participants removed 

did not change the pattern of significance observed. Food waste concerns were 

positively associated with plate-clearing tendencies, B =.16, SE =.06, 95% CIs =0.05-

0.28, p =.006. There was no direct effect of food waste concerns on food intake, B 

=.10, SE =.12, 95% CIs = -0.14-0.34, p =.419. Plate-clearing tendencies did not predict 
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food intake, B =.29, SE =.19, 95% CIs = -0.08-0.65, p =.125. There was no significant 

indirect effect of food waste concerns on food intake via plate-clearing tendencies, 

b(SE) =.03(.05), 95% CI = -0.01, 0.16. One participant requested and consumed a 

second serving of food, and therefore was served a total of 1000g of pasta in tomato 

sauce (2 portions). Re-running the main analyses with this participant removed did not 

change the pattern of significance observed. Food waste concerns were positively 

associated with plate-clearing tendencies, B =.16, SE =.06, 95% CIs =0.04-0.27, p 

=.008. There was no direct effect of food waste concerns on food intake, B =.11, SE 

=.12, 95% CIs = -0.13-0.35, p =.370. Plate-clearing tendencies did not predict food 

intake, B =.27, SE =.19, 95% CIs = -0.09-0.64, p =.145. There was no significant 

indirect effect of food waste concerns on food intake via plate-clearing tendencies, 

b(SE) =.04(.06), 95% CIs = -0.01, 0.20.  

Eight participants reported some awareness of study aims. Re-running the main 

analyses with these participants removed did not change the pattern of significance 

observed. Food waste concerns were positively associated with plate-clearing 

tendencies, B =.16, SE =.06, 95% CIs =0.05-0.28, p =.007. There was no direct effect 

of food waste concerns on food intake, B =.12, SE =.13, 95% CI = -0.12-0.37, p =.327. 

Plate-clearing tendencies did not predict food intake, B =.27, SE =.19, 95% CIs = -

0.11-0.64, p =.158. There was no significant indirect effect of food waste concerns on 

food intake via plate-clearing tendencies, b(SE) =.04(.06), 95% CIs = -0.01, 0.21.  
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Appendix 3: Supplementary Materials for Chapter 4 

Study 1 

Participants completed a number of other self-report measures that we collected in 

order to inform other research. For completeness, we describe them below. 

 

Knowledge of what would happen to leftover food: Participants commented on whether 

“The knowledge of what would happen to leftover food affected how much [they] ate.” 

This was presented in a 5-point Likert scale response format (‘Strongly disagree’ to 

‘Strongly agree’). 

Questions on the snack food: Participants commented on the amount they ate in 

comparison to their typical consumption of this snack food (“In my opinion, compared 

to what I would normally eat of this snack, the amount I ate was…”). This was scored 

on a 5-point Likert scale response format (‘A lot smaller than normal’ to ‘A lot larger 

than normal’). Participants also commented on their enjoyment of consuming the 

snack food (“Overall, I enjoyed the snack that was given to me”), whether it was a 

snack they consume regularly (“This is a snack I regularly consume”) and how tasty 

they found the snack food (“I thought the snack was tasty”). These were presented in 

a 5-point Likert scale response format (‘Strongly disagree’ to ‘Strongly agree’). 

Influence of portion size: Participants reported whether the portion size influenced 

their intake (“Would you say that the portion size of food served influenced how much 

you ate?”). This was presented in a 5-point Likert scale response format (‘Strongly 

disagree’ to ‘Strongly agree’). 

Awareness of measurement of consumption: see Appendix 1, Other measures. 
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Plate-clearing questions: see Study 1 of Chapter 2, Measures. 

Socioeconomic status questions: Participants answered 3 questions about their 

childhood before the age of 12 in relative to the amount of money their family had 

(“My family had enough money for things growing up”), how wealthy their 

neighbourhood was (“I grew up in a relatively wealthy neighbourhood”), and how 

wealthy they felt (“I felt relatively wealthy compared to others of my age”). They also 

answered questions relating to the present and foreseeable future, regarding 

expendable income (“I have enough money to buy the things I want”), bills (“I don’t 

worry too much about paying bills”), and money in the future (“I don’t think I’ll have 

to worry about money too much in the future”). All items were presented in a 7-point 

Likert scale response format (‘Strongly disagree’ to ‘Strongly agree’). 

 

Additional analyses for Study 1 of Chapter 4 

Influence of time of day 

6 x 4 ANOVAs were conducted to confirm that time of day did not influence hunger 

or food intake overall or in each condition, with time of day 

(11:00/12:00/13:00/14:00/15:00/16:00) and condition (control/food is saved/take 

home/food is wasted) as the between-subjects factors. There was no significant main 

effect of time of day, F(5, 96) = 2.28, p =.053, 𝜂𝑝
2 =.11, or a significant time of day by 

condition interaction effect, F(15, 96) = 0.76, p =.720, 𝜂𝑝
2 =.11, on pre-consumption 

hunger. There was also no significant main effect of time of day, F(5, 96) = 0.94, p 

=.461, 𝜂𝑝
2 =.05, or a significant time of day by condition interaction effect, F(15, 96) 

= 1.15, p =.325, 𝜂𝑝
2 =.15, on weight of food eaten. 



 

 

215 
 

Study 2 

Participants completed a number of other self-report measures that we collected in 

order to inform other research. For completeness, we describe them below. 

 

Knowledge of what would happen to leftover food: see Appendix 3, Study 1. 

Awareness of measurement of consumption: see Appendix 1, Other measures. 

Questions on the snack food: Participants commented on their enjoyment of 

consuming the snack food (“Overall, I enjoyed the snack that was given to me”). This 

was scored on a 5-point Likert scale response format (‘Strongly disagree’ to ‘Strongly 

agree’). Participants  

Participants were also asked, “Regardless of how successful you were, how hard did 

you try to stop yourself from eating extra popcorn, or to limit the amount of popcorn 

you ate?” which was scored on a 99mm VAS scale with anchors of ‘Not at all’ to 

‘Extremely’. 

Plate-clearing questions: see Study 1 of Chapter 2, Measures. 

 

Additional analyses for Study 2 of Chapter 4 

Influence of time of day 

6 x 2 ANOVAs were conducted to confirm that time of day did not influence pre-

consumption hunger or food intake overall or in each condition, with time of day 

(10:00/10:50/14:00/14:50/15:40/16:30) and condition (control/food is wasted) as 

between-subjects factors. There was no significant main effect of time of day, F(5, 
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149) = 0.74, p =.592, 𝜂𝑝
2 =.02, or a significant time of day by condition interaction 

effect, F(5, 149) = 0.34, p =.889, 𝜂𝑝
2 =.01, on pre-consumption hunger. There was also 

no significant main effect of time of day, F(5, 149) = 0.24,  p=.945, 𝜂𝑝
2 =.01, or a 

significant time of day by condition interaction effect, F(5,149) = 2.16, p =.061, 𝜂𝑝
2 

=.07, on weight of food eaten. 

 

Restraint 

The covariate, restraint, was not related to food eaten, F(1, 152) = 1.33, p =.251, r = 

.10. There was no significant effect of condition (p=.584) or gender (p=.387), and there 

remained a significant gender by condition interaction effect on food eaten (p=.045), 

after controlling for restraint. 

 

Appetite scores  

Although we asked participants not to eat in the 2 hours prior to attending the study 

session, the differing times of day of the study sessions could have influenced how 

hungry, full, and the desire to eat that participants felt. Therefore, we computed a 

composite appetite score (the total of pre-lunch hunger, reverse-scored pre-lunch 

desire to eat, and reverse-scored pre-lunch fullness) and ran a Pearson’s correlation to 

investigate whether this correlated with the weight of food eaten. A significant 

correlation would be followed up with a 2 x 2 ANCOVA, with condition (control/food 

is wasted), and gender (male/female) as between-subject factors, weight of food eaten 

as the dependent variable, and composite appetite score as a covariate. However, a 

Pearson’s correlation demonstrated that there was no significant correlation between 
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composite appetite score and the weight of food eaten, r(159) =.11, p =.149. As these 

2 variables were not significantly correlated, no further analyses with composite 

appetite score were ran. 
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Appendix 4: Supplementary Materials for Chapter 5 

Table 1. Weight (g) and estimate kilocalories (kcal) for each portion size of pasta 

image 

Portion size  

(% of recommended) 

Portion Size  

(in g) 

Portion Size  

(in kcal) 

100% 280.00 299.00 

120% 336.00 358.80 

140% 392.00 418.60 

160% 448.00 478.40 

180% 504.00 538.20 

200% 560.00 598.00 

220% 616.00 657.80 

240% 672.00 717.60 

260% 728.00 777.40 

280% 784.00 837.20 

300% 840.00 897.00 

 

 

Other measures 

 

Participants completed a number of other self-report measures that we collected in 

order to inform other research. Participants completed 5 additional items relating to 

their plate-clearing habits (see Appendix 1), and were asked to give the first 3 letters 

of their postcode. This would allow us to use the Index of Multiple Deprivation as an 

estimation of socioeconomic status. Here, postcodes are ranked from 1 

(most deprived area) to 32,844 (least deprived area). 
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Additional sensitivity analyses 

 

We planned to run the main analyses with those who reported that they were currently 

dieting removed from the sample. Of the 409 participants, 76 participants reported that 

they were currently dieting.  

When these participants were removed, the same patterns of significance were 

observed in our main analyses. There was a significant main effect of portion size on 

intended consumption, F(3.01, 998.09) = 239.97, p <.001, 𝜂𝑝
2 =.42, with participants 

intending to consume significantly more from larger portions. There was a significant 

increase in intended consumption with every subsequent increase in portion size (ps 

<.01), except for 200-220% (p =.781) and 260-280% (p =.437) of the recommended 

portion. 

Also, there was a significant main effect of portion size, F(3.31, 1095.96) = 

162.24, p <.001, 𝜂𝑝
2 =.33, and a significant main effect of plate-clearing type, F(1, 331) 

= 66.41, p <.001, 𝜂𝑝
2 =.17, on intended consumption, with plate-clearers intending to 

consume significantly more than non-plate-clearers. There was a significant portion 

size*plate-clearing type interaction effect on intended consumption, F(3.31, 1095.96) 

= 26.21 p <.001, 𝜂𝑝
2 =.07. Portion size effects on intended consumption tended to be 

statistically larger in plate-clearers than non-plate-clearers. 

Finally, there was a significant main effect of portion size, F(3.05, 1010.69) = 

246.22, p <.001, 𝜂𝑝
2 =.43, and a significant main effect of food waste concerns, F(1, 

331) = 8.75, p =.003, 𝜂𝑝
2 =.03, on intended consumption, with those reporting high 

food waste concerns intending to consume significantly more than those reporting low 

food waste concerns. There was a significant portion size*food waste concerns 
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interaction effect on intended consumption, F(3.05, 1010.69) = 4.73, p =.003, 𝜂𝑝
2 =.01. 

Portion size effects on intended consumption tended to be statistically larger in those 

who self-report high food waste concerns than those who self-reported low food waste 

concerns. 


