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Abstract 

Rates of overweight and obesity have increased worldwide over the past 30 

years. This has directly led to an increase in health conditions such as hypertension, 

type 2 diabetes, heart disease and stroke. These health conditions pose significant risk to 

the individual and a huge financial burden on the community, making the need for 

evidence-based weight-control measures vital.  

Weight gain is ultimately driven by excess energy intake and insufficient energy 

expenditure. One of the key behavioural determinants of this energy imbalance is 

discretionary food intake. Discretionary foods commonly referred to as “snacks”, are 

non-essential foods consumed outside of main meals. These foods are typically energy-

dense and nutritionally-poor, and have been estimated to contribute, on average, one 

third of an individual’s daily energy intake.  

The consumption of discretionary foods is believed to be driven by both 

motivated, intentional decisions (i.e., people making the decision to snack or not), and 

momentary (variable) factors within the environment. The interaction between 

motivational and momentary eating cues is important. However, previous research on 

eating has either focused on motivated behavioural goals or on lab-based manipulations 

of food cues, thereby missing the fluctuating environmental exposures that prompt food 

intake. The studies in this thesis use Ecological Momentary Assessment (EMA) 

methods to examine the determinants of discretionary food intake. Through the use of 

EMA, individuals are studied in naturalistic environments as they go about their daily 

lives, thereby improving ecological validity and allowing for examination of contextual 

cues related to eating. This, in conjunction with baseline assessments of individuals’ 

dietary motivations, enable a greater understanding of the determinants of discretionary 

food intake.  
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Four complimentary studies were conducted with the aim to better understand 

the individual and contextual determinants of discretionary food intake. This thesis 

begins by examining how individuals prioritise and manage their dietary goals with 

other personal goals (Study 1, Chapter 2). In this study, dieters recorded their food and 

drink intake in real-time and provided a summary of engagement with their personal 

goals at the end of each day. The findings suggest that although daily food intake 

predicted long-term weight-loss, motivational determinants such as dieting goals and 

individuals’ intentions may not be particularly important in guiding real-time eating 

decisions. Contextual factors need to be examined to better understand the how eating 

decisions are made in the moments leading up to food intake. 

Study 2 (Chapter 3) examined discretionary food intake from an integrated 

perspective, using Temporal Self-Regulation Theory. Here, the interplay between 

individual motivations (i.e., self-regulatory capacity and behaviour pre-potency) and 

momentary cues (i.e., seeing others eat, experiencing negative affect and having food 

available) in shaping health behaviour self-regulation were explored. In this study, 

participants completed a baseline assessment of the motivations towards healthy eating 

and recorded their food intake in real-time using EMA methods. The findings showed 

discretionary food intake is largely guided by momentary cues, and motivational-level 

factors are less important in the initiation of discretionary food consumption. Given this 

finding, dietary interventions should aim to target the momentary cues which are 

associated with discretionary food intake.  

Study 3 (Chapter 4) further examines the momentary cues guiding eating. Cues 

such as negative affect, the presence and availability of food and the presence of others 

eating were explored. Study 3 focused specifically on the momentary food environment 

shaping real-time eating decisions among people with overweight and obesity. 

Participants reported their food intake and exposure to environmental cues using EMA 
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methods. The findings suggest contextual cues are associated with both main meal and 

discretionary food intake, and perceptions of the food environment influence food 

choice. Therefore, dietary interventions should combine individuals’ healthy eating 

intentions and momentary cues with environmental-level interventions targeting the 

placement of food outlets.  

Study 4 (Chapter 5) built on the results from Chapter 4 to examine discretionary 

food intake from the influence of the community nutrition environment. In this study, 

participants recorded their food intake and reported on the number and type of food 

outlets nearby in-real time using an EMA approach. Alongside participants reports, their 

electronic diaries recorded their GPS coordinates. GPS coordinates were overlaid onto a 

map of food outlets to produce an objective count of the number of food outlets 

surrounding an individual. Although further research is needed, the results suggest that 

subjective reports of the food environment predict eating better than objectively 

measured food environments. This is an important finding, as it suggests mHealth apps 

offering dietary advice may need to consider the type of food outlets rather than the raw 

number of food outlets near an individual.  

Chapter 6 explores the common determinants and consequences of snacking and 

how we can best apply interventions to modify discretionary food intake. Across the 

research in this thesis, momentary factors were more predictive of discretionary food 

intake than motivational-level factors, highlighting the need for dietary interventions to 

address the environments that people consume food in. Momentary cue interventions 

include mHealth apps which can tailor dietary information based on an individual’s 

location. The first two studies in this thesis expand the knowledge on motivational cues 

of eating by examining how personal goals and self-regulatory ability are associated 

with food intake. Additionally, by investigating contextual cues through both self-report 

(Chapter 4) and passively-collected GPS data (Chapter 5), new targets for mHealth 
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dietary interventions are developed. Overall, the studies demonstrate how individual-

level motivations and momentary factors within the immediate environment prompt 

real-time eating decisions, ultimately generating an evidence-based direction for dietary 

interventions aimed at reducing the burden of overweight and obesity and associated 

health conditions.   
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Chapter 1 Introduction1 

  

 
1 Extracts of this chapter has been published: Ferguson, S. G., Jahnel, T., Elliston, K. G., & Shiffman, S. 

(2020). Ambulatory Assessment. In A. Wright & M. Hallquist (Eds.), The Cambridge Handbook of 

Research Methods in Clinical Psychology (pp. 301-311). Cambridge University Press. 

https://doi.org/10.1017/9781316995808.029 (see Appendix 1.1 for the publication).  
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In the paper by Ferguson et al. (2020), I contributed to planning, writing and editing the 

entire manuscript, and took the lead on drafting the following sections; Adopting 

Ambulatory Assessment methods for the study of psychopathology, Therapeutic uses of 

Ambulatory Assessment, and Utilizing real-time data in interventions: Promise, 

Problems and Future Directions. The sections on Using Ecological Momentary 

Assessment to understand eating behaviour and A move towards developing mHealth 

apps to change behaviour expanded on below in the introduction (Sections 1.6 and 

1.7.2) of this thesis are modified from the publication.   
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1.1 Overweight, obesity and health 

Across the globe, rates of overweight and obesity are increasing (Finucane et al., 

2011). Over the past 30 years, the prevalence of obesity has more than doubled (World 

Health Organisation: WHO, 2016) jumping from 27.5% in 1980 to 47.1% in 2013 (Ng 

et al., 2014). Currently, there are 2 billion adults with overweight or obesity worldwide 

(WHO, 2016). In Australia– the context of where this research is conducted– around 

12.5 million adults, approximately 67% of the adult population, have overweight or 

obesity; 36% overweight and 31% obese (Australian Bureau of Statistics: ABS, 2018). 

Overweight and obesity contribute 7.0% of the total health burden in Australia 

(Australian Institute of Health and Welfare: AIHW, 2017), the direct economic cost 

associated with obesity in Australia is $3.8 billion (in 2014/15 dollars; PwC Australia, 

2015). With such high costs to the population, addressing excess weight is a public 

health priority.  

Individuals are considered overweight or obese when they carry a level of body 

fat which may adversely affect their health (WHO, 2016). Overweight and obesity is 

commonly determined based on an individual’s Body Mass Index (BMI), which is 

calculated using height and weight information (BMI= kg/m2 WHO, 2016). A BMI 

>18.5 and <25 falls within the healthy weight range (overweight BMI ranges from 25-

29.99, obese BMI ≥ 30: WHO, 2016). Although the BMI calculation was originally 

developed to assess what ‘an average man looks like’ (Blackburn & Jacobs, 2014), it is 

generally considered a good indication for an individual’s level of body fat (Deurenberg 

& Yap, 1999). BMI levels are strongly associated with the risk of developing health 

conditions associated with excess weight (WHO, 2019). The higher an individual’s 

BMI, the higher their risk of hypertension, type 2 diabetes, heart disease, stroke, 

respiratory problems, various cancers and many other diseases (AIHW, 2016b). Despite 

this, BMI has been criticised for not taking into consideration individual differences in 
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weight; for example, BMI calculations do not account for differences in body type 

relating to muscle mass, age or gender (Deurenberg & Yap, 1999).  

Although using BMI to assess an individual’s weight status is a contested issue 

(O'Neill, 2015), it is still the most commonly used way of assessing an individual’s 

weight (WHO, 2019). Alternative approaches include using body fat estimates, waist 

circumference, waist to hip ratio and skinfold thickness (O'Neill, 2015); each fraught 

with their own challenges. BMI is one of the quickest and least intrusive methods of 

assessing individuals’ weight status and it allows for simple comparisons between 

individuals. Throughout the studies included in this thesis, BMI will be adopted to 

assess individuals weight status and be used to compare group differences in eating 

patterns.  

 

1.2 Discretionary food intake and health: An overview 

Weight gain is ultimately driven by an imbalance between excess energy intake 

and insufficient energy expenditure (Hill & Peters, 1998). One of the key behavioural 

determinants of this energy imbalance is food intake, in particular the intake of 

discretionary foods (Hampl et al., 2003). Discretionary foods— more commonly 

referred to as snacks— are foods which are consumed outside of the main meals of 

breakfast, lunch and dinner (Rangan et al., 2009). Discretionary foods typically include 

ultra-processed, energy-dense, nutritionally-poor food items such as biscuits, 

confectionary, pastries and alcohol (Cleobury & Tapper, 2014; Rangan et al., 2009; 

Watson et al., 2016). In accordance with the literature, the terms ‘discretionary foods’ 

and ‘snacks’ will be used interchangeably throughout this thesis.  

In Australia, approximately one third of any individual’s daily energy intake 

results from discretionary food consumption (ABS, 2015; Rangan et al., 2009). The 

prevalence, frequency and energy gained from snack foods has been steadily increasing 
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over time (Fayet-Moore et al., 2017; Zizza et al., 2001). Among children, those 

consuming four or more snacks has almost tripled from 7% in 1995 to approximately 

19% in 2011/12 (Fayet-Moore et al., 2017). Similarly, in the United States, the energy 

gained per snacking occasion has increased by 26% from 1977/78 to 1994/96 among 

young adults (Zizza et al., 2001). This demonstrates an increase in discretionary food 

consumption and therefore daily energy intake across various age groups.  

The Australian Dietary Guidelines (2013) recommend individuals consume a 

variety of food across the five food groups each day (NHMRC, 2013). The five food 

groups include vegetables and legumes/beans; fruit; grains; lean meats; and milk 

products and/or their alternatives (National Health and Medical Research Council: 

NHMRC, 2013). Despite this recommendation, (Hendrie et al., 2016) reports that 

Australians’ diets generally exceed the recommendations for discretionary foods. 

Australians typically eat 2.7 serves of discretionary food each day (Hendrie et al., 

2016). Alcohol, sugar-sweetened beverages, confectionary, cakes and biscuits are the 

most commonly consumed discretionary items (Fayet-Moore et al., 2017; Hendrie et al., 

2016). Among the Australian states and territories, Tasmania and the Northern Territory 

have the highest number of discretionary food consumption (Hendrie et al., 2016). In 

Tasmania— where this research is conducted— the average weekly serves of 

discretionary food is 20.5; above the national average of 19.15 (Hendrie et al., 2016). 

Ultra-processed discretionary food consumption is associated with a range of adverse 

health outcomes such as overweight, obesity, cardio-metabolic risks, cancer and type 2 

diabetes (Elizabeth et al., 2020). Due to the health risks associated with ultra-processed 

food consumption, understanding the changes contributing to increased snacking is 

necessary in working towards ways to improve individuals’ health. This thesis will 

examine the determinants underlying discretionary food intake, an essential step 

towards the development of effective dietary interventions. 
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1.3 Differences between the decision to eat and type of food consumed 

Traditionally, the decision to eat has been considered to be driven by internal 

physiological processes such as hunger (Cornell et al., 1988). This “homeostatic 

hunger” results from a physiological lack of nutrients; prompting an individual to eat in 

order to replenish their energy (Lutter & Nestler, 2009; Saper et al., 2002). More 

recently however, research has examined how the pleasure derived from food intake 

encourages further food consumption (Lee & Dixon, 2017). This pleasure-driven 

“hedonic hunger” is thought be to prompted by psychological rather than physiological 

needs (Lowe & Butryn, 2007). When experiencing hedonic hunger, an individual’s 

situation initiates feelings of hunger, rather than a physiological need to gain energy 

(Lowe & Butryn, 2007).   

After an individual makes the decision to eat, they must then decide what foods 

to consume. Some studies suggest the number of daily eating occasions has increased 

over the past 30 years (e.g., Kachurak et al., 2018). However, other studies suggest there 

have also been changes in the types of foods individuals are consuming. For example, 

individuals seem to be increasingly reliant on processed, take away foods, rather than 

home cooked meals, and the use of oils and sugar-sweetened beverages are now 

commonplace in individuals’ diets (Popkin et al., 2012).  

Silventoinen et al. (2004) suggest rates of overweight and obesity in China and 

Australia have increased almost exclusively as the result of increased fat intake. Indeed, 

Barclay and Brand-Miller (2011) found that in Australia, individuals overconsume fast 

food products, but have reduced their total sugar intake over the past 30 years, 

suggesting that fat rather than sugar intake may be contributing to the increases in 

obesity. In the United States, this pattern is slightly different; larger portion sizes and 

higher eating and drinking frequency appears to be more related to the increase in rates 

of overweight and obesity than changes in micronutrient intake (Duffey & Popkin, 
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2011). Despite the differences between countries in population-level eating decisions 

and type of food, the food environment is a major component shaping individuals’ 

energy intake and expenditure requirements (Romieu et al., 2017). Examination of the 

theoretical explanations surrounding eating decisions and food type is therefore 

necessary to better understand and potentially modify individuals’ energy intake.  

 

1.4 Theoretical explanations of food intake 

Theoretical accounts of eating explain food-related behaviours as a result of 

conscious decisions or as a result of being exposed to contextual influences. Theories 

such as The Theory of Planned Behaviour (Ajzen, 1991) and Goal Conflict Theory 

(Stroebe, Mensink, et al., 2008), explore eating form a motivational perspective, where 

food intake results from individual-level traits and motivations, such whether or not an 

individual has the intention to eat, and what types of foods they should eat. In contrast, 

Stimulus-control models (e.g., Schüz, Bower, et al., 2015; Sobik et al., 2005) emphasise 

momentary cues, such as the situations and circumstances surrounding individuals as 

being more influential in driving food intake than individual-level motivations. 

Throughout this thesis, individual and contextual determinants underlying eating are 

explored through examining both motivational and momentary levels of influence on 

food intake. A socio-ecological model based off Dahlgren and Whitehead’s (1991) 

rainbow model of health behaviour, is used to illustrate the levels of individual and 

contextual determinants of discretionary food intake (see Figure 1.1, below).  
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Figure 1.1 Diagram outlining the levels of influence for discretionary food intake that will be explored in 

this thesis.  

Note: closer to the individual are motivational influences, which tend to be relatively 

stable and are driven by an individual’s cognitions. Further away are momentary 

influences subject to greater fluctuation. These include an individual’s affect (middle 

ring) and environmental determinants, such as the presence of food outlets (outer ring).  

Affect is represented in the middle ring as it is both driven by individuals’ cognitions, 

but is subject to change depending on the situation and environment an individual finds 

themselves in.  

 

1.4.1 Motivational predictors of food intake 

The Theory of Planned Behaviour (TPB: Ajzen, 1991), outlines behaviour as 

being driven by intentions and then also specifies the factors that are important for 

intention formation. For example, how much effort an individual is willing to put into 

achieving a desired behaviour (Ajzen, 1991). Additionally, the TPB suggests that 

perceived behavioural control (i.e., how much influence an individual believes they 

have over their behaviour) moderates the relationship between their intentions and 

behaviour. When an individual perceives themselves to have high levels of control over 
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their behaviour, their intentions are likely to translate into behavioural engagement 

(Ajzen, 1991).  

The TPB is particularly useful for investigating the cognitive determinants 

underlying dietary behaviours (Baranowski et al., 2003). The TPB is can be applied to 

explain the antecedents leading to goal-directed behaviours, such as how having the 

intention to maintain a healthy diet motivates individuals to consume healthy food 

choices. Previous systematic reviews and meta-analyses (e.g., McDermott et al., 2015; 

McDermott et al., 2016) have found that constructs within the TPB have medium to 

large associations with both intentions and dietary intake.  

Although the TPB is able to predict current behaviour, it is not necessarily able 

to predict if, and when, someone will change their behaviour. The utility of the TPB to 

create healthy dietary interventions may therefore be limited. Furthermore, it is likely 

that individual characteristics moderate the associations within the TPB. For example, 

perceived behavioural control has been found to be more strongly associated with 

behaviour among younger compared to older individuals (McDermott et al., 2015), 

suggesting age impacts the relationships within the TPB. Additionally, the TPB does 

not explain situations where individuals have limited control over their behaviour. For 

example, there may be some situations where healthy foods are not available, thereby 

healthy eating goals cannot be achieved. Individual characteristics such as self-

regulatory ability is likely to supress engagement in undesired behaviours during such 

times.  

Self-regulation is an individual’s capacity for altering their behaviour to bring it 

in line with their goals (Baumeister & Vohs, 2007). Self-regulation strategies include 

behavioural monitoring, goal setting and activity scheduling to facilitate ease of 

behavioural performance and rewarding oneself for achieving behavioural goals 

(Saelens et al., 2000). Previous studies have found that treatment-induced improvement 
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in self-regulation is associated with improvements in healthy eating and weight loss 

(e.g., Annesi et al., 2016; Teixeira et al., 2015). Both self-regulation and intention fall 

within the motivational influences of eating and are examples of intrapersonal 

determinants which will be explored in Section 1.5.1 below.  

Goal conflict theory (Stroebe, 2002) further explores the role of self-regulation 

in shaping individuals’ health behaviours. Here, goals reflect the future states an 

individual wants to achieve (Kruglanski et al., 2002). However, in order to achieve 

success with personal goals, individuals need to balance their goals with the demands of 

numerous competing interests in everyday life. In terms of dieting and weight loss, 

maintaining healthy eating goals can be particularly challenging in food-rich 

environments, where palatable food is widely available. In food-rich environments, 

individuals are faced with many temptations to eat; rendering excess energy intake 

relatively easy to achieve and weight control difficult (Papies & Stroebe, 2012; Stroebe, 

Mensink, et al., 2008). Examining the pursuit of individuals’ goals is an important step 

in understanding how goals are prioritised and managed (Presseau et al., 2013). In this 

thesis, Study 1 explores how motivational influences shape an individual’s food choice 

through examining how individuals negotiate their dieting goals on a day-to-day basis.  

Lastly, motivational influences surrounding eating encompasses past behaviours, 

namely individuals’ habits. Eating, particularly the consumption of main meals, is 

largely driven by habit. Main meal consumption is consistently exhibited at the same 

time and in similar environments across days; individuals consume main meals without 

much conscious consideration. They can therefore be initiated by automatic behaviours 

(Aarts et al., 1998). For example, eating the same cereal for breakfast each day is a 

habit-driven behaviour. Breaking habits as a form of dietary intervention is the focus of 

recent dietary research (e.g., Adriaanse, Gollwitzer, et al., 2011; Beeken et al., 2017; 

Holland et al., 2006). A recent habit-based eating intervention found that asking 
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individuals to do something different in their daily lives can break a habit and result in 

clinically significant weight loss at 12-months follow-up (Cleo et al., 2018), suggesting 

that targeting habits may be a way to change health behaviours.  

Although motivational theories account for individual differences in food intake 

and choice, they do not adequately account for the contextual factors such as 

interpersonal and environmental cues believed to influence behaviour (for a further 

description of contextual cues associated with food intake see Sections 1.5.2-1.5.6). 

Contextual cues guiding eating have the potential to become automated habits if the 

cues are continually paired with food consumption (Grenard et al., 2013). Therefore, 

theoretical approaches to understand eating need to consider more momentary or 

contextual, influences which prompt food intake.  

 

1.4.2 Momentary predictors of food intake 

Momentary theories (e.g., stimulus-control models: Grenard et al., 2013; Schüz, 

Bower, et al., 2015; Sobik et al., 2005) suggest eating— particularly discretionary food 

intake— is determined by contextual cues prompting individuals towards consuming 

certain foods. This stimulus-driven eating involves the automatic processing of external 

cues (King, 2013), where contextual factors such as food availability (Cleobury & 

Tapper, 2014; McKee et al., 2014) and social norms (Prinsen et al., 2013; Vartanian et 

al., 2017) shape individuals’ food choices. Importantly, these stimulus-control models 

suggest that external cues prompt individuals to crave— and subsequently consume— 

food irrespective of their hunger level.  

Similar to motivational predictors, the influence of momentary predictors on 

discretionary food intake is subject to significant individual differences. For example, 

some individuals may be prompted to consume discretionary foods when they are 

feeling stressed, whilst others may be more likely to consume discretionary foods when 
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others around them are eating (Sections 1.5.1 and 1.5.2 below describe the intrapersonal 

and interpersonal determinants underlying food intake). Additionally, the influence of 

momentary cues on eating fluctuates within individuals over time. Individuals are 

exposed to numerous contexts throughout each day. For example, an individual may 

move between numerous environments each day, from home to work, to the 

supermarket and then home again. Different cues will be present in each environment 

(see Sections 1.5.3-1.5.6 for a discussion of various environmental determinants of 

discretionary food intake). Therefore, consideration of both between and within-

individual differences is necessary to understand the role of momentary cues on 

discretionary food consumption.  

 

1.4.3 Combining both motivational and momentary approaches to eating  

Despite the different theories examining dietary intake, research to date has 

neglected to combine both motivational and momentary influences to eating. There may 

be situations where one approach is more relevant than others. For example, for 

individuals who are dieting, their food choice is more likely to be driven by 

motivational factors as they are consciously trying to change their eating behaviour. In 

other situations, for example, being in a food-rich environment, food choice may be 

initiated by environmental temptations such as the sight or smell of food which override 

an individual’s dietary intentions. Combining both motivational and momentary aspects 

of eating allows one to examine which influences are most relevant to the situations and 

contexts individuals find themselves in.  

Temporal Self-Regulation Theory (TST: Hall & Fong, 2007) is one theory 

which combines both the motivational and momentary decisions shaping health 

behaviours. However, its application to discretionary food intake is lacking. In TST, 

behaviour is considered to be driven by both motivations (deliberate intentions 
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surrounding whether or not to engage in a behaviour), and momentary cues (the 

contexts and environments that trigger behaviours). Furthermore, TST considers the 

temporal aspects of behavioural contingencies, thereby allowing for a greater 

understanding of why individuals engage in health-risk behaviours that have known 

detrimental long-term effects (Cameron, 2010).  

According to TST, behaviours that lead to instant hedonic benefit are more 

tempting than behaviours that require self-control but result in greater long-term 

advantage (Cameron, 2010; Hall & Fong, 2007; Sallis, 2010). In terms of food intake, 

frequent discretionary food intake is associated with increased BMI and health-related 

conditions such as type 2 diabetes and high blood pressure (AIHW, 2016a). Despite 

these known health risks, discretionary food consumption is increasing (Fayet-Moore et 

al., 2017; Zizza et al., 2001).  

Following the temporal aspects of behavioural contingencies outlined in TST, 

unhealthy eating is likely to have perceived short-term benefits, such as enabling an 

individual to indulge in highly palatable food and feel satisfied. Whilst the benefits of 

unhealthy eating may be immediately apparent, the costs associated with unhealthy 

eating do not appear for some time. The long-term consequences for unhealthy eating 

may result in individuals slowly gaining weight and potentially developing high blood 

pressure and diabetes in the long-term. Given that the immediate benefits of unhealthy 

eating occur closer to when the decision to eat is made, the immediate benefits are more 

tempting and outweigh the more distal costs (Hall & Fong, 2007), thereby leading 

individuals to consume unhealthy food despite knowing the long-term health risks. In 

this thesis, Study 2 will explore the relationship between the perceiving a cost of healthy 

eating occurring before eating and snack consumption. 

In summary, this section has outlined motivational and momentary perspectives 

underlying the decision to eat and has highlighted the importance of combining both 
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approaches. Section 1.5 below, further outlines the individual and contextual 

determinants of food intake which will be explored throughout this thesis.  

 

1.5 Determinants of food intake 

1.5.1 Intrapersonal determinants of discretionary food intake 

Both research and popular opinion suggest affect is associated with changes in 

eating patterns (Conner et al., 1999; Wouters et al., 2017). However, the exact nature of 

this association is unclear. Some studies (e.g., Conner et al., 1999; O’Connor et al., 

2008; Oliver et al., 2000) suggest that experiencing negative affect leads to increased 

food intake. Conner et al. (1999) for example, studied individuals’ experience of daily 

hassles and found the number of hassles was correlated with the number of snacks 

consumed. In particular, the experience of daily hassles has been associated with 

increased consumption of high fat and sugary snacks (e.g., O’Connor et al., 2008). 

However, other studies (e.g., Bongers et al., 2013; Evers et al., 2013), suggest eating is 

associated with experiences of positive affect. Bongers et al. (2013) for example, used a 

short film to manipulate participants’ mood and subsequently assessed their milkshake 

consumption. Bongers et al. (2013) found emotional eaters consumed more of the 

milkshake during a film designed to induce positive affect than they did during a 

negative affect induction. Methodological differences in the studies as well as 

individual characteristics such as personality, eating style, BMI and gender are likely to 

impact on the affect-snacking relationship (Conner et al., 1999; Wouters et al., 2017). 

This section further explores the role of affect on food intake.  

Negative affect refers to negative emotional states such as anxiety, stress and 

boredom (Wouters et al., 2017). For some individuals, negative affect is a trigger for 

eating, often termed ‘comfort eating’ (Gibson, 2012). In this sense, individuals try to 

avoid or control their experience of negative affect through eating (Fox et al., 2017; 
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Heatherson & Baumeister, 1991). Typically, comfort eating involves consuming highly 

palatable foods, in particular, sweet and/or fatty foods (Gibson, 2012). Eating to 

improve one’s mood is more common among females than men (Gibson, 2012). In the 

short-term, comfort eating may be reflective of an attempt to prolong mood 

improvement and escape from negative rumination (Gibson, 2012). Over the long-term, 

however, eating in response to internal stressors is likely to lead to increased body 

weight, especially among those who experience chronic stressors (Fox et al., 2017).  

Some groups of individuals, such as restrained eaters— i.e., those who are 

chronically dieting— and individuals with overweight and obesity, are particularly 

vulnerable to increasing their food intake in response to negative emotional states 

(Cleobury & Tapper, 2014; Evers et al., 2018; Fox et al., 2017). It is not just the 

quantity of food intake that changes following negative emotional experiences, the type 

of food an individual consumes also changes. Oliver et al. (2000) suggests that snack 

food consumption is more susceptible to influences related to affect than the intake of 

main meals. When consuming main meals and healthy snacks, hunger and time of day 

are key drivers of eating (Cleobury & Tapper, 2014). In contrast, when experiencing 

negative affect individuals tend to consume unhealthy, high-energy items such as 

chocolates, cakes, biscuits and ice cream compared to when they feel more positive 

(Oliver et al., 2000).  

Despite an emphasis on the role of emotions guiding eating over the last few 

decades, research has generally examined the relationship between negative affect and 

eating (Evers et al., 2013). Although popular opinion suggests the association between 

affect and eating is that unhealthy foods are tastier, and can have more of a mood 

boosting effect than healthy food intake (Raghunathan et al., 2006), Wahl et al. (2017) 

found that eating happiness of discretionary foods was no different than the eating 

happiness following healthier food items such as fruit and vegetables. Instead, they 
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found that the greatest momentary happiness was associated with vegetable intake, 

suggesting that food may be a strategy to regulate well-being.  

Positive affect refers to the emotional experience of feelings such as happiness 

and contentment; emotions which are likely to lead to pleasurable or desirable 

consequences (Wouters et al., 2017). In a meta-analysis by Evers et al. (2018), positive 

affect was associated with increased eating among restrained eaters, individuals with 

overweight and obesity, and individuals with eating disorders. Further, in a laboratory 

study of individuals within the healthy weight range, Evers et al. (2013) found that 

experimentally-induced positive affect resulted in an intake of 100kcal more food. As 

will be discussed later in Section 1.8, laboratory-based studies have been criticised for 

their lack of ecological validity.  

An additional concern relating to laboratory studies involves the transient effect 

of affect manipulations on eating. Bongers et al. (2013) found that overeating occurred 

during the emotional experience; not afterwards, thereby suggesting that laboratory-

based emotional manipulations may have only very short-term effects on individuals’ 

food intake. It is possible that the association between positive affect and increased food 

intake is a result of individuals focusing on the hedonic pleasure gained from 

consuming certain foods (Evers et al., 2013).  

This section has outlined how affect alters food intake (refer to Table 1.1 for a 

summary of the determinants surrounding food intake). Snacking is particularly 

vulnerable to internal determinants such as affect compared to main meal intake. 

Nevertheless, research has shown conflicting effects of the role of affect on eating. 

Despite the inconsistencies in the research, it is likely that individual characteristics 

such as gender, one’s eating style and BMI all influence the affect-eating relationship. It 

is possible that other factors external to the individual play a role in the regulation of 
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food intake. Section 1.5.2 will explore the role of interpersonal determinants in guiding 

discretionary food intake.  

 

1.5.2 Interpersonal determinants of discretionary food intake 

The eating behaviours of others influence individuals’ food intake. Observing 

others eat can serve as a social norm; where individuals adjust their consumption to 

those around them (Herman et al., 2003; Higgs, 2015). Typically, individuals will eat 

more if their eating companion eats more (Herman et al., 2003), and match their food 

choice to their companion’s intake (Hermans et al., 2009). This modelling food intake 

off others provides individuals with an indication of what is an appropriate amount to 

eat (Herman & Polivy, 2005). According to a review by Cruwys et al. (2014), social 

modelling has been consistently shown to occur when an individual aspires to be like 

their eating companion, or when an individual perceives themselves to be similar to 

their eating companion in terms of their age, sex or weight. 

Social modelling can serve as an anchor by demonstrating an acceptable 

quantity of food to consume. Importantly, however, anchoring food intake off others is 

dependent on individuals’ perceptions relating to the body type of their eating 

companion (McFerran et al., 2010). For example, when eating with an individual who is 

overweight, individuals typically consume less food than the overweight individual. 

Perhaps this is a result of an effort to avoid weight-gain themselves. Conversely, when 

eating with an individual who is underweight or within the healthy weight range, food 

portion is matched to the eating companion. In this scenario, the fear of gaining excess 

weight may be less prevalent as individuals are not directly confronted by it (McFerran 

et al., 2010). Social cues can therefore prompt momentary decisions surrounding 

appropriate food quantity.  
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When eating with others, both the quantity and the type of food consumed is 

influenced by social modelling (Higgs, 2015). For example, individuals tend to choose 

snacks which are consistent with the choices of others (Prinsen et al., 2013). In a study 

by Kaisari and Higgs (2015), female dyads completed a written distractor task while 

having access to high energy snacks. They found that participants modelled the number 

of snacks consumed off others regardless of whether their dyadic partner was familiar to 

them or not. This was the case even when participants had access to different snacks 

than their dyadic partner. Kaisari and Higgs (2015) note, that it is possible that such 

laboratory-based settings present such an unfamiliar environment that all participants— 

regardless of whether they were familiar or unfamiliar— looked to each other to guide 

appropriate food intake. Nevertheless, modelling food intake off others appears at least 

partially to be the result of an effort to conform with others and avoid being perceived 

as eating excessively.  

Contextual cues such as the presence or the absence of others eating can create 

norms guiding appropriate food intake. A study conducted by researchers in our lab 

examined momentary fluctuations in situation-specific norm perceptions shaping eating 

practices (Schüz et al., 2018). Using Ecological Momentary Assessment (EMA) 

methods (discussed in detail in Section 1.6, below), individuals recorded their food 

intake and reported information relating to their social context (i.e., the presence or the 

absence of others, whether others were eating or not, and the perceived acceptability 

and encouragement of others to eat) over a 14-day period. Schüz et al. (2018) found that 

the presence of others increased the likelihood of eating, by changing the perceived 

appropriateness to eat and shifting perceptions relating to injunctive norms regarding 

the acceptability and encouragement of others to eat.  

Social norms can override individuals’ internal eating cues. For example, the 

influence of others eating can override subjective hunger levels (Herman et al., 2003; 
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Vartanian et al., 2017). In a recent study by Vartanian et al. (2017), participants were 

deprived of food for 18-hours and were exposed to various food consumption norms. 

They found that those who were exposed to a low-intake norm consumed less food than 

those who were not exposed to a consumption norm, suggesting the consumption norms 

shaped participants’ food intake beyond their hunger levels.  

Importantly, the effect of social cues on shaping food intake appears to occur 

without individuals being consciously aware that they are changing their behaviour 

based on others. Vartanian et al. (2008) examined individuals’ explanations regarding 

their food intake. They conducted a laboratory-based study on female undergraduate 

students, where participants were grouped into pairs with incidental access to energy-

dense food and were asked to watch television and report on what factors influenced 

their eating behaviour. They found that despite eating a similar amount to their partner, 

few participants reported being influenced by their dyadic partner’s eating behaviour, 

suggesting the effects of social modelling of food intake may operate outside an 

individual’s awareness.  

Social modelling effects are found to occur even when models are not directly 

present. Environmental cues which suggest others have eaten are sufficient to nudge 

people to conform with a modelling effect (e.g., Mollen et al., 2013; Prinsen et al., 

2013; Robinson et al., 2013). For example, displaying empty food wrappers has been 

demonstrated to steer individuals’ decisions surrounding food choice and intake 

(Prinsen et al., 2013). In a study by Prinsen et al. (2013), a bowl with chocolates was 

left at the counter of a store, they manipulated the presence or absence of chocolate 

wrappers next to the bowl. When presented with empty chocolate wrappers next to the 

bowl of chocolates, participants ate significantly more chocolates than they did when no 

wrappers were present, thereby indicating their food intake was modelled off external 

cues (Prinsen et al., 2013). Given that social norms are such a powerful guide 
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underlying food choice, it is possible that intentionally creating norms may nudge 

individuals towards healthier food choices (Higgs et al., 2019; Mollen et al., 2013). 

Conversely, when individuals eat alone and are not exposed to social eating 

cues, their dietary intake tends to be less enjoyable and less healthy (Bellisle & Dalix, 

2001; Reicks et al., 2019). However, it is possible that social facilitation on eating can 

be produced when individuals eat alone. In a study by Nakata and Kawai (2017), 

participants ate popcorn whilst sitting in front of different reflective surfaces. They 

found that those who ate the popcorn in front of a mirror (and could therefore see their 

own reflection), ate more and enjoyed the popcorn more than those who ate in front of a 

wall-reflecting monitor. This suggests that social modelling effects does not necessarily 

depend on the presence of others; the visual “presence” of another person is sufficient to 

change food intake and eating perceptions.  

In summary, this section has examined the interpersonal factors underlying 

discretionary food intake. Seeing others eat provides a guide for an appropriate amount 

and type of food to eat. This social modelling effect is particularly relevant when 

individuals are in uncertain situations or aspire to be like their eating companion. 

However, individual characteristics such as body type and weight can alter the influence 

of social modelling and anchoring of food intake. It is believed that social norms 

shaping food intake are so pervasive they can override internal eating cues such as 

hunger. Overall, the effects of social modelling on food intake appear to operate outside 

an individual’s awareness and can remain influential even when others are not 

physically present (refer to Table 1.1 for a summary of the interpersonal determinants 

surrounding food intake).  
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1.5.3 Environmental determinants of dietary behaviours 

Social changes occurring over the past 40 years have contributed to the 

development of an ‘obesogenic’ environment; an environment promoting high energy 

intake and a sedentary lifestyle; factors associated with weight gain and obesity (Cohen, 

2008; Lake & Townshend, 2006; Swinburn & Egger, 2002; Swinburn et al., 2011). A 

shift towards the mass production of food has made food more available and cheaper 

than ever before (Hill & Peters, 1998). Alongside this, the need to engage in physical 

activity has decreased; technology has largely taken over what were traditionally 

physically laborious jobs (Cohen, 2008). These environmental changes provide 

individuals the opportunity to consume plenty of food, but limits their ability to ‘work it 

off’, resulting in a society where excess energy intake and weight gain is the norm (Hill 

& Peters, 1998).  

The built environment through its design, transportation systems and land use 

are key factors which influence community health (Lake & Townshend, 2006). In terms 

of environmental design, a lack of access to recreational facilities, and streets without 

footpaths are associated with low rates of physical activity (Giles-Corti et al., 2003). 

Limited access to recreational facilities in the neighbourhood such as greenspace, parks 

and outdoor play areas in conjunction with a lack of footpaths, means residents are less 

able to participate in physical activity, thus leading to an under expenditure of energy 

and the development of weight gain. Similarly, neighbourhood transportation systems 

influence individuals’ participation in physical activity; neighbourhoods which 

necessitate the use of driving instead of walking have higher rates of overweight and 

obesity than walkable or cycle-friendly cities (Frank et al., 2004). The environmental 

contributors to energy-intake is further explored in this thesis in Sections 1.5.4, 1.5.5 

and 1.5.6 and is a focus of Chapter 4.  
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1.5.4 The nutrition environment 

As highlighted in Section 1.5.3, the environment is increasingly becoming 

‘obesogenic’; changes in the environment over the past 40 years have coincided 

alongside increasing rates of overweight and obesity (Hill & Peters, 1998; Swinburn et 

al., 2011). Aspects of the environment such as the nutrition environment, influences an 

individual’s discretionary food choice and is therefore a focus of the overall thesis.  

The nutrition environment is an aspect of the local environment which 

encompasses the type and location of food outlets, their accessibility and their product 

availability (Glanz et al., 2005; see Figure 1.2). The nutrition environment is a major 

contributor to changes in obesity rates in the United Sates and indeed the rest of the 

world (Glanz et al., 2005; Hill & Peters, 1998). Over the past 40 years individuals are 

increasingly relying on eating out (Seguin et al., 2016), so the proportion of energy 

intake obtained from food outlets outside of the home environment is becoming 

increasingly important. Over this time, Australia has seen a rapid expansion of the 

number of take away and fast food outlets (Murray, 2018). Australian households now 

spend an average of $75 per week eating out; $44 at restaurants, hotels and clubs, and 

$31 per week on fast foods and take away (ABS, 2017). 
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Figure 1.2 Conceptual model of the nutrition environment adapted from (Glanz et al., 2005) 
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1.5.5 The community nutrition environment 

The community nutrition environment encompasses the type and location of 

food outlets available to individuals in the community (Glanz et al., 2005). Depending 

on what food outlets exist within the neighbourhood, individuals are presented with 

opportunities to eat (or not) (Caballero, 2007). The presence of food outlets within 

neighbourhoods are related to the health of the residents (Morland et al., 2006). For 

example, research from the United States and Canada has found that neighbourhoods 

with greater numbers of fast food outlets have higher rates of overweight and obesity 

than neighbourhoods with fewer or no fast food outlets (e.g., Fuzhong et al., 2009; 

Kestens et al., 2012; Morland et al., 2006). Kestens et al. (2012), for example, used 

travel survey data to examine exposure to food stores to predict overweight among 

participants. They found higher rates of exposure to fast food outlets were associated 

with higher risk of being overweight, suggesting individuals’ food outlet exposures can 

explain some area-level variations in weight status.  

In many western countries, there is a social gradient to the food outlet exposures 

individuals experience. Within Australia, residents from the most economically 

disadvantaged neighbourhoods have greater exposure of fast food outlets than those 

living in wealthier suburbs (Reidpath et al., 2002). This also seems to affect individuals’ 

BMI; women living in areas of most disadvantage have, on average, a 1.08kg/m2 higher 

BMI than those living in more advantaged neighbourhoods (men’s BMI is .93kg/m2 

higher; King et al., 2006). It is difficult to separate whether individuals from lower 

socioeconomic neighbourhoods drive greater demand for fast food outlets compared to 

individuals of higher socioeconomic status, or whether fast food outlets target low-

income areas to sell their products (Reidpath et al., 2002). Nevertheless, the community 

nutrition environment seems to shape residents’ food choice and may also impact upon 

their weight status.  
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Residents who live in healthy community nutrition environments, defined as 

having access to supermarkets and grocery stores within the local environment (Glanz 

& Yaroch, 2004), not only have greater access to healthy foods, but seem to also have 

healthier diets (Story et al., 2008). Studies from both America and Australia suggest that 

individuals who live in areas from the highest tertile rank of healthy food environment 

are less likely to buy fast food than individuals who have poorer access to healthy 

choices (e.g., Fuzhong et al., 2009; Thornton & Kavanagh, 2012). Indeed, having a 

grocery store within the neighbourhood— that is, within one mile of participants’ 

residential blocks— was found to be associated with 0.69 more daily servings of fruit 

and vegetables compared to individuals who do not have a grocery store nearby (Zenk 

et al., 2009). Furthermore, higher neighbourhood density of supermarkets is associated 

with lower rates of overweight and obesity (Morland et al., 2006). Together, this 

research suggests the community nutrition environment shapes the diet quality of 

residents living within the community. 

Although certain food outlets may be available within the community, they may 

not be accessible to individuals. Rose et al. (2010) suggest research investigating the 

role of the environment on food intake should use multidimensional assessments (e.g., 

Geographic Information System-based measures of food outlets to individuals, and in-

store assessments of food product availability) to determine the accessibility of food 

outlets within one’s environment. Such assessment would enable a more in-depth 

understanding of the type of products that are available for purchase. Furthermore, 

aspects such as the outlets’ opening hours and physical accessibility features such as the 

capacity for drive-through also influence food purchasing behaviour (Glanz et al., 

2005). For example, access to grocery stores is diminished in the late night/early 

morning, resulting in certain groups of individuals, namely, shift workers, being unable 

to access healthier food outlets due to their work schedule being incompatible with store 
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opening hours (Widener et al., 2017). The accessibility of food outlets can therefore 

shape food purchases regardless of the availability of nearby food outlets. 

The community nutrition environment generally refers to the number and type of 

food outlets (both stores and restaurants) within close proximity to an individual. 

However, other sources of food places may be relevant features of the community 

nutrition environment, such as the home environment, schools and workplaces (Glanz et 

al., 2005). The home food environment for example, is associated with fruit and 

vegetable intake among youths. Previous research has found that having healthy food 

available within the home is associated with an increase in healthy food consumption 

(Ding et al., 2012). Similarly, the availability of healthy foods and parental 

encouragement of fruit and vegetable consumption is associated with healthier diet 

quality among children (Couch et al., 2014). However, permissive parenting practices 

such as not having food restrictions within the home and having unhealthy foods readily 

available are adversely related to dietary intake and children’s weight status (Couch et 

al., 2014). These findings illustrate the importance of having a healthy home food 

environment on diet quality.  

One aspect of the community nutrition environment that has received much 

attention from researchers and policy makers in recent years is that of the school 

environment (e.g., He et al., 2012; Ni Mhurchu et al., 2013; Thornton et al., 2016). 

Thornton et al. (2016) examined the presence of fast food restaurants around Australian 

schools by area-level disadvantage. They found schools in the most disadvantaged 

areas, defined using the 2011 Socioeconomic Index for Areas, had more fast food 

restaurants nearby than schools which fell within more affluent neighbourhoods. This 

may have implications on children and adolescents’ fast food intake, as having fast food 

outlets located within 1km of a school is associated with a higher likelihood of fast food 
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purchasing (He et al., 2012). The nutrition environment surrounding schools can 

therefore impede upon children and adolescents’ dietary health.  

In terms of adults’ food intake, the community nutrition environment 

surrounding workplaces provide individuals with more exposure to food outlets and 

therefore opportunities to eat, than the environment surrounding one’s home (Burgoine 

& Monsivais, 2013). In a study in Finland by Raulio et al. (2010), 30% of adults were 

found to eat their lunch at a workplace canteen, and less than half of adults brought their 

lunch to work, suggesting the availability of food both within and around the workplace 

can shape adults’ food intake. As such, healthy eating interventions have turned to 

workplaces as a possible environment to target health behaviour change. For example, 

French et al. (2001) found that reducing the cost of low-fat foods for sale in workplace 

vending machines was associated with an increase in their sales. The availability and 

price of food products influence individuals’ food purchasing and intake decisions.  

In summary, there is a relationship between the health and BMI of a community 

and the presence of food outlets within the local neighbourhood region. This remains 

the case when looking at the type of food outlets around schools and the availability of 

food both within and around workplaces. However, even when outlets may be present in 

the environment, it does not necessarily mean they are accessible to everyone; factors 

such as store opening hours shape food purchases regardless of the availability food 

outlets. The next section explores environmental exposures to food inside and nearby 

retail food outlets.  

 

1.5.6 The consumer nutrition environment 

The consumer nutrition environment, on the other hand, refers to what 

consumers encounter when either inside or near a retail food outlet (Glanz et al., 2005). 

Features in the consumer environment such as the availability, price and advertising of 
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products can serve as a cue to purchase and subsequently consume certain foods (Ni 

Mhurchu et al., 2013; Nestle & Jacobson, 2000). For example, increasing the shelf 

space dedicated to specific brands or sales, and moving items into more prominent 

locations (e.g., at the end of aisles) increases their sales (Glanz et al., 2012). In an 

American study by Payne and Niculescu (2018), a healthy eating intervention was 

rolled out into grocery stores whereby small fruit and vegetable packs were placed at 

end of aisle displays and staff suggested to consumers to purchase these fruit and 

vegetable packs. The stores included in the intervention, increased their sales of fruit 

and vegetables during the intervention period. Interestingly, overall consumer 

expenditure remained the same as it was prior to the intervention, suggesting that 

consumers switched some of their purchases to include the fruit and vegetable packs 

(Payne & Niculescu, 2018). Manipulating in-store environments may be a way to 

encourage individuals to consume healthier products.  

In-store design has been the focus of marketing-based research (e.g., Chandon et 

al., 2009; Hawkes, 2008; Larson, 2006). Supermarkets and other food retailers are 

specifically designed to encourage shoppers to walk through the entire store (Larson, 

2006), and product placement is aimed to maximise sales and influence an individual’s 

food choice (Dixon et al., 2006; Larson, 2006). Typically, discretionary items such as 

chocolate, crisps, soft drinks and confectionary comprise the most prominent display of 

foods at checkouts and at end of aisle displays; grabbing shoppers’ attention to make 

last minute impulse purchases (Thornton et al., 2012). Impulse purchases are generally 

more unhealthy than planned purchases and are greatly influenced by within-store 

displays and promotions (Crawford et al., 2007; Nederkoorn et al., 2009; Thornton et 

al., 2012). 

Discretionary foods, in particular, are the result of impulse purchasing (Rose et 

al., 2009). In part, this is due to fresh food items such as fruit and vegetables requiring 
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preparation and cooking before they are consumed, whereas discretionary foods can be 

consumed with minimal preparation and can therefore be bought as last-minute impulse 

decisions (Rose et al., 2009). In an Australian study by Crawford et al. (2007), women 

who planned their shops, cooked frequently, and enjoyed cooking were more likely to 

consume at least two servings of vegetables each day. In comparison, women who did 

not enjoy cooking, decided what to have for a meal last minute, and who frequently ate 

on the go, were less likely to consume two servings of vegetables each day, suggesting 

that planning shopping, cooking skills and enjoyment are related to daily fruit and 

vegetable intake.  

Aside from in-store layout and design, other environmental cues such as product 

advertising can shape an individual’s food choice. Research on nutrition has generally 

focused on how food-related advertisements can influence individuals to buy certain 

products (e.g., Boyland & Halford, 2013; Harris et al., 2009; Nestle et al., 1998; Nestle, 

2002). For example, a recent systematic review and meta-analysis found children who 

are exposed to food advertising (on television and in videogames) consumed an average 

of 60kcal more than children who are not exposed to food-related advertisements 

(Russell et al., 2019). Exposure to food-related advertising may increase discretionary 

food consumption.  

More recently, the advertising of nutrition information has been a focus of both 

research and public policy (e.g., Correa et al., 2019; Lawrence et al., 2018; Pulos & 

Leng, 2010; Wellard et al., 2015). Displaying the energy content of menu items on 

restaurant signage has been shown to alter consumers’ food choice. For example, Pulos 

and Leng (2010) trialled a one-month display of nutrition information on the menus of 

some full-service restaurants in the United States and found the average entree sold after 

the labelling intervention contained fewer calories, fat and sodium then the entrees sold 

before the introduction of the nutrition labelling information. Additionally, customers 
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reported ordering entrees based on the nutrition information presented on the menus 

(Pulos & Leng, 2010), indicating external cues such as menu labelling can nudge 

individuals towards healthier food choices.  

In summary, this section has outlined how aspects of the food environment 

shapes momentary eating decisions. The consumer nutrition environment encompasses 

the outer ring in Figure 1.1, indicating momentary food cues external to the individual 

(refer to Table 1.1 for a summary of environmental determinants of food intake). 

Overall, numerous studies have found associations between the local food environment 

and discretionary food intake. However, exactly how these temptations in the 

environment shape real-time discretionary food purchases is not well understood. This 

thesis applies stimulus control models and Ecological Momentary Assessment to 

examine the predictors of real-time eating decisions.  
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Table 1.1 Determinants of food intake: Summary of cues prompting eating 

Determinants Description 

Intrapersonal determinants • Affect shapes eating decisions and food choice 

• Negative affect is associated with increased food intake (e.g., Conner et al., 1999) 

• Positive affect is associated with increased food intake (e.g., Bongers et al., 2013) 

• Methodological differences in studies may explain these contradictory findings and 

individual characteristics may influence the affect-eating relationship 

• This thesis will examine within-person fluctuations in intrapersonal determinants 

prompting food intake 

Interpersonal determinants • Seeing others eat creates norms surrounding food intake 

• Social modelling provides indication of appropriate amount of food intake (e.g., 

Higgs, 2015) 

• Individuals anchor their food intake based on the body type of their eating 

companion (McFerran et al., 2010) 

• Social modelling can occur even when others are not physically present, but there 

something in the environment indicates a social eating norm (Prinsen et al., 2013) 
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• This thesis will examine the interpersonal determinants prompting food intake as 

individuals go about their daily lives 

Environmental determinants • Aspects of the environment prompt food intake 

• Having supermarkets close by is associated with healthier dietary intake (e.g., 

Thornton & Kavanagh, 2012) 

• The presence of fast food outlets is associated with higher rates of obesity (e.g., 

Morland et al., 2006) 

• Discretionary foods are placed in prominent locations in the supermarket to drive 

impulse purchasing (Rose et al., 2009) 

• This thesis examines momentary environmental exposures associated with 

discretionary food intake and how these change over time 
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1.6 Using Ecological Momentary Assessment to understand eating behaviour 

This thesis will explore the real-world eating patterns both within and between 

people using Ecological Momentary Assessment (EMA: Shiffman, 2009) methods. 

EMA is best characterised as the repeated collected of data from individuals in real-time 

as they go about their daily lives (Shiffman et al., 2008). It involves individuals 

reporting behaviours of interest, such as eating, as well as their surrounding cognitions, 

emotions and situational factors that are believed to influence the initiation of these 

behaviours.  

There are several features common in EMA approaches; firstly, EMA studies 

aim to capture behaviour in naturalistic settings, as individuals go about their daily lives 

(Shiffman et al., 2008). By collecting data in real-world environments, EMA captures 

the naturally occurring variations in individuals’ experiences and contexts they are 

exposed to. This improves ecological validity and allows for greater generalization to 

individuals’ real lives (Beckjord & Shiffman, 2014). Using this information, we are able 

to explore the links between individuals’ behaviour and the situations and environments 

they are exposed to.  

Secondly, assessments in EMA studies focus on individuals’ current states 

and/or behaviours (Shiffman et al., 2008). If assessing individuals’ current 

states/behaviours is not possible, assessments examine very recent states, experiences 

and behaviours. Previous studies have applied EMA to examine lapses in dieting 

behaviour (e.g., Carels et al., 2001; Goldstein et al., 2018). Through asking participants 

to report on the type of dietary lapse as well as the surrounding contextual information, 

such as their hunger level, tiredness, overall mood, environmental cues (e.g., presence 

of palatable foods), and time of day, Goldstein and colleagues were able to determine 

common triggers for dietary lapses and the types of lapses most associated with adverse 

weight outcomes. Asking individuals to report on behaviours and situations of interest 
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close to the moment they occur eliminates the need for retrospective reporting, thereby 

reducing the biases associated with recall (Shiffman et al., 2008; Spook et al., 2013).  

Thirdly, individuals in EMA studies complete multiple assessments over time 

(Shiffman et al., 2008). For example, Forman et al. (2017) investigated dietary lapse 

during a 12-month weight loss program, where participants completed three rounds of 

EMA monitoring; at baseline, mid-treatment and at the end of the program. Through the 

use of EMA, Forman and colleagues identified predictors of dietary lapse across various 

stages of a weight loss program, thereby identifying targets for future dietary 

interventions. Repeatedly assessing individuals over time allows for a greater 

understanding of behavioural experiences and how surrounding contexts fluctuate over 

time. Such information can also be used to assess the dynamic interplay between 

situations and environments triggering behaviours of interest (Beckjord & Shiffman, 

2014).  

Fourthly, EMA studies purposefully sample specific behaviours or times of 

interest (Shiffman et al., 2008). For example, previous EMA studies have focused 

assessments based on the initiation of events of interest (e.g., episodes of binge eating: 

Corstorphine et al., 2006; Sherwood et al., 2000), or examining individuals at various 

time points (e.g., periodically asking participants about their current emotions, hunger 

and binge status: Stein et al., 2007, or their food cravings: Richard et al., 2017). Often, 

EMA studies use a combination of these techniques to examine both the behaviours of 

interest and their surrounding contexts at various time points (e.g., Shiffman et al., 

2014; Peacock et al., 2015; Smyth et al., 2007). This enables researchers to examine the 

role of internal (e.g., individual) and external (e.g., contexts and environments) cues 

underlying various behaviours. Below, I discuss the common sampling strategies used 

in EMA studies (see also Figure 1.3).  
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In EMA studies, moments in an individual’s day can be sampled using event or 

time-based sampling techniques, or a combination of the two (Wheeler & Reis, 1991). 

Event-based sampling involves individuals reporting when a discrete event of interest 

occurs, for example, alcohol intake (Beckjord & Shiffman, 2014), binge eating (Smyth 

et al., 2007), food intake (Zenk et al., 2014), etc. Due to its focus on the initiation of an 

event, event-based sampling allows for an in-depth understanding of the experiences 

surrounding the event of interest. In the context of studies on eating, such as those 

explored within this thesis, event-based sampling involves assessments initiated by the 

intake of food; thereby enabling greater understanding of the experiences surrounding 

the food intake. Event-based assessments can be repeated over time, which allows 

researchers to track the occurrence of events and their sequences (Shiffman, 2009).  
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Figure 1.3 Types of sampling used in EMA studies. 

Assessment type Characteristics Key advantages Key disadvantages 

Event-based ● Event of interest triggers the 

recording and assessment 

(e.g., consuming a snack) 

● Allows a focus directly on the 

specific event of interest 

● Enables data collection on the 

context and situation around 

the time the event occurs 

● Allows for documenting 

behaviors and events that are 

occurring and their 

sequencing 

● Difficult to estimate the true 

rate of events and thus 

difficult to determine non- ‒ 

or biased ‒ compliance with 

reporting 

● Potential for reactivity; the 

act of reporting means that an 

event has occurred which 

might influence future 

behavior 

Time-based ● Scheduling assessments to 

sample participants’ states 

over time (e.g., level of 

hunger present throughout the 

day) 
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● Randomly scheduled* ● Randomly scheduled 

moments for assessment  

● Easy test of compliance; 

calculate the number of 

assessments answered 

● Approximates representative 

and unbiased sample of 

moments within participants 

daily lives 

● The unpredictable nature of 

when participants receive 

random assessments might be 

burdensome  

● Fixed scheduled ● Fixed intervals (e.g., 

occurring every four hours) 

● Fixed periods (e.g., 

assessments in the morning 

and evening) 

● Useful for cyclical temporal 

phenomena 

● Less intrusive for participants 

due to the predictable timing 

of assessments 

● Crucial information at other 

times might be missed 

● Participants can anticipate 

assessments which might 

affect responses 

*Randomly scheduled assessments may not necessarily occur at entirely “random” points throughout the day, instead they are timed to occur at “non-

event”-based times (Ferguson et al., 2020). 



67 

 

There are some disadvantages associated with event-based sampling. Firstly, it 

is difficult to estimate compliance from event-based sampling. Individuals could choose 

to selectively report events believed to reflect favourably upon them. For example, 

individuals could choose to report food intake around the standard meal times of 

breakfast, lunch and dinner and not report meals which are consumed at more unusual 

times throughout the day. Furthermore, event-based sampling has the potential to induce 

a behavioural change, also known as reactivity (Cruise et al., 1996). It is possible that 

self-reporting of food intake could serve as a means of self-monitoring and thereby 

influence individuals to consume less food. However, previous EMA studies have found 

little support for reactivity caused by the protocol used in EMA monitoring (e.g., Stone 

et al., 2003 and see Barta, Tennen & Litt, 2012 for a discussion on measurement activity 

in diary research). Despite the challenges of event-based sampling, it is a useful 

technique for examining the everyday situations where events of interest occur.  

Conversely, time-based sampling, involves assessing an individual’s state and 

other relevant variables (e.g., their location, who they are with, and their current 

activities) at various type points throughout the day (Conner & Lehman, 2012). 

Importantly, and unlike event-based sampling, time-based sampling occurs regardless of 

what the individual is currently doing. As time-based sampling occurs independently of 

behaviours of interest, it is particularly useful for examining conditions that are not 

necessarily episodic in nature (e.g., fluctuations and level of craving experienced 

throughout the day).  

There are two types of time-based sampling techniques commonly used in EMA 

studies; randomly scheduled and fixed scheduled assessments. Randomly scheduled 

assessments occur at various times throughout the day. Randomly timed assessments do 

not necessarily occur at entirely “random” points throughout the day, instead, they are 

timed to issue assessments at “non-event”-based times. These assessments can focus on 
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factors such as individuals’ cognitions and the environments they encounter throughout 

the day (Boh, Lemmens, et al., 2016; Campbell et al., 2018). As randomly scheduled 

assessments are not based on the occurrence of events of interest, they are useful for 

examining a variety of moments within individuals’ daily lives and can provide a 

within-subjects case-control (Maclure & Mittleman, 2000).  

Some determinants of eating, such as food-related cognitions are particularly 

suited to randomly scheduled assessments as they allow for the examination in 

cognitions leading up to events of interest. Recently, Boh, Jansen, et al. (2016) 

examined the eating-related cognitions and emotions among a sample comprising of 

individuals in the healthy weight range and in the overweight range. They found that 

across the sample, the majority of eating-related cognitions were related to the desire 

and anticipated taste of food. Furthermore, dysfunctional cognitions, such as knowing 

food is unhealthy but being unable to resist it, did not occur more frequently among 

those in the overweight range, suggesting dysfunctional cognitions do not play a major 

role in prompting food intake among individuals in the overweight range (Boh, Jansen, 

et al., 2016).  

Unlike event-based sampling, calculating the compliance associated with 

randomly scheduled assessments is straightforward. Compliance is calculated by adding 

the number of answered assessments. Due to the nature of randomly scheduled 

assessments occurring at non-event-based times, they provide a more representative and 

unbiased sample of moments within an individual’s day. Typically, EMA studies 

generate approximately five randomly scheduled assessments throughout the day 

(Shiffman, 2009). However, as the randomly scheduled assessments occur at 

unpredictable times, they are more burdensome for participants and care needs to be 

taken when designing EMA studies so that participants are not overly burdened with 

assessments.  
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On the other hand, fixed scheduled assessments occur at fixed time points 

throughout the day. For example, they could occur hourly, or be based at specific time 

points (e.g., in the evening). Fixed scheduled assessments focus on assessing 

behaviours, situations and experiences which occur at certain times throughout each 

day. They are particularly useful for examining the temporal dynamics underlying 

behaviours of interest. For example, Dunton et al. (2009) used fixed schedule 

assessments to examine the predictors of bouts in physical activity. As one strategy to 

encourage individuals to engage in physical activity is to build it into their daily 

routines, using fixed assessments is an appropriate scheduling type to assess if this 

works. In Dunton et al.’s (2009) study, participants were issued four assessments each 

day; one in morning, one at midday, one in the afternoon and one in the evening. They 

found that mood improved engagement in physical activity and having positive social 

interactions was associated with bouts of physical activity. Such findings may not have 

been possible without the use of repeated assessments at fixed time points.  

In fixed scheduled assessments, individuals only need to reflect upon short 

periods of time, therefore errors associated with recall biases are minimised. By 

occurring at predictable times, participants know when they are going to be assessed 

and can prepare to answer a report, for example, by keeping a monitoring device on 

them around the time of the scheduled assessment. This is less disruptive than 

randomly-timed assessments. However, knowing when assessments are coming may 

result in participants modifying their responses based on their expectations of the study 

(i.e., participant bias) or they could be induced to behave differently because they know 

a report is coming up (i.e., they may experience reactivity). Nevertheless, fixed 

scheduled assessments allow researchers to identify changes within and across days and 

to assess how interruptions to individuals’ schedules influence their behaviour.  
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Regardless of the assessment schedule, EMA uses multiple repeated assessments 

which enables for detailed information on within-person fluctuations in behaviours and 

situations of interest. By having individuals complete intensive repeated assessments 

over a few days or weeks, EMA allows researchers to examine how different contextual 

factors (social and situational factors), and internal events or states (e.g., mood) may 

change in the days, hours or even minutes, leading up to an event of interest, and how 

such antecedents alter the probability that behaviours such as eating will occur (Maclure 

& Mittleman, 2000). Through such sampling, we can capture the natural flow of human 

behaviour over time and across settings (Myin-Germeys et al., 2009); an important step 

towards understanding the antecedents and consequences of food intake. 

Ideally, EMA studies should collect a maximum of five randomly scheduled 

assessments in addition to any event-based assessments each day (Burke, Shiffman, et 

al., 2017). Collecting too few data points reduces the effect size of the study, and 

issuing too many observations becomes overly burdensome for participants. Burke, 

Zheng, et al. (2017) ran an EMA study on investigating the triggers of dietary lapses 

over a 12-month period among individuals who were part of a weight loss program. By 

piloting and developing an EMA protocol alongside participants, Burke, Zheng, et al. 

developed supportive infrastructure to promote optimal use and compliance with their 

study protocol. Some of the infrastructure developments included; the use of 

participants’ own mobile device as the study device so they only had to carry, charge 

and maintain one phone; an emphasis on training and troubleshooting to ensure 

participants fully understood the protocol requirements; issuing financial incentives 

based on monthly compliance; the option to delay or silence random prompts for 

minimal disruption; and, the use of skip patterns to maximise relevance of assessment 

questions. By creating flexible and supportive technological infrastructure, participants 

in Burke, Zheng, et al.’s (2017) study were able to maintain approximately 90% 
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compliance with the study protocol. This suggests that with the appropriate and flexible 

infrastructure, long-term use of EMA monitoring is possible.  

In summary, EMA is used to report individuals’ cognitions and behaviours as 

they go about their daily lives. There are a variety of assessment schedules which can be 

applied in EMA studies, each offering its own advantages and disadvantages. The real-

world and real-time nature of EMA monitoring makes it a particularly useful technique 

to assess discretionary food intake. Through the use of EMA, we are able to examine 

both the intra-individual fluctuations of individuals’ eating and cues, as well as the 

antecedents leading to their food choices (Moskowitz & Young, 2006).  

In the EMA studies presented in Chapters 2, 3, 4 and 5 of this thesis, individuals 

carry a specially-programmed electronic device (HBART; see: 

https://www.utas.edu.au/health/research/groups/tasmanian-school-of-

medicine/clinical/behavioural-and-situational-research-group-bsrg/hbart) to record their 

eating and drinking for two weeks. Participants included in this thesis engage in event 

based and randomly-timed assessment monitoring, by using a combination of the two 

sampling strategies, we are able to compare the presence of cues when an individual is 

eating compared to when they are not eating (i.e., during random time points throughout 

the day). Such information is necessary to better understand, and develop targeted 

interventions aimed to modify individuals’ eating patterns. 

 

1.7 Changing eating behaviour 

As mentioned in Section 1.4, there are many theories which seek to understand 

an individual’s behaviour. Commonly used Behavioural Change Techniques (BCTs), 

involve providing information on consequences of ill-health behaviour and goal setting 

to modify individuals’ behaviour. In terms of dieting and weight loss, BCT typically 

focus on increasing individuals’ awareness and importance of their goals (e.g., Aarts, 
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2007; Dombrowski et al., 2016; Sullivan & Rothman, 2008). The awareness and 

prioritisation of individuals’ goals is believed to motivate individuals towards changing 

their behaviour (Aarts, 2007; Ajzen, 1991). This thesis will explore how individuals’ 

motivations (i.e., goals and intentions) impact their dietary behaviour; an important step 

in informing what BCT may be best applied to modify discretionary food intake.  

 

1.7.1 Current treatments for reducing weight and discretionary food intake 

Current treatments aimed at reducing individuals’ weight and limiting 

discretionary food intake require individuals to both set goals and monitor their 

behaviour such as through monitoring their weight, dietary intake and physical activity 

levels (Collins et al., 2010). Structured commercial weight loss programs have been 

shown to be more effective for managing individuals in the overweight range than once-

off counselling and self-help programs (Heshka et al., 2000). Commercially available 

weight loss programs offer consumers to participate in internet-based versions of their 

programs (Neve et al., 2011). Such programs typically encourage individuals to monitor 

their caloric intake. Additionally, they may offer pre-packaged meals or meal 

replacements (McEvedy et al., 2017). Some of the largest commercially available 

weight loss programs include Weight Watchers, Jenny Craig and NutriSystem in the 

United States (Gudzune et al., 2015).  

These weight loss programs are extremely popular. In 2014, Americans spent 

approximately $2.5 billion on commercial weight loss program (Gudzune et al., 2015). 

Although the programs can help individuals lose weight in the short-term, the majority 

of participants do not achieve clinically meaningful weight loss and eventually 

withdraw from the program (McEvedy et al., 2017; Tsai & Wadden, 2005). Programs 

which involve calorie counted meal plans are more likely to fail compared to programs 

which offer pre-packaged meals or meal replacements (McEvedy et al., 2017), 
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suggesting that even when highly motivated to change behaviour, commercial weight 

loss programs have limited effectiveness in creating long-term behavioural change.  

The limited effectiveness of sustained behaviour change may be at least partially 

due to the design of commercial weight loss programs. Delivering health messages in an 

online setting means that the programs rely on individuals to log-on and access the 

health information and maintain their health goals with little assistance. Despite the 

flexibility that internet-based intervention programs offer, individuals minimally engage 

with internet-based weight loss resources (Arem & Irwin, 2011). Offering more tailored 

advice may be a way to promote more substantial weight loss. A review by Webb et al. 

(2010) found that behaviour change interventions delivered in online settings were 

enhanced when paired with additional methods of communication (e.g., Short Message 

Service: SMS, messages). Section 1.7.2 of this thesis outlines how personal 

technologies can be incorporated in dietary interventions, potentially improving both 

their accessibility and effectiveness.  

Particularly relevant to the context of dietary intake, are external cues such as 

the availability of food (Cleobury & Tapper, 2014), how one is feeling (O'Connor et al., 

2015) and social norms (Vartanian et al., 2017). Incorporating BCT and known 

determinants of eating may be a way to improve the long-term success of dietary 

interventions. Examining momentary determinants of eating through the use of real-

time monitoring may further our understanding of the cues underlying dietary lapses. 

This information could be used to create more personalised, evidence-based behaviour 

change strategies. The use of mobile health (mHealth) may be a way to achieve this.  

 

1.7.2 A move towards developing mHealth apps to change behaviour 

Over the past decade, researchers have experimented with the provision of 

education and advice materials via mobile phone. mHealth solutions were first delivered 
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in the form of text-messages (Whittaker et al., 2016). More recently, researchers have 

trialled stand-alone behaviour change applications administered via mobile phones (e.g., 

via “apps” (Zhao et al., 2016). mHealth apps have the potential to improve individuals’ 

health and behavioural outcomes by harvesting and interpreting information about a 

user’s life and using such information to provide personalised intervention content and 

delivery (Businelle et al., 2016). The provision of content via mobile phones is more 

than just a “clever use of technology” (Ferguson et al., 2020). Recent technological 

advances, as well as the near universal availability of handheld devices such as mobile 

phones, have significantly improved the viability of assessment and intervention 

strategies utilising such technologies (Kaplan & Stone, 2013).  

In traditional therapeutic interventions, therapists attempt to change cognitions 

within a therapeutic setting, which clients then generalise and apply in relevant 

situations. Here, individuals are given BCT and strategies in an artificial context 

removed from the source of the problem (i.e., in the consulting room). Implementing 

these strategies outside the consulting room can be challenging as individuals are 

confronted with situational and environmental cues prompting them towards their 

regular behaviour (VanDeMark, 2007). mHealth interventions, on the other hand, are 

designed to intervene at the exact moment that dysfunction is triggered. For example, an 

individual who is dieting may be issued an intervention as their craving and temptation 

for unhealthy food is escalating. Issuing interventions are likely to be most relevant 

when they are targeted towards providing solutions for cues triggered in specific 

contexts.  

Issuing health information via the delivery of mHealth apps has been used to 

target discretionary food intake and overweight/obesity. Examples of mHealth dietary 

apps include OnTrack (Forman et al., 2018), My Fitness Pal (Laing et al., 2014) and My 

Diet Coach Pro (Chen et al., 2015). Despite the existence of numerous mHealth apps 
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targeted towards dietary interventions, they are generally not evidence-based and 

minimally cover energy requirements and nutrition information based on healthy eating 

guidelines (Chen et al., 2015; Pagoto et al., 2013). Furthermore, they may be improved 

by identifying a range of triggers relevant to the initiation of unhealthy food intake. 

Given such gaps in the literature and market exist, further examination into the cues 

underlying discretionary food intake is essential to best inform mHealth app 

development.  

Although mHealth apps may be particularly useful for individuals who are 

wanting to monitor their calorie intake (Laing et al., 2014), they generally lack BCT to 

assist individuals to change. Including BCT into interventions is an essential step in 

promoting the success of interventions (Webb et al., 2010). Indeed, higher quality apps 

include more in-built features and more BCT than apps of a low quality (Schoeppe et 

al., 2017). The most commonly used BCT in mHealth apps revolve around goal setting 

and feedback (Antezana et al., 2018). Including a variety of BCT is therefore important 

to inform both treatment content and delivery of mHeath-based interventions.  

In summary, including a range of triggers relevant to the initiation of unhealthy 

food intake and BCT to overcome these triggers is likely to improve the evidence-base 

and effectiveness of mHealth dietary apps. As EMA methods allow for an examination 

of the situational and contextual cues guiding eating, EMA studies may be a way 

forward in identifying potential targets for mHealth dietary interventions. Ultimately, 

this information can be used to inform a new generation of intervention technologies 

which can reduce participant burden through passive data collection, while producing 

highly personalised, contextualised and dynamic tools that learn and interact with the 

user.  
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1.8 Current gaps in research 

Currently, we do not know enough about how situational and contextual cues 

may be integrated with individual-level traits and motivations to explain discretionary 

food intake. Furthermore, as outlined in Section 1.4, the role of motivations and 

intentions underlying food intake is unknown. Examining the motivational determinants 

surrounding discretionary food intake will be a key focus of Study 1. Study 2 will 

explore how TST can be applied to explore the relative impact of motivational and 

situational influences of eating. Studies 3 and 4 will explore the role of food availability 

and the neighbourhood food environment in shaping individuals’ food intake (each 

study is explained in greater detail in Section 1.9 below).  

 

1.8.1 Sample characteristics used in previous studies 

Previous studies examining eating behaviour have often involved young, 

undergraduate (generally female) university students (e.g., Herman et al., 2003; 

McFerran et al., 2010; Thomas et al., 2011; Wahl et al., 2017). Given university 

students are at a higher risk for weight gain, particularly in their first year of university 

(de Vos et al., 2015), they may have distinct eating patterns and/or cues shaping their 

food intake, therefore the determinants underlying their food intake may not be 

generalisable to a wider population.  

Additionally, research examining dieters’ behaviour has drawn participants from 

a demographic consisting mainly of women (e.g., Adriaanse et al., 2009). Typically, 

these studies have recruited individuals undergoing specific dietary and weight loss 

interventions (e.g., Avenell et al., 2004; Burke, Zheng, et al., 2017; Forman et al., 

2018). Whilst this enables insight into testing the efficacy of the intervention, it does not 

allow for an understanding of how dieters make their eating decisions on a day-to-day 

basis, or how situational cues may influence people to not act on their dietary intentions 
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(de Ridder et al., 2017). Therefore, Study 1 in this thesis addresses this gap by 

examining food intake among individuals who are consciously trying to change their 

eating behaviour as they go about their daily lives.  

Research on social cues influencing eating has mainly been conducted on female 

participants (e.g., Kaisari & Higgs, 2015; Robinson et al., 2013). Although there is 

limited research to suggest males are prone to social eating influences in the same way 

as females (Hermans et al., 2009), sampling males would enable a more comprehensive 

understanding of the role of social and other external influences to eating more 

generally. Given the limitations associated with the participant characteristics in 

previous studies, each of the studies included in this thesis examines the determinants 

underlying food intake in a community sample of both males and females across a wide 

age range. 

Some research suggests that individuals with overweight and obesity are more 

responsive to food cues than individuals with lower BMIs (e.g., Ferriday & Brunstrom, 

2011; King, 2013; Schüz et al., 2017). Indeed, individuals with overweight/obesity 

display stronger salivary responses and an increased desire to consume both cued and 

non-cued foods (Ferriday & Brunstrom, 2011). Heightened reactivity to food cues may 

predispose individuals towards eating due to hedonic rather than homeostatic hunger, 

subsequently resulting in excess weight gain (Sobik et al., 2005). However, previous 

studies generally have not stratified participants based on individuals’ BMI— therefore, 

they were unable to detect differences in the responsivity to food cues based on 

individuals’ current weight. Study 3 specifically recruits individuals with overweight 

and obesity to examine the influence of stimulus control and the food environment on 

individuals’ food intake. Additionally, Study 4 recruits an even distribution of BMI so 

that stimulus-control between individuals within the healthy weight range and 

overweight/obesity can be compared. 
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1.8.2 Methodological concerns from previous studies examining eating  

Much of the previous research on eating has used cross-sectional designs, 

focusing on between-person differences in food intake (e.g., Davis & Carpenter, 2009; 

Lucan & Mitra, 2012; Morland et al., 2006). Although such studies can allow for a 

greater understanding of many individuals’ perceptions of their immediate context (for 

example, the local food environment; Lucan & Mitra, 2012), such designs cannot 

determine how perceptions of the environment change over time or as individuals move 

through various environments each day (Chaix et al., 2012). However, food intake is 

known to substantially change within an individual depending on where they are (Pitt et 

al., 2017), how they are feeling (Adriaanse, Vinkers, et al., 2011), or the activity they 

are engaging in (Chapman et al., 2012). Given that food choices change both within and 

across days, it is important to examine the within-and-between person differences in 

food choices, and how changes in one’s environment may shape their food intake; a key 

focus of Study 4. 

Secondly, as was discussed in Section 1.5.1, previous literature examining the 

relationship between affect and food intake has traditionally examined eating in 

laboratory settings (e.g., Bongers et al., 2013; Evers et al., 2013; Oliver et al., 2000). 

Although laboratory studies can manipulate the environment to examine the causal 

relationships between variables such as watching an emotionally charged television 

program and subsequent food intake (e.g., Vartanian et al., 2008), they generally induce 

only short-term manipulations in affect, which may not translate to changes in food 

intake after the emotional manipulation has ceased (Evers et al., 2009). As such, 

research examining the relationship between affect and eating should examine changes 

in affect as they occur in naturalistic settings. Studies 1, 2 and 3 included in this thesis 
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examine the relationship between affect and eating as individuals go about their daily 

lives.  

Thirdly, research examining the social cues surrounding discretionary food 

intake has typically attempted to manipulate social norms in the laboratory and see if 

eating decisions change based on external cues in the environment such as the implied 

behaviour and presence of others (e.g., Kaisari & Higgs, 2015; Prinsen et al., 2013; 

Robinson et al., 2013). Although this technique means researchers can explore 

individuals’ reactions to cues surrounding others eating behaviour, it does not explain if 

individuals prioritise eating the same type, or quantity, of food as presented in the norm 

conditions. Studies 2 and 3 of this thesis further explore the role of social cues guiding 

food intake.  

An additional concern with laboratory-based studies is that individuals may feel 

uncomfortable and self-conscious whilst being observed, which may result in them 

behaving differently to how they would outside the laboratory (Bongers et al., 2013). 

For example, when Kaisari and Higgs (2015) assessed the influence of dyadic patterns 

of food intake in the laboratory, they noted that it is possible that laboratory-based 

eating situations are so unfamiliar that all participants regardless of their familiarity 

with each other looked to each other to guide appropriate food intake. It is possible that 

this uncertainly is what influences food choice in laboratory settings, not the influence 

of peers per se. Given such limitations exist, laboratory studies may lack 

generalisability to changes in eating occurring in real-world settings. To address these 

concerns, the studies presented in this thesis explore eating behaviour in naturally 

occurring settings using EMA methods (see Section 1.6, for an overview of EMA).  

In summary, this section has identified current gaps in the literature (see Table 

1.2 for a summary of the gaps in the literature and what this thesis examines). This 

section has outlined issues associated with previous sample characteristics, and how 
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much of the previous research on eating has involved laboratory-based studies, thereby 

raising concerns regarding the generalisability to real-world environments. The focus on 

cross-sectional studies has meant that previous research on food intake has examined 

eating at one point in time, thereby neglecting to account for fluctuations with 

contextual and individual cues occurring over time and in various settings. Through 

recruiting community samples, stratifying participants based on their BMI and by using 

EMA, this thesis seeks to address such gaps in the literature by exploring the individual 

and contextual determinants of discretionary food intake. 
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Table 1.2 Summary of gaps in the literature and what this thesis examines 

 Focus of previous research Gaps/issue What this thesis will examine 

Sample characteristics • Young, female university students 

• Examine specific dietary 

interventions 

• BMI differences in eating is 

observed 

• Unknown generalisability to others  

• Influences of daily food choice 

unknown 

• Unsure why there are BMI 

differences in eating 

• Community sample of participants 

• Examine eating as individuals go 

about their regular lives 

• Stratify sample based on BMI 

Methodological limitations • Cross-sectional designs/examining 

behaviour at one time point only 

 

• Laboratory-based manipulations in 

social cues/environment 

• Fluctuation in behaviour/cues 

unknown 

 

• Generalisability to real-world 

situations is unknown 

• EMA methods to examine within-

person fluctuations in behaviour 

and cues  

• EMA methods to examine 

behaviours in naturally occurring 

settings 
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1.9 Objectives of the present thesis 

The present thesis aims to investigate the individual and contextual determinants 

of discretionary food intake. Due to the negative health consequences of overweight and 

obesity, identifying the determinants of excess energy intake is essential in developing 

evidence-based interventions to improve population health. Currently, too little is 

known about the processes shaping discretionary food choice, and research to date has 

typically focused on examining eating patterns between people or relied on laboratory-

based studies on cue reactivity (e.g., Bongers et al., 2013; Evers et al., 2013; Oliver et 

al., 2000). As such, the present thesis uses EMA to examine the within-person processes 

driving real-life eating decisions from both a motivational and a momentary perspective. 

In doing so, this thesis seeks to provide a more comprehensive understanding of the 

determinants of discretionary food intake than previous research has examined. Such 

information will inform how to target common eating triggers and promote healthy food 

choices. 

This is a thesis by publication; each Chapter presents a stand-alone study that 

has already been published. Each study uses EMA methods to explore the determinants 

of discretionary food intake. This thesis begins by examining how the structure of goals 

influence the self-regulation of eating (Chapter 2), then applies Temporal Self-

regulation Theory to examine snacking from an integrated perspective outlining both 

the motivational and momentary determinants of snacking (Chapter 3). Study 3 explores 

the momentary cues guiding snacking such as affect, availability of food, social 

influence/isolation and the presence and type of food outlets (Chapter 4). Study 4 

explores snacking from the influence of the community nutrition environment using 

Geographical Information Systems data to indicate the availability of food within the 

local environment (Chapter 5). Together, these studies illustrate the common 
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determinants and consequences of snacking, and how we can best apply interventions to 

modify discretionary food intake (Chapter 6).  

 

Study 1 (Chapter 2): Inter-goal conflict and facilitation as predictors of adherence to 

dieting goals: An Ecological Momentary Assessment study 

Due to a lack of understanding of how individuals’ dieting goals impact upon 

other idiosyncratic goals they are working towards; Study 1 examines discretionary 

food intake through a motivational perspective; investigating the role of intention in 

shaping how individuals prioritise and manage their eating goals. Study 1 involves 94 

dieters completing an assessment of their goals using an adapted version of (Little, 

1983)’s personal project analysis. Over the first 14 days of a dieting attempt, 

participants complete an EMA study recording their food intake and daily engagement 

in their personal goals. The aim of Study 1 is to examine the effect of perceived inter-

goal facilitation and conflict on dietary intake.  

 

Study 2 (Chapter 3): Personal and situational predictors of everyday snacking: An 

application of Temporal Self-Regulation Theory 

The relative impact of motivational and situational influences on eating is 

currently unclear. Study 2 applies Temporal Self-Regulation Theory (TST: Hall & 

Fong, 2007) to examine both the motivational and momentary factors that shape 

individuals’ eating patterns. Motivational factors towards eating (e.g., past behaviour 

and self-regulation) are recorded during a baseline study visit, and momentary cues 

(e.g., individual, situational and environmental factors) are recorded over a two-week 

EMA monitoring period. Study 2 aims to examine how TST can be applied to 

understand the determinants of discretionary food choices and provide pathways to 

interventions that target both motivational and situational factors.  
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Study 3 (Chapter 4): Situational cues and momentary food environment predict 

everyday eating behaviour in adults with overweight and obesity 

The role of internal (e.g., experiencing negative affect) and external (e.g., seeing 

others eat and having food available) cues driving eating has previously been explored 

(e.g., Cruwys et al., 2014; Ferriday & Brunstrom, 2011; Higgs & Thomas, 2016; 

O'Connor et al., 2015). However, these studies have relied on retrospective assessments, 

rather than reporting momentary environmental exposures. Additionally, minimal 

research has examined the cues to eating in a sample of overweight and obese 

individuals. Individuals with overweight and obesity are more likely to be driven by 

cues to eat and experience higher food cravings than individuals with lower BMIs 

(Ouwehand & Papies, 2010; Thomas et al., 2011). Therefore, Study 3 explores the 

effect of known internal and external cues driving eating in a sample of individuals with 

overweight and obesity. In this study, fifty-one adults participated in a two-week EMA 

study, recording their meals and snacks at the time the decision to eat is being made. 

Study 3 integrates the stimulus control and food environment perspectives and examines 

the influence of both cues and the momentary food environment on food choice in 

adults with overweight and obesity.  

 

Study 4 (Chapter 5): Examining the association between food outlets and eating 

behaviour: A Geographical Information System (GIS) study 

Whilst the role of environmental determinants of eating has been examined (e.g., 

Fuzhong et al., 2009; Thornton & Kavanagh, 2012; Zenk et al., 2009), these studies 

have typically calculated the presence of food outlets using postcode information. 

However, individuals are exposed to many different environments as they travel 

throughout each day, so assessment of the momentary environmental cues may allow 
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for a more comprehensive understanding of the influence of food outlets on eating. 

Study 4 goes beyond the self-perceptions of environmental cues described in studies 1, 

2 and 3, by using objectively collected Global Positioning System (GPS) information to 

monitor and track the environments individuals move through. Seventy-four 

participants completed an EMA study where their GPS location was automatically 

recorded, and participants self-reported information on local food environment and their 

food intake over a two-week period. The aim of Study 4 is to investigate whether 

objectively collected location information (through automatic GPS reports) predict 

snacking beyond subjectively reported environmental cues.  
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Chapter 2 Inter-goal conflict and facilitation as predictors of 

adherence to dieting goals: An ecological momentary assessment 

study2,3,4,5 

 

Katherine G. Ellistona*, Benjamin Schüzb and Stuart G. Fergusona 

a College of Health and Medicine, University of Tasmania, Hobart, Tasmania; 

b Institute of Public Health and Nursing Science, University of Bremen, Bremen, 

Germany 

  

 
2 Extracts of this chapter were presented at an international conference: Elliston, K. G., Schüz, B., & 

Ferguson, S. G. (2018, August 24). Daily goal conflict and adherence to dieting goals: An ecological 

momentary assessment study. Paper presented at the European Health Psychology Society conference, 

Galway, Ireland. (see Appendix 2.1 for Abstract). 

3 This chapter has been published in its current form as: Elliston, K. G., Schüz, B., & Ferguson, S. G. 

(2019). Inter-goal conflict and facilitation as predictors of adherence to dieting goals: An ecological 

momentary assessment study. Psychology & Health, 35(6), 1-17. 

https://doi.org/10.1080/08870446.2019.1684496  

4 The EMA questionnaire used this study is included in Appendix 2.2. 

5 The Baseline questionnaire used this study is included in Appendix 2.3. 
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The present thesis aims to investigate the individual and contextual determinants 

of discretionary food intake. This chapter investigates the motivational determinants of 

eating, represented by the most proximal line surrounding an individual in the socio-

ecological model (see Figure 2.1). Specifically, this chapter explores the role of 

perceived inter-goal conflict and facilitation on individuals dieting behaviour. Through 

examining how goals influence dieting, we are able to better understand the role of 

motivations and intentions in discretionary food consumption.  

 

 

Figure 2.1 Diagram outlining the level of influence for discretionary food intake that 

will be examined in Chapter 2.  
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2.1 Abstract 

Objectives: To examine dieting goals within a system of individual goals, and the 

patterns by personally-relevant goals might interfere or facilitate each other. 

Design: 94 dieters completed an assessment of goals using Little’s personal project 

analysis. Participants identified 7 goals; one of which was pre-defined as adhering to 

diet. Over the beginning 14 days of their diet, participants completed an Ecological 

Momentary Assessment study recording their food intake in real-time. Every evening, 

participants reported their goal engagement and which goals conflicted or facilitated 

with each other. 

Main outcome measures/results: Over the study duration, 1452 days of food intake and 

goal conflict/facilitation were recorded. Participants completed an average of 1.54 (SD= 

0.85) snacks, an average of 0.94 (SD= 1.81) goal conflicts, and 4.16 (SD= 4.70) goal 

facilitations per day. Inter-goal conflict was associated with a significant but small 

improvement on individuals’ mood, but was not associated with daily dietary intake or 

long-term weight-loss. Similarly, inter-goal facilitation was not associated with daily 

dietary intake or long-term weight-loss. Daily food intake was a significant predictor of 

long-term weight-loss.  

Conclusions: The results of this study suggest the impact of inter-goal conflict and 

facilitation on dieting is not via overall snack or food consumption. 

 

Key words: dieting; snacking; Ecological Momentary Assessment; goal conflict; goal 

facilitation 
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2.2 Introduction 

Globally, rates of overweight and obesity are rapidly increasing (Ng et al., 

2014); current estimates suggest that over half the adult population is overweight or 

obese (WHO, 2016). Excess weight places individuals at an increased risk of 

developing a range of illnesses such as heart disease, diabetes and cancer (AIHW, 

2017). Excess weight-gain is largely attributed to an overconsumption of energy and a 

lack of energy expenditure (Hill & Peters, 1998). Food intake, particularly the 

consumption of food outside of main meals known as “discretionary foods”, is a major 

contributing factor to excess energy-intake (Hampl et al., 2003). Discretionary foods are 

generally nutritionally poor, energy-dense and not essential for a healthy diet (Rangan et 

al., 2009). Despite this, the consumption of discretionary foods is increasing (Zizza et 

al., 2001). On average, 23-41% of individuals daily energy intake is derived from 

discretionary foods (ABS, 2015; Rangan et al., 2009; Zizza et al., 2001). Discretionary 

food intake is often unplanned and is driven by temptations rather than hunger 

(Cleobury & Tapper, 2014). Due to the health concerns associated with excess energy 

intake, further investigation into what drives the consumption of discretionary foods is 

warranted.  

Although caloric restriction is a main component of many diets, diets often do 

not leave individuals with sustained weight-loss over the long term (Mann et al., 2007). 

In part, this may be the result of difficulties in acting upon multiple goals 

simultaneously. Dieting is an example of a goal-directed behaviour which is embedded 

within a system of other goals that individuals are trying to pursue (Kruglanski et al., 

2002). Pursuing goals relies on self-control and is therefore dependent on an 

individual’s time, energy and money; the pursuit of one goal will impact the resources 

available to pursue other personally-relevant goals (Presseau et al., 2010). Goals such as 
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dieting therefore need to be balanced with the demands of numerous competing goals in 

everyday life (Conner et al., 2016; Riediger & Freund, 2004).  

Pursuing a goal can have facilitative or interfering effect on other goals. 

Sometimes, engaging in a behaviour to achieve one goal increases the motivation and/or 

performance towards another goal (inter-goal facilitation). This facilitative effect 

increases the likelihood of successful completion of both goals (Riediger & Freund, 

2004); for example, wanting to spend more time outdoors while also having a goal to 

spend more time exercising. In contrast, pursuing one goal can deplete an individual’s 

resources so they are unable to pursue other goal(s) (inter-goal conflict; Boudreaux & 

Ozer, 2012). This conflict may be the result of an incompatibility between goals which 

cannot be performed simultaneously (Riediger & Freund, 2004). For example, wanting 

to spend more time reading while also having a goal to spend more time exercising. 

Goal incompatibility results in individuals having to prioritise one goal and dismiss the 

other(s) (Presseau et al., 2010).  

In addition to reduced goal attainment, experiencing goal conflict is associated 

with impaired psychological well-being (Riediger & Freund, 2004). In a prospective 

study by (Boudreaux & Ozer, 2012), reporting conflicting goals at baseline was 

associated with higher levels of negative affect, anxiety, depression and psychosomatic 

symptoms at 4-6 weeks follow-up. The negative effects from goal conflict may in part 

be the result of the conflict directing individuals’ attention towards the problem, rather 

than serving as a motivation for addressing the conflict (Riediger & Freund, 2004). 

Focusing one’s attention on the problem exacerbates anxiety towards the improbability 

of achieving both goals. Overall, individuals who experience high levels of goal conflict 

are less likely to experience successful goal attainment (Boudreaux & Ozer, 2012). 

Previous research has examined the predictive utility of experiencing goal 

conflict and facilitation on individuals’ participation in health and health-risk 
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behaviours such as physical activity (Conner et al., 2016; Presseau et al., 2010; Presseau 

et al., 2013) and marijuana initiation and use (Simons & Carey, 2003). Dieting involves 

repeated behaviours within and across days in which goal enactment is particularly 

burdensome. However, to our knowledge, no study has examined how competing 

personal goals influence individuals’ ability to maintain a diet.  

The patterns by which dieting and other goals might interfere or facilitate each 

other is highly idiosyncratic, so the present study will examine dieting goals within 

individuals goal systems. The first aim of this study is to examine the effect of 

perceived inter-goal facilitation and goal conflict on dietary intake. Consistent with 

literature in the physical activity domain (e.g., Presseau et al., 2013), perceived goal 

conflict is hypothesised to negatively impact upon goal engagement, and perceived 

inter-goal facilitation is hypothesised to assist with other personal goals. Consequently, 

we hypothesise that participants report greater discretionary food intake (as this 

behaviour is assumed to be incompatible with individual dieting goals) on days when 

they experience goal conflict(s) compared to days when they did not experience such 

conflict, and experiencing goal facilitation will lead to better adherence to dieting goals, 

shown through decreased discretionary food intake.  

A second aim of this study is to explore individuals’ perceptions of goal conflict 

through examining the relationship between perceived goal conflict and negative affect. 

In accordance with Boudreaux and Ozer’s (2012) study, goal conflict is expected to 

result in increased levels of negative affect. Importantly, however, fluctuations in the 

relationship between perceived inter-goal conflict and negative affect has not yet been 

examined on a daily level; therefore, this study will explore the association between 

day-to-day fluctuations in inter-goal conflict and reported levels of daily negative affect. 

We hypothesise that participants’ negative affect will increase as their perceived inter-

goal conflict increases.  
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A third aim of this study is to predict individuals’ weight change at 12 weeks 

after beginning a diet. Specifically, we explore whether self-reported food intake 

predicts individuals changes in weight over time, and whether the experience of inter-

goal conflict/facilitation predicts long-term changes in weight.  

 

2.3 Method 

2.3.1 Overview  

This study combined a thorough assessment of personal goals through an 

adapted version of Little’s (1983; 2006) Personal Projects Analysis with Ecological 

Momentary Assessment (EMA: Ferguson & Shiffman, 2011) methods. This allowed us 

to examine how multiple goal pursuit influenced discretionary food intake and weight 

among individuals beginning a diet. Over a two-week period, participants used a 

specially programmed smartphone (HBART: 

https://www.utas.edu.au/health/research/groups/tasmanian-school-of-

medicine/clinical/behavioural-and-situational-research-group-bsrg/hbart) to record their 

food intake in real time and complete randomly-timed assessments issued throughout 

each day. Participants location, activity and affect was assessed during both food reports 

and the randomly-timed assessments. For the duration of the monitoring period, 

participants also completed daily assessments of their engagement with their personal 

goals. 

2.3.2 Participants 

94 dieters were recruited through newspaper advertisements and community 

weight-loss programs. Eligibility criteria included being 18 years old, beginning a diet 

within one week of beginning participation in this study and having no history or 

diagnosis of an eating disorder. Upon completion of the study, participants received an 

AUD$50 shopping voucher as reimbursement for their time. Ethics approval was 
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obtained from the Tasmanian Social Science Human Research Ethics Committee 

(reference number: H0016081).  

The majority of participants were female (84.04%; n = 79) with an average age 

of 37.78 years (SD= 17.10). The majority (68.08%; n = 64) were Caucasian/European, 

with the remaining participants predominantly being of Asian descent (25.53%; n = 24). 

Approximately a third (39.36%; n = 37) of the participants had graduated from 

university, and a further 26.59% (n = 25) had completed some university. 

Approximately three-quarters (73.40%; n = 69) participants were dieting to lose weight, 

8.60% (n = 8) were dieting to maintain weight and 17.20% (n = 16) for other reasons 

such as for general health benefits, or lowering cholesterol.  

2.3.3 Procedure 

Participants completed three study visits over two weeks of monitoring their 

food and drink intake and engagement in their personal goals. During the first study 

visit, participants provided written informed consent, their height and weight was 

measured by study staff to calculate Body Mass Index (BMI) [(kg/[height(m)2], and 

participants completed a baseline survey of their eating habits and participants 

relationship with food using the Yale Food Addiction Scale (Gearhardt et al., 2009) and 

the Power of Food Scale (Cappelleri et al., 2009). During this visit participants also 

completed a qualitative assessment of their personal goals using the framework of 

Little’s (1983) Personal Project Analysis. Consistent with Presseau et al.’s (2013) study, 

participants were asked to create a list of goals they were actively engaging in that best 

characterise their everyday life. In the current study, in order to reduce participant 

burden, participants were only required to list six personal goals. In addition, a seventh 

“adhering to diet” goal was included in all participant goal lists. Participants rated the 

importance of each of their goals, and how they generally impact upon one another.  
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Following the development of personal goal lists, participants engaged in two 

weeks of EMA monitoring, where they recorded their food and drink intake in real-time 

using an electronic diary. During each food report, participants specified whether their 

food intake was a main meal or a snack. In order to reduce participant burden, a random 

subsample (60%) of the food reports were followed by a set of questions asking about 

participants current state (mood, hunger and craving level) as well as contextual and 

situational details surrounding the food intake (location, activity they were engaging 

with, and who was around). In addition to self-initiated reporting of every food intake 

over the monitoring period, participants were issued a similar set of questions asking 

about contextual and situational details on average 4-5 times each day (randomly-timed 

assessments). At the end of each day (between 7pm and midnight), participants 

completed a global assessment of their mood, craving, exercise, instances where they 

restrained themselves from eating and reported daily food intake. During the end of day 

report, participants engaged in an episode reconstruction where they were shown their 

personal goal listings and reported which of their goals they had engaged in throughout 

the day, and which goals conflicted and/or facilitated with one another (see assessment 

of goal engagement below). Participants could continue reporting food intake and 

responding to randomly-timed assessments until they completed a self-initiated report 

stating they were going to bed (available from 8pm).  

During the second study visit, participants data was uploaded, and the study staff 

provided EMA retraining as necessary. After 14 days of recording food and drink intake 

and engagement in personal goals, participants returned for their final study visit, where 

they self-reported their weight and were weighed by study staff (the two measurements 

of weight were highly correlated: r= 0.997, p <.001). During this visit, a final upload of 

participants data was completed, EMA devices were returned, and participants received 

an AUD$50 shopping voucher for their time. 10 weeks after the EMA monitoring 
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period was complete (three months after participants began a diet), participants were re-

contacted via phone to report if they were continuing their diet and update the 

researchers of their current weight.  

2.3.4 Measurement Instruments 

Following previous EMA studies (e.g., Schüz, Schüz, et al., 2015), food intake 

was assessed in both real-time reports and during an end-of-day summary report. For 

the duration of the two-week monitoring period, participants self-reported by tapping a 

button on the smartphone each time they ate or drank (real-time reports). Participants 

categorised their food intake as either a snack or a main meal. Assessing food intake in 

this way has been shown to correspond with previous research on daily food 

consumption (Elliston et al., 2017). In addition, food intake was assessed at the end of 

each day, where participants were asked “how many meals consumed today” and “how 

many snacks consumed today?” In order to account for missed food reports, the report 

with the highest number of recorded food intakes (either the real-time or end-of-day 

report) was used for the analysis. The analyses looked at food intake in terms of both 

the number of snacks consumed each day and a tally of total daily food intake.  

Goal conflict/facilitation was measured during participants end-of-day reports. 

Assessments of goal conflict/facilitation were based on Little’s (1983) Personal Project 

Analysis framework, following similar questions asked in Presseau et al. (2013). Unlike 

previous studies, perceived goal conflict/facilitation was assessed on a daily basis. 

Participants were asked to reflect upon their day in three-hour windows (6-9am, 9am-

12, 12-3pm, 3-6pm) and select which of their seven goals they engaged in during each 

time period (responses ranged from 0= did not engage in any of their goals in this time 

period, to 7= engaged in all goals during this time period). Next, participants were asked 

to select which (if any) of the goals they engaged with conflicted during each time 

frame (responses were categorised as either 1= goal conflict present, to 0= absence of 
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goal conflict). This process was repeated to assess perceived experiences of inter-goal 

facilitation throughout each day. A tally of daily goal conflict and facilitation was used 

in the analysis to compare dietary intake across days with varying levels of goal conflict 

and facilitation.  

Negative affect was assessed during the randomly-timed assessments. For the 

purposes of this study, we focused on negative affect as negative affect rather than 

positive affect has been shown to increase food intake among individuals restraining 

their eating (e.g. Evers et al., 2018; Macht, 2008). During the randomly-timed 

assessments, participants were asked to indicate their overall feeling from 1 (very good) 

to 5 (very bad). Higher scores indicate higher levels of negative affect. Affect scores 

reported in the randomly-timed assessments were averaged to provide an indication of 

participants daily level of negative affect. 

Weight-change was measured by comparing participants’ weight at baseline 

with their weight at the 10-week follow-up period. Individual weight change was 

calculated in terms of percentage of weight-loss. In accordance with the NHMRC 

(2012) guidelines, weight-loss was deemed successful if the individual had lost 5% of 

their recorded baseline weight. For study aim three (predicting weight-loss at 3-month 

follow-up), only those participants who reported dieting with the aim to lose weight 

were included in the analyses. 

2.3.5 Analytical Procedure 

The data in this study involved repeated daily assessments (of inter-goal 

facilitation/conflict, and negative affect) and observations (of snacking and overall food 

intake (total of meals and snacks)) for each individual. The data was hierarchically 

organised such that daily measurements of dietary intake, negative affect and inter-goal 

conflict/facilitation (Level 1) were nested within individuals (Level 2). Therefore, 

hierarchical linear models were used to examine the variability both within participants 
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(Level 1) and between participants (Level 2). Analyses for study aims 1 and 2 were run 

in R using either the glmer function (study aim one), or the lmer function from the lme4 

package (study aim two; Bates et al., 2015). Analyses for study aim 3 were run in 

MPlus using maximum likelihood estimation with robust standard errors (MLR). For 

each study objective, a series of models were fitted whereby each predictor was added 

to the model and a likelihood ratio test— using the anova function— was used to 

determine whether the predictors added to each model significantly improved model fit. 

Predictors which did not significantly add to the model were dropped.  

To address our first objective; examining the effect of perceived inter-goal 

conflict and facilitation on dietary intake, occurrences of goal conflict within each three-

hour window was dichotomised as either occurring (1= presence of inter-goal conflict) 

or not occurring (0= absence of inter-goal conflict). Instances of reported goal conflict 

were then summarised to provide an indication of the number of daily conflicts 

experienced per person (possible range: 0-28, reported range: 0-12 inter-goal conflicts). 

This assessment was repeated for the experience of inter-goal facilitations (participants 

reported experiencing a range between 0-28 instances of goal facilitation per day). 

Conflict experience was participant mean-centred to indicate days on which participants 

experienced more or less conflicts than their personal average. 

To address our second objective; to explore participants’ perceptions of goal 

conflict, we examined the relationship between inter-goal conflict(s) and daily level of 

negative affect. Consistent with the analysis for study aim one, we dichotomised the 

presence of inter-goal conflict within each three-hour time frame (1= goal conflict 

present, 0= absence of goal conflict). Then we summarised occurrences of inter-goal 

conflicts across each day and calculated deviation scores of goal conflict to predict 

participants daily level of negative affect. 
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In order to address the third aim— whether self-reported food intake relates to 

weight change over time— the number of snacks, and the combination of meals and 

snacks were summed up per person/day. For those participants who were dieting with 

the aim of losing weight, we calculated the change in body weight as percent of baseline 

weight lost. Daily snack intake (within-participants) was then used to predict percentage 

weight change (between participants) at the 10-week follow-up call. This process was 

repeated for overall food intake predicting weight-change at the follow-up call. To 

examine whether self-reported goal conflict/facilitation related to weight change over 

time, the number of daily goal conflicts and inter-goal facilitations were summarised per 

person/day and used to predict percentage weight change at the 10-week follow-up call. 

 

2.4 Results 

In total, 98 participants enrolled in the study and were given EMA devices. Four 

participants withdrew before completing one day of EMA monitoring, leaving a final 

sample of 94 participants (see Figure 2.2). In total 1,452 days of food intake and goal 

conflict/facilitation were recorded: M= 15.59 (SD= 1.57) monitoring days/person. 

Participants’ compliance with the randomly-timed assessments was good (M= 77.96%, 

SD= 17.84). Consistent with previous studies (e.g. Schüz, Schüz, et al., 2015), days 

where compliance with the randomly-timed assessments was below 50% were excluded 

from analysis (total 230 days; 15.84% of total days).  

Participants completed 4,231 food reports; 1,592 were snacks, averaging 1.54 

(SD= 0.85) snacks per participant per day. Overall inter-goal conflict occurred on 

21.76% of monitoring days; M= 0.94 (SD=1.81) goal conflicts per person/day. 

However, 15.96% (n= 15) participants did not report any days of goal conflict over the 

monitoring period. Overall, inter-goal facilitations occurred on 48.72% of monitoring 

days; M= 4.16 (SD= 4.70) goal facilitations per person/day. A minority of participants 
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(7.45%, n= 7) did not report experiencing any days of inter-goal facilitation over the 

two-week monitoring period.  
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neither did adding in day in study. Similarly, the number of daily goal conflicts was not 

a significant predictor of overall food intake.  

When looking specifically at the adhering to diet goal, conflict between any 

personal goal and the dieting goal did not predict daily snack intake (see Table 2.1, 

model 2). Similarly, the number of daily goal conflicts with the adhering to diet goal did 

not predict overall food intake.  

Similarly, experiencing a higher number of inter-goal facilitations per day did 

not predict daily snack or overall daily food intake (see Table 2.2, model 1). Adding a 

random slope of facilitation deviation did not improve model fit, neither did adding in 

day in study. Experiencing inter-goal facilitation specifically with the adhering to diet 

goal also did not predict snack or overall food intake (see Table 2.2, model 2). Adding a 

random slope of facilitation deviation did not improve model fit, neither did adding in 

day in study. 
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Table 2.1 Results from aim one: examining the role of inter-goal conflict and daily dietary intake 

Dietary intake measure  Model 1a Model 2b 

Daily snack intake Fixed effects (level 1)   

   Intercept snack total 0.29(0.06)*** 0.29(0.06)*** 

   Goal conflict 0.02(0.02) 0.00(0.05) 

 Random effects (level 2)   

   s2 Intercept subject 0.29(0.54) 0.29(0.54) 

    

Daily food intake Fixed effects (level 1)   

   Intercept food total 1.37(0.03)*** 1.37(0.03)*** 

   Goal conflict 0.01(0.01) -0.00(0.03) 

 Random effects (level 2)   

   s2 Intercept subject (SD) 0.05(0.23) 0.05(0.23) 

Note. Entries are reported as B(SE), where B= coefficient estimate, SE= standard error, *p<.05, **p<.01, ***p<.001 

a denotes models where instances of inter-goal conflict were summarised and deviations scores were entered in the model  

b denotes models where goal conflict represents the occurrences of conflicts specifically with the dieting goal (summarised together and 

deviation scores were entered into the model)
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Table 2.2 Results from aim one: Examining the role of inter-goal facilitation on daily dietary intake 

Dietary intake measure  Model 1a Model 2b 

Daily snack intake Fixed effects (level 1)   

   Intercept snack total 0.29(0.06)*** 0.29(0.06)*** 

   Goal facilitation -0.00(0.01) -0.04(0.03) 

 Random effects (level 2)   

  s2 Intercept subject 0.29(0.54) 0.29(0.54) 

    

Daily food intake Fixed effects (level 1)   

   Intercept food total 1.37(0.03)*** 1.37(0.03)*** 

   Goal facilitation 0.00(0.00) -0.00(0.02) 

 Random effects (level 2)   

  s2 Intercept subject (SD)  0.05(0.23) 0.05(0.23) 

Note. Entries are reported as B(SE), where B= coefficient estimate, SE= standard error, *p<.05, **p<.01, ***p<.001 

a denotes models where instances of inter-goal facilitation were summarised and deviation scores were entered into the model 

b denotes models where goal facilitation represents the occurrences of facilitations specifically with the dieting goal (summarised together 

and deviation scores were entered into the model) 
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2.4.2 Perceptions of inter-goal conflict 

Perceived inter-goal conflict was associated with a small, but significant 

decrease in negative affect (see Table 2.3). We started with a random intercept, fixed 

effects linear model which included goal conflict predicting level of negative affect and 

found that adding in day in study as a predictor improved model fit (-2 log likelihood= 

-798.64, df= 5, p <.001). The results suggest that negative affect increases by day in the 

study and decreases slightly when participants experience inter-goal conflict. 
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Table 2.3 Results from aim two: exploring perceptions of inter-goal conflict through participants experience of negative affect 

 Coefficient Estimate (Standard Error) 

Fixed effects (level 1)  

  Intercept negative affect 2.29(0.06)*** 

  Goal conflict -0.03(0.01)*** 

  Day in study 0.01(0.00)*** 

Random effects (level 2)  

  Intercept subject (SD) 0.26(0.51) 

  Residual (σ2 µ0, SD) 0.23(0.48) 

Note. Model calculated based on instances where inter-goal conflict were summarised and deviation scores were entered into the model. 

*p<.05, **p<.01, ***p<.001. 
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2.4.3 Weight change over the first 12 weeks of dieting 

The majority (69.15%, n= 65) of the sample had an initial Body Mass Index 

(BMI) placing them in the overweight/obese range; mean BMI measured at baseline 

was 29.49 (SD= 7.35). The majority of participants (58.51%, n= 55) reported they were 

continuing with their diet during the 10-week follow-up call. During this time, 

participants reported a weight change between -36.7kg and +4.1kg (mean weight-loss 

was 3.09% of baseline body weight, SD= 4.78%). In total, 18 participants lost more than 

5% of their initial body weight over the first three months of their diet and were deemed 

successful in their weight-loss attempt. Participants’ baseline weight (M= 86.14, SD= 

23.52) was significantly higher than their weight recorded during the 10-week follow-

up period (M= 83.56kg, SD= 20.42): t (676) = 13.60, p< .001. 

A mixed effects linear model showed there was a positive relationship between 

the number of daily snacks consumed during the two-week monitoring period and 

changes in weight during follow-up (see Table 2.4, model 1). Participants who 

consumed fewer daily snacks reported greater weight loss at the 10-week follow-up. A 

similar effect was found for self-reported daily food intake; less daily food intake was 

associated with more weight-loss (Table 2.4 model 2).  

When looking at the experience of inter-goal conflict and facilitation over the 

monitoring period, reported goal conflict was not associated with changes in weight-

status at follow-up (Table 2.5, model 1), neither was reported goal facilitation (Table 

2.5, model 2).  
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Table 2.4 Results from aim three: predicting weight-loss at three months post dieting from daily snack and daily overall food intake 

 Model 1a Model 2b 

Fixed effects (level 1)   

  Daily dietary intake on day -0.09(0.05) -0.08(0.06) 

  Residual  0.99(0.01)*** 0.99(0.01)*** 

Random effects (level 2)   

  Intercept weight change -1.49(0.21)*** -2.48(0.42)*** 

  Weight change on dietary intake 0.43(0.09)*** 0.48(0.12)*** 

  σ2 Weight change 0.81(0.08)*** 0.77(0.12)*** 

Note. Entries are reported as B(SE), where B= coefficient estimate, SE= standard error, *p<.05, **p<.01, ***p<.001 

a daily snack intake was entered into the model 

b daily overall food was entered into the model 
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Table 2.5 Results from aim three: predicting weight-loss at three months post dieting from experiences of daily goal conflict and 

facilitation during the monitoring period 

 Model 1a Model 2b 

Fixed effects (level 1)   

  Experience of goals on day -0.05(0.06) -0.06(0.06) 

  Residual 1.00(0.01)*** 1.00(0.01) 

Random effects (level 2)   

  Intercept weight change -0.69(0.16)*** -0.36(0.31) 

  Weight change on goal experience 0.04(0.10) -0.29(0.27) 

  σ2 Weight change 0.99(0.01)*** 0.92(0.16)*** 

Note. Entries are reported as B(SE), where B= coefficient estimate, SE= standard error, *p<.05, **p<.01, ***p<.001 

a instances of reported daily goal conflict were entered into the model 

b instances of reported daily goal facilitation were entered into the model 
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2.5 Discussion 

The present study examined how personal goals influence individual’s ability to 

maintain a diet and explored discretionary food intake and goal conflict/facilitation on 

weight-loss among individuals beginning a diet. The results suggest that neither 

perceived inter-goal conflict nor facilitation affect individuals’ discretionary food 

intake. The results also demonstrated experiencing inter-goal conflict is associated with 

a small decrease in negative affect. Together these results suggest that inter-goal 

conflict/facilitation may not be relevant in the context of dieting. In terms of weight-

loss, the results showed decreases in discretionary and overall daily food intake 

predicted the percentage of weight change during the follow-up call. However, there 

was no significant effect of goal conflict/facilitation on long-term weight-loss. 

Nevertheless, the difference between baseline and follow-up weight was significant, 

suggesting that participants reached their goals (to some degree), but their weight-loss 

goals may have been reached via other means than inter-goal facilitation.  

Neither inter-goal conflict nor inter-goal facilitation were significant predictors 

of discretionary food intake or overall daily food intake. This suggests that the 

experience of goal conflict itself is not enough to impact upon dieting behaviour among 

those who are focused on changing their eating patterns. Indeed, experiencing goal 

conflict has been found to not impact engagement in other health related behaviours 

such as physical activity (Conner et al., 2016; Presseau et al., 2010). Individuals may 

self-regulate the perceived conflict in such a way that minimises the impact of the 

conflict on achieving other personally-relevant goals (Presseau et al., 2010). Although 

the current study did not measure self-regulation, a similar self-regulation technique 

may have been employed by individuals to minimise the impact of goal conflicts. 

Participants in our study must have engaged in some form of self-regulation to lose 

weight, but the resulting behavioural change was less affected by goal conflict than 
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theorised, and in fact, less than what participants thought; participants reported conflict 

between dieting and their other goals, but the conflict seemingly had no influence on 

their day-to-day dietary intake.  

In contrast to our second hypothesis, experiencing inter-goal conflict was 

associated with decreased levels of negative affect. It is possible that our measure of 

goal conflict did not adequately capture conflicting goals that were stress-inducing. 

Riediger and Freund (2004) found global evaluations of inter-goal interference to be 

associated with lower psychological wellbeing. However, their measures of both 

psychological wellbeing and inter-goal conflict were more generalised to longer-term 

effects than our measures of daily negative affect and daily inter-goal conflict. 

Participants in our study may have reported experiencing goal conflicts when in fact, the 

conflicts were only minor inconveniences that had no real impact upon their day. 

Alternatively, the impact of goal conflict on psychological functioning may be additive; 

changes in affect may occur after a long period of being exposed to numerous and 

severe inter-goal conflicts. Further investigation into participants perceptions and 

experiences of goal conflict is therefore warranted.  

Daily food intake was a significant predictor of participants weight-loss over the 

first three months of their dieting attempt, which suggests reducing food intake was one 

way participants were changing their energy balance. However, given that neither the 

experience of inter-goal conflict nor inter-goal facilitation was associated with weight-

change, it is possible that experiencing inter-goal conflict has other effects on food 

intake. For example, participants may have changed the quality of foods they were 

eating. Individuals may eat more unhealthy snacks after experiencing goal conflict(s) 

and stress, and may eat healthier foods when experiencing facilitation with dieting 

goals. Indeed, a study by Zellner et al. (2006) found that the quality of foods individuals 

consume when stressed shift to more high caloric, high fat snacks compared to what 
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they would normally consume. Therefore, future studies should explore the changes in 

food type during a self-guided dieting attempt and whether goal conflict/facilitation is 

associated with changes in the quality–rather than the overall number– of foods 

consumed. 

Whilst our study examined tallies of goal conflict and facilitation across the day, 

it is also possible to assess goal conflict/facilitation in terms of the amount of time spent 

engaging in various activities. Indeed, Presseau et al. (2013) examined inter-goal 

conflict and facilitation through calculating the time participants spent pursuing goals 

perceived to conflict/facilitate with physical activity. However, given physical activity 

guidelines outline exercise goals in terms of duration, and insufficient time is commonly 

regarded as a barrier to exercise, using time-based assessments of physical activity and 

goal conflict/facilitation is appropriate. Dietary intake on the other hand, may be less 

susceptible to time-based conflicts, therefore summarising instances of goal conflict 

seems more relevant. Nevertheless, as we divided the day into a series of three-hour 

time frames, it is possible that instances of inter-goal conflict or facilitation could have 

occurred outside of our sampling window.  

Alternatively, goal conflict/facilitation may be able to be measured through 

examination of approach and avoidance systems. Approach behaviours are those which 

seek rewarding stimuli and avoidance behaviours aim to avoid punishing or threatening 

stimuli (Corr, 2013). In the context of dieting, an approach behaviour may be viewed as 

seeking more healthy food options. On the other hand, avoidance may be demonstrated 

through avoiding unhealthy foods. Failure to engage in approach and/or avoidance 

behaviours may imply an underlying presence of inter-goal conflict. Approach and 

avoidance goal distinctions may moderate the effects of goal facilitation/conflict on 

health behaviour. Future studies should further explore the different ways to 
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operationalise goal conflict and facilitation and whether approach and avoidance 

systems moderate engagement in health behaviour goals. 

2.5.1 Strengths, limitations and future research 

This study has several strengths; to our knowledge, this study was the first in the 

eating literature to qualitatively assess individuals’ goals and evaluate how their goals 

impact upon their day-to-day life. Through feeding back individuals’ idiosyncratic goals 

at the end of each day, we were able to assess how engagement with personal goals 

changes both within and across days, and how personal goals go through periods of 

conflicting and facilitating one another. This provides a greater understanding of how 

individuals manage and prioritise their goals to engage in health-related behaviours. 

The use of repeated daily assessments of perceived goal conflict and facilitation 

and dietary intake allowed us to examine changes in dietary intake across situations for 

each individual. Examination of within-person changes in dietary intake is necessary to 

understand the triggers and lapses of individuals dieting goals (Carels et al., 2001). 

Repeated assessments of dietary intake through EMA, allows for the estimation of risk 

of antecedents to occurrences of overeating/dietary lapses (Burke, Shiffman, et al., 

2017). This information could be used to inform personalised dietary advice and/or 

interventions to help individuals eat healthier and lose weight.  

Participants in this study were given the opportunity to report any food intake 

that was not recorded during the day in the end-of-day summary report. Assessments of 

daily dietary intake was then summarised using a combination of the real-time and end-

of-day summaries. Through assessing food intake in this way, we were able to collect as 

accurate representation of participants daily food consumption as possible.  

Despite these strengths, there are some methodological limitations to this study. 

Firstly, we looked at overall snack intake, instead of specifically examining changes in 

the quality of the food participants consumed. It is possible that the type of foods 
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participants consumed may have changed (Zellner et al., 2006), which may not have 

been reflected in the summaries of dietary intake. Nevertheless, our summary of 

discretionary food intake and overall food intake (discretionary food intake and main 

meal consumption) is in line with previous literature (e.g. Richard et al., 2017) and 

provides an indication of self-reported dietary intake, allowing us to examine how it 

changed over time. Additionally, it is possible that some diets encourage more frequent, 

but smaller portions of food intake, which in turn is not reflected in the way we assessed 

adherence to dieting goals. However, given the results showed daily snack intake 

predicts long-term weight-loss, assessing food intake through the number of snacks 

consumed each day seems an appropriate way to evaluate the relationship between 

dieting goals and weight loss.  

The number of daily food intakes did not correspond to how inter-goal conflict 

and facilitation were assessed in relation to the ‘adhering to diet’ goal. It may have been 

better to correspond the dieting goal with an avoidance goal specifically related to food 

intake, for example, a goal of ‘not snacking’. However, we did not collect information 

on the specific goals underlying participants’ diets, therefore we were unable to do this. 

Future studies should explore whether the non-significant findings relating to goal 

conflict and daily dietary intake were a correspondence issue and whether specific 

avoidance goals should be considered instead. 

It is possible that participants did not accurately report their food intake, which 

may explain why food intake was not associated with long-term weight-loss. However, 

previous studies have found daily snack consumption to be in line with our findings 

(e.g. Piernas & Popkin, 2010; Richard et al., 2017). Furthermore, because EMA studies 

are designed to get individuals to complete reports in real-time, there are less prone to 

memory biases that complicate results in traditional pen-and-paper diaries (Berkman et 

al., 2014). Reporting events in real-time is less confronting than having to recall all 
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events and provide a summary at the end of each day. Previous research (e.g. Berkman 

et al., 2014; Liao et al., 2018) suggests that individuals with higher BMIs may find 

reporting their food intake- particularly energy-dense foods- to be more aversive than 

their lower BMI counterparts. The use of EMA may overcome some of these issues. 

Asking participants to monitor their eating behaviour may have further created 

an intervention effect where the dieting goal was temporarily prioritised over other 

idiosyncratic goals. In this sense, the ‘adhering to diet’ goal may have overridden pre-

existing inter-goal conflicts and facilitations. However, unlike intervention studies, 

participants electronic devices did not display a tally of their food consumed over the 

day, so the effect of monitoring food intake is expected to be minimal. Indeed, previous 

EMA studies with similar monitoring requirements have found that asking participants 

to complete reports throughout the day has minimal effect on their perceptions and 

behaviours (e.g., Stone et al., 2003). For example, asking chronic pain patients to record 

their pain throughout the day did not alter their perceptions of pain (Stone et al., 2003). 

This was the case even when the frequency of monitoring was increased (and therefore 

more attention was given to pain experiences). Similarly, in our study it is not expected 

that asking dieters to report their food intake would significantly alter the priority of 

their dieting goals, however future studies should explore this further.  

Despite having a relatively large sample size, participants reported at least one 

inter-goal conflict on less than one quarter of the monitoring days. On days where inter-

goal conflict(s) was reported, the number of goal conflicts per person was quite low. 

Furthermore, some of the sample did not report any goal conflict over the monitoring 

period. A combination of the low percentage of days with goal conflict and the low 

number of goal conflicts occurring per day, may have resulted in an underestimation of 

the effect of goal conflict on snack intake. It is possible that there was an insufficient 

spread of reported goal conflicts, which may have masked the effect of conflict on food 
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intake. A similar pattern occurred for inter-goal facilitation; goal facilitation occurred on 

less than half the days in the monitoring period. Future studies should qualitatively 

explore how participants perceive goal conflict/facilitation, which may help to explain 

why conflict/facilitation was only reported on a small proportion of the monitoring 

days. Future research may also wish to examine the impact of goal conflict/facilitation 

closer to the moment in which it is occurring so that we can develop a better 

understanding of how idiosyncratic goals influence momentary behavioural 

engagement. 

In this study, we did not account for how participants ranked the importance of 

each of their goals. Previous research has found goals which are perceived to be of a 

high priority, predict intentions and engagement in health behaviours (e.g., Conner et 

al., 2016). However, as the current study targeted recruitment towards individuals who 

were actively trying to change their eating patterns, it was expected that the ‘adhering to 

diet’ goal would be among participants most highly rated personal goals. If this was 

indeed the case, it is possible that the experience of inter-goal conflict and/or facilitation 

were insufficient to override this priority goal and alter participants mood and 

behaviour. Obtaining a qualitative assessment of inter-goal conflict and facilitation 

would help to explain how participants navigated complications associated with their 

goal hierarchies.  

Finally, collapsing affect scores from over the day into a daily average may limit 

the generalisability of our findings relating to negative affect. Affect may fluctuate 

significantly within the course of a day (Haedt-Matt & Keel, 2011), and this fluctuation 

may be what drives changes in behaviours such as eating (Goldschmidt, Crosby, et al., 

2014). Events (perhaps even goal conflicts) driving negative affect may result in an 

immediate behavioural change that is not seen when affect is averaged over a day. For 

example, spikes in negative affect have been associated with binge eating among adults 
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with obesity (Berg et al., 2015). If a spike in negative affect occurs only once during the 

day, the number of discretionary foods eaten over the day may remain unchanged; 

masking the relationship between negative affect and discretionary food intake. A more 

thorough examination of fluctuations in negative affect and discretionary food intake is 

therefore needed.  

 

2.6 Conclusion 

Examining the day-to-day changes in goal conflict/facilitation is an important 

step in understanding how individuals prioritise and manage their goals. This study 

found inter-goal conflict has a significant but small impact upon individuals’ mood, but 

this does not result in a change in the overall daily dietary intake. Similarly, inter-goal 

facilitation was not associated with individuals’ daily dietary intake. Daily food intake 

and discretionary food consumption was not a significant predictor of long-term weight-

loss. The results of this study suggest the impact of inter-goal conflict and facilitation on 

individuals beginning a diet is not via overall snack or food consumption. 
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As stated previously, the present thesis aims to investigate individual and 

contextual determinants of discretionary food intake. The previous chapter examined 

the eating patterns and dieting goals of individuals at the beginning of a dieting attempt; 

thereby exploring the role of motivational determinants on eating. Results from Study 1 

suggest that motivational determinants, such as dieting goals and intentions, may not be 

that important in guiding real-time eating decisions.  

This chapter (Study 2), further examines the motivational determinants of food 

intake, in conjunction with some momentary-level factors which may prompt 

discretionary food consumption (see Figure 3.1). Here, the interplay of individual (i.e., 

motivational determinants, such as behavioural intentions, behaviour pre-potency and 

self-regulatory capacity) and contextual cues (i.e., momentary factors such as seeing 

others eat, experiencing negative affect and having food available) are explored through 

applying Temporal Self-Regulation Theory (TST: Hall & Fong, 2007) to eating. 

 

 

Figure 3.1 Diagram outlining the motivational and momentary influences of 

discretionary food consumption that are examined in Chapter 3. 
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3.1 Abstract 

Objectives: This study aims at testing predictions derived from Temporal Self-

Regulation Theory (TST) in relation to discretionary food choices (snacks). TST 

combines a motivational sphere of influence (cognitions and temporal valuations 

resulting in intentions) with a momentary sphere (encompassing social and physical 

environmental cues). This dual approach differs from current health behaviour theories, 

but can potentially improve our understanding of the interplay of personal and 

environmental factors in health behaviour self-regulation. 

Design: A mixed event-based and time-based (Ecological Momentary Assessment) 

study in 61 adults aged between 18 and 64, with a BMI range between 18.34 and 39.78 

(M= 25.66, SD= 4.82) over two weeks.  

Methods: Participants recorded their food and drink intake for two weeks in real-time 

using electronic diaries. Participants also responded to non-consumption assessments at 

random intervals throughout each day. Momentary cues (individual, situational and 

environmental factors) were assessed both during food logs and non-consumption 

assessments. Motivational factors, past behaviour and trait self-regulation were assessed 

during baseline. 

Results: Multilevel logistic regression analyses showed that across all snack types, 

environmental cues and negative affect were associated with an increased likelihood of 

snacking. Perceiving a cost of healthy eating to occur before eating was associated with 

an increased likelihood of snacking, whereas intentions and self-regulation were not.  

Conclusions: Discretionary food intake is largely guided by momentary cues, and 

motivational-level factors, such as intention and self-regulation, are less important in the 

initiation of discretionary food intake.  
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3.2 Introduction 

Excess weight places individuals at an increased risk to develop a range of 

diseases and negative health outcomes (WHO, 2016). Global rates of overweight and 

obesity have increased dramatically over the past 30 years (Finucane et al., 2011; Ng et 

al., 2014), which makes understanding the modifiable risk factors behind obesity a 

crucial endeavour. Put simply, obesity results from prolonged periods of energy 

imbalance between energy intake and energy expenditure (Hill & Peters, 1998).  

One of the key behavioural determinants of this energy imbalance is food intake, 

in particular the intake of discretionary foods (Hampl et al., 2003). Discretionary foods 

are foods which are consumed outside of the main meal times of breakfast, lunch and 

dinner (Ovaskainen et al., 2006) and typically include energy-dense, nutritionally-poor 

food items such as biscuits, confectionary, pastries and alcohol (Rangan et al., 2009). In 

Australia— where the current study was conducted— it has been estimated that the 

proportion of the daily energy intake derived from discretionary foods is approximately 

30-41% depending on age (ABS, 2015; Rangan et al., 2009). What makes the intake of 

discretionary foods particularly challenging to understand is the fact that they are 

generally consumed in an unstructured way, such as in-between main meals or 

sometimes in place of meals (Ovaskainen et al., 2006). 

3.2.1 Theoretical approaches to explain snacking behaviour 

In order to explore modifiable determinants of discretionary food intake 

(hereafter referred to as “snacking”), theoretical frameworks are needed that consider 

the specific nature of snacking behaviour: its discretionary nature and the momentary 

influences that prompt individuals to snack. However, snacking is also a behaviour that 

is regulated by individuals’ motivations and goals (Stroebe, Mensink, et al., 2008). 

Current social-cognitive models of health behaviour acknowledge the role of 

expectancy*values approaches and intentions in determining behaviours (see Stroebe, 
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Papies, et al., 2008 for an overview of eating theories). However, social cognitive 

theories neglect the temporal valuations of behavioural outcomes, and, more 

importantly, remain silent as to the determinants of behaviour such as snacking in a 

given situation (Hall & Fong, 2007). Cue-reactivity theories on the other hand consider 

food intake the result of environmental and contextual influences. Factors such as the 

sight or smell of foods (Coelho et al., 2009; Jansen, 1998) social modelling (Cruwys et 

al., 2014), and internal cues such as negative affect (Conner et al., 1999) can all serve as 

cues to eating. However, these approaches rarely specify the influence of conscious, 

deliberate decisions. This suggests that more integrated theoretical approaches that take 

into account both deliberate and momentary influences on health behaviour might be 

useful to explore snacking. 

 

 

 

Figure 3.2 Conceptual diagram of TST adapted from (Hall & Fong, 2007). 

 

3.2.2 Temporal self-regulation theory and snacking 

One such theory that takes into account both distal, temporally antecedent and 
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motivational influences on behaviour as well as momentary, temporally close and 

ambient influences is Temporal Self-Regulation Theory (TST: Hall & Fong, 2007; 

Figure 3.2). TST assumes two broad ‘spheres’ of influence on self-regulated behaviour 

such as snacking– a motivational and a momentary sphere.  

The motivational sphere describes conscious deliberations whether or not to 

engage in a behaviour; this includes in particular temporal valuations about the time 

points when positive or negative consequences of the behaviour can be expected. These 

temporal valuations inform intention to perform or refrain from behaviour (Hall & 

Fong, 2007). Individuals who are motivated by long-term positive behavioural 

contingencies of healthy nutrition are more likely to engage in health-protective 

behaviours (i.e., refrain from unhealthy snacking), whereas those who focus on seeking 

short-term gratification tend to be more impulsive and engage in health-risk behaviours 

(and are therefore more likely to consume discretionary foods; Hall & Fong, 2007). This 

sphere of influence is similar to that of other social-cognitive theories (Garcia & Mann, 

2003) in that it results in a deliberate decision to engage in behaviour, intention. 

While the motivational sphere factors influence overall behaviour, TST also 

operationalises a sphere of momentary influence or ‘ambient temporal contingencies’. 

These include situational and environmental cues that trigger behaviours as well as 

individual-level variables that determine how people behave in a given situation 

(‘behavioural pre-potency’ describing momentary influences as well as the influence of 

past behaviour and habit, and ‘self-regulatory capacity’; Hall & Fong, 2007). This 

sphere is especially relevant to understanding snacking, as snacking is often unplanned 

and is guided by momentary cues (Grenard et al., 2013) rather than deliberate decisions 

(Cleobury & Tapper, 2014). Previous research on snacking suggests that these 

influences include cues such as seeing others eat, the experience of negative affect, 

proximity to food outlets, and having snacks available. Observing others eat might 
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prompt a social modelling effect (Cruwys et al., 2014; McFerran et al., 2010; Prinsen et 

al., 2013). Negative affect influences an individual’s motivation to eat (Hepworth et al., 

2010), often resulting in the increased consumption of energy-dense snacks (Oliver et 

al., 2000). Being in close proximity to food outlets and having food available serve as 

facilitators for snacking. The omnipresence of food in the environment provides 

individuals with frequent opportunities to snack (Hill & Peters, 1998). Furthermore, the 

types of food stores in the environment are differentially associated with residents’ 

weight status. Previous studies have found a positive relationship between fast-food 

outlet density and increases in the rates of residents with overweight and obesity (e.g., 

Fuzhong et al., 2008; Kestens et al., 2012), and recent research has indicated that the 

presence of food outlets influences momentary food choices (Elliston et al., 2016). 

In addition to situational cues, behaviour in the moment is also assumed to be 

affected by more time-invariant influences: ‘Self-regulatory capacity’ involves an 

individual’s ability to direct attention away from undesired tendencies towards goal-

driven behaviour (Baumeister et al., 1994). Individuals with higher levels of self-

regulation find it is easier to withstand cues and refrain from unplanned snacking (Stok 

et al., 2015). ‘Behavioural pre-potency’ consists of a combination of varying situation-

specific influences and a more stable component that describes how likely someone is to 

engage in a given behaviour based on their past engagement with that behaviour (Hall & 

Fong, 2007). When a behaviour is frequently performed within a specific context, the 

execution of the behaviour becomes automated, requiring less conscious and intentional 

effort to be initiated (i.e., it becomes a habit; Aarts & Dijksterhuis, 2000). Together, 

these time-varying and more stable components form an integrative theoretical 

framework that combines a motivated and ambient sphere of influences on behaviour, 

which is likely to encompass relevant determinants of snacking behaviour. 
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3.2.3 Aims of the present study 

The present study aims to examine how TST can be applied to understand the 

determinants of discretionary food choices and provide pathways to interventions that 

target both motivational and situational factors. While it has been shown that TST can 

predict healthy lifestyles in general (e.g., Booker & Mullan, 2013), and eating as well as 

snacking (Collins & Mullan, 2011; Evans et al., 2017), these previous studies on TST 

relied on longitudinal designs that did not allow a temporal resolution fine enough to 

test TST predictions for the momentary influence sphere. This is important, as TST 

implies a multilevel structure of health behaviour, in which behaviour in a given 

situation (level-1) is predicted both by environmental and momentary factors on this 

level as well as person-level (level-2) variables, in particular the temporal contingencies 

of costs and benefits of health behaviour, intention, behavioural pre-potency and self-

regulatory capacity.  

In this study, we therefore aim to combine both baseline and real-time 

monitoring using Ecological Momentary Assessment (EMA) methods to examine the 

effects of TST-based determinants of snacking behaviour. The baseline component of 

the study will provide an assessment of stable individual characteristics (behavioural 

pre-potency, self-regulatory capacity) and predictors of motivation, whereas the 

momentary assessments will examine momentary and situational factors (i.e., seeing 

others eat, experiencing negative affect, being in close proximity to food outlets, and 

having snacks available). In particular, we expect that real-time snacking behaviour can 

be predicted by both individual characteristics, intention, as well as momentary 

influences. 
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3.3 Method 

3.3.1 Overview 

This study used EMA (Ferguson & Shiffman, 2011) methods to test predictions 

based on TST. Participants used a mobile phone running study-specific software to log 

every time they consumed food or drink and to respond to randomly timed non-

consumption assessments over a two-week monitoring period. Individual, situational 

and environmental cues were assessed both during food logs and during randomly-

timed non-consumption assessments. 

3.3.2 Participants 

Individuals from the general population were recruited through social media 

(Frandsen et al., 2014; Frandsen et al., 2016) and flyer advertisements. Eligibility 

criteria included being between the ages of 18 and 65, have a BMI in the normal- to 

obese range (18 kg/m2 - 40 kg/m2), not be currently dieting, and no history or current 

diagnosis of an eating disorder. Upon completion of the study, participants received 

AUD$50 shopping voucher as compensation for their time and efforts. Ethical approval 

was obtained from the Tasmanian Social Science Human Research Ethics Committee 

(reference number H0014439).  

The final sample comprised of sixty-one adults. The sample size was based on 

cluster number and cluster size recommendations for estimating robust standard errors 

for regression weights and variances in a simulation study (Maas & Hox, 2005). The 

majority of participants were female (42, 68.9%) and had an average BMI of 24.97 

(SD= 4.07). The majority of participants were Caucasian/ European (59, 97%), with an 

average age of 32.33 years (SD= 12.90); all lived in urban areas (ABS, 2011). 

Approximately half (30, 49.18%) of the participants had graduated from university, and 

a further (20) 32.78% had completed some university.  
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3.3.3 Procedure 

This study followed a mixed event-based and time-based design, the procedure 

was adapted from previous studies (e.g., Schüz, Bower, et al., 2015; Schüz, Schüz, et 

al., 2015). Briefly, participants completed three study visits and two weeks of real-time 

real-world monitoring. The first visit was for participants to sign an informed consent 

form, complete a baseline questionnaire assessing sociodemographic information and 

general eating patterns, and receive training on how to use the EMA device. After 2-3 

days of EMA monitoring (see below), participants returned to the laboratory for their 

EMA data to be uploaded, their compliance checked and rectify any issues they were 

experiencing. On completion of the 14-day monitoring period, participants returned for 

a final study visit during which they returned their EMA device and received a 

reimbursement.  

During the field monitoring, participants were required to log— by tapping a 

button on the study device— every time they ate or drank. In order to reduce participant 

burden, only a random subsample (60%) of these logged events were then selected for 

assessment (Schüz et al., 2014). When a food event was logged, participants were asked 

to classify the event as either a main meal or a snack.  

In addition to self-reporting food and drink consumption, participants were 

prompted on average 4-5 times a day at for non-consumption assessments. These non-

consumption assessments (random prompts) were programmed to not appear 15 

minutes after a food or drink log. During the evening, a final report was issued where 

participants set an alarm for the study to begin recording the next day. The completion 

of this report meant that no further assessments were issued until the next morning.  

3.3.4 Measurement instruments  

Temporal contingency was assessed during the baseline questionnaire following 

the measurement outlined in (Hall & Fong, 2007). Participants were asked to imagine 
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themselves in a situation where they are about to have a meal or a snack and they 

choose a low-calorie food option over a high-calorie one. They were then asked to think 

about when the costs and benefits of making this healthy food choice would occur. 

Responses ranged from 1= ‘when I am thinking about whether or not to make a healthy 

food choice’, to 9= ‘after making healthy food choices regularly for several decades’. 

Participant responses were grouped according to perceived costs (overall M= 3.28, SD= 

1.80) and benefits (overall M= 5.28, SD= 1.85). Costs and benefits were then broken 

down as occurring either before or during eating, with the perceived costs and benefits 

occurring after eating forming the reference category for the analysis. Higher scores in 

the temporal contingency measure indicate more distal effects, whereas lower scores 

indicate more immediate effects. Overall, costs were perceived to occur sooner than 

benefits of healthy eating.  

Intention to make healthy food choices was assessed during the baseline 

questionnaire where participants were given a statement ‘I intend to make more healthy 

food choices’, measured on a five-point Likert scale (1= strongly disagree, 5= strongly 

agree). Overall, the mean level of intention to make healthy food choices was 4.03 (SD= 

0.75).  

Consistent with previous studies (e.g., Booker & Mullan, 2013; Hall & Fong, 

2007) behavioural pre-potency was assessed by examining the frequency of past 

behaviour. At baseline, participants were asked ‘on how many days during the last week 

have you eaten at least five portions (servings) of fruit and vegetables?’ (possible scores 

ranged from 0 to 7, with higher scores indicating greater consistency in past healthy 

eating behaviour). Overall, the mean for behavioural pre-potency was 5.20 (SD= 2.10).  

Self-regulation was measured in the baseline questionnaire using the 13-item 

brief self-control measure (Tangney et al., 2004). A mean score for each participant was 

calculated and used in the analysis as an indication of self-regulation. The overall mean 
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level of self-regulation was 3.12 (SD= 0.66). 

Snacking behaviour was assessed using during the event-based assessments in 

EMA, i.e., participants reported every time they had food. Participants self-classified 

their food as being either a snack or a main meal. Snack types were assessed based on 

the Dietary Targets Monitor (Lean et al., 2003). Snacks were classified into high-and 

low-energy based on the food group as an indication of their energy and saturated fat 

content (Schüz, Schüz, et al., 2015). High-energy snacks included foods such as sweets, 

chocolates, ice cream, cakes/ scones/ pastries, biscuits, starchy foods, fish, chips, meat 

products, poultry cheese, crisps and savoury snacks. Low-energy snacks included foods 

such as fruit and vegetables.  

Situational cues were assessed during both the time-based (random prompts) 

and event-based (food reports) assessments in EMA. This means that an identical set of 

cues was assessed during both types of reports, allowing subsequent comparisons 

between these two types of reports. Participants were asked whether they could see 

others in the environment eat (coded as 1= yes, 0= no), whether snacks were available 

(1= yes, 0= no) and were they within a 5-minute walk to franchised or other fast-food 

(coded as 1= yes, 0= no), or shops (supermarket or hypermarket, smaller food shop, 

convenience store, specialty food shop, chemist or bargain shop (1= yes, 0= no); see 

Elliston et al., 2016 for a more detailed description of this measure). To determine the 

cues associated with increased snacking, the presence/absence of each cue during 

snacking was compared to those present during non-consumption assessments. Previous 

research (e.g., Hepworth et al., 2010; Schüz, Bower, et al., 2015) has shown negative 

affect serves as a cue to eating, and has seen negative affect included in TST 

assessments (Booker & Mullan, 2013). Hence, the current study assessed the experience 

of negative affect instead of positive affect. Negative affect was assessed with 6 items 

scored on a 0-100 scale based on the circumplex model of affect (Russell, 1980). To 
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identify meaningful changes in negative affect, scores were then divided by 10 to reflect 

a 10-point change in negative affect.  

3.3.5 Analytical Procedure 

Our objective was to examine the utility of TST in predicting snacking 

behaviour in real-time. Therefore, for each assessment (snack log and non-consumption 

assessment), the odds of a report being a snack or non-consumption assessment was 

predicted from motivational and momentary covariates (Elliston et al., 2016; Schüz, 

Bower, et al., 2015). To account for the hierarchical nature of the data with 

measurement occasions (level-1 units) nested within participants (level-2 units), a 

multilevel logistic regression analysis with random intercepts was used for this analysis. 

All predictors were entered into the model simultaneously. MPlus was used for the 

analysis of results, using maximum likelihood estimation with robust standard errors 

(MLR).  

In these analyses, the odds of snacking at any measurement point were predicted 

from momentary and situational factors (ambient temporal contingencies; presence or 

absence of environmental cues: level-1 variables) and person-level factors (i.e., 

perceived cost and benefit of healthy eating, individuals’ intention to eat healthier, 

behaviour pre-potency and level of self-regulation: level-2 variables). Level-1 predictors 

were centred around the person mean, and level-2 variables were centred around the 

group mean (Enders & Tofighi, 2007) to allow the interpretation of level-1 effects as 

within-person effects and level-2 effects as between-person effects. Costs and benefits 

were dummy coded as before and during eating (1) vs. after eating (0).  

 

3.4 Results 

Overall, there were 4,879 observations from 776 monitoring days available for 

analysis (M= 14.87 days per participant, SD= 2.10 days). Participants completed 2,761 
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food reports, of which 1,634 (59.18%) were main meals and were excluded from further 

analysis. A total of 1,127 snacks were reported, averaging 1.51 (SD= 1.09) per 

participant per day; with an average of 0.86 (SD= 0.75) high-energy snacks and 0.65 

(SD= 0.48) low-energy snacks per day. Consistent with previous studies (e.g., Schüz, 

Bower, et al., 2015), days where random prompt compliance was below 50%, were 

excluded from analysis (total 130 days; 14.35% of days monitored). After removing 

days with poor compliance, participants completed 2,058 (86.69%) non-consumption 

assessments (M= 2.75 per day).  

3.4.1 Predicting Overall Snacking 

The multilevel logistic regression analyses suggest that the odds of snacking 

overall compared to random prompts are significantly increased in the presence of 

momentary cues (seeing others eat, negative affect and snack availability predicted 

individuals overall snack intake) on level-1. Proximity to fast food outlets and shops 

were not significant predictors. In terms of person-level (level-2) variables, only 

temporal contingency significantly predicted the intercepts of snacking: Those who 

perceived the cost of healthy eating to occur before the eating event were more likely to 

consume snacks (see Figure 3.3c). Intention to eat healthier, individuals’ past eating 

behaviour (behavioural pre-potency), and self-regulation were not significant predictors 

for overall snack intake (Table 3.1). 

3.4.2 High-energy snacks 

In terms of momentary cues, the odds of high-energy snacks were higher in the 

presence of seeing others in the environment eat and with higher levels of negative 

affect. There was no association between high-energy snack consumption and proximity 

to food outlets, whether that be proximity to fast food outlets or shops (see Table 3.2). 

Similar to overall snacks, an individual’s intention and behavioural pre-potency 

were not significant predictors of high-energy snacking. Self-regulatory capacity 
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however significantly predicted the intercepts of snacking: those with lower-levels of 

self-regulation had higher intercepts of high-energy snacks than those with higher levels 

of self-regulation, which indicates a higher overall likelihood of snacking (see Figure 

3.3d). In terms of temporal contingency, perceiving costs of healthy eating to occur 

before eating significantly predicted high-energy snack intake (Figure 3.3a), perceiving 

costs of healthy eating to occur during eating did not have an effect on the likelihood of 

an individual consuming a high-energy snack, nor did perceiving benefits of healthy 

eating. 
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a     b 

c     d 

Figure 3.3 Participants ordered by the intercept (95% CI) of logistic regression predicting different types of snacks versus random prompts.  

Shading indicates temporal contingencies (costs, panels a, b, c) and self-regulation (panel d).
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Table 3.1 Summary of random effects multinomial logistic regression analysis: 

parameter estimates, standard errors and odds ratios of each covariate cueing overall 

snack intake. 

  Parameter estimate (SE) Odds ratio (95% CI) 

Level-1 variables     

Others Eating 1.08 (0.12)*** 2.94 (2.30, 3.71) 

Negative affect 0.16 (0.04)*** 1.17 (1.09, 1.27) 

Proximity to fast-food outlets -0.09 (0.14) 0.92 (0.70, 1.20) 

Proximity to shops -0.04 (0.12) 0.96 (0.77, 1.21) 

Snack availability 1.21 (0.18)*** 3.39 (2.37, 4.84) 

Day in study -0.04 (0.01)*** 0.96 (0.94, 0.99) 

Intercept  -2.51   

Level-2 variables   

Cost before eating 0.57 (0.19)** 1.77 (1.23, 2.56) 

Cost during eating 0.09 (0.23) 1.10 (0.69, 1.74) 

Benefit before eating 0.04 (0.23) 1.04 (0.66, 1.62) 

Benefit during eating 0.26 (0.29) 1.30 (0.74, 2.29) 

Intention -0.04 (0.12) 0.96 (0.75, 1.22) 

Behavioural pre-potency -0.02 (0.05) 0.98 (0.89, 1.07) 

Self-regulation -0.31 (0.16) 0.73 (0.53, 1.01) 

Note. *p < .05, **p < .01, ***p < .001       

Parameter estimates on level-2 variables are interactions with the intercept 
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Table 3.2 Summary of random effects multinomial logistic regression analysis: 

parameter estimates, standard errors and odds ratios of each covariate cueing high-

energy snack intake. 

  Parameter estimate (SE) Odds ratio (95% CI) 

Level-1 variables     

Others Eating 1.38 (0.16)*** 3.97 (2.91, 5.42) 

Negative affect 0.19 (0.05)*** 1.21 (1.10, 1.33) 

Proximity to fast-food outlets -0.05 (0.16) 0.95 (0.69, 1.31) 

Proximity to shops 0.03 (0.14) 1.03 (0.78, 1.36) 

Snack availability 1.59 (0.24)*** 4.92 (3.07, 7.89) 

Day in study -0.02 (0.01) 0.97 (0.95, 1.00) 

Intercept  -3.52   

Level-2 variables   

Cost before eating 0.52 (0.21)** 1.68 (1.12, 2.52) 

Cost during eating 0.02 (0.25) 1.02 (0.62, 1.68) 

Benefit before eating -0.43 (0.35) 0.65 (0.33, 1.29) 

Benefit during eating 0.18 (0.37) 1.20 (0.59, 2.46) 

Intention -0.03 (0.15) 0.97 (0.72, 1.30) 

Behavioural pre-potency -0.06 (0.06) 0.94 (0.84, 1.05) 

Self-regulation -0.59 (0.20)** 0.55 (0.37, 0.82) 

Note. *p < .05, **p < .01, ***p < .001       

Parameter estimates on level-2 variables are interactions with the intercept 

  



136 

 

3.4.3 Low-energy snacks 

The momentary cues that predicted low-energy snack intake were limited to 

only seeing others eating in the environment, and having snacks available. Negative 

affect and food outlet proximity were not associated with an increased likelihood of 

low-energy snacking (see Table 3.3). In terms of temporal valuations, perceiving a 

lower cost of healthy eating to occur before snacking significantly predicted low-energy 

snack intake (Figure 3.3b). Intention to eat healthier, behavioural pre-potency, and self-

regulation were not significant predictors for low-energy snack intake (see Table 3.3).  
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Table 3.3 Summary of random effects multinomial logistic regression analysis: 

parameter estimates, standard errors and odds ratios of each covariate cueing low-

energy snack intake. 

  Parameter estimate (SE) Odds ratio (95% CI) 

Level-1 variables     

Others Eating 0.44 (0.19)* 1.55 (1.07, 2.26) 

Negative affect 0.14 (0.08) 1.15 (0.98, 1.35) 

Proximity to fast-food outlets -0.12 (0.27) 0.89 (0.52, 1.52) 

Proximity to shops -0.20 (0.23) 0.82 (0.52, 1.27) 

Snack availability 1.03 (0.30)*** 2.78 (1.55, 5.06) 

Day in study -0.04 (0.02)* 0.96 (0.93, 0.98) 

Intercept  -3.40    

Level-2 variables   

Cost before eating 0.50 (0.25)* 1.65 (1.00, 2.72) 

Cost during eating 0.17 (0.42) 1.85 (0.52, 2.71) 

Benefit before eating 0.57 (0.29)* 1.76 (1.00, 3.12) 

Benefit during eating 0.39 (0.31) 1.48 (0.81, 2.71) 

Intention 0.10 (0.16) 1.10 (0.80, 1.51) 

Behavioural pre-potency 0.04 (0.07) 1.04 (0.91, 1.19) 

Self-regulation 0.13 (0.20) 1.14 (0.77, 1.69) 

Note. *p < .05, **p < .01, ***p < .001       

Parameter estimates on level-2 variables are interactions with the intercept 
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3.5 Discussion 

The aims of the current study were to examine the antecedent and momentary 

determinants of discretionary food choices (snacking), a main contributor to energy 

imbalance and obesity, by applying Temporal Self-Regulation Theory (TST: Hall & 

Fong, 2007). Using multilevel modelling, we found that momentary cues to snacking 

were important determinants of snacking, and that the person-level motivational 

predictors of behaviour intention, behavioural pre-potency and self-regulatory capacity 

appeared to be somewhat less important than the momentary environment. The study 

was the first to examine TST using the implied multilevel structure with both person- 

and occasion-level predictors for health behaviour using EMA. 

3.5.1 Momentary environment of snacking 

When looking at the effects of the momentary environment on snacking, the 

results of this study broadly replicate those of earlier research. In particular, seeing 

others in the environment eat was associated with an increase in the likelihood of 

snacking. This pattern has been reported in previous studies (Elliston et al., 2016; 

Schüz, Bower, et al., 2015; Schüz, Schüz, et al., 2015). The underlying pathways for 

these social effects could be due to social modelling (Cruwys et al., 2014). 

Consistent with previous research (e.g., Groesz et al., 2012; O'Connor et al., 

2008; Schüz, Bower, et al., 2015), negative affect was associated with an increased 

likelihood of snacking for both high-energy and overall snack intake. Negative affect 

might lead to self-control failures (Baumeister, 2002), making it more likely that 

individuals will be unable to resist food temptations. Stress in particular often creates a 

strong desire to eat (Groesz et al., 2012), and consuming high-energy foods reduces 

perceived stress (Sominsky & Spencer, 2014). Equipping individuals with stress-

management strategies may reduce the effects of negative affect on discretionary food 

intake.  
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Contrary to previous studies (e.g., Elliston et al., 2016; Fuzhong et al., 2008; 

Kestens et al., 2012), the present study did not find proximity to food outlets to predict 

snacking. While this study used an identical protocol to Elliston et al.’s (2016), this 

previous study included only individuals with overweight and obesity in their sample, 

whereas the present study did not restrict participants BMI range. It is therefore possible 

that the non-significant relationship between snacking and food outlets was due to the 

BMI sample; BMI may moderate the relationship between momentary cues and 

snacking.  

Having snacks available and easily accessible was associated with an increased 

likelihood of snacking. Exposure to food cues increases individuals’ motivation to eat 

and subsequently the likelihood of their eating (Ferriday & Brunstrom, 2011; Sobik et 

al., 2005). Reducing the availability of snacks from specific environments, such as in 

the home or office, is likely to weaken the temptation to snack, thereby assisting 

individuals to maintain a healthy diet (Greenwald, 2006).  

The results suggest that overall and low-energy snacking decreased the longer 

participants were in the study. This could mean that high-energy snacks were more 

salient (Spence et al., 2016) and are therefore remembered more easily and reported 

more frequently than low-energy snacks. Question-behaviour effects whereby 

repeatedly assessing behaviour could lead to changes in behaviours (Wilding et al., 

2016) are less likely, as these would suggest uniform change in behaviour over time. 

Future studies may wish to examine this further, and investigate any changes in high vs. 

low-energy snack consumption over time.  

3.5.2 Motivational sphere predictors of snacking 

Aside from perceiving a cost of healthy eating to occur before eating, temporal 

contingency evaluations were generally not predictive of snacking. Engaging in 

immediate benefits behaviours, such as snacking, is easier than engaging in behaviours 
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with only distal benefits, such as healthy eating (Hall & Fong, 2007). Therefore, any 

perception of having a cost associated with healthy eating is likely to result in snacking. 

Additionally, momentary cues such as the attractiveness of foods prime hedonic eating 

goals (Papies, 2012), thereby increasing the temptation to engage in snacking. 

Intention to eat healthier was not associated with the odds of a measurement 

occasion being a snack report or a random prompt, regardless of snack type. While this 

seems to contradict previous studies on the role of intentions for eating behaviour and 

snacking in particular (e.g., Allan et al., 2010; Onwezen et al., 2016), it is important to 

note that this result pertains to predicting snacking at any given moment rather than the 

prediction of an accumulated pattern of snacking behaviour, such as in previous 

longitudinal research that predicted summative accounts of snacking. However, it seems 

to suggest that momentary eating behaviour might be less controlled by deliberation 

than indeed by momentary cues to eat. This might be due to self-regulatory challenges 

occurring in the momentary environment (Baumeister, 2002) where momentary cues to 

snack could have posed too overwhelming challenges to the self-regulation of goal-

directed behaviour. At the same time, many of the cues might have been included in 

habit-like cognitive structures triggering behaviour (snacking) in the presence of these 

cues (Verhoeven et al., 2012). 

Past behaviour as one indicator of behavioural pre-potency did not predict the 

odds of snacking in any model. While this finding might seem to contradict the role of 

past behaviour and habit as a direct influence on momentary behaviour, we rather think 

that the limitations of our assessment of pre-potency precluded from detecting an effect. 

Theoretically, behavioural pre-potency indicates a habit-like predisposition of a person 

to act in a specific way in a given situation. Previous research (e.g., Booker & Mullan, 

2013) has assessed this via an indicator of past behaviour, which has informed the 

present study. However, this assessment does not indicate habit strength, which could 
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be conceptualised as a moderator of the relationship between cues and behaviour. In 

fact, recent research by Evans et al. (2017) shows an indicator of habit strength to be 

associated with the intake of unhealthy snacks. Future research should thus consider 

examining behavioural pre-potency via the assumed moderating role of habit strength 

on the association between situational cues and behaviour. 

Finally, lower levels of self-regulation were associated with higher intercepts of 

high-energy snacking. This is consistent with previous research which demonstrates that 

higher levels of self-control are associated with health protective behaviours, and lower 

levels are associated with ill-health behaviours (Hagger et al., 2009; Keller et al., 2016; 

Tangney et al., 2004). Higher levels of trait self-regulation might have enabled 

individuals to prioritise intentions or health goals over impulses in situations requiring 

resisting external cues. Of note, similar to recent research by Evans et al. (2017), we 

used a trait measure of self-regulation (Tangney et al., 2004), which differs from 

previous operationalisations of self-regulatory capacity as executive control (Booker & 

Mullan, 2013; Hall & Fong, 2015). This selection was guided by considerations that 

self-reports of self-control factors seem to be better able to measure the behavioural 

processes implied in successful self-control (Allom et al., 2016) and, for the purpose of 

this study, provided a better fit to theoretical assumptions. Self-regulation however, can 

fluctuate over time according to present situational factors (Hofmann et al., 2012) and 

thus has potentially time-varying influences on health behaviour. The present study only 

assessed baseline levels of self-regulation, precluding from analysing fluctuations over 

time. Future research might consider operationalising and examining variations in self-

regulation as an influence factor in the momentary sphere.  

3.5.3 Limitations 

There are some methodological limitations to the current study. Firstly, the study 

was correlational. Although this study highlights the cues associated with snacking, we 
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cannot determine if these cues caused individuals to snack; there may have been other 

factors causing individuals to snack that were not examined. Furthermore, due to its 

repeated measures design, the study has more power to detect effects of situational 

predictors on level-1 (within-participants), than to detect effects of the motivational 

predictors on level-2 (between-participants). This might have led to an underestimation 

of the relative influence of motivational factors on snacking. Secondly, as with any self-

report study, we cannot be assured that participants accurately reported their snacking. 

Although previous research suggests that it is common that individuals underreport their 

food and energy-intake (e.g., Heitmann & Lissner, 1995; Johansson et al., 1998), the 

average number of daily snacks in the current study are similar to those reported in 

previous studies (e.g., Schüz, Schüz, et al., 2015). Thirdly, the portion size of 

participants’ food was not measured; therefore, estimates of energy-content may be 

incorrect (Rolls et al., 2002). Fourthly, there was a conceptual discrepancy between the 

assessment of behavioural pre-potency and behaviour. Pre-potency was assessed in 

terms the frequently of adhering to daily fruit and vegetable dietary recommendations, 

which does not necessarily correspond with typical snacking patterns. Similarly, we 

assessed participants’ intention to eat healthier, which likely encompasses food intake 

outside of snacking. Nevertheless, these constructs provided an indication of past 

behaviour and intentions to change future behaviour and future studies should modify 

the assessment questions to focus exclusively on snacking. Further, our assessment of 

the availability of food might be limited by the logical implication that food has to be 

present in order to be consumed– and our assessment was not fine-graded enough to 

measure whether food was present prior to the decision to snack, or whether food was 

obtained with the purpose to snack. Finally, we did not assess participants’ exposure to 

food-related advertisements which may have served as a cue to eating (Nestle, 2002). 

Future studies should aim to assess the effect of advertisements as a momentary cue to 
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snacking.  

3.5.4 Implications 

This study offers new insight into the application of TST in explaining 

momentary eating behaviours. The focus of the study was to examine how interactions 

between the person and the environment influence snacking. Our study shows that 

applying TST to snacking improves our understanding of the momentary and 

motivational-level variables associated with snacking. The results demonstrate that 

snacking is largely guided by momentary cues, and that motivational-level factors may 

be less important in guiding snacking than previously thought. Through examining the 

temporal aspects of behavioural contingencies, TST allows for greater understanding of 

why individuals engage in behaviours that have detrimental effects on their health 

(Cameron, 2010).  

With improved understanding of how the two spheres of TST interact to inform 

human behaviour, we can target interventions accordingly. Working with individuals to 

increase their self-regulatory skills may enable them to better control their snacking and 

be less influenced by momentary cues (Annesi & Mareno, 2014; Kitsantas, 2000). This 

could be achieved through self-monitoring snack consumption (Teixeira et al., 2015), or 

through using strategies such as implementation intentions or health-goal primes to 

remind individuals of their eating goals and how to manage triggers in cue-rich 

situations (Adriaanse et al., 2009; Gollwitzer, 1999; Papies & Veling, 2013; Sellahewa 

& Mullan, 2015; van Koningsbruggen et al., 2011). Further, health-goal primes operate 

without an individual’s conscious awareness and have been shown to enable individuals 

to better maintain their goals even situations of depletion (e.g., Sellahewa & Mullan, 

2015). The current study findings suggest that interventions need to focus on improving 

an individual’s self-regulatory abilities, but also acknowledge the momentary cues that 

are associated with the initiation of snacking. 
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TST is an emerging theory; more evidence is needed to draw conclusions 

surrounding the momentary influences on eating and how this interacts with eating 

motivations. Nevertheless, the importance of making individuals aware of their 

motivational and momentary cues to eating is important to enable them to develop the 

means to override their eating triggers and focus on developing stronger, healthier 

eating habits (McKee et al., 2014). 
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As stated previously, the present thesis aims to investigate the individual and 

contextual determinants of discretionary food intake. The previous chapter applied 

Temporal Self-regulation Theory to eating to explore how both motivational and 

momentary determinants are associated with discretionary food consumption. This 

chapter (Study 3) moves further away from the individual in the socio-ecological model, 

and explores the role of momentary cues in prompting food intake (see Figure 4.1). 

Here, negative affect, the availability of food, the presence of others eating and being 

alone, and representations of the environment are explored.  

 

 

Figure 4.1 Diagram outlining the momentary influences of discretionary food intake 

examined in Chapter 4. 
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Extracts of Study 3 have been examined in my Honours thesis. However, 

substantial changes have been made to the current version of the manuscript. The 

manuscript has been substantially rewritten and new variables have been analysed. The 

incorporation of Study 3 is crucial for this PhD thesis as it establishes the need to 

explore how representations of the environment influence eating behaviour (a key focus 

of Chapter 5). It establishes a link between goal conflict theory (explored in Chapter 2) 

and Temporal Self-regulation Theory (examined in Chapter 3). Finally, interventions 

suggested in this chapter combine both individual and environmental determinants 

(further explored in Chapter 6).  
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4.1 Abstract 

Objectives: Individual eating behavior is a risk factor for obesity and highly dependent 

on internal and external cues. Many studies also suggest that the food environment (i.e., 

food outlets) influences eating behavior. This study therefore examines the momentary 

food environment (at the time of eating) and the role of cues simultaneously in 

predicting everyday eating behavior in adults with overweight and obesity. 

Methods: Intensive longitudinal study using ecological momentary assessment (EMA) 

over 14 days in 51 adults with overweight and obesity (average BMI 30.77; SD= 4.85) 

with a total of 745 participant days of data. Multiple daily assessments of eating (meals, 

high- or low-energy snacks) and randomly timed assessments. Cues and the momentary 

food environment were assessed during both assessment types.  

Results: Random effects multinomial logistic regression shows that both internal 

(affect) and external (food availability, social situation, observing others eat) cues were 

associated with increased likelihood of eating. The momentary food environment 

predicted meals and snacking on top of cues, with a higher likelihood of high-energy 

snacks when fast food restaurants were close by (OR= 1.89, 95% CI= 1.22, 2.93) and a 

higher likelihood of low-energy snacks in proximity to supermarkets (OR = 2.29, 

95%CI = 1.38, 3.82). 

Conclusions: Real-time eating behavior, both in terms of main meals and snacks, is 

associated with internal and external cues in adults with overweight and obesity. In 

addition, perceptions of the momentary food environment influence eating choices, 

emphasizing the importance of an integrated perspective on eating behavior and obesity 

prevention. 

 

Key words: Food cues, food environment, stimulus control, ecological momentary 

assessment, obesity  
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4.2 Introduction 

The presence of obesity has risen dramatically across many industrialized 

countries (Apovian, 2016). Current estimates suggest that, for example in Australia, the 

context of this study, more than one in four adults is obese (Body Mass Index [BMI] ≥ 

30), whereas more than 60% of the adult population are overweight (BMI ≥ 25: ABS, 

2015). Obesity is a major public health problem and is associated with a substantially 

increased risk of chronic illness. A major behavioral risk factor for obesity is food 

intake, thus research on the determinants of individual eating behavior is paramount.  

Theoretical models of eating behavior have evolved from a homeostatic 

perspective on restoring energy balance to emphasizing the role of individual, social, 

and environmental cues or stimuli that prompt an individual to eat (Cruwys et al., 2014; 

Sobik et al., 2005; Weingarten, 1985). In environments that provide sufficient food for 

the population, the majority of eating behaviors are likely to be guided by both internal 

and external cues rather than experiencing an energy imbalance (Lowe & Butryn, 2007; 

Weingarten, 1985). Cue-dependent eating seems to be particularly relevant among 

individuals who are overweight (BMI> 25) and obese (BMI > 30: Thomas et al., 2011), 

whereby these individuals experience increased cravings (Ouwehand & Papies, 2010) 

and physiological responses such as increased salivary reaction (Ferriday & Brunstrom, 

2011) in the presence of food cues (compared to individuals in lower BMI ranges). 

Research on the cues that elicit eating behavior in the population of adults with 

overweight and obesity is particularly important. 

Internal cues include for example stress and negative affect (O'Connor et al., 

2008), which have been shown to trigger eating episodes among individuals with 

obesity (Goldschmidt, Crosby, et al., 2014), potentially motivated by controlling 

negative affect via the intake of high-energy food (Parker et al., 2006) and the 

associated reward experience (Small, 2009).  
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External cues to eating include the availability of food (Schüz, Bower, et al., 

2015; Schüz, Schüz, et al., 2015) and social cues (Higgs & Thomas, 2016). Social cues 

shape dietary behaviors through observation and interactions that occur during meal 

times. Through observing others eat, a norm of eating is created and limits are set for 

appropriate food and drink intake (Prinsen et al., 2013). Further, changing eating 

behavior as a result of observing others eating might suggest a social modelling 

mechanism (Cruwys et al., 2014; Herman et al., 2003). Conversely, being alone and 

social isolation have also been associated with increased eating, with this pathway 

potentially mediated by negative affect (Mason et al., 2016). 

A second level of external factors affecting eating behavior opens when the 

supply or the number, density and variety of food outlets in an individual’s 

surroundings (food environment) is examined (Thornton & Kavanagh, 2012). For 

example, areas with a higher density of fast-food outlets have been associated with 

higher levels of fast-food consumption (Lucan & Mitra, 2012). Individuals living in 

these areas are almost twice as likely to develop obesity than those who live in areas 

with fewer fast-food restaurants (Fuzhong et al., 2008). Areas with a higher density of 

fruit and vegetable outlets and supermarkets on the other hand are associated with 

higher fruit and vegetable consumption and lower prevalence of overweight and obesity 

(Bodor et al., 2007; Lucan & Mitra, 2012; Morland et al., 2006). This is possibly due to 

the accessibility of a wider range of fresh foods, low fat and other health options 

(Thornton & Kavanagh, 2012).  

Most previous studies that have examined the relationship between 

environmental factors and eating have used retrospective assessments, rather than 

reporting moment-to-moment environmental exposures (Shiffman et al., 2008) that 

influence eating in real-time (Goldschmidt, Crosby, et al., 2014; Schüz, Bower, et al., 

2015; Schüz, Schüz, et al., 2015). Additionally, previous studies have mostly examined 
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predefined geographical areas, such as individual residential addresses. This means that 

the influences of environments that are relevant to an individual but are outside of their 

residential address— such as schools, workplaces and shopping environments— have 

been neglected (Ball & Thornton, 2013). Individuals pass through many environments 

outside of their home address each day; therefore, when analyzing the influence of 

environmental cues, it is essential that the frequent movements of individuals is 

incorporated. The best way to achieve this is through the recording of moment-to-

moment environmental exposures of the food environment, that is, assessing which food 

is available at which outlets to people at each moment. Closer examination of cue-

dependency and the environmental determinants of eating could improve our 

understanding of how individuals navigate an increasingly obesogenic environment 

(Stok et al., 2015).  

To our knowledge, no previous study has examined the effects of the momentary 

food environment on eating behavior among adults with overweight and obesity. Thus, 

this study aims at examining the effects of known internal and external cues on eating, 

in particular affect (Goldschmidt, Wonderlich, et al., 2014; O'Connor et al., 2008), 

availability of food (Ferriday & Brunstrom, 2011), social influence (Cruwys et al., 

2014; Higgs & Thomas, 2016), and social isolation (Mason et al., 2016), whilst 

simultaneously assessing the effects of momentary perceptions of the presence and 

types of food outlets (Ma et al., 2013) at the time the decision to eat is being made. As 

the most commonly used retrospective assessment of cues to health-related behavior is 

fraught by memory biases (e.g., Hammersley, 1994), this study uses an ecological 

momentary assessment (Shiffman, 2009), by which participants log eating decisions in 

close to real time, together with an assessment of the cues present at the moment. By 

comparing the ratings of cues in these reports with the ratings of cues during randomly 

timed non-assessments, we can obtain estimates of the effects of cues on eating 
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decisions. Thus, this study aims at integrating the stimulus control and food 

environment perspectives and examines the influence of both cues and the momentary 

food environment on real-time eating decisions in adults with overweight and obesity.  

 

4.3 Method 

4.3.1 Overview 

We used Ecological Momentary Assessment (EMA) methods (Shiffman et al., 

2008) to study the eating patterns of individuals with overweight and obesity. For two 

weeks, participants were asked to carry an Android mobile phone (LG P500) running 

customized software (HBART; see: 

www.utas.edu.au/health/research/groups/behavioural-and-situational-research-group-

bsrg/hbart) and stripped of original phone functionality to log every time they ate 

something as well as respond to randomly timed assessments throughout the day. 

Participants received between 1 and 9 random assessments per day. Eating cues and the 

momentary food environment were assessed both during the eating logs and the 

randomly timed assessments. This allowed the presence and intensity of cues between 

eating logs and random assessments to be compared (Ferguson & Shiffman, 2011). This 

method is consistent with previous research on eating behavior (Schüz, Bower, et al., 

2015; Schüz, Schüz, et al., 2015), and we followed established protocols in 

familiarizing participants with the use of the assessment technology (Schüz, Bower, et 

al., 2015; Schüz et al., 2014). 

4.3.2 Participants 

Fifty-one adults (34 females, 66.67%) aged 19 to 73 (M= 31.81, SD= 14.87 

years) with obesity (n= 24, 47.05%) and overweight (n= 27, 52.95%) with a BMI 

average of 30.77 (SD= 4.85) from the general population were recruited for this study. 

The majority of participants were white (n= 40; 78.4%), eight participants (15.7%) had 
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an Asian background, and three participants (5.9%) were of Aboriginal/Torres Strait 

Islander descent. In terms of education, n= 25 (49%) had graduated from university, 

eight (15.7%) reported other tertiary education, and 18 (35.3%) reported less than 

completed tertiary education. All participants lived in areas classified as urban (ABS, 

2011). Recruitment followed a combination of social media and media releases calling 

for overweight and obese participants for a study on eating patterns. To be eligible, 

participants had to be over 18 and have a BMI of at least 25, not be currently dieting 

and not previously be diagnosed with an eating disorder. Participants who completed 

the study received AU$50 in shopping vouchers. Such compensation has been shown to 

promote adherence to EMA protocols in related research (Ferguson & Shiffman, 2011). 

Ethical approval for this study was obtained from the Human Research Ethics 

Committee (Tasmania), H.0014439. 

4.3.3 Procedure 

Procedures for this study mirrored those published in previous research (Schüz, 

Bower, et al., 2015; Schüz, Schüz, et al., 2015). Briefly, participants came to the lab for 

an initial visit, signed an informed consent form, were asked to fill in a baseline 

questionnaire assessing sociodemographic information, and received individualized 

training on how to use an EMA smartphone. Participants then completed 14 days of 

field monitoring, with one brief visit to the study center after 2-3 days to assess protocol 

compliance and troubleshoot any potential issues. Participants were instructed to log 

food into the device each time they began eating (see below for assessment instrument). 

These eating logs were accompanied with an assessment of internal and external cues 

(affect, company, availability of food, observing others eat) and the momentary food 

environment (see below) at the time participants decided to eat. At random times 

during the day (3-5 times per day), participants were additionally asked to answer the 

same questions about cues and neighborhood food environment. Each report was time-
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and date-stamped. In addition, participants completed an evening report during which 

they had the opportunity to log any food they had during the day but could not report in 

real-time. At the end of the study, participants returned the device, were debriefed and 

received reimbursement.  

4.3.4 Measurement Instruments 

Assessment of affect focused on negative affect, as negative rather than positive 

affect has been shown to be a cue to food consumption in previous research (Schüz, 

Bower, et al., 2015; Schüz, Schüz, et al., 2015). During food logs and random 

assessments, momentary negative affect was assessed with 6 items based on the 

circumplex model of affect (Russell, 1980): angry, bored, irritable, stressed, restless, 

sad, to be answered on a 0-100 slider scale. Cronbach’s Alpha of this scale was .86, 

indicating satisfactory internal consistency. 

External cues were assessed by asking participants to indicate in a yes (1)/no (0) 

format whether “When you decided to eat, were there people eating” (cue: others eat), 

whether “When you decided to eat, was there food available” (food availability), and 

whether they were “with others”. This assessment of cues has demonstrated external 

validity in predicting both food choices (Schüz, Bower, et al., 2015; Schüz, Schüz, et 

al., 2015) and smoking behavior (Ferguson & Shiffman, 2011; Schüz et al., 2014) and 

mirrors the assessment used in these previous studies. 

Perceived Momentary Food Environment was assessed using a cultural and 

EMA adaptation of the outlet presence section in (Ma et al., 2013) questionnaire. 

Participants were asked to indicate whether they could see or walk within 5 minutes to 

one or more of the following food outlets: 1 (franchised fast food outlet), 2 (other fast 

food outlet), 3 (sit-down restaurant), 4 (supermarket or hypermarket), 5 (smaller food 

shop), 6 (convenience store), 7 (specialty food shop), 8 (chemist or bargain shop). The 
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presence of any of these outlets was coded as 1 (food outlet close), the presence of none 

was coded as 0 (no food outlet close). 

Food reports were assessed following a two-stage procedure: Participants first 

self-reported whether they had a main meal or snack (Wansink et al., 2010) and were 

then asked to indicate the foods (fruit and vegetables, starchy foods, fish, chips, meat, 

meat products, poultry, cheese, sweets or chocolates, ice cream, crisps/savory snacks, 

cakes/scones/pastry, biscuits) based on the Dietary Targets Monitor (Lean et al., 2003). 

Snack reports were then classified as “high caloric density” or “low caloric density” 

based on the food group reported, with “fruit” and “vegetable” considered “low caloric 

density” and all other groups considered “high caloric density”, based on the energy and 

saturated fat content estimates of this instrument. These momentary food reports have 

been validated against summary reports in previous research (Schüz, Schüz, et al., 

2015).  

During both food reports and random assessments, participants were asked if 

food was available. Consistent with previous EMA research (Thomas et al., 2011), 

participants were instructed to interpret food being available if it was visible and 

accessible for them to eat (e.g., having food on the desk at work).  

 

4.3.5 Analyses 

Because EMA data has a hierarchical structure in which multiple daily 

assessments of food reports and randomly timed reports are nested within individuals, 

multilevel multinomial logistic regression with random intercepts of the dependent 

variable (food categories) and random slopes of the predictors (cues, neighborhood food 

environment) was used (Snijders & Boskers, 2012). We first examined all cues, and in a 

second step examined the role of different food outlet types separately. 
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These analyses fit individual multinomial logistic regressions in which the 

likelihood of every assessment to be a meal report (1), a “high caloric density” snack 

(2), a “low caloric density” snack (3), or a “random assessment” (4) is predicted for 

every participant (within-participant analysis), and the resulting estimates of these 

analyses are then pooled while at the same time allowing the base likelihood of any 

report (random intercept) as well as the effects of the covariates (random slopes) to vary 

between participants. This procedure obtains both pooled estimates of the overall effects 

of the covariates and intercepts as well as estimates of the amount and significance of 

between-person variation in each effect, indicating between-person differences. 

 

4.4 Results 

Overall, there were 745 participant days available for analysis. Each participant 

completed an average of 14 days of monitoring (M= 14.61, SD = 1.46). Consistent with 

previous research (Schüz et al., 2014), 11 participant days with poor compliance 

(defined as answering less than 50% of random prompts) with a total of 17 random 

prompts and 9 food reports were excluded. This left a total of 1,953 random prompts to 

be analyzed, of which participants answered 1,861 (average of 2.62 prompts per day), 

rendering an overall compliance of 95.29%. On average, participants missed 0.12 

random prompts (SD= 0.37) per day. A total of 1,665 meals, 574 high-energy and 232 

low-energy snacks were reported in real time (not including evening reports), averaging 

to 2.23 meal reports, 0.78 high-energy and 0.31 low-energy snack reports per 

participant per day, which is consistent with previous research findings (e.g., Schüz, 

Bower, et al., 2015; Grenard et al., 2013). 

 

Food Cues and Momentary Food Environment 
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Table 4.1 shows the means of negative affect and the percentages of cues present 

across the food assessment categories and random prompts. Negative affect was highest 

during the decision to have a high-energy snack, the percentage of reports of being 

alone was highest during the decision to have a low-energy snack, food was most likely 

to be present during the decision to have a low-energy snack, others eating were most 

likely to be observed during the decision to have a meal, and food outlets were most 

likely to be present during the decision to have a high-energy snack. 

  



158 

 

Table 4.1 Means of individual (within-person) means and standard deviations and 

means of individual (within-person) percentages and standard deviations for internal 

and external cues across food types. 

Cue Meals High-energy 

snacks 

Low-energy 

snacks 

Random Prompts 

Negative Affect 23.51 (17.04) 25.63 (18.04) 21.94 (20.83) 22.67 (15.90) 

Being Alone (%) 40.95% (25.79) 41.99% (34.03) 50.81% (39.63) 42.14% (24.63) 

Availability of 

Food (%) 

86.17% (21.07) 91.78% (21.01) 92.87% (19.66) 75.19% (24.77) 

Observing Others 

Eat (%) 

48.23% (24.86) 39.30% (30.54) 27.07% (32.68) 16.16% (16.10) 

Current Food 

Environment 

(Outlet Proximity) 

(%) 

55.25% (36.80) 60.18% (38.42) 55.15% (45.01) 52.71% (37.21) 

Note. Negative Affect assessed on a 0 – 100 scale; Percentages are the mean of the 

individual percentages of reports where the cue was present. 

 

We first estimated the intraclass correlation coefficients (ICC) of the different 

food categories compared to random prompts in order to examine the need for 

multilevel multinomial logistic regression in accordance with (Snijders & Boskers, 

2012). The ICC of meals compared to random prompt was ρ= .06; the ICC of high-

energy snacks compared to random prompts was ρ= .35, and the ICC of low-energy 

snacks compared to random prompts was ρ= .37, all exceeding the .05 threshold (Hox, 



159 

 

2010) that indicates a substantial amount of variance in the dependent variables to be 

due to between-participant differences.  

In the multilevel multinomial logistic regressions, we first specified all cues and 

the food environment as predictors of the likelihood of a data point being a food report, 

a high-energy snack, or a low-energy snack as opposed to a random assessment (see 

Figure 4.2). We found that all cues apart from negative affect predicted the likelihood of 

a data point being a meal vs. a random assessment, with in particular observing others 

eat increasing the likelihood more than nine-fold. Being close to a food outlet increased 

the odds of a meal by 39%. For high-energy snacks, negative affect predicted the 

likelihood against random prompts, with the odds increasing by 2% for every point 

increase on the negative affect scale. Food outlet proximity increased the odds of a 

high-energy snack by 64% compared to random assessments. With regard to low-energy 

snacks, all cues, but not food outlet proximity predicted increased odds of such snacks 

as opposed to random prompts (see Figure 4.2).  

The residual variances of all food categories were significant, with meals 

(σ2
u0(1)) = 0.10, p < .001; high-energy snacks (σ2

u0(2)) = 0.68, p < .001, and low-energy 

snacks (σ2
u0(3)) = 0.74, p < .001. This suggests that there are substantial differences 

between individuals with regards to the overall odds of the different food report types 

(significant variance components in all intercepts). However, significant residual 

variance was only observed for the slopes of cues in predicting meals vs. random 

prompts, and in the slopes of food outlet proximity in predicting high-energy snacks, 

which suggests that participants differed with regards to the effects of these covariates. 
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Figure 4.2 Odds ratio of cues and momentary food environment (food outlets) in predicting food choices. 
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4.4.1 Momentary food Environment – Types of Outlets 

In the second step, we compared the presence of different food outlets during the 

decision to eat (see Table 4.2), and then examined the effects of different kinds of food 

outlets on the odds of the different food reports in a second set of multilevel 

multinomial logistic regressions. Here, we specified the presence of “fast-food” outlets 

(both franchised and other), “restaurants”, “shops” (including both supermarkets and 

specialty shops) and “convenience” (including both convenience stores and 

bargain/chemists) as predictors of the odds of any measurement point being a meal 

report, a high-energy snack, a low-energy snack, or a random assessment (reference 

category). Figure 4.3 shows the Odds Ratios (OR) of the different kinds of food outlets 

and suggests that for meals, no specific food outlet was associated with a higher 

likelihood as compared to random prompts. However, the odds of high-energy snacks 

are significantly increased (by 89%) if a fast-food outlet is close by, whereas the odds of 

a low-energy snack are significantly increased when a supermarket or specialty food 

shop is close by (129%) compared to random assessments.  
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Table 4.2 Means of individual (within-person) percentages and standard deviations for 

perceived proximity of food outlet types across food types. 

Food Outlet Type Meals High-energy 

snacks 

Low-energy 

snacks 

Random Prompts 

Restaurant (%) 37.69% (34.85) 42.61% (40.06) 42.88% (44.85) 37.62% (34.69) 

Fast Food Outlet 

(%) 

39.93% (35.38) 45.73% (40.30) 44.10% (46.57) 39.02% (35.17) 

Convenience Store 

(%) 

40.19% (38.11) 42.02% (38.99) 37.86% (45.19) 39.12% (38.06) 

Shop (%) 42.79% (38.69) 47.65% (40.92) 45.49% (44.79) 42.51% (38.58) 

Note. Percentages are the mean of the individual percentages of reports where the cue 

was present.



163 

 

 
Figure 4.3 Odds ratios of different food outlets in the momentary food environment in predicting food choices. 
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4.5 Discussion 

This study examined the effects of internal and external cues as well as 

perceptions of the momentary food environment on everyday eating behavior in adults 

with overweight and obesity. Two sets of analyses were run, one examining the role of 

the perceived momentary food environment in the context of known internal and 

external cues to eating, the second set examining which kinds of food outlets in the 

momentary food environment were related to specific food choices. Regarding the first 

set of analyses, we found that negative affect increased the likelihood of snacking, the 

availability of food and observing others eat increased the likelihood of eating, and 

finally, perceiving food sources to be nearby had increased the likelihood of meals and 

high-energy snacks occurring when all other predictors were accounted for. In the 

second set of analyses, we examined the effects of specific food outlet types and found 

that perceived proximity to fast food outlets increased the odds of high-energy snacks, 

whereas proximity to supermarkets and specialty food shops increased the odds of low-

energy snacks when compared to randomly timed assessments. 

Previous studies have demonstrated that the neighborhood food environment is 

associated with individual eating behavior (Bodor et al., 2007; Fuzhong et al., 2008; 

Lucan & Mitra, 2012), but our study additionally suggests that people consider the 

momentary presence of food outlets as they make the decision to eat. The finding that 

the effects of the momentary food environment differed between high- and low- energy 

snacks is particularly relevant, as discretionary food choices (snacks) have been shown 

to account for up to 35% of the daily energy intake in Australian adults (ABS, 2015). 

While it is important to note that our study assessed perceptions of the availability of 

food, which might not exactly map on the actual presence of food retailers (Barnes et 

al., 2015), this finding nevertheless suggests that perceiving food outlets to be close can 
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predict both eating meals and— with a more substantial effect size— high-energy 

snacks. 

We also found that there are differential effects of different types of food outlets 

on eating behaviors (see Figure 4.3). The likelihood of a meal occurring did not differ 

between types of food outlets, however, the perceived proximity of fast food outlets was 

associated with a higher likelihood of high-energy snacks. Furthermore, the presence of 

shops (defined as shops with a full range of groceries as opposed to convenience stores) 

was associated with an increased likelihood of low-energy snacks. It has to be noted that 

both assessments had a lower base likelihood than the random assessments they were 

compared with, so it is possible that singular events have led to an overestimation of 

these effects. Nevertheless, these effects are in line with previous research that has 

shown that specific food outlets influence different types of eating behavior (Bodor et 

al., 2007; Lucan & Mitra, 2012). Our research extends this intersection of behavioral 

and spatial research with a real-time perspective, which demonstrates the food 

environment impacts on people’s real-time eating decisions. 

This has some important implications both for theories of eating behavior as 

well as for the development of potential interventions. In terms of theories, our data 

provides evidence that the food environment is associated with individual food choices, 

particularly, discretionary food choices. Integrating this in theories of eating behavior 

such as the goal conflict model of eating (Stroebe, Mensink, et al., 2008) or theories of 

health behavior that incorporate situational aspects such as Temporal Self-Regulation 

Theory (Hall & Fong, 2007) suggests that representations of the environment can 

influence eating-related behavioral activation processes. In terms of the potential of our 

findings to inform intervention development, the finding that the food environment 

shapes individuals eating decisions suggests that environmental planning and regulation 

of food outlets may be a viable option to modify population diet, and that behavioral 
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interventions should take the momentary food environment into account, for example in 

prompting implementation intentions (O'Connor et al., 2015). 

The finding that negative affect increases the likelihood of snacking replicates 

previous findings from individuals with a BMI within the normal-weight range 

(O'Connor et al., 2008; Schüz, Bower, et al., 2015). Furthermore, it speaks to the notion 

of ‘comfort eating’, that is, eating in order to regulate negative affect (Parker et al., 

2006). However, while previous research has emphasized that negative affect and stress 

increases the likelihood of choosing energy-rich foods (O'Connor et al., 2008; O'Connor 

et al., 2015), our study suggests that, at least in a sample of adults with overweight and 

obesity, negative affect increases the likelihood of both high and low-energy snacks. 

We think that this at least partly due to expectations regarding the mood-regulating 

effects of food (Raspopow et al., 2013). Nonetheless, affect-regulative rewards 

associated with eating might be a conditioned response of the individual (Berridge et al., 

2010), but is subject to substantial individual differences (Sproesser et al., 2014). 

Individual differences such as susceptibility to food-related stimuli (Power of Food: 

Lowe et al., 2009) can explain some of these differences in the effects of negative affect 

(Schüz, Schüz, et al., 2015). 

This study found the presence of others eating and being alone to be 

significantly associated with an increased likelihood of both eating and snacking, a 

finding which is consistent with previous research in this area (Schüz, Bower, et al., 

2015). Participants were more likely to eat a meal or snack when they observed others 

eating. Apart from societal norm effects that make it more likely that main meals are 

consumed with e.g., the family, the effects of observing others eat on consuming snacks 

could also be due to modeling (Cruwys et al., 2014; Higgs & Thomas, 2016) or the 

implicit creation of an eating norm (Herman et al., 2003; Prinsen et al., 2013). In both 

instances, observing others eat would suggest to an individual that it is appropriate to 
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eat. The finding that being alone increased the likelihood of consuming all types of food 

could be due to the established effects of social isolation on eating (Mason et al., 2016), 

or to a generally higher likelihood of eating when alone (Higgs & Thomas, 2016). 

However, our data did not allow disentangling whether eating when alone functioned a 

mood-regulation effect, which would be implied in the idea of increased eating when 

socially isolated. 

The finding that food availability is significantly associated with all types of 

eating is also in line with previous research (Ferriday & Brunstrom, 2011) that showed 

that being exposed to food increased subjective experiences of hunger and desire to eat. 

When looking at the effect sizes of food availability, it becomes apparent that this factor 

is more strongly associated with consuming snacks than meals; probably an artifact of 

the meal situation, which is more likely to take place in a food-rich environment such as 

one’s home (Emery et al., 2015), therefore reducing systematic variance in this factor 

between random assessments and eating reports. On the other hand, this finding 

suggests that having food available can trigger snacking behavior, which would speak 

towards cue control-type interventions that require individuals to remove foodstuffs 

from their environment in order to reduce discretionary eating behavior (Greenwald, 

2006). The significant variance components of the random intercepts further suggest 

there are individual differences in the effects of the food environment on the odds of 

snacks– which in turn suggests people differ in how the momentary food environment 

affects their eating. 

4.5.1 Strengths, limitations and future directions 

A key strength of this study is that it uses EMA to consider the role of the 

momentary food environment on food choices. EMA research enables real time 

reporting of eating behaviors, thereby reducing recall-biases associated with food 

diaries or questionnaires (Heitmann & Lissner, 1995; Thomas et al., 2011). 
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Nevertheless, the study remains a self-report study, without objective assessment of 

eating behavior. However, a full objective assessment of eating is less practical when 

everyday behavior is of interest.   

The assessment of perceived food environment could be considered a limitation, 

and future studies should consider integrating real-time EMA data with geographic 

information-based data on the food environment. In addition, future studies should 

consider the effect of both food advertisements and how the layout of food stores could 

influence individuals’ consumption practices (Nestle, 2013).  

The relative burden of an EMA study limits the reach and sample size and thus 

the generalizability of our results. However, previous simulation studies (Maas & Hox, 

2005) suggest that sample sizes such as the one in this study are sufficient to obtain 

reliable estimates of the within-person processes. This study was not powered to 

examine between-participant differences in the effects of food cues, and future, larger 

studies might consider examining between-person differences in the within-person 

effects of cues and environment. These seem plausible, since there is evidence for 

differential effects of food cues among individuals who are overweight compared to 

those within the normal BMI range (Ferriday & Brunstrom, 2011; Ouwehand & Papies, 

2010), and between participants high and low in psychological characteristics such as 

self-control (Hofmann et al., 2014), or the Power of Food Scale (Schüz, Schüz, et al., 

2015), possibly due to individual neurophysiological differences in the reward system 

(Small, 2009).  

A limitation pertains to the fact that we did not measure the portion size of foods 

that were consumed. This could impact on the validity our classification of foods into 

high- and low-energy snacks, as the energy content will vary with portion size. 

Furthermore, our classification of foods in general lacks detail, but a more differentiated 

assessment would have impacted on participant burden. Future studies could integrate 
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new technology allowing a more detailed assessment of caloric and nutrient content 

(e.g., taking photos of the meal / snack) in order to replicate these findings.  

To reduce participant burden, this study has relied on a very limited selection of 

food cues, and known situational predictors of eating behavior such as daily hassles 

(O'Connor et al., 2008) and state hunger (Witt et al., 2014) were not assessed in this 

study. Further, this study did not examine the role of food advertisements as cues for 

food choices. Food advertisements are key cues to buying, and subsequently eating, 

certain food products (Nestle, 2002; Nestle & Jacobson, 2000). Often advertisements 

pair food with rewarding outcomes, which increases an individual’s desire to consume 

such products even after limited exposure to the advertisements (Pollard et al., 2002; 

Sobik et al., 2005; Watson et al., 2016). Advertisements that employ health claims 

further increase the sales of such products (Nestle et al., 1998).  

Food advertisements are also influential in shaping community dietary intake, 

and there are substantial neighborhood differences in the types of foods that are 

advertised within various communities. This difference can largely be explained by the 

socioeconomic status of the neighborhood: There are more advertisements for unhealthy 

foods in neighbourhoods with lower compared to neighborhoods with higher 

socioeconomic status (Lorenc et al., 2013). Through not assessing the number and type 

of food advertisements participants experienced, we may have underestimated the 

influence of the food environment on individuals’ food choices, and future research 

should include momentary assessments of the effects of food advertisements. 

Lastly, we did not gather information on the layout of food stores, which have 

been shown to differ between socioeconomic neighborhoods (Moore et al., 2008) and 

ultimately shape the purchasing behavior of individuals within such neighborhoods 

(Morland et al., 2006). Future research examining the influence of cues on eating 
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behaviors should continue the approach we have taken, and combine it with assessments 

of individuals’ awareness of advertisements within their surroundings.  

 

4.6 Conclusion 

To conclude, this study shows the influence of the momentary food environment 

on eating behavior among adults with overweight and obesity. It shows the food 

environment effects individual eating behavior even when considered simultaneously 

with known situational and individual cues to eating such as social situation or affect. 

This has important implications for both theory and intervention development among 

adults with overweight and obesity, since it suggests that interventions to modify eating 

behavior should combine individual-level interventions targeting eating cues and 

environment-level interventions targeting the placement and density of different types 

of food outlets (Hillier-Brown et al., 2014). 
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Chapter 5 Comparison of Geographic Information System and 

subjective assessments of momentary food environments as predictors 

of food intake: An Ecological Momentary Assessment Study8,9,10,11,12 

 

Katherine G. Ellistona*, Benjamin Schüzb, Tim Albionc and Stuart G. Fergusona 

a College of Health and Medicine, University of Tasmania, Australia; 

b Institute of Public Health and Nursing Science, University of Bremen, Germany; 

c Menzies Institute for Medical Research, University of Tasmania, Australia 

  

 
8 Initial findings from this chapter were presented at an international conference: Elliston, K. G. & 

Ferguson, S. G. (2018, August 23). Examining the association between food outlets and eating behaviour: 

A Geographic Information System (GIS) study. Paper presented at the European Health Psychology 

Society conference, Galway, Ireland. (see Appendix 5.1 for Abstract). 

9 Extracts from this chapter were presented at an international conference: Elliston, K. G., Schüz, B. & 

Ferguson, S. G. (2019, September 4). Objective (GIS) and subjective food environment as predictors of 

momentary food intake. Paper presented at the European Health Psychology Society conference, 

Dubrovnik, Croatia. (see Appendix 5.2 for Abstract). 

10 This chapter has been published in its current form as: Elliston, K. G., Schüz, B., Albion, T., & 

Ferguson, S. G. (2020). Comparison of Geographic Information System and Subjective Assessments of 

Momentary Food Environments as Predictors of Food Intake: An Ecological Momentary Assessment 

Study. JMIR Mhealth Uhealth, 8(7), e15948. https://doi.org/10.2196/15948  

11 The EMA questionnaire used this study is included in Appendix 5.3.  

12 The Baseline questionnaire used this study is included in Appendix 5.4. 
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The overall aim of the present thesis is to investigate the individual and 

contextual determinants of discretionary food intake. The previous chapter explored 

how contextual determinants such as negative affect, the availability of food, the 

presence of others and representations of the environment influence momentary eating 

decisions. This chapter further explores the distal level of influence in the socio-

ecological model; environmental determinants of eating (see Figure 5.1). Here, we 

explore whether objectively collected location information through automatic GPS 

reports predict eating beyond subjectively reported environmental cues. 

 

Figure 5.1 Diagram outlining the momentary influences of discretionary food intake 

examined in Chapter 5. 
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5.1 Abstract 

Background: It has been observed that eating is influenced by the presence and 

availability of food. Being aware of the presence of food in the environment may enable 

mobile health (mHealth) apps to use geofencing techniques to determine the most 

appropriate time to proactively deliver interventions. To date, however, studies on 

eating typically rely on self-reports of environmental contexts, which may not be 

accurate or feasible for issuing mHealth interventions. 

Objective: This study aimed to compare the subjective and geographic information 

system (GIS) assessments of the momentary food environment to explore the feasibility 

of using GIS data to predict eating behaviour and inform geofenced interventions. 

Methods: Seventy-two participants recorded their food intake in real-time for 14 days 

using an ecological momentary assessment approach. Participants logged their food 

intake and responded to approximately 5 randomly timed assessments each day. During 

each assessment, the participants reported the number and type of food outlets nearby. 

Their electronic diaries simultaneously recorded their GPS coordinates. The GPS data 

were later overlaid with a GIS map of food outlets to produce an objective count of the 

number of food outlets within 50 m of the participant. 

Results: Correlations between self-reported and GIS counts of food outlets within 50 m 

were only of small size (r=0.17; P<.001). Logistic regression analyses revealed that the 

GIS count significantly predicted eating similar to the self-reported counts (area under 

the curve for the receiver operating characteristic curve [AUC-ROC] self-report=0.53, 

SE 0.00 vs AUC-ROC 50 m GIS=0.53, SE 0.00; P=.41). However, there was a 

significant difference between the GIS-derived and self-reported counts of food outlets 

and the self-reported type of food outlets (AUC-ROC self-reported outlet type=0.56, SE 

0.01; P<.001). 
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Conclusions: The subjective food environment appears to predict eating better than 

objectively measured food environments via GIS. mHealth apps may need to consider 

the type of food outlets rather than the raw number of outlets in an individual’s 

environment. 

 

Key words: Ecological Momentary Assessment; mHealth; Geographic Information 

Systems; food intake; mobile phone 
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5.2 Introduction 

Consistent with the notion of stimulus control, momentary environments are key 

correlates of a range of health-risk behaviours. For example, studies have shown 

associations between exposure to smoking-friendly environments and smoking (Jahnel 

et al., 2017), being in an abandoned space and illicit drug use (Linas et al., 2015) and 

being closer to fast-food outlets and an increase in discretionary food intake (Elliston et 

al., 2016). As such, being aware of what is in an individual’s momentary environment 

could provide a means for issuing just-in-time adaptive interventions (Naughton, 2016). 

For example, when entering environments known to trigger health risk behaviours, 

mobile health (mHealth) technology could generate interventions and support to 

individuals (Donker et al., 2013), thereby minimizing the risk of engaging in health-

damaging behaviours (Nahum-Shani et al., 2014).  

However, for effective, just-in-time, and geofenced intervention designs, it is 

crucial to know the components of momentary environments that are most reliably 

related to risk behaviours. In particular, it is an open question whether the subjective 

perceptions (e.g., the number of food outlets an individual perceives as close by) or the 

objective indicators of food environments (e.g., a geographic information system [GIS]–

based count of the number of food outlets in a given radius around an individual) are 

more reliably associated with health risk behaviours, such as high-calorie snacking.  

Previous real-time studies have typically favoured self-reported measures, 

requiring a user to manually input details surrounding their affect, activities, and 

environment (Jahnel et al., 2017; Elliston et al., 2016; Duresso et al., 2018). For 

example, many studies ask participants to indicate their current environment from 

several prespecified locations (e.g., work, home, restaurant or bar). Intensive self-report 

is desirable in the context of research studies, but such monitoring is burdensome and, 

hence, likely to be unfeasible for the long-term usage that is necessary to achieve a 
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lasting behavioural change. Although self-reported data might generate richer data sets, 

for example, by allowing researchers to gather data on unobservable psychological 

processes and motivations, this needs to be balanced against the possibility of missing 

data through noncompliance with monitoring protocols. Another option is to passively 

monitor an individual’s environments using location, movement, or biometric sensors. 

In the case of location, for example, this could be achieved by combining GPS data 

from individual devices with GIS data, which could then be used to create targeted 

geofence-based mHealth interventions. Being passive, such monitoring is likely better 

suited for long-term monitoring than relying on self-reported information.  

Passive monitoring, however, is not without its potential drawbacks. Of 

particular concern is that passively collected GPS data and self-reported data may 

capture differential aspects of the environment that might be relevant for behaviour 

change. For example, although passive monitoring may be objectively accurate, 

individuals may not always be aware of— or influenced by— cues in their surrounding 

environment. It is possible that being actively aware of environmental cues is crucial to 

the initiation of health risk behaviours; therefore, passively monitoring locations may 

not be an appropriate way to target context-sensitive interventions. Indeed, some studies 

explicitly ask individuals to report on their behavioural triggers using a cues to action 

scale (Booker & Mullan, 2013; Todd & Mullan, 2014), thereby implying that the 

individuals are aware of the environmental cues that trigger their behaviour. Previous 

environmental interventions have been shown to improve health behaviour, such as 

food safety behaviours (Mullan et al., 2014), suggesting that consciously perceived cues 

can trigger behaviours. However, other behaviours, such as eating, maybe prompted by 

the automatic processing of environmental cues, such as advertisements and brand logos 

(Cohen & Babey, 2012; Kremers et al., 2006). This is consistent with stimulus control 

theory as it does not specifically require conscious awareness of cues. Therefore, in this 
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study, we obtained both passive and active measures of the environment and compared 

the associations of both with food choices,  a behaviour shown to be influenced by 

environmental cues (Elliston et al., 2016; Pitt et al., 2017; Cannuscio et al., 2013; Trapp 

et al., 2015). Comparing potentially different effects of passive and actively collected 

location information will allow us to examine the automatic and deliberate processing 

of cues that may prompt individuals to eat.  

Although the role of environmental determinants on eating behaviour has been 

previously examined (Fuzhong et al., 2009; Thornton & Kavanagh, 2012; Zenk et al., 

2009), these studies typically conceptualize a static notion of the environment by 

relying on postcode information to calculate estimates of food outlets— which can be 

viewed as a proxy measure for food availability— in the neighbourhood food 

environment corresponding to the residential address of a particular person. However, 

each day, people move between different neighbourhoods and do not always shop in 

their residential areas (Chaix et al., 2012; Thornton et al., 2017). Therefore, studies need 

to consider environmental food exposures using individuals’ daily travel patterns (their 

activity space (Zenk et al., 2011). On the other hand, studies that examine fluctuating 

environmental exposures have captured the food environment using self-reported 

measures (Elliston et al., 2016; Zenk et al., 2011). However, with developments in 

technology, it is increasingly possible to use GIS data to provide an objective measure 

of the environments to which individuals are exposed to throughout the day.  

5.2.1 Objectives 

As ecological momentary assessment (EMA: Shiffman, 2009) allows for real-

time assessment of an individual’s environment, it might be a particularly useful 

technique for examining environmental exposures to food intake. This study, therefore, 

used EMA to examine the GPS coordinates of individuals as they go about their daily 
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lives. As previous studies have supported the role of environmental cues prompting 

eating, this study aimed to extend this work by investigating whether objectively 

collected information on momentary environmental exposures (through automatic GPS 

reports) predict food intake as effectively as subjectively reported environmental cues.  

 

5.3 Method 

5.3.1 Overview 

This study was a part of a larger project designed to examine the relationship 

among attentional bias, stimulus control, and obesity and to explore BMI-related 

differences among individuals’ eating behaviours (https://osf.io/pmxbj/). It used EMA 

methods to explore the feasibility of using GIS data to predict snacking. The 

participants carried a study-issued smartphone for 2 weeks to self-report their food and 

drink intake in real-time and respond to randomly timed prompts throughout the day 

(see Measurement Instruments below, for assessment details). During assessments, 

participants self-reported on environmental exposures, including describing the number 

and type of food retail outlets nearby. In addition to these self-reported responses, the 

smartphone logged the participants’ GPS locations. The participants’ GPS locations 

were then overlaid on a GIS map of known food outlets. Thus, the study obtained both 

objective (GIS) and self-reported information about the participants' environment at 

each time point. A comparison of the environments logged in the food reports with 

random prompts allowed for the examination of environmental cues to eating. 

5.3.2 Participants 

Seventy-nine participants were recruited for this study by looking at everyday 

food choices through social media advertising and a university staff newsletter in 
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Tasmania. The eligibility criteria included being above 18 years of age, not currently 

dieting, and having no history of an eating disorder. BMI was stratified to obtain equal 

groups of participants in the healthy weight range (BMI ≥18.5-24.9) and the overweight 

and obese (BMI ≥25) range. Upon the completion of the study, the participants received 

an Australian dollar $60 (United States dollar $39.3) shopping voucher as 

reimbursement for their time. Ethics approval was obtained from the Tasmanian Social 

Science Human Research Ethics Committee (reference number H0017015). 

Five participants were excluded from the study because of screening scores 

exceeding 20 on the Eating Attitudes Test (EAT-26: Garner & Garfinkel, 1979), 

indicating concerns regarding body weight, shape, and eating (Figure 5.2). In addition, 2 

more participants were removed (1 participant was removed because of technical issues 

with his or her electronic device resulting in missing GPS stamps and 1 participant 

withdrew from the study). This left a total of 72 eligible participants, 71%were females 

(51/72; mean age 33.72 years, SD 12.08). BMI ranged from 18.59 to 40.22 (mean 

26.67, SD 5.62). Most participants (86%, 62/72) were White. Over half, (60%, 43/72) of 

the participants had graduated from university, and 28% (20/72) participants had 

completed at least some university or were currently studying at a university. All 

participants lived in areas classified as urban (ABS, 2011).  

5.3.3 Procedure 

Participants attended 3 study visits during the 14-day monitoring period. During 

the first visit, participants provided informed consent, were weighed, and their height 

was measured by study staff to calculate their BMI (kg/m2). Participants also completed 

a baseline survey assessing demographic information and their general dietary intake 

and received training on how to use the electronic diaries. Participants began recording 

their food intake; situational cues, such as their environment; and their affect levels 
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immediately after this visit. During the participants’ second visit (around day 2-3 of 

monitoring), participants’ EMA data were uploaded and retraining was provided as 

necessary. During the third visit, after 14 days of monitoring, participants returned their 

study devices, were debriefed, and received reimbursement for their participation. 

For the duration of the 2-week monitoring period, participants logged their food 

and drink intake and responded to the randomly timed prompts using a specially 

programmed smartphone. To reduce the participants’ burden, a random subsample 

(approximately 60%) of the food reports was followed by a set of questions assessing 

perceptions of the local food environment and contextual cues, such as the participants’ 

affect level and food cravings. In addition to the food reports, participants were issued a 

series of randomly timed prompts, occurring approximately 4 to 5 times per day. During 

the randomly timed prompts, participants received the same assessment questions as the 

food reports. The randomly timed prompts served as a comparison of situational and 

contextual details regarding eating vs noneating times. All the participants’ reports were 

time, date, and geographically stamped using a combination of GPS and mobile phone 

transmitter triangulation. Participants received an AUD $60 shopping voucher upon 

completion of the study and the return of their EMA device, but they were not given 

additional payment for completing the randomly timed prompts. 

5.3.4 Measurement instruments 

Food intake was measured via participants’ self-reports. Participants reported— 

by tapping a button on the Android device— whether their food intake was a main meal 

or a snack.  

Current environmental exposures were assessed via both subjective (self-

reports) and objective reports (GPS stamps with subsequent GIS integration)— 

collected during participants’ randomly timed prompts and food reports. For the self-
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reported food outlets, participants were asked to report the number of food outlets 

nearby. Participants were presented with the question, “From where you are now, how 

many food outlets can you see?” Then, they were given a list of 6 types of food outlets: 

(1) fast-food and takeaway stores, (2) restaurants and cafes, (3) supermarket and corner 

store, (4) specialty food stores, (5) discount stores, and (6) other. Participants entered a 

number ranging from 0 to 5+ corresponding to each type of food outlet nearby (total 

possible range 0-30+). For model 2 in the analysis, the total number of self-reported 

food outlets within sight were summarized. For model 3 in the analysis, each self-

reported outlet type was dichotomized (0=absent and 1=present), and all outlet types 

were simultaneously entered into the model.  

For the objective measure of food outlets, the participants’ electronic devices 

automatically recorded their GPS coordinates every time they completed a report. The 

GPS location for each outlet and the participants’ locations were first split into latitude 

and longitude coordinates. The distance between the participants and the food outlets 

was calculated by overlaying their GPS coordinates with a combination of 3 local city 

council food outlet maps using Environmental Systems Research Institute’s ArcMap 

(ESRI, 2019). Local council food outlet maps were obtained, with each council 

providing the outlets’ names, addresses, and type of each food outlet. The councils 

classified food outlets as being a bakery, butcher shop, café, canteen, caterer, 

delicatessen, eatery, fish shop, food van, hotel, meat premises, restaurant, sports club, 

supermarket, takeaway, vessels selling food, or other. However, the classification of 

food outlets was not consistent across councils, which means that the study was unable 

to separate food outlets into venue types. As a result, this study used an indicator of any 

food outlet near participants for analyses. Using council-reported latitude and longitude 

coordinates of local food businesses, food outlets within a 50m radius of a participant’s 

GPS location were identified using the Buffer tool from the Analysis Tools Proximity 
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toolbox (ESRI, 2019). The number of food outlets near a participant at the time of each 

report was then summarized and used in the analyses using the GIS measures.  

5.3.5 Analytical Procedure 

To examine whether passively collected GPS reports correspond to the self-

reported food environment measures, a repeated measures correlation between the GIS-

derived counts and self-reported counts of nearby food outlets was calculated using the 

R package rmcorr (Bakdash & Marusich, 2017). Next, both GPS-derived food outlet 

and self-reported food outlet measures were used in participant-level logistic regression 

models to determine if the number of food outlets within the immediate environment 

discriminated between eating and noneating reports. Consistent with previous studies 

(e.g., Schüz, Bower, et al., 2015), the days on which random prompt compliance was 

below 50% were excluded from the analysis (total 145 days). Poor random prompt 

compliance may indicate instances of disengagement from the study protocol or 

systematic biases within the data and are, therefore, removed from further analysis.  

While accounting for individual differences in eating, logistic analyses were 

conducted on each participant’s data to gauge the effect of the local food environment 

on food intake. First, a series of within-subject univariate logistic regression models 

using the area under the curve for the receiver operating characteristic curve (AUC-

ROC) analyses were run. During the randomly timed assessments, each model 

examined if the odds of eating were higher when the density of food outlets was higher. 

For each model, food intake (yes or no) was the outcome variable and environmental 

measures (1) 50m GIS food outlet count, (2) self-reported food outlet count, and (3) 

self-reported food outlet type were predictors. The study chose 50m as it was a rough 

approximation of the line of sight typical for urban settings; thus, this radius was 

deemed as a reasonable approximation of the self-reported measure. AUC-ROC values 
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can range from 0.5 (random guessing; no prediction) to 1.0 (perfect prediction), 

indicating the probability of identifying an eating event (vs. a randomly timed prompt).  

After generating an AUC-ROC for each participant for models 1 to 3 of the 

environment, the mean for each model was compared with 0.5 (i.e., no predictability, at 

p<.05 threshold) using weighted t tests. This was used to determine the environmental 

measures that could accurately differentiate between eating and noneating (i.e., 

randomly timed) assessments. Observations were weighted by the inverse of the SE of 

the AUC-ROC scores to allow more precise estimates to receive greater weight 

(Bradley, 1997; Shiffman et al., 2015). If the AUC-ROC score was significantly 

different from 0.5 at the p<.05 threshold, the model was able to accurately differentiate 

between eating instances and randomly timed prompts. 

Next, 3 t tests were run to compare the food count models with each other and 

compare each count model with the self-reported outlet type. The t tests used each 

participant’s AUC-ROC score for the comparisons. Bonferroni adjustments were 

applied (at p=.02 level) to account for the inflation of type 1 errors with multiple 

comparisons. Finally, the correlations between GIS-derived measures and the self-

reported measures were analysed. This enabled the determination of the passively 

collected (i.e., GIS-derived) environmental information was comparable to the 

environmental exposure information generated through self-reports. In addition, the 

counts between GIS-derived assessments of the food environment for both 50m and 

100m surrounding an individual were compared, and the same basic outcomes were 

found. The results of the 50m GIS count of only food outlets are presented below. All 

analyses were conducted in R version 3.3.1.  
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5.4 Results 

5.4.1 Overview 

Seventy-two participants completed between 3 and 21 days of EMA monitoring 

and were retained in the analysis: mean 14.74 (SD 2.58) monitoring days per person. In 

total, 1061 days of food intake and the immediate food environment were recorded. GIS 

measures recorded 2097 food outlets within a 50m radius of the participants, and the 

participants self-reported a total of 1756 food outlets. Over the monitoring period, 

participants completed 3302 food reports, and 36.86% (1217/3302) of those were 

snacks. Participants reported between 2 and 10 food intakes (meals and snacks) per day 

(M= 4.42, SD 1.47). The snack intake ranged from 1 to 8 (M= 2.02, SD 1.24) per 

person per day. Participants received between 0 and 11 randomly timed assessments 

each day (M= 3.28, SD 1.73), and the compliance with the randomly timed assessments 

ranged from 35% to 100%. Overall, the compliance with the randomly timed 

assessments was excellent (Schüz et al., 2014), where M= 78.75% (SD 14.75).  

5.4.2 Geographic Information System-derived measures of food outlets 

The GIS-derived AUC-ROC values ranged from 0.50 to 0.87 and yielded 

similar AUC-ROC values for the self-reported food outlet count (AUC-ROC for 50m 

GIS food outlet count=0.53, SE 0.00; AUC-ROC for the self-reported food outlet 

count=0.53, SE 0.00; Figure 5.3). Weighted t tests showed that the GIS-derived model 

had AUC-ROC values significantly higher than 0.50 (the null value; p<.001), indicating 

that the presence of food outlets within a 50m radius of an individual is significantly 

better than chance at discriminating between eating and noneating instances.  
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5.4.3 Self-reported measures of food outlets 

The AUC-ROC values for the self-reported count of the number of food outlets 

within sight ranged from 0.50 to 0.62 and had a similar AUC-ROC value for the 50m 

GIS count (AUC-ROC for the self-report food outlet count=0.53, SE 0.00; AUC-ROC 

for the 50m GIS food outlet count=0.53, SE 0.00; Figure 5.3), indicating that both 

measures of food outlets in the environment are significant predictors of food intake. 

Results from a paired sample t test showed no significant difference between the 50m 

GIS count and the self-reported food outlet count on the participants’ AUC-ROC 

scores: t71=0.82, P=.41, and d=0.00.  

The AUC-ROC for the self-reported type of food outlets in the environment 

ranged from 0.50 to 0.75. Model 3 showed that the self-reported type of food outlet was 

also a significant predictor of eating (AUC-ROC=0.56; Figure 5.3). A paired sample t 

test showed that there was a significant difference between the 50m GIS model and the 

type of food outlets on the participants’ AUC-ROC scores: t71=−2.71, p<.001, and 

d=0.40. Similarly, there was a significant difference between the self-reported food 

outlet count and the type of food outlets on the participants’ AUC-ROC scores: 

t71=−5.16, P<.001, and d=0.48.  

5.4.4 Correlations between environmental measures 

A repeated measures correlation between the 50m GIS food outlet count and the 

self-reported food outlet count was significant but weak (r=0.17; p<.001), indicating 

that assessments of the food environment derived through GIS are similar to the self-

reported environmental measure. As the local councils had slightly different 

classifications of food outlets, the study was unable to compare the self-reported types 

of food outlets with a GIS-derived assessment.   





188 

 

conceptually different aspects of the food environment compared with the subjective 

outlet type. 

The finding that the type of food outlet nearby influences eating is consistent 

with findings from previous literature (Lucan & Mitra, 2012; Sanchez-Flack et al., 

2018) and is likely to be evidence that food outlet density is a proxy measure for the 

availability of food. For example, living within one mile of a grocery store has been 

associated with increased fruit and vegetable intake (Zenk et al., 2009) and having 

numerous supermarkets in one’s neighbourhood is associated with lower BMI (Morland 

et al., 2006). However, other types of food outlets are associated with increased 

unhealthy eating. For example, greater access to fast-food restaurants has been 

associated with a higher likelihood of fast-food purchasing (He et al., 2012) and a 

higher risk of overweight and obesity (Fuzhong et al., 2009; Morland et al., 2006; 

Kestens et al., 2012). Overall, this suggests that the type of food outlet in the 

environment influences individuals’ diet and weight. Importantly, however, much of 

this previous research has relied on static assessments of individuals’ environments, that 

is, their residential addresses. This research, however, examined momentary 

environments, thereby accounting for the fluctuations in the environments to which 

individuals are exposed to throughout the day, each day.  

The finding that subjectively reported food outlet counts and objectively 

reported food outlet counts are equally predictive of behavioural indicators (i.e., eating) 

is novel. In the domain of physical activity, research has examined static environments 

and found inconsistencies between the availability and accessibility of parks to an 

individual and engagement in park-based physical activity (Cerin et al., 2018; Zhang et 

al., 2018). Assessing park proximity and acceptability (i.e., transport to parks, park 

paths or trails, and park cleanliness) differ based on whether the assessments are 

subjectively or objectively reported (Zhang et al., 2018). Given that the assessments of 



189 

 

the environment are differentially associated with park-based physical activity based on 

the measurement type, it is possible that objectively and subjectively reported 

information may be tapping into conceptually different exposures. In terms of the 

momentary food environment as examined in this research, triggers to the craving and 

subsequent food intake may depend on the type of food outlet in an individual’s 

immediate environment; such information is not captured through counts of nearby food 

outlets. Certain food outlets (e.g., fast food restaurants) may be more likely to trigger 

cravings than other food outlets (e.g., supermarkets) as the sights and smells from these 

outlets are associated with highly palatable food (Ferriday & Brunstrom, 2011). 

Therefore, subjectively reported food outlets— specifically, the type of food outlets 

nearby— may be better predictors of eating than count-based assessments of the food 

environment.  

Despite finding a small correlation between the self-reported food outlet count 

and the 50m GIS count, there is minimal difference between subjective and objective 

measures of the number of food outlets within the environment. Overall, the results of 

this study suggest that the type of food outlet nearby is a better predictor of eating (vs 

noneating) than the density or number of food outlets. The difficulty with this is that 

there is a lack of standardization with the classification of food outlets. For example, an 

outlet can be classified as a butcher shop in one council and as a meat premise in 

another. For this reason, the study was unable to calculate GIS-based assessments of 

food outlet types. Therefore, passively collected data with subjective assessments of 

various food outlet types on eating could not be compared. Importantly, neither the 

objective nor the subject measure can be considered a truly accurate measure of food 

outlet density; both measures involve a degree of measurement error. As such, although 

it can be concluded that the 2 measures are aligned, the differences between the 



190 

 

measures as evidence for over- or under-reporting of the subjective values cannot be 

used.  

If the information on the food outlet types were measured consistently across 

councils, mHealth apps may be able to passively monitor an individual’s location and 

proactively issue interventions before dietary lapses occurred. This could be useful 

given this study’s finding that subjectively reported food outlet type is a better predictor 

of momentary food intake than either of the count-based measures. Alternatively, 

mHealth apps may be able to create personalized GIS maps of environmental triggers to 

eating by relying, at least initially, on subjective user input. Users could report their 

eating locations, and the corresponding GPS reports could be used to determine the 

locations where the users are most likely to consume unhealthy foods. When locations 

are repeatedly associated with unhealthy food intake, mHealth apps could then deliver 

just-in-time adaptive interventions to users.  

The presence of restaurants, in particular, maybe a target for mHealth dietary 

apps using geofencing techniques. The energy content from meals consumed at 

restaurants has been found to contribute to most daily energy requirements (Roberts et 

al., 2018); thus, the presence of restaurants may be an appropriate target to reduce daily 

energy intake. Furthermore, some individuals may be particularly susceptible to eating 

unhealthy foods only when out (Spanakis et al., 2017). Although this study did not 

examine the within-person differences in the healthiness or energy intake derived from 

food intake when out, it was able to examine how eating can be prompted by cues in the 

immediate environment. Future studies should examine person-specific traits that 

increase vulnerability to unhealthy eating when out.  

Overall, the findings of this study suggest that an individual’s eating can be 

predicted based on his or her momentary environment. Although the self-reported type 

of food outlet nearby was the superior model in predicting eating, it only differentiated 
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instances of eating vs noneating 56% of the time. It is possible that geofencing-based 

information may not be the best way to predict eating. However, research has 

demonstrated a relationship between the immediate food environment and individuals’ 

food intake; therefore, the examination of whether subjectively reported environmental 

information is comparable to GIS-derived data provides a starting point toward creating 

simple user-friendly mHealth dietary interventions.  

Although using GIS data for mHealth dietary interventions passively collects 

data and is, therefore, less burdensome for users, it is particularly time-consuming to 

code, placing the burden instead on the app developers. However, once GIS data have 

been coded, the process of data collection becomes automated, whereas subjectively 

reported information will continue to require manual intervention from the user. In 

addition, GIS maps can be calculated once and rolled out across multiple studies and 

numerous sites. Such wide-scale use of location information is easier with automated 

GIS data than subjectively reported data. Nevertheless, the costs and benefits of each 

method must be balanced between users and app developers.  

The finding that the overall predictive ability of the presence of food outlets on 

predicting eating was modest is consistent with the idiosyncratic nature of how cues 

come to be associated with behaviours. For example, eating could be highly related to a 

particular cue for one person, but different cues will be important for other people. On 

the basis of these findings, for relevant individuals, it may be beneficial to issue 

personalized dietary interventions when they enter environments where they are most at 

risk of overeating or unplanned eating. Indeed, similar geofenced interventions have 

been successfully trialed in the literature for smoking (e.g., the Q-Sense app: Naughton 

et al., 2016). Q-Sense delivered support to users based on a 100m geofence from a 

location where the user reported smoking on at least 4 occasions (Naughton et al., 

2016). It appears that mHealth apps may need to rely (at least initially) on user input to 
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create relevant geofenced risk areas and, subsequently, generate place-based 

interventions. Importantly, research to date demonstrates that environmental 

interventions are feasible, and users report no privacy concerns with location-based data 

monitoring (Naughton et al., 2016). 

5.5.2 Strengths, limitations and future research 

This study has several strengths. To the researchers' knowledge, this study is the 

first to integrate 2 ways of assessing the effect of an individual’s immediate food 

environment on his or her food choices. By using both objective measurements of the 

environment and subjective reports, we were able to compare how momentary 

environmental exposures influence real-time eating decisions. Such information 

provides a greater understanding of how individuals’ dietary choices may be influenced 

by momentary environmental cues.  

The use of EMA to assess eating and food environment enabled the examination 

of real-time environmental exposures and how they influence eating decisions. Previous 

studies (Jiao et al., 2015; Thornton et al., 2017) have highlighted the need to use spatial 

data to examine environmental exposures and develop precise estimates of where 

individuals travel and purchase foods. The use of GIS data in this study allowed for a 

better understanding of how fluctuations in the momentary food environment shape an 

individual’s food choices. Furthermore, repeatedly assessing an individual’s 

environmental exposures allows for in-depth information on the environmental 

antecedents and consequences of overeating and dietary lapses.  

The use of real-time reporting of food intake means that the participants in this 

study reported their current situation, activities, and environmental exposures and were, 

therefore, less prone to biases associated with recall (Shiffman et al., 2008). Once 

behaviours are examined in real-time, an effective way of managing health-risk 

behaviours may be through issuing just-in-time adaptive interventions (Nahum-Shani et 
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al., 2018). Just-in-time adaptive inventions may be able to utilize real-time cues, such as 

GPS-based information to identify individuals entering high-risk situations that require 

intervention and behavioural support (e.g., the A-CHESS app: Gustafson et al., 2014). 

The real-time aspect of this study is, therefore, the first step in identifying ways to 

conceptualize the environment to inform just-in-time adaptive interventions and 

mHealth apps.  

Despite these strengths, there are some methodological limitations to this study. 

First, calculating GIS counts of food outlets from local council areas is difficult, and the 

GIS data are not sufficiently detailed to illustrate what types of food outlets exist. 

Furthermore, the local councils included in this study had different classification 

systems for recording food outlets, which meant that comparison among various council 

districts was feasible only by looking at the summary rather than the type of food 

outlets. Ideally, the best way to geocode food outlets would be to use a combination of 

council data, Google maps data, and by visiting neighbourhoods of interest to identify 

the type of food outlets present. Despite this being the ideal way to assess food outlets 

within the local environment, it would be extremely time-consuming and perhaps 

impractical in large cities with numerous food outlets. Future studies should explore 

different ways to classify the food environment so that the best and simplest measures 

are identified.  

Second, by relying on food outlet counts (either GIS-derived or self-reported), 

the understanding regarding exactly what aspects of food outlets influence food choice 

was limited. Furthermore, this study did not separately examine the effect of each type 

of food outlet. Food choice is likely to be shaped by factors that are independent of food 

outlets, such as individual taste preferences and social norms (Lytle & Sokol, 2017), as 

well as the availability and affordability of foods (Jeffery et al., 2006), none of which 

are captured by assessing the counts of nearby food outlets. Further investigation into 
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the availability and other choice determinants associated with food selection are 

warranted to investigate the aspects of food outlets that influence food choice.  

Third, by focusing on GIS counts of food outlets, this study was unable to 

determine the food outlets and food-related cues that the individuals could see. There 

may have been times when the food outlets were in close proximity to the participants 

but were hidden from view. For example, there may be food outlets between buildings 

or hidden within lanes or buildings. As individuals’ decisions relating to food choice are 

thought to be shaped by momentary exposures to food cues (Bailey, 2017), in situations 

where individuals cannot see nearby food outlets, they are unlikely to be influenced by 

their presence. Future research should consider other environmental exposures, such as 

advertising and food smells, in addition to the presence of food outlets in prompting 

individuals’ food choices.  

Fourth, as noted earlier, this study chose 50m as the radius as it was a rough 

approximation of the line of sight typical for urban settings. What someone can see 

from their current position will vary from place to place; this would have introduced 

error into this measure. Further work is required to determine the optimal unit of 

measurement; furthermore, it may prove fruitful to vary this measure from location to 

location based on the characteristics of the site. 

Finally, the food outlet data from the local councils may not have been up-to-

date. It is possible that there may have been a discrepancy between the GIS-derived 

food outlet count and the food outlets that were around and open during the time the 

study was conducted. Encapsulating the most recent and accurate information on the 

presence of food outlets is necessary to examine the association between the presence of 

food outlets and eating. Furthermore, this study did not consider the availability of food 

within each outlet. Factors like product availability and opening hours are likely to 

influence individuals’ food options and, subsequently, their eating decisions. mHealth 
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apps that require user input on environmental eating triggers will likely circumvent this 

issue. At present, mHealth interventions are unable to achieve targeted place–based 

information with passively collected data.  

 

5.6 Conclusion 

Examining the food outlets within one’s environment is an important step in 

understanding how the built environment influences eating. This study found that 

although passively knowing an individual’s environment can predict eating, knowing 

what type of food outlets are nearby is the best way for mHealth apps to create 

geofenced dietary interventions. Future advances in technology may enable passive 

calculation of the type of food outlets within a given geographical region. Such 

information would be integral to the success of geofenced interventions in mHealth 

dietary apps. In the meantime, mHealth apps will likely need to continue relying on 

users’ self-reported information about their food environment to generate tailored 

geofenced dietary interventions.  
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Chapter 6 Discussion13, 14 

  

 
13 The protocol for the MunchIO app (mentioned in Section 6.3.1) is included in Appendix 6.1  

14 The publication for the stimulus control and eating study (mentioned in Section 6.3.1) is included in 

Appendix 6.2. Reference: Franja, S., Elliston, K. G., & Ferguson, S. G. (2020). Body Mass Index and 

stimulus control: Results from a real-world study of eating behaviour. Appetite, 154, 104783. 

https://doi.org/10.1016/j.appet.2020.104783  
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The overall aim of the present thesis was to investigate the individual and 

contextual determinants underlying discretionary food intake. Using an Ecological 

Momentary Assessment design (EMA: Shiffman, 2009), this thesis has explored stable 

motivational, and context-dependent, momentary cues prompting the consumption of 

discretionary foods. Four complimentary studies were conducted to address the overall 

thesis aim. The key aims, findings and conclusions from each of these studies are 

summarised in Sections 6.1.1 and 6.1.2 (see also Table 6.1). Briefly, Study 1 examined 

the role of inter-goal conflict and facilitation on daily dietary intake and long-term 

weight-loss. Study 2 applied Temporal Self-Regulation Theory (TST: Hall & Fong, 

2007) to understand the relative importance of motivational versus momentary cues 

guiding food intake. Study 3 integrated stimulus control and food environment 

perspectives to examine the influence of both situational cues and the food environment 

on eating behaviour. Finally, Study 4 investigated whether objectively collected GPS 

location information could be used to predict snacking beyond subjectively reported 

measures of the immediate environment.  

Together, these studies provide a comprehensive insight into how individual-

level motivations and momentary factors within the immediate environment prompt 

real-time eating decisions. This Chapter integrates the findings from each of these four 

studies, highlighting both the theoretical and practical implications uncovered by this 

research, identifies areas for future research, discusses potential limitations and draws 

overall conclusions. 
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Table 6.1 Summary of the findings from each study presented in this thesis 

 Aim(s) Findings Conclusions 

Study 1, Chapter 2 

Elliston, K. G., Schüz B. & Ferguson, S. 

G. (2019). Inter-goal conflict and 

facilitation as predictors of 

adherence to dieting goals: An 

ecological momentary 

assessment study. Psychology & 

Health, 35(6): doi: 

10.1080/08870446.2019.1684496 

 

 

To examine the effect of 

perceived inter-goal facilitation 

and conflict on dietary intake and 

long-term weight loss. 

 

Experiencing inter-goal conflict 

had a small impact on 

participants’ mood, but this was 

not associated with changes in 

dietary intake or long-term 

weight-loss. Experiencing inter-

goal facilitation was not 

associated with changes in daily 

dietary intake, nor was it a 

significant predictor of long-term 

weight-loss. However, overall 

daily food intake predicted 

weight-loss.  

 

Given that participants lost weight 

between baseline and follow-up, 

they reached their weight loss 

goals. However, it is possible these 

goals were reached via means 

other than goal facilitation. The 

results suggest that inter-goal 

conflict/facilitation may not be 

relevant in the context of dieting. 
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Study 2, Chapter 3 

Elliston, K. G., Ferguson, S. G. & Schüz, 

B. (2017). Personal and 

situational predictors of everyday 

snacking: An application of 

temporal self-regulation theory. 

British Journal of Health 

Psychology. 

doi:10.1111/bjhp.12259 

 

To examine how TST can be 

applied to understand the 

determinants of discretionary food 

choices. 

 

Momentary cues to snacking (e.g., 

seeing others eat, experiencing 

negative affect and having snacks 

available) were important 

determinants of snacking, whereas 

person-level motivational 

predictors (e.g., behaviour 

intention, behavioural pre-potency 

and self-regulatory capacity) were 

less important than the momentary 

environment in prompting 

snacking. 

 

 

Discretionary food intake is 

largely prompted by momentary 

cues. Motivational factors, such as 

intentions and self-regulation, are 

less important in the initiation of 

discretionary food intake. 

Study 3, Chapter 4 

Elliston, K. G., Ferguson, S. G., Schüz, 

N. & Schüz, B. (2016). 

 

To investigate the stimulus control 

and food environment 

 

Internal cues (e.g., affect) and 

external cues (e.g., food 

 

Perceptions of the momentary 

food environment influence food 
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Situational cues and momentary 

food environment predict 

everyday eating behavior in 

adults with overweight and 

obesity. Health Psychology. 

doi:10.1037/hea0000439 

perspectives and examine the 

influence of both cues and the 

momentary food environment on 

food choice among adults with 

overweight and obesity. 

availability, social situation, 

observing others eat) were 

associated with increased 

likelihood of eating. Additionally, 

the momentary food environment 

(e.g., the presence of food outlets) 

were associated with changes in 

snacking and/or main meal 

consumption depending on the 

type of outlet nearby.  

 

choice- even when considered 

simultaneously with known 

situational and individual cues to 

eating such as social situation or 

affect.  

Study 4, Chapter 5  

Elliston, K. G., Schüz, B., Albion, T. & 

Ferguson, S. G. (2020). 

Comparison of Geographic 

Information System and 

subjective assessments of 

 

To investigate whether objectively 

collected location information 

predict snacking as effectively as 

subjectively reported 

environmental cues. 

 

Although the GIS counts 

significantly predict eating, they 

were similar to self-reported food 

outlet counts. All food outlet 

counts performed worse than self-

 

Passively knowing an individual’s 

environment can predict eating. 

However, knowing what type of 

food outlets are nearby is the best 
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momentary food environments as 

predictors of food intake: An 

Ecological Momentary 

Assessment Study. JMIR 

mHealth uHealth, 8(7): e15948. 

doi: 10.2196/15948 

reported type of food outlets 

nearby.  

way for mHealth apps to create 

geofenced dietary interventions.  
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6.1 Summary of findings 

As outlined in Chapter 1, theories on eating have focused on two main aspects 

underlying food choice; more stable motivational and situation-specific, momentary 

predictors. Both aspects offer complementary perspectives on the determinants of food 

intake, however, research has traditionally examined them in isolation. Studies 1-4 of 

this thesis examine aspects of motivational and momentary cues associated with 

discretionary food intake. Sections 6.1.1 and 6.1.2 below outline key findings from 

Studies 1-4, and how they relate to motivational and momentary aspects of eating. 

 

6.1.1 Motivational determinants underlying discretionary food intake 

The motivational determinants underlying daily food choices were explored in 

Studies 1 and 2. Overall, the results from these studies suggest that motivational 

predictors play only a minimal role in guiding individuals’ discretionary food choices. 

In Study 1, goal management was explored among individuals who were specifically 

focused on changing their eating behaviour. Despite having the intention to change 

behaviour, the results demonstrated that experiencing inter-goal conflict and facilitation 

were not related to daily dietary intake. It is possible that there are no effects of goal 

management on behaviour. However, this seems to contradict the link between intention 

and behaviour outlined in theoretical models such as the TPB (as outlined in Chapter 1, 

Section 1.4.1). Given that the TPB emphasises the importance of intentions guiding 

goal-directed behaviour, having no effect on goal management on dieting behaviour 

was unexpected.  

Nevertheless, participants in Study 1 who reported consuming fewer daily 

snacks/overall daily food intake reported greater weight loss at follow-up. However, 

neither the experience of inter-goal conflict, nor inter-goal facilitation were associated 

with changes in weight during follow-up. Given that participants’ weight differed 
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between the baseline and follow-up assessments, participants reached their dieting goal 

to some degree, but the resulting weight loss may have been reached via means other 

than inter-goal facilitation. 

Overall, the results from Study 1 found neither inter-goal conflict nor facilitation 

were significant predictors of discretionary or overall daily food intake. This suggests 

that the experience of goal conflict itself is not enough to impact upon dieting behaviour 

among those who are focused on changing their eating patterns. Overall, the impact of 

inter-goal conflict and facilitation does not appear to be via overall snack or food 

consumption. It is possible that the design of Study 1 did not allow us to fully explore 

the role of goal management on behaviour. In particular, we did not assess how 

participants prioritised their goals. It is possible that only highly prioritised goals predict 

intentions and engagement in behaviour. As a result, Study 2 was designed to further 

explore the role of motivational influences to discretionary food intake.  

In Study 2, we applied TST to examine both the stable, motivational and 

context-dependent momentary predictors of food intake. Momentary cues such as 

seeing others eat, experiencing negative affect and having snacks available were 

associated with an increased likelihood of snacking. Furthermore, some motivational 

predictors such as temporal contingency, predicted snacking; those who perceive the 

cost of healthy eating to occur before the eating event were more likely to consume 

snacks. Additionally, low levels of self-regulation were associated with increased high-

energy snacking. Overall, the results of Study 2 suggest that eating behaviour may be 

less controlled by deliberate decisions than momentary predictors; momentary cues 

within one’s environment may pose overwhelming challenges to the self-regulation of 

goal-directed eating.  

 



204 

 

6.1.2 Momentary determinants underlying discretionary food intake 

Studies 3 and 4 further explored momentary cues underlying discretionary food 

intake. These studies examined the influence of contextual cues such as experiencing 

negative affect, the presence and absence of others eating, and being in close proximity 

to food outlets.  

In Study 3, the perspective was expanded to include features of the food 

environment in addition to internal and external eating cues. Experiencing negative 

affect and being in close proximity to food outlets was associated with high-energy 

snacking, whereas being alone was associated with low-energy snacking. Additionally, 

the likelihood of high-energy snacking increased if a fast-food outlet was close by, and 

the odds of a low-energy snack increased when a supermarket or specialty food shop 

was close by. This is in line with existing literature suggesting that healthier food 

environments are associated with healthier food intake (e.g., Glanz & Yaroch, 2004; 

Fuzhong et al., 2009; Thornton & Kavanagh, 2012).  

Finally, Study 4 showed that subjective representations of the environment had 

explanatory value over and above geographical information. Following this, an 

implication for interventions is that mHealth technology may be able to generate dietary 

interventions at critical times based on an individual’s geographical location (further 

discussed in Section 6.3.1 below).  

As outlined in section 1.4.2, momentary predictors of discretionary food intake 

are amenable to substantial fluctuation throughout each day. Although the momentary 

predictors explored in this thesis are not comprehensive (further discussed in Section 

6.4.2), the findings may be used to inform behaviour change interventions. Section 6.2 

below discusses future research directions to examining momentary cues to eating, 

Section 6.3.1 outlines some practical implications to address momentary food-related 

cues.  
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6.2 Theoretical implications 

This section outlines the key theoretical implications resulting from this thesis. 

The role of dietary intentions, self-regulation and affect on discretionary food intake are 

explored. Overall, the results from Studies 1-4 suggest the presence of momentary cues 

are of key importance for real time eating decisions. 

Discretionary food intake may be a combination of both individuals’ intentions 

(surrounding their eating goals) and how they weigh up the health costs/benefits of their 

food intake. As outlined in Study 2, temporally close consequences are typically given 

priority over more distal effects. Individuals seeking short-term gratification tend to be 

more impulsive and engage in health risk behaviours than individuals who are more 

motivated by longer-term benefits. This may help explain the intention-behaviour gap in 

healthy eating (Glanz et al., 1998). Indeed, Collins and Mullan (2011) found that 

intention is more predictive for immediate hedonic behaviours. Therefore, contextual 

cues may be more important in prompting discretionary food intake than long-term 

dietary goals.  

In Study 2 we found lower levels of self-regulation were associated with an 

increased likelihood of high-energy snacking. It is possible that higher levels of self-

control are associated with health protective behaviours. However, self-regulation can 

fluctuate over time according to the presence of situational factors (Hofmann et al., 

2012) and thus has potentially time-varying influences on health behaviour. Indeed, the 

ability to think objectively about food (such as the affordability of healthy food) is 

difficult when faced with palatable discretionary foods and food-related cues (Hill et al., 

2016). The studies presented in this thesis did not explore fluctuations in self-regulation. 

Previous research has suggested dietary lapses are most likely to occur when self-

regulatory resources are diminished. For example, when self-control resources are 
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needed elsewhere (Hofmann et al., 2007), such as when one is feeling tired in the 

evening, or at home when “forbidden” food (i.e., a food that one was trying to avoid) is 

available (Forman et al., 2017; McKee et al., 2014). Findings from this thesis and 

previous research suggest that contextual cues (e.g., having palatable food available) 

prompt discretionary food intake. These contextual cues prompting eating may be 

particularly relevant during times where self-regulatory resources are under stress.  

Additionally, self-regulation may be under stress when individuals are 

experiencing negative affect, such as feeling stressed or overwhelmed. Indeed, Studies 

1-3 found negative affect was consistently associated with an increased likelihood of 

high-energy snacking and indeed, snacking overall. This is in line with some previous 

research (e.g., O'Connor et al., 2008; Parker et al., 2006; Schüz, Schüz, et al., 2015) and 

speaks to the role of eating being used as an attempt to minimise negative affect 

(Conner et al., 1999; Oliver et al., 2000). Despite comfort eating being popularised as a 

coping strategy, the findings on how emotion influences eating remain mixed, with 

some finding an association between negative mood and food intake (e.g., Jeffers, 

Mason, & Benotsch, 2019), whilst others have found an association between positive 

affect and food intake (e.g., Boh, Jansen et al., 2016; Liao et al., 2018).  

A recent study by Reichenberger et al. (2020) suggests that the relationship 

between stress and eating is dependent on an individual’s trait stress-eating score. As a 

group, restrained eaters (i.e., dieters) may be particularly susceptible to consuming 

discretionary foods when stressed (Zellner et al., 2006). However, it is possible that it is 

not the absolute value of negative affect that prompts eating; snacking may be more 

driven by fluctuating levels of affect. Future research should examine the antecedents 

and consequences of affect following an eating episode to disentangle affect-related 

cause and consequences of discretionary food intake. We have recently done this and 

found unhealthy snacking was preceded by worsening affect. However, it did not lead to 
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affective improvements afterwards, which questions the ‘effectiveness’ of comfort 

eating (manuscript under review).  

Alongside discretionary food intake, other food choices may be associated with 

changes in affect. Indeed, Wahl et al. (2017) found that dinner elicited comparable 

happiness to snacking, and that unhealthy foods were not associated with increased 

positive affect compared to healthy food items. Indeed, even individuals’ comfort foods 

do not improve mood beyond other foods, or even no food (Wagner et al., 2014). 

According to Macht’s (2008) five-way model, food induced emotions control food 

intake, but intense emotions can suppress eating and, overall, the relationship between 

eating and mood depends on an individual’s motivation to eat. Despite the mixed results 

regarding affect and eating, findings from this thesis suggest momentary cues such as 

negative affect are associated with increased discretionary food intake. The populations 

most vulnerable to the influence of their emotions driving is unclear. Further research is 

therefore needed to both explore the role of affect and eating, and what groups would be 

most beneficial for dietary interventions to target.  

 

6.3 Practical implications and future research directions 

Examining within-person cues driving eating is the first step in being able to 

develop evidence-based and personalised dietary interventions. Section 6.3.1 below 

describes how to target and deliver health messages to individuals. Section 6.3.4 

expands on this and identifies targets for change from a public health perspective, such 

as how the environmental structure and food availability influence food choice, and how 

food-related advertisements may also prompt discretionary food intake.  
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6.3.1 Targeting individual-level eating cues 

Exploring the individual and contextual cues shaping eating is an important first 

step in understanding the determinants of eating behaviour, such information may then 

be used to inform behavioural interventions. Given that the results of Studies 1-4 

demonstrate motivational factors tend to be less important in instances of momentary 

eating, interventions may need to do more than simply increase an individual’s 

intentions towards healthy eating. Recent research has suggested that state (or 

momentary), motivations may be as important in shaping eating decisions than trait-

level motivations (Wahl et al., 2020).  

Current initiatives by the Australian Government such as Eat for Health 

(Australian Government, 2015) and the Healthy Weight Guide (Australian Government, 

2014), aim to increase knowledge providing education on healthy eating and guidelines 

for maintaining a healthy weight. These initiatives would likely benefit by considering 

how momentary cues such as those outlined in Figure 6.1, can override an individual’s 

intention to eat healthier.  

 

 

Figure 6.1 Diagram outlining what individual-level health interventions could target 
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Reminding individuals of their dietary goals through– for example– 

implementation intentions (Gollwitzer, 1999), may help strengthen their goals and 

override momentary cues prompting eating. Implementation intentions follow the 

structure “If I am stressed (cue exposure) then I will go for a walk (intention to avoid 

cue)”. Implementation intentions link specific contexts/exposures with behavioural 

goals (Gollwitzer, 1999), enabling individuals to link situations and environments from 

their everyday life with their personal goals. In doing so, this may enable individuals to 

be reminded of their healthy eating goals as they move through their daily lives.  

The nature of momentary factors which have been shown to prompt eating (e.g., 

having food available, being around others, experiencing negative affect), means that 

the contexts and situations an individual is exposed to fluctuate throughout the day. In 

order to account for the fluctuating presence/absence of cues, dietary interventions 

would benefit from targeting the momentary cues underlying an individual’s 

discretionary food intake. Such interventions have been used in smoking cessation 

studies (e.g., Q-Sense; Naughton et al., 2016). Q-Sense is a mHealth app which 

identifies high-risk locations for smoking and creates geo-fenced cessation support; 

enabling real-time, personalised intervention support when it is most relevant to the 

individual (Naughton et al., 2016). However, such apps have not yet been applied in 

dietary interventions. Future dietary interventions could benefit from applying an 

mHealth framework to understand the idiosyncratic determinants of eating, and 

proactively feedback this information to individuals, thereby disrupting the cue-

response mechanisms underlying discretionary food intake.  

As outlined in Chapter 5, the immediate environment can be used to predict 

discretionary food intake. Therefore, certain environments can stimulate hunger and 

impulsive eating, specifically, being in close proximity to food outlets is associated with 

discretionary food intake (Elliston et al., 2020). There is some evidence to suggest there 
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are weight-related differences in individuals’ environmental exposures (e.g., Burgoine 

et al., 2017; Franja et al., 2020: included in Appendix 6.2). Dietary interventions may 

have greater success if they were both tailored to the individual and take environmental 

influences on eating into consideration. It may be possible for future mHealth 

interventions to automate this process, but as stated in Section 5.6, for now, we have to 

rely on self-reported exposures to food cues.  

In order to assess and intervene when individuals are exposed to food cues, we 

designed an mHealth dietary app (called MunchIO: See Appendix 6.1 for the study 

protocol). The aim of MunchIO is to use idiosyncratic cues to issue personalised dietary 

support when individuals are most likely to consume discretionary foods. Similar to the 

EMA studies presented in this thesis, participants would record their snack intake and 

respond to randomly-timed assessments each day. The app would use this information 

to identify users’ top three cue exposures that are associated with their discretionary 

food intake. The cue exposures would prompt users to generate implementation 

intentions to develop plans to maintain a healthy diet focusing on reducing discretionary 

food consumption.  

MunchIO, and similar dietary apps could be a way for future dietary 

interventions to target individual-level health messages. As discussed in Section 1.7.2, 

mHealth apps create cost effective, accessible behaviour change interventions, with the 

potential to personalise content to the individual user. Furthermore, mHealth technology 

could allow for a more fine-grained understanding of the triggers underlying 

discretionary food intake across a variety of individuals. mHealth technology could be 

integrated with BCTs to allow for personalised, evidence-based, real-time interventions.  
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6.3.2 Targeting food cues within the home 

The home environment may be a potential target for dietary interventions (see 

Section 1.5.5 for an outline of Glanz et al.’s 2005 model of the nutrition environment). 

Previous research has found that the homes of individuals with obesity tend to have 

more cues for eating. For example, they tend to have a greater variety and visibility of 

unhealthy foods, than households with individuals who have lower BMIs (Emery et al., 

2015; Gorin et al., 2011). Findings from this thesis suggest that having discretionary 

food available and accessible serves as a cue for its consumption. In terms of promoting 

healthy dietary intake, reducing the availability of unhealthy food whilst simultaneously 

increasing the number of healthy products encourages individuals to consume more fruit 

and vegetables (Trapp et al., 2015).  

Reducing food-related cues in the home begins when individuals shop for 

groceries. Making healthier food purchases at the supermarket enables individuals to 

control the availability– and therefore food-related cues– in their home environment 

(Trapp et al., 2015). Offering discounts, placing fruit and vegetable at the end of 

checkout aisles, and training supermarket staff to suggestively sell such products, has 

been found to increase fruit and vegetable purchases (e.g., Payne & Niculescu, 2018; 

Polascek et al., 2018). Such techniques may be a way to get more healthy food options 

into individuals’ homes.  

Further, changes within the home environment itself can be used to nudge 

individuals towards healthier food choices. Controlling exposures to food-related cues 

by restructuring the environment is an aspect of behavioural therapy (for an overview of 

behavioural approaches to the treatment of obesity see Wing, 2004). Health campaigns 

could promote these strategies to the public (see Section 6.3.4 below, for an overview of 

implications for future public health initiatives). For example, providing education on 

how to prepare simple, low-calorie foods, and to place them in prominent positions 
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within one’s home such as the refrigerator and kitchen bench. Increasing the availability 

of healthy foods options within one’s home is one way of using environmental eating 

cues to nudge people towards healthier food choices. 

 

6.3.3 Targeting urban design 

Features of the built environment such as the availability of food outlets, are 

associated with changes in food intake (outlined in Glanz et al.’s 2005 model; Section 

1.5.4). Environments where there is a high density of fast food outlets have higher rates 

of fast food consumption than environments with supermarkets and other healthy food 

alternatives (Inagami et al., 2009; Fuzhong et al., 2008; Turbutt et al., 2018). Living 

near a grocery store is associated with more daily servings of fruit and vegetables 

compared to individuals who do not live near a grocery store (Zenk et al., 2009). Such 

patterns were also found in the current thesis: Studies 3 and 4 demonstrated that the 

environment influences eating. In these studies, being in close proximity to food outlets 

was associated with a higher likelihood of discretionary food intake. Therefore, urban 

planners should consider how the nutrition environment shapes individual-level 

behaviours.  

Given the association between the food environment and eating patterns, 

restricting the number of fast food outlets may help improve population health, 

particularly among those with greater area-level disadvantage. A potential avenue for 

urban planning to reduce obesity is being considered in the United Kingdom, where 

there are discussions around restricting fast food outlets to not open within 400m of 

schools (see Smith et al., 2013, for a review of the local food environment around 

schools and adolescent diet). This may be a way to reduce environmental exposure to 

food-related cues among vulnerable youth populations and subsequently reduce 

discretionary food intake. 
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Another way to alter the environment to reduce discretionary food consumption 

is to reduce the availability of energy-dense foods in populated areas. For example, 

removing vending machines around shopping centres and workplaces would reduce 

some of the environmental temptations nudging individuals towards discretionary food 

intake. Additionally, increasing access to healthy foods renders healthy foods a more 

automatic option, therefore decreasing the need to rely on an individual’s self-

regulatory ability to refrain from unhealthy food consumption (Frye & Shapiro, 2020).  

 

6.3.4 Targeting public health messages 

The goal of public health announcements is to inform the public on risk, and 

educate individuals on how to change their behaviour to mitigate risk. Public health 

campaigns targeting eating communicate the benefits of a healthy diet (e.g., the Eat for 

Health campaign: Australian Government, 2015), and highlight simple ways to change 

eating behaviour (e.g., the ‘Swap it don’t stop it' campaign; 

https://www.youtube.com/watch?v=AFWM97GelPc, or the ‘Try for 5’ campaign: 

(Nutrition Australia, 2016). Although informing individuals on risk is a step towards 

motivating people to change, providing information alone insufficient to change 

behaviour. Indeed, O'Hara et al.’s (2016) review on Australian mass media healthy 

eating campaigns suggests that creating awareness of lifestyle-related health behaviours 

is not sufficient to nudge behaviour change. Findings from this thesis suggest that 

individuals’ intentions have minimal impact on real-time behavioural decisions such as 

food intake. Future research on public health interventions may wish to explore the 

societal influences surrounding eating, including food-related advertisements in the 

nutrition environment (see Figure 6.2).  

As outlined by Glanz et al.’s (2005) model of the nutrition environment, food-

related advertisements impact on individuals’ health behaviours (see Section 1.5.6 for 
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an overview of the consumer nutrition environment and eating). Food-related 

advertisements are ubiquitous; they appear on television, at sporting games and on 

public transport. Such saturation and large-scale exposure to discretionary foods can 

undermine an individual’s deliberate decision making towards healthier food options 

(Cohen & Babey, 2012). Television food-related advertisements are particularly 

successful in capturing individuals’ attention and increase their motivation to eat 

(Kemps et al., 2014). A reduction in food-related advertisements in the community 

would contribute towards decreasing individuals’ exposure to food-related cues, and 

may result in a reduction in discretionary food intake. Future research should further 

explore the role of food-related advertising as a possible target for public health 

interventions.  

 

 

Figure 6.2 Diagram outlining the levels of influence underlying discretionary food 

intake that could be targets of future public health campaigns. 
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6.4 Strengths and limitations 

6.4.1 Strengths 

The studies in this thesis examined both the motivational and momentary 

determinants of discretionary food intake. This meant that we were able to examine how 

motivational influences such as an individual’s goals and intentions, interact with and 

can be overridden by momentary cues such as affect level and social and environmental 

cues such as seeing others eat, and being in close proximity to food outlets. Such 

examination was a unique approach to understanding the individual and contextual 

determinants of discretionary food intake and establishes the need for future dietary 

interventions to address momentary eating cues.  

A range of populations were examined throughout this thesis. For example, 

Study 1 examined individuals who are specifically trying to change their eating, Study 3 

examined individuals with overweight and/or obesity, and Studies 2 and 4 examined 

individuals from across the BMI range. This allowed for a greater understanding of the 

determinants of snacking across key populations dietary interventions target. 

Furthermore, all studies included sample of individuals from the community, allowing 

for greater generalisability than previous dietary research, which has traditionally 

examined younger, mainly female participants (e.g., Kaisari & Higgs, 2015; Robinson 

et al., 2013).  

All studies included in this thesis applied EMA methods to examine 

discretionary food intake. In doing so, we were able to examine individuals in their real 

environments over an extended period of time. This meant that we were able to 

overcome the key issue of ecological validity associated with laboratory research. As 

mentioned in Section 1.8.2, although the causal relationship between variables can be 

examined in laboratory settings, it is not always clear how this translates to real-world 

environments. By examining people in their usual environment, we were able to capture 



216 

 

naturally occurring variations in individuals’ experiences and examine how these 

change across a variety of contexts.  

Through using both time and event-based sampling techniques, we were able to 

monitor different contextual factors (e.g., social and environmental factors), and internal 

states (e.g., individuals affect) in the days, hours or even minutes, leading up to 

discretionary food intake. We were then able to assess how such antecedents alter the 

probability of snacking. Such information is crucial to understanding how contextual 

determinants alter the likelihood of individuals consuming discretionary foods.  

Participants in the studies included in this thesis reported on their current 

situation, activities and environmental exposures as they were making the decision to 

eat. Thereby facilitating more accurate reporting compared to having to recall such 

details retrospectively. Retrospectively recalling dietary intake is often highly 

inaccurate (e.g., Thomas et al., 2011). Asking individuals to report their dietary intake 

and contextual exposures in real-time was key to minimising recall biases and 

improving the accuracy of information reported. 

Furthermore, we were able to examine the changes in food intake across days. 

Traditional data collection methods such as cross-sectional dietary surveys such as the 

Commonwealth Scientific and Industrial Research Organisation (CSIRO) Healthy Diet 

Score (https://www.csiro.au/en/Research/Health/CSIRO-diets/Dietary-tools/CSIRO-

Healthy-Diet-Score see Hendrie et al., 2016 for recent report on this measure), cannot 

capture fluctuations in food intake between days. However, previous research suggests 

that food intake changes across days of the week (Monteiro et al., 2017). For example, 

individuals tend to eat consume more energy, calories, and alcohol on weekends 

compared to during the week (Jahns et al., 2017). This may in part be explained by 

differences in activities during the weekend, such as increased socialisation compared to 

weekdays. Being able to control for day of week is therefore an important aspect for 



217 

 

research on dieting to consider and it may impact the choice and implementation of 

dietary interventions.  

By asking participants to record their dietary intake using specially-programmed 

electronic diaries, we were able to compare objective and subjective responses for their 

accuracy. For example, comparing GPS location with self-reported location 

information. We could also use compliance with the randomly-timed assessments to 

assess participants engagement in the study protocol (across the Studies, compliance 

with the randomly-timed assessments were high: Study mean ranged between 77.96 and 

95.29%, indicating participants engaged with the study protocols well). The ability to 

verify responses with objective measurements and quantify participants engagement 

with the study protocols means that we can be more confident in the accuracy of the 

self-reported dietary information; a difficultly in other dietary studies using self-

reported information.  

 

6.4.2 Limitations 

Despite the strengths of this research, there are methodological limitations of the 

studies presented in this thesis. As participants monitored their food intake and did not 

participate in an intervention, all associations between the determinants of eating and 

discretionary food intake were correlational. This means that we were unable to separate 

out whether participants were eating because of the presence of contextual cues within 

their environment, or if they were actively seeking out environments in order to then 

eat. However, the predictors of food intake in presented in this thesis are largely 

consistent with experimental research from laboratory studies (e.g., Higgs, 2015; 

McFerran et al., 2010), suggesting our interpretation of eating cues is accurate. Future 

studies could include a qualitative component so that individuals can explain the 
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different ways they balance their dietary intentions with their desire for discretionary 

foods, especially when faced with environmental temptations.  

Despite our multi-assessment approach to classify daily food intake, our 

assessment of discretionary items was limited. For example, we did not include alcohol 

or items such as fruit and nut bars, dried fruit and potato chips. Alcohol intake in 

particular, is likely to be influenced by contextual factors such as social norms 

(Chauvin, 2011) and proximity to alcohol and tobacco outlets (West et al., 2010), and 

has recently been found to be the greatest contributor to total discretionary intake, 

especially for older age groups (Hendrie et al., 2016). By omitting these items from our 

assessments of discretionary intake, we were able to reduce participant burden, but may 

have underestimated overall discretionary intake. 

Future studies could use the Healthy Diet Score (based on the Australian dietary 

guidelines and developed by the CSIRO: 

https://www.csiro.au/en/Research/Health/CSIRO-diets/Dietary-tools/CSIRO-Healthy-

Diet-Score) to classify the health of an individual’s dietary intake compared to the 

Australian Dietary Guidelines. The assessment generates a score ranking diet quality 

from 0 to 100 (full compliance with the dietary guidelines). The diet scores can be used 

to compare diet quality both between individuals, and within an individual over time 

(e.g., in weight loss studies). Future dietary studies looking at diet quality over time 

may benefit from incorporating information from the Healthy Diet Score into the 

assessments of food intake.  

Throughout the studies incorporated in this thesis, we did not assess the portion 

size of foods participants consumed. It is possible that for some food items (e.g., a 

home-made burger), one serving would not necessarily be considered unhealthy, but if 

eaten in excessive quantities, or in large portions, it may be. Future studies could use 

photographs of food images to evaluate portion size. Indeed, the use of photography to 
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capture food intake is already underway (e.g., Christoph et al., 2017; Norman et al., 

2020). Even with the use of photographs to estimate portion sizes, calculating portion 

sizes of EMA data is difficult. Researchers would need to examine the photographs of 

the whole sample (e.g., 60 participants) for each of their food reports (e.g., 3 meals and 

2 snacks per day) over 14 days; resulting in over 4,000 images to assess; a difficult and 

time-consuming task. It is possible that future technological developments will allow 

for an easier way of assessing portion sizes.  

Throughout Studies 1-4, participants reported their food intake via self-reported 

measures. It is possible that participants may not have accurately reported what they 

were eating. For example, they may have underreported discretionary food intake in an 

attempt to avoid judgement of their eating patterns (see Hebert et al., 1995 for a review 

of social desirability bias in dietary intake measures). However, compliance with the 

randomly-timed assessments was high, suggesting participants were engaged with the 

study protocol. Furthermore, reporting discretionary foods in real-time may be less 

confronting than asking individuals to recall and tally all instances of discretionary food 

intake from throughout the day, thereby reducing concerns related to social desirability 

biases in our studies.  

By asking participants to report their food intake and presence of contextual 

cues, there is the possibility of increasing individuals’ awareness to the cues in their 

environment than they would normally be conscious of. This reactivity is could induce 

discretionary food intake beyond individual’s typical consumption levels. However, 

there is currently little evidence to suggest EMA methods induce reactivity (e.g., 

Hufford et al., 2002). Future research should continue to investigate the potential for 

reactivity in dietary-based EMA research.  

It is possible there is a difference between eating decisions and eating 

behaviours. In Studies 1-4, we assessed individuals’ decision to eat which we then 
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interpreted as reflecting their food intake. It is possible that such post hoc assessments 

of eating decisions may not correspond with the cues which were present at the time of 

eating. Nevertheless, as we were interested in the presence of cues that prompt food 

intake, assessing the presence of cues at the time individuals decided to eat is an 

appropriate way to assess exposure to food-related cues. Future research should explore 

whether there are any differences in foods chosen between when individuals make the 

decision to eat and their subsequent eating behaviour.  

Finally, the momentary-level factors explored in this thesis are not 

comprehensive. It is possible that key momentary cues and other contextual factors that 

may impact eating decisions were not assessed. For example, the relationship between 

affect and eating warrants further exploration (see Section 6.2 for an overview of the 

research exploring affect and eating). Additionally, exploring cues such as the role of 

food advertising on eating would allow for greater understanding of how attentional 

processes shape food intake. A more comprehensive assessment of momentary 

predictors of food intake would allow for further identification of targets for dietary 

interventions.  

 

6.5 Conclusions 

This thesis has used an EMA design across four complimentary studies to 

explore the individual and contextual determinants of discretionary food intake. Results 

from Studies 1-4 suggest discretionary food intake is largely prompted by contextual 

determinants such as experiencing negative affect, the presence of social cues, and 

environmental cues such as the availability of food and proximity to food outlets. 

Stable, individual-level determinants such as individuals’ intention, behavioural pre-

potency and self-regulation were less important in prompting momentary food intake.  
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Taken together, the findings from this thesis serve to identify potential 

interventions for dietary change. These include reminding individuals of their dietary 

goals through the use of implementation intentions to facilitate better adherence to 

dietary goals when facing temptations to eat. In terms of public health messages, 

education on healthy food choices alone may be insufficient to modify individuals’ 

dietary intake. Both the home and built environments can be targets for change, through 

increasing the availability of healthy food options, reducing food-related 

advertisements, and placing restrictions on the number of new food outlets within 

vulnerable areas. A combination of these approaches may reduce the impact of 

discretionary food intake on both individual and population-level health outcomes. 
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Daily goal conflict and adherence to dieting goals: An ecological momentary 

assessment study 

 

Katherine Elliston1, Benjamin Schüz2, Stuart G Ferguson1 

1 University of Tasmania, Australia 

2 University of Bremen, Germany 

 

Background: Reducing discretionary food intake— “snacking”— is an integral part of 

dieting. However, individuals may experience difficulties in reducing their snacking due 

to self-regulatory problems arising from conflicts between dieting and other personal 

goals. Here, we examine the impact of goal conflict on snacking during two weeks of 

dieting. 

Method: At baseline, 94 dieters completed an assessment of goals using Little’s 

personal project analysis. Participants identified 7 goals; one of which was pre-defined 

as adhering to diet. Over the beginning 14 days of their diet, participants recorded their 

food in real-time using an electronic diary. Every evening, participants reported the 

goals they had engaged in and which goals conflicted or facilitated with their dieting 

goal.  

Findings: Over the study duration, 1251 days of food intake and goal conflict were 

recorded. Participants consumed an average of 1.4 (SD= 0.8) daily snacks. 72.3% of 

people experienced at least one day of goal conflict. On 15.7% of days participants 

experienced at least one conflicting goal with their dieting goal. The number of snacks 

did not differ between days when conflict with the dieting goal was experienced and 

days without goal conflict. The likelihood of experiencing conflict with the dieting goal 

did not change over the study.  
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Discussion: Examining the day-to-day changes in goal conflict is an important step in 

understanding how individuals prioritise and manage their goals. This study suggests 

that the impact of goal conflict on dieting may not be via snacking behaviour. 

Implications for theories that include goal conflict will be discussed.  
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Appendix 2.2. Chapter 2 (Study 1): EMA questionnaire 



318 

 

Questionnaire: Wakeup Report 

Q# Type of Data Text Response type Response options Notes/skip patterns 

1 Question 

Good Morning! How long ago did you 

wake up? 

Push Button 

(pick one) 

1. <15 mins, 

2. 15 - 30 mins 

3. 30 - 60 mins 

4. >60 mins  

 Instruction 

The following questions refer to events 

occurring since the last morning report:    

2 Question 

Have you consumed any meals but NOT 

yet entered? If yes, how many? Spinner 0-10+  

3 Question 

Have you consumed any snacks but NOT 

yet entered? If yes, how many? Spinner 0-10+  

4 Question 

Have you consumed any drinks but NOT 

yet entered? If yes, how many? Spinner 0-10+  
5 Question Do you currently crave food? Slider 0-100 (with No!!-Yes!! anchors)  

 

Main Menu: Food Log 

Q# Type of Data Text Response type Response options Notes/skip patterns 

0 GPS    

GPS location of 

participants at time of 

log start 

0 Photo    

Participants take 

photograph of their 

food 
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1 Question What type of food? 

Push Button 

(pick all that 

apply) 

1. Fruit and vegetable  

2. Starchy Foods 

3. Fish 

4. Red Meat 

5. Poultry 

6. Cheese 

7. Sweets or Chocolate 

8. Cake, Scone, Sweet Pies, 

Danish 

9. Biscuits 

10. Ice Cream 

11. Crisps, Savoury Snacks  

2 Question Consumed a drink with your meal? 

Push Button 

(pick one) 

1. Yes 

2. No  

3 Question What type of drink 

Check Box (all 

that apply) 

Coffee 

Tea 

Milk 

Alcohol 

Energy drink 

Normal soft drink/fizzy drink 

Calorie-reduced soft drink/fizzy 

drink 

Juice 

Water 

Other Ask only if Q2= yes 

4 Question How many drinks in last 15 minutes? Spinner 1-5+ 

Ask only if Q3= 

drinking alcohol 

5 Question Do you feel intoxicated/drunk? Slider 0-100 (with No!!-Yes!! anchors) 

Ask only if Q3= 

drinking alcohol 
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 Instruction 

Remaining items refer to the situation 

where you first decided to eat    

 Header FEELING:    

6 Question Alert? Slider 0-100 (with No!!-Yes!! anchors)  

7 Question Angry/frustrated? Slider 0-100 (with No!!-Yes!! anchors)  

8 Question Bored? Slider 0-100 (with No!!-Yes!! anchors)  
9 Question Calm/relaxed? Slider 0-100 (with No!!-Yes!! anchors)  

10 Question Able to focus? Slider 0-100 (with No!!-Yes!! anchors)  

11 Question Happy? Slider 0-100 (with No!!-Yes!! anchors)  

12 Question Irritable? Slider 0-100 (with No!!-Yes!! anchors)  
13 Question Stressed? Slider 0-100 (with No!!-Yes!! anchors)  
14 Question Restless? Slider 0-100 (with No!!-Yes!! anchors)  
15 Question Sad? Slider 0-100 (with No!!-Yes!! anchors)  

16 Question Energy level? 

Push Button 

(pick one) 

1.Very low 

2. Low 

3. Moderate 

4. High 

5. Very high  

17 Question Overall feeling? 

Push Button 

(pick one) 

1. Very bad 

2. Bad 

3. Neutral 

4. Good 

5. Very good  

 Header WHEN YOU DECIDED TO EAT:    
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18 Question Location? 

Push Button 

(pick one) 

1.Home 

2. Workplace 

3. Other's home 

4. Bar 

5. Restaurant  

6. Vehicle 

7. Outside 

8. Between Places 

9. Other  

19 Question Food available? 

Check Box (all 

that apply, but 

see note) 

None 

Confectionary 

Savoury 

Dairy 

Biscuits/cakes/pastries 

Fast food 

Other 

Don’t allow no + any 

other option 

20 Question 

From where you are NOW, can you walk 

in 5 min or see… 

Check Box (all 

that apply) 

Franchised Fast Food  

Other Fast Food 

Sit-down Restaurant 

Supermarket 

Smaller food Shop  

Convenience Store 

Specialty Food Shop 

Chemist or Bargain Shop  

21 Question With others? 

Check Box (all 

that apply, but 

see note) 

Alone 

Friends 

Acquaintances 

Family members 

Co-workers 

Romantic partner 

Don't allow alone + any 

other option 
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22 Question People eating? 

Check Box (all 

that apply, but 

see note) 

No 

In my group,  

In view 

Don’t allow no + any 

other option 

23 Question Activities? 

Check Box (all 

that apply) 

Working/chores 

Inactive/leisure 

Interacting with others 

Between activities 

Other activities  

24 Question Type of work? 

Push Button 

(pick one) 

1. Job, School 

2. House/Personal 

3. Other 

Ask only if Q23= 

working/chores 

25 Question Type of inactivity/leisure? 

Push Button 

(pick one) 

1. Media  

2. Hanging out 

3. Hobbies 

4. Sports/Exercise 

5. Reading 

6. Waiting 

7. Doing nothing 

8. Other 

Ask only if Q23= 

inactivity/leisure 

26 Question Type of interaction with others? 

Push Button 

(pick one) 

1. Socializing 

2. For business 

3. Household issues 

4. Arguing 

5. Other interaction 

Ask only if Q23= 

interacting with others 

27 Question Is it socially acceptable to eat right now? Slider 0-100 (with No!!-Yes!! anchors)  

28 Question 

Do you think the people with you would 

approve of eating right now? Slider 0-100 (with No!!-Yes!! anchors) Don’t ask if Q21= alone 
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29 Question 

Have the people with you right now 

encouraged you to eat? Slider 0-100 (with No!!-Yes!! anchors) Don’t ask if Q21= alone 

30 Question 

From where you are now, what food or 

beverage-related advertisements can you 

see? 

Push Button 

(pick all that 

apply but see 

note) 

1. None 

2. Media advertisements 

a. TV 

b. Radio 

c. Social media 

3. Poster advertisements 

a. Billboards 

b. Other outdoor signs 

4. Advertisements on vehicles 

a. Food vans 

b. Trucks 

c. Cars 

d. Buses 

5. Other 

Show options with 

numbers, and then 

expand a,b,c etc. if 

option selected. Don't 

allow none + any other 

option 

 

Main Menu: Drink log 

Q# Type of Data Text Response type Response options Notes/skip patterns 

0 GPS    

GPS location of 

participant at log start 

1 

Question Drink 
Push Button 

(pick one) 

1.Coffee 

2. Tea 

3. Milk 

4. Alcohol 

5. Energy drink 

6. Normal soft drink/fizzy drink 

7. Calorie-reduced soft drink/fizzy 

drink 

*Only proceed to rest of 

questions if report drink 

with high energy 

content (i.e. if report 

caffeine/alcohol/energy 

drink) 
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8. Juice 

9. Water 

10. Other 

 Header ABOUT THIS DRINK EPISODE:    

2 Question How many standard drinks? Spinner 0-10+ 

Ask only if Q1= 

alcohol 

3 Question Intoxicated/drunk? Slider 0-100 (with No!!-Yes!! anchors) 

Ask only if Q1= 

alcohol 

 Instruction 

Remaining items refer to the situation 

where you first decided to drink    

 Header FEELING:    
4 Question Alert? Slider 0-100 (with No!!-Yes!! anchors)  
5 Question Angry/frustrated? Slider 0-100 (with No!!-Yes!! anchors)  
6 Question Bored? Slider 0-100 (with No!!-Yes!! anchors)  
7 Question Calm/relaxed? Slider 0-100 (with No!!-Yes!! anchors)  
8 Question Able to focus? Slider 0-100 (with No!!-Yes!! anchors)  
9 Question Happy? Slider 0-100 (with No!!-Yes!! anchors)  
10 Question Irritable? Slider 0-100 (with No!!-Yes!! anchors)  
11 Question Stressed? Slider 0-100 (with No!!-Yes!! anchors)  
12 Question Restless? Slider 0-100 (with No!!-Yes!! anchors)  

13 Question Sad? Slider 0-100 (with No!!-Yes!! anchors)  

14 Question Energy level? 

Push Button 

(pick one) 

1. Very low 

2. Low 

3. Moderate 

4. High 

5. Very high  

15 Question Overall feeling? 

Push Button 

(pick one) 

1.Very bad 

2. Bad 

3. Neutral  
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4. Good 

5. Very good 

 Header WHEN YOU DECIDED TO DRINK:    

16 Question Location? 

Push Button 

(pick one) 

1. Home 

2. Workplace 

3. Other's home 

4. Bar 

5. Restaurant 

6. Vehicle 

7. Outside 

8. Other  

17 Question Food available? 

Check Box (all 

that apply, but 

see note) 

None 

Confectionary 

Savoury 

Dairy 

Biscuits/cakes/pastries 

Fast food 

Other 

Don’t allow none + any 

other option 

18 Question 

From where you are NOW, can you walk 

in 5 min or see… 

Check Box (all 

that apply) 

Franchised Fast Food 

Other Fast Food 

Sit-down Restaurant 

Supermarket  

Smaller food Shop 

Convenience Store 

Specialty Food Shop 

Chemist or Bargain Shop  

19 Question With others? 

Check Box (all 

that apply, but 

see note) 

Alone 

Friends 

Acquaintances 

Family members 

Don't allow alone + any 

other option 
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Co-workers 

Romantic partner 

20 Question People drinking? 

Check Box (all 

that apply, but 

see note) 

No 

In my group 

In view 

Don’t allow no + any 

other option 

21 Question Activities? 

Check Box (all 

that apply) 

Working/chores 

Inactive/leisure  

Interacting with others 

Between activities 

Other activities  

22 Question Type of work? 

Push Button 

(pick one) 

1. Job 

2. School 

3. House/Personal 

4. Other 

Ask only if Q21= 

working/chores 

23 Question Type of inactivity/leisure? 

Push Button 

(pick one) 

1. Media 

2. Hanging out 

3. Hobbies 

4. Sports/Exercise 

5. Reading 

6. Waiting 

7. Doing nothing 

8. Other 

Ask only if Q21= 

inactivity/leisure 

24 Question Type of interaction with others? 

Push Button 

(pick one) 

1. Socializing 

2. For business 

3. Household issues 

4. Arguing 

5. Other interaction 

Ask only if Q21= 

interacting with others 

25 Question Is it socially acceptable to drink right now? Slider 0-100 (with No!!-Yes!! anchors)  
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26 Question 

Do you think the people with you would 

approve of drinking right now? Slider 0-100 (with No!!-Yes!! anchors) Don’t ask if Q19= alone 

27 Question 

Have the people with you right now 

encouraged you to drink? Slider 0-100 (with No!!-Yes!! anchors) Don’t ask if Q19= alone 

28 Question 

From where you are now, what food or 

beverage-related advertisements can you 

see? 

Push Button 

(pick all that 

apply but see 

note) 

1. None 

2. Media advertisements 

a. TV 

b. Radio 

c. Social media 

3. Poster advertisements 

a. Billboards 

b. Other outdoor signs 

4. Advertisements on vehicles 

a. Food vans 

b. Trucks 

c. Cars 

d. Buses 

5. Other 

Show options with 

numbers, and then 

expand a,b,c etc. if 

option selected. Don't 

allow none + any other 

option 

 

Questionnaire: Random Prompts 

Q# Type of Data Text Response type Response options Notes/skip patterns 

 Instruction ABOUT YOUR LAST FOOD/DRINK:    

1 Question How long ago did the event occur? 

Push Button 

(pick one) 

1. 0-10 mins 

2. 10-30mins 

3. 30-60 mins 

4. 1-2hours 

5. 2-3 hours  
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6. >3hours 

2 Question Was the food/drink satisfying? Slider 0-100 (with No!!-Yes!! anchors)  

3 Question Was the food/drink enjoyable/pleasing? Slider 0-100 (with No!!-Yes!! anchors)  

4 Question How much did you consume? 

Push Button 

(pick one) 

1. More than usual 

2. Same as usual 

3. Less than usual  

 Header RIGHT NOW:    

5 Question Alert? Slider 0-100 (with No!!-Yes!! anchors)  

6 Question Angry/frustrated? Slider 0-100 (with No!!-Yes!! anchors)  

7 Question Bored? Slider 0-100 (with No!!-Yes!! anchors)  

8 Question Calm/relaxed? Slider 0-100 (with No!!-Yes!! anchors)  

9 Question Able to focus? Slider 0-100 (with No!!-Yes!! anchors)  

10 Question Happy? Slider 0-100 (with No!!-Yes!! anchors)  

11 Question Irritable? Slider 0-100 (with No!!-Yes!! anchors)  

12 Question Stressed? Slider 0-100 (with No!!-Yes!! anchors)  
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13 Question Restless? Slider 0-100 (with No!!-Yes!! anchors)  

14 Question Sad? Slider 0-100 (with No!!-Yes!! anchors)  

15 Question Energy level? 

Push Button 

(pick one) 

1. Very low 

2. Low 

3. Moderate 

4. High 

5. Very high  

16 Question Overall feeling? 

Push Button 

(pick one) 

1. Very bad 

2. Bad 

3. Neutral 

4. Good 

5. Very good  

 Header RIGHT NOW:    

17 Question Location? 

Push Button 

(pick one) 

1. Home 

2. Workplace 

3. Other's home 

4. Bar 

5. Restaurant 

6. Vehicle 

7. Outside 

8. Other  

18 Question 

From where you are NOW, can you walk 

in 5 min or see… 

Check Box (all 

that apply, but 

see note) 

Franchised Fast Food  

Other Fast Food  

Sit-down Restaurant 

Smaller food Shop  

Convenience Store 

Specialty Food Shop  

Chemist or Bargain Shop  
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19 Question Food available? 

Check Box (all 

that apply, but 

see note) 

No 

Candy Bar 

Chocolate 

Other confectionary 

Chips 

Cheese 

Cracker 

Fruit/Nuts 

Dairy 

Biscuits/cakes/pastries 

Fast food 

Other 

Don’t allow no + any 

other option 

20 Question With others? 

Check Box (all 

that apply, but 

see note) 

Alone 

Friends 

Acquaintances 

Family members 

Co-workers 

Romantic partner 

Don't allow alone + any 

other option 

21 Question People eating? 

Check Box (all 

that apply, but 

see note) 

No 

In my group  

In view 

Don’t allow no + any 

other option 

22 Question Activities? 

Check Box (all 

that apply) 

Working/chores 

Inactive/leisure 

Interacting with others 

Between activities 

Other activities  

23 Question Type of work? 

Push Button 

(pick one) 

1. Job 

2. School 

3. House/Personal 

4. Other 

Ask only if Q22= 

working/chores 
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24 Question Type of inactivity/leisure? 

Push Button 

(pick one) 

1. Media 

2. Hanging out 

3. Hobbies 

4. Sports/Exercise 

5. Reading 

6. Waiting 

7. Doing nothing 

8. Other 

Ask only if Q22= 

inactivity/leisure 

25 Question Type of interaction with others? 

Push Button 

(pick one) 

1. Socializing 

2. For business 

3. Household issues 

4. Arguing 

5. Other interaction 

Ask only if Q22= 

interacting with others 

26 Question 

Would you like to eat right now but think 

that you shouldn't? Slider 0-100 (with No!!-Yes!! anchors)  

25 Question 

Is it socially acceptable to eat or drink 

right now? Slider 0-100 (with No!!-Yes!! anchors)  

26 Question 

Do you think the people with you would 

approve of eating or drinking right now? Slider 0-100 (with No!!-Yes!! anchors) Don’t ask if Q20= alone 

27 Question 

Have the people with you right now 

encouraged you to eat or drink? Slider 0-100 (with No!!-Yes!! anchors) Don’t ask if Q20= alone 
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28 Question 

From where you are now, what food or 

beverage-related advertisements can you 

see? 

Push Button 

(pick all that 

apply but see 

note) 

1. None 

2. Media advertisements 

a. TV 

b. Radio 

c. Social media 

3. Poster advertisements 

a. Billboards 

b. Other outdoor signs 

4. Advertisements on vehicles 

a. Food vans 

b. Trucks 

c. Cars 

d. Buses 

5. Other 

Show options with 

numbers, and then 

expand a,b,c etc. if 

option selected. Don't 

allow none + any other 

option 

 

Questionnaire: Evening Report 

Q# Type of Data Text Response type Response options Notes/skip patterns 

 Instruction 

The following questions refer to events 

occurring since the last morning report:    

1 Question How many meals consumed today? Spinner 0-10+  

2 Question How many snacks consumed today? Spinner 0-10+  

3 Question How many drinks consumed today? Spinner 0-10+  

4 Question Found yourself craving food at any stage? Slider 0-100 (with No!!-Yes!! anchors) 

If yes, go to Q5 then Q6 

If no, skip to question 7 

5 Question Was the craving intense? Slider 0-100 (with No!!-Yes!! anchors)  
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6 Question What type of food were you craving? 

Push Button 

(pick one) 

1. Candy Bar 

2. Chocolate 

3. Other Confectionary 

4. Chips 

5. Cheese 

6. Cracker 

7. Fruit/Nuts 

8. Dairy 

9. Biscuits/cakes/pastries 

10. Fast food 

11. Other  

7 Question Overall feeling 

Push Button 

(pick one) 

1. Very bad 

2. Bad 

3. Neutral 

4. Good 

5. Very good  

8 Question Energy level? Slider 0-100 (with No!!-Yes!! anchors)  

9 Question Able to control important things? Slider 0-100 (with No!!-Yes!! anchors)  

10 Question Able to handle personal problems? Slider 0-100 (with No!!-Yes!! anchors)  
11 Question Nervous / stressed? Slider 0-100 (with No!!-Yes!! anchors)  

12 Question Things going your way? Slider 0-100 (with No!!-Yes!! anchors)  

13 Question Unexpected things upset you? Slider 0-100 (with No!!-Yes!! anchors)  

14 Question Upset by things outside of your control? Slider 0-100 (with No!!-Yes!! anchors)  

15 Question Meals consumed but NOT yet entered? Spinner 0-5+  

16 Question Snacks consumed but NOT yet entered? Spinner 0-10+  

17 Question Drinks consumed but NOT yet entered? Spinner 0-10+  
18 Question Felt like eating but didn’t'? Slider 0-100 (with No!!-Yes!! anchors)  



334 

 

19 Question Exercised today? 

Push Button 

(pick one) 

1. No 

2. Yes  

20 Question How long did you exercise for? 

Push Button 

(pick one) 

1. 0-10mins 

2. 10-30mins 

3. 30mins-1hour 

4. 1-2hours 

5. 2-3 hours 

6. >3hours *ask only if Q19= yes 

 Instruction 

The following questions refer to each 

episode (activity) you have done today 

and what goals were involved.     

 Instruction 

Refer to your personal projects list for the 

number corresponding with your goals    

21 Question 6-9am: Goals involved? 

Push Button 

(pick several) 

Goal 1 

Goal 2 

Goal 3 

Goal 4 

Goal 5 

Goal 6 

Goal 7 

*repeat for each time 

period (9-12noon, 12-

3pm, 3-6pm). 

22  6-9am: Goal conflict? 

Push Button 

(pick several) 

*response options will include only 

the goals participants identified in 

Q21 

*repeat for each time 

period (9-12noon, 12-

3pm, 3-6pm). 

23  6-9am: Goal facilitation? 

Push Button 

(pick several) 

*response options will include only 

the goals participants identified in 

Q21 

*repeat for each time 

period (9-12noon, 12-

3pm, 3-6pm). 
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Appendix 2.3. Chapter 2 (Study 1): Baseline questionnaire 
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Q# Question Response options 

1 Gender 

Male 

Female 

2 What is your ethnicity/ancestry? 

Caucasian/European 

Aboriginal 

Torres Strait Islander 

Other  

(Please choose all that apply) 

3 What is the highest level of education that you have completed? 

Year 10 or less 

Year 12 (or equivalent) 

Some university 

Graduated university 

Graduated TAFE 

No answer 

4 What diet are you attempting? (Enter text) 

5 What is the reason you are dieting? 

To lose weight 

To maintain weight 

Other 

6 Do you do your own cooking/meal preparation at home? 

(Choose one of the following answers) 

Rarely or none of the time 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week) 

7 How often do you ‘eat out’ (e.g., at a restaurant/café, etc.)?  

(Choose one of the following answers) 

Rarely or none of the time 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week) 

8 

How often do you eat ‘take away’ or ‘fast food’ (e.g., McDonalds, 

Hungry Jacks, Subway)? 

(Choose one of the following answers) 

Rarely or none of the time 
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Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week) 

Please select the option from the following statement that best describes you 

9 When I am doing well at something I love to keep at it 

Very true for me 

Somewhat true for me 

Somewhat false for me 

Very false for me 

10 When I get something I want, I feel excited and energised 

Very true for me 

Somewhat true for me 

Somewhat false for me 

Very false for me 

11 

When I see an opportunity for something I like I get excited right 

away 

Very true for me 

Somewhat true for me 

Somewhat false for me 

Very false for me 

12 When good things happen to me, it affects me strongly 

Very true for me 

Somewhat true for me 

Somewhat false for me 

Very false for me 

13 

I feel worried when I think I have done poorly at something 

important 

Very true for me 

Somewhat true for me 

Somewhat false for me 

Very false for me 

14 It would excite me to win a contest 

Very true for me 

Somewhat true for me 

Somewhat false for me 

Very false for me 

For each of the following statements, please indicate if you felt this way during the past week 

15 I was bothered by things that usually don’t bother me Rarely or none of the time (less than 1 day) 
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Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week) 

16 I had trouble keeping my mind on what I was doing 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

17 I felt depressed 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

18 I felt that everything I did was an effort 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

19 My sleep was restless 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

20 I was happy 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

21 I felt lonely 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

22 I felt hopeful about the future 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 
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Most of the time (5-7 days a week 

23 I felt fearful 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

24 I could not get going 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

Please indicate how much you agree with the following statements 

25 

I find myself thinking about food even when I am not physically 

hungry 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

26 

I get more pleasure from eating than I do from almost anything 

else 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

27 If I see or smell a food I like, I get a powerful urge to have some 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

28 

When I’m around a fattening food I love, it’s hard to stop myself 

from at least tasting it 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 
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29 It’s scary to think of the power that food has over me 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

30 

When I know a delicious food is available, it’s hard to stop myself 

from thinking about having some 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

31 

I love the taste of certain foods so much that I can’t avoid eating 

them, even if they’re bad for me 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

32 Just before I taste a favourite food, I feel intense anticipation 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

Please indicate the extent to which you agree that the following items describe you 

33 When I eat a delicious food, I focus a lot on how food it tastes 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

34 

Sometimes, when I’m doing everyday activities, I get an urge to et 

“out of the blue” (for no apparent reason) 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 
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I strongly agree 

35 I think I enjoy eating a lot more than most other people 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

36 

Hearing someone describe a great meal makes me really want to 

have something to eat 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

37 It seems like I have food on my mind a lot 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

38 

It is very important to me that the foods I eat are as delicious as 

possible 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

39 Before I eat a favourite food, my mouth tends to fill with saliva 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

The next questions ask about your eating habits in the past year. People sometimes have difficulty controlling their intake of certain foods such as:  

-Sweets like ice cream, chocolate, donuts, cookies, cake, candy; 

-Starches like white bread, rolls, pasta and rice; 

-Salty snacks like chips, pretzels and crackers; 
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-Fatty foods like steak, bacon, hamburgers, cheeseburgers, pizza and French fries; 

-Sugary drinks like soft drinks, red bull. 

When the following questions ask about ‘certain foods’, please think of ANY foods similar to those listed above, or any other foods you have had a 

problem with in the past year 

40 

I find that when I start eating certain foods, I end up eating much 

more than planned 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

41 

I find myself continuing to consume certain foods, even when I am 

no longer hungry 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

42 I eat to the point where I feel physically ill 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

43 

Not eating certain types of food, or cutting down on certain types 

of food, is something that I worry about 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

44 I spend a lot of time feeling sluggish or fatigued from overeating 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

45 I find myself constantly eating certain foods throughout the day Never 
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Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

46 

I find that when certain foods are not available, I will go out of my 

way to obtain them. For example, I will drive to the store to 

purchase certain foods, even though I have other options available 

to me at home 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

47 

There have been times when I’ve consumed certain foods so often 

or in large quantities, that I started to eat food instead of working, 

spending time with my family or friends, or engaging in other 

important activities that I enjoy 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

48 

There have been times when I’ve avoided professional or social 

situations where certain foods are available, because I was afraid I 

would overeat 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

49 

There have been times when I’ve avoided professional or social 

situations because I was not about to consume certain foods there 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

50 

I have had withdrawal symptoms such as agitation, or other 

physical symptoms when I cut down or stopped eating certain 

foods (please do not include withdrawal symptoms caused by 

cutting down caffeinated beverages such as soft drink, coffee, tea, 

energy drinks etc.) 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 
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51 

I have found that I have elevated desire for or urges to consume 

certain foods when I cut down or stop eating them 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

52 

My behaviour with respect to food and eating causes me 

significant distress 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

53 

I experience significant problems in my ability to function 

effectively (daily routine, job, school, social activities, family 

activities, health difficulties) because of food and eating 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

Please select the option from the following scale that best describes how often you have felt/behaved this way in the last 12 months 

54 

My food consumption has caused significant psychological 

problems such as depression, self-loathing, anxiety, or guilt 

No 

Yes 

55 

My food consumption has caused significant physical problems or 

made a physical problem worse 

No 

Yes 

56 

I kept consuming the same types of food or the same amount of 

food even though I was having emotional and/or physical problems 

No 

Yes 

57 

Over time, I have found that I need to eat more and more to get the 

feeling I want, such as reduced negative emotions, or increased 

pleasure 

No 

Yes 

58 

I have found that eating the same amount of food does not reduce 

my negative emotions or increase pleasurable feelings the way it 

used to 

No  

Yes 

59 I want to cut down or stop eating certain kinds of food 

No 

Yes 
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Please select the option from the following scale that best describes how often you have felt/behaved in this way in the last 12 months 

60 

How many times in the past year did you try to cut down or stop 

eating certain foods altogether? 

None 

One time 

Two times 

Three times 

Four times 

Five or more times 

The next two questions relate to healthy food choices- this means choosing, for example, a low calorie option (e.g., an apple) over a high-calorie option 

(e.g., a chocolate bar) when you decide to have a meal or snack. Imagine yourself in that situation, and think about the outcomes of your food choice 

61 

If you were to experience costs from making a healthy food choice, 

when do you think you would notice them? 

When I am thinking about whether or not to make a healthy food choice 

When I make the decision to make a healthy food choice 

While I am getting ready to make a healthy food choice 

While I am making a healthy food choice 

After making a healthy food choice once 

After making healthy food choices regularly for a week 

After making healthy food choices regularly for a year 

After making healthy food choices regularly for several years 

After making healthy food choices regularly for several decades 

62 

If you were to experience benefits from making a healthy food 

choice, when do you think you would notice them? 

When I am thinking about whether or not to make a healthy food choice 

When I make the decision to make a healthy food choice 

While I am getting ready to make a healthy food choice 

While I am making a healthy food choice 

After making a healthy food choice once 

After making healthy food choices regularly for a week 

After making healthy food choices regularly for a year 

After making healthy food choices regularly for several years 

After making healthy food choices regularly for several decades 

The next questions are about whether you have intentions or plans to change your diet in the future 

63 I intend to make more healthy food choices 

Strongly disagree 

Disagree 
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Neither agree not disagree 

Agree 

Strongly agree 

64 

I am confident that I could make more healthy food choices even if 

it was difficult 

Strongly disagree 

Disagree 

Neither agree not disagree 

Agree 

Strongly agree 

65 

I have made a detailed plan on when, where and how to implement 

more healthy food choices 

Strongly disagree 

Disagree 

Neither agree not disagree 

Agree 

Strongly agree 

66 

I have made a detailed plan on how to make healthy food choices 

even if something gets in the way 

Strongly disagree 

Disagree 

Neither agree not disagree 

Agree 

Strongly agree 

The next questions are about yourself. Using the scale provided, please indicate how much each of the following statements reflects how you typically 

are 

67 I am good at resisting temptation 

1- Not at all 

2 

3 

4 

5- Very much 

68 I have a hard time breaking bad habits 

1- Not at all 

2 

3 

4 

5- Very much 
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69 I am lazy 

1- Not at all 

2 

3 

4 

5- Very much 

70 I say inappropriate things 

1- Not at all 

2 

3 

4 

5- Very much 

71 I do certain things that are bad for me if they are fun 

1- Not at all 

2 

3 

4 

5- Very much 

72 I refuse things that are bad for me 

1- Not at all 

2 

3 

4 

5- Very much 

73 I wish I had more self-discipline 

1- Not at all 

2 

3 

4 

5- Very much 

74 People would say that I have iron self-discipline 

1- Not at all 

2 

3 

4 

5- Very much 
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75 Pleasure and fun sometimes keep me from getting work done 

1- Not at all 

2 

3 

4 

5- Very much 

76 I have trouble concentrating 

1- Not at all 

2 

3 

4 

5- Very much 

77 I am able to work effectively towards long-term goals 

1- Not at all 

2 

3 

4 

5- Very much 

78 

Sometimes I can’t stop myself from doing something, even if I 

know it is wrong 

1- Not at all 

2 

3 

4 

5- Very much 

79 I often act without thinking through all the alternatives 

1- Not at all 

2 

3 

4 

5- Very much 

The next questions are about how you typically deal with tasks 

80 I can concentrate on one activity for a long time if necessary 

Not at all true 

Barely true 

Somewhat true 

Completely true 



349 

 

81 

When I am distracted from an activity, I don’t have any problem 

coming back to the topic quickly 

Not at all true 

Barely true 

Somewhat true 

Completely true 

82 

If an activity arouses my feelings too much, I can calm myself 

down so that I can continue with the activity soon 

Not at all true 

Barely true 

Somewhat true 

Completely true 

83 

If an activity requires a problem-oriented attitude, I can control my 

feelings 

Not at all true 

Barely true 

Somewhat true 

Completely true 

84 

It is difficult for me to suppress thoughts that interfere with what I 

need to do 

Not at all true 

Barely true 

Somewhat true 

Completely true 

85 

I can control my thoughts from distracting me from the task at 

hand 

Not at all true 

Barely true 

Somewhat true 

Completely true 

86 When I worry about something, I cannot concentrate on an activity 

Not at all true 

Barely true 

Somewhat true 

Completely true 

87 

After an interruption, I don’t have any problem resuming my 

concentrated style of working 

Not at all true 

Barely true 

Somewhat true 

Completely true 

88 

I usually have a whole bunch of thoughts and feelings that interfere 

with my ability to work in a focused way 

Not at all true 

Barely true 
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Somewhat true 

Completely true 

89 

I stay focused on my goal and don’t allow anything to distract me 

from my plan of action 

Not at all true 

Barely true 

Somewhat true 

Completely true 

Most health organisations suggest that a healthy diet is one that consists of at least five portions (servings of fruit and vegetables) per day 

90 

On how many days during the last week have you eaten at least 

five portions (servings) of fruit and vegetables 

0 out of 7 

1 out of 7 

2 out of 7 

3 out of 7 

4 out of 7 

5 out of 7 

6 out of 7 

7 out of 7 

We are interested in studying the kinds of activities and concerns that people have over the course of their lives. We call these personal projects. All of 

us have a number of personal projects at any given time that we think about, plan for, carry out and sometimes (though not always) complete.  

 

Some projects may be focused on achievement (“Getting my degree”) others on the process (“Enjoying a night out with friends”); they may be things 

we choose to do or things we have to do; they may be things we are working towards or things we are trying to avoid. Projects may be related to any 

aspect of your daily life, university, work, home, leisure and community, among others. Please think of projects in this broad way. 

 

To start, please take 5-10 minutes and write down on the following page(s) six personal projects and activities you can that you are currently engaged 

in or considering -- remember these need not be formal projects or even important ones -- we would prefer you to give us more of the everyday kinds of 

activities or concerns that characterize your life at present. 

91  

Enter text 

Project 1: Adhering to diet 

Project 2: 

Project 3: 

Project 4: 
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Project 5: 

Project 6: 

Project 7: 

If you would like to list additional projects and activities, please list them 

here. 

92 How important is adhering to diet [project 1]? 0-100 scale (0= not at all, 100= extremely) 

93 

How much do you feel you are in control of adhering to diet 

[project 1]? 0-100 scale (0= not at all, 100= extremely) 

94 

All of us have things that we do that we feel are typical or true 

expressions of ourselves. These things can be thought of as our 

‘trade marks’. For example, some people engage in sports every 

chance they get, others prefer to read, others prefer to socialise. 

Think of what your own personal ‘trade marks’ are, and then rate 

[project 1] on the extent to which it is typical of you.  0-100 scale (0= not at all, 100= extremely) 

95 How important is adhering to diet [project 2]? 0-100 scale (0= not at all, 100= extremely) 

96 How much do you feel you are in control of [project 2]? 0-100 scale (0= not at all, 100= extremely) 

97 

All of us have things that we do that we feel are typical or true 

expressions of ourselves. These things can be thought of as our 

‘trade marks’. For example, some people engage in sports every 

chance they get, others prefer to read, others prefer to socialise. 

Think of what your own personal ‘trade marks’ are, and then rate 

[project 2] on the extent to which it is typical of you. 0-100 scale (0= not at all, 100= extremely) 

98 How important is adhering to diet [project 3]? 0-100 scale (0= not at all, 100= extremely) 

99 How much do you feel you are in control of [project 3]? 0-100 scale (0= not at all, 100= extremely) 

100 

All of us have things that we do that we feel are typical or true 

expressions of ourselves. These things can be thought of as our 

‘trade marks’. For example, some people engage in sports every 

chance they get, others prefer to read, others prefer to socialise. 

Think of what your own personal ‘trade marks’ are, and then rate 

[project 3] on the extent to which it is typical of you. 0-100 scale (0= not at all, 100= extremely) 
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101 How important is adhering to diet [project 4]? 0-100 scale (0= not at all, 100= extremely) 

102 How much do you feel you are in control of [project 4]? 0-100 scale (0= not at all, 100= extremely) 

103 

All of us have things that we do that we feel are typical or true 

expressions of ourselves. These things can be thought of as our 

‘trade marks’. For example, some people engage in sports every 

chance they get, others prefer to read, others prefer to socialise. 

Think of what your own personal ‘trade marks’ are, and then rate 

[project 4] on the extent to which it is typical of you. 0-100 scale (0= not at all, 100= extremely) 

104 How important is adhering to diet [project 5]? 0-100 scale (0= not at all, 100= extremely) 

105 How much do you feel you are in control of [project 5]? 0-100 scale (0= not at all, 100= extremely) 

106 

All of us have things that we do that we feel are typical or true 

expressions of ourselves. These things can be thought of as our 

‘trade marks’. For example, some people engage in sports every 

chance they get, others prefer to read, others prefer to socialise. 

Think of what your own personal ‘trade marks’ are, and then rate 

[project 5] on the extent to which it is typical of you. 0-100 scale (0= not at all, 100= extremely) 

107 How important is adhering to diet [project 6]? 0-100 scale (0= not at all, 100= extremely) 

108 How much do you feel you are in control of [project 6]? 0-100 scale (0= not at all, 100= extremely) 

109 

All of us have things that we do that we feel are typical or true 

expressions of ourselves. These things can be thought of as our 

‘trade marks’. For example, some people engage in sports every 

chance they get, others prefer to read, others prefer to socialise. 

Think of what your own personal ‘trade marks’ are, and then rate 

[project 6] on the extent to which it is typical of you. 0-100 scale (0= not at all, 100= extremely) 

110 How important is adhering to diet [project 7]? 0-100 scale (0= not at all, 100= extremely) 

111 How much do you feel you are in control of [project 7]? 0-100 scale (0= not at all, 100= extremely) 

112 

All of us have things that we do that we feel are typical or true 

expressions of ourselves. These things can be thought of as our 

‘trade marks’. For example, some people engage in sports every 

chance they get, others prefer to read, others prefer to socialise. 0-100 scale (0= not at all, 100= extremely) 
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Think of what your own personal ‘trade marks’ are, and then rate 

[project 7] on the extent to which it is typical of you. 

113 How much do [project 1] and [project 2] affect each other? 0-100 scale (0= not at all, 100= extremely) 

114 How much do [project 1] and [project 3] affect each other? 0-100 scale (0= not at all, 100= extremely) 

115 How much do [project 1] and [project 4] affect each other? 0-100 scale (0= not at all, 100= extremely) 

116 How much do [project 1] and [project 5] affect each other? 0-100 scale (0= not at all, 100= extremely) 

117 How much do [project 1] and [project 6] affect each other? 0-100 scale (0= not at all, 100= extremely) 

118 How much do [project 1] and [project 7] affect each other? 0-100 scale (0= not at all, 100= extremely) 

119 How much do [project 2] and [project 3] affect each other? 0-100 scale (0= not at all, 100= extremely) 

120 How much do [project 2] and [project 4] affect each other? 0-100 scale (0= not at all, 100= extremely) 

121 How much do [project 2] and [project 5] affect each other? 0-100 scale (0= not at all, 100= extremely) 

122 How much do [project 2] and [project 6] affect each other? 0-100 scale (0= not at all, 100= extremely) 

123 How much do [project 2] and [project 7] affect each other? 0-100 scale (0= not at all, 100= extremely) 

124 How much do [project 3] and [project 4] affect each other? 0-100 scale (0= not at all, 100= extremely) 

125 How much do [project 3] and [project 5] affect each other? 0-100 scale (0= not at all, 100= extremely) 

126 How much do [project 3] and [project 6] affect each other? 0-100 scale (0= not at all, 100= extremely) 

127 How much do [project 3] and [project 7] affect each other? 0-100 scale (0= not at all, 100= extremely) 

128 How much do [project 4] and [project 5] affect each other? 0-100 scale (0= not at all, 100= extremely) 

129 How much do [project 4] and [project 6] affect each other? 0-100 scale (0= not at all, 100= extremely) 

130 How much do [project 4] and [project 7] affect each other? 0-100 scale (0= not at all, 100= extremely) 

131 How much do [project 5] and [project 6] affect each other? 0-100 scale (0= not at all, 100= extremely) 

132 How much do [project 5] and [project 7] affect each other? 0-100 scale (0= not at all, 100= extremely) 

133 How much do [project 6] and [project 7] affect each other? 0-100 scale (0= not at all, 100= extremely) 
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Appendix 5.1. Chapter 5 (Study 4): Abstract presented at the 

European Health Psychology conference 2018 
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Examining the association between food outlets and eating behaviour: A 

Geographic Information System (GIS) study 

 

Katherine Elliston and Stuart Ferguson 

University of Tasmania, Australia 

 

Background: mHealth apps can deliver content to individuals as they go about their 

daily lives. In addition, researchers are interested in using mHealth apps to predict 

behaviours before they occur and proactively intervene. Discretionary food intake— 

“snacking”— has been shown to be influenced by environmental food cues. However, 

studies that have explored this relationship typically rely on self-reports of 

environmental cues. Here we explore the feasibility of using geographic information 

system (GIS) data to predict snacking. 

Method: 112 individuals recorded their food intake for two weeks using electronic 

diaries. Participants also answered questions during other, randomly-timed points 

throughout the day. During both the eating and randomly-timed (non-eating) 

assessments, participants reported the type and number of nearby food outlets; 

additionally, participants diaries recorded their GPS location. GPS location was plotted 

on a GIS map of food outlets, allowing us to calculate the number (and type) of food 

outlets within a given radius during each assessment.  

Expected results: Objective and self-report data will be compared to determine the 

correlation between GPS-derived and self-reported location. Next, both estimates will 

be used in participant-level logistic regression models to determine whether or not 

location can discriminate between eating and non-eating instances. 

Current stage of work: 112 participants worth of data has been collected, with 

additional data collection and analysis in progress. 



356 

 

Discussion: If passively knowing an individual’s location is sufficient to predict eating, 

then mHealth apps may be able to issue personalised dietary interventions when 

individuals enter locations where they are at risk of overeating.   
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Appendix 5.2. Chapter 5 (Study 4): Abstract presented at the 

European Health Psychology conference 2019 
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Objective (GIS) and subjective food environment as predictors of momentary food 

intake  

 

Katherine G. Elliston1, Stuart G. Ferguson1 and Benjamin Schüz2 

1 College of Health and Medicine, University of Tasmania, Australia 

2 Institute of Public Health and Nursing Science, University of Bremen, Germany 

 

Background: The presence and availability of food has been shown to influence eating. 

Knowing the presence of food in the environment may enable mHealth apps to 

determine the most appropriate time to issue interventions. To date, studies on eating 

often rely on self-reports of environmental context, which may not be feasible for 

mHealth interventions. Here, we explore the feasibility of using Geographic 

Information System (GIS) data to predict eating behaviour in order to inform geo-

fenced interventions. 

Method: 72 participants recorded their food intake in real-time over 14 days using 

Ecological Momentary Assessment. Participants logged their food intake and responded 

to ~5 randomly-timed assessments each day. During each assessment, participants 

reported the number and type of food outlets nearby. Their electronic diaries 

simultaneously recorded their GPS coordinates. GPS data was later overlayed with a 

GIS map of food outlets to produce an objective count of the number of food outlets 

within 50m of the participant.  

Findings: Self-reported and GIS counts of food outlets were poorly correlated (r= .17, 

p<.001). Logistic regression analyses revealed that although GIS counts significantly 

predict eating, they were similar to the self-reported counts (AUC-ROC self-report= 

0.53, SE= 0.00 vs. AUC-ROC GIS= 0.53, SE= 0.00, p= .54). Both counts performed 

worse than self-reported type of food outlet nearby (AUC-ROC= 0.56, p<.001).  
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Discussion: Subjective food environment predicted eating better than objectively 

measured food environment via GIS. mHealth apps may need to consider the type of 

food outlets, rather than the raw number of outlets in an individual’s environment.  
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Appendix 5.3. Chapter 5 (Study 4): EMA questionnaire 
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Questionnaire: Morning Report 

Q# Type of Data Text Response type Response options Notes/skip patterns 

1 Question 

Good Morning! How long ago did you 

wake up? 

1. <15 mins 

2. 15-30 mins 

3. 30-60 mins 

4. >60 mins   

 Header RIGHT NOW FEELING:    

2 Question Hungry? Slider 0-100 (with No!!- Yes!! Anchors)  
 

Main Menu: Food Log 

Q# Type of Data Text Response type Response options Notes/skip patterns 

0 GPS    

GPS location of 

participants at time of 

log start 

0 Photo    

Participants take 

photograph of their 

food 

1 Question Type of meal? 

Push Button 

(pick one) 

1. Main meal 

2. Other   
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2 Question What type of food? 

Push Button 

(pick one) 

1. Confectionary 

2. Savoury 

3. Fruit/vegetables/nuts 

4. Dairy 

5. Biscuits/cakes/pastries 

6. Fast food 

7. Other Ask only if Q1= other 

3 Question Consumed a drink with your meal? 

Push Button 

(pick one) 

1. Yes 

2. No  

4 Question What type of drink? 

Check Box (all 

that apply) 

Coffee/tea 

Milk 

Alcohol 

Energy drink 

Normal soft drink 

Calorie-reduced soft drink 

Juice 

Water 

Other 
Ask only if Q3= yes 

 Instruction 

Remaining items refer to the situation 

where you first decided to eat    

 Header FEELING:    

5 Question Good? 

Likert scale 1-5 

(pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  
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6 Question Bad? 

Likert scale 1-5 

(pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

7 Question Awake? 

Likert scale 1-5 

(pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

8 Question Tired? 

Likert scale 1-5 

(pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

9 Question Nervous? 

Likert scale 1-5 

(pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

10 Question Calm? 

Likert scale 1-5 

(pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

11 Question Hungry? Slider 0-100 (with No!!- Yes!! Anchors)  

 Header WHEN YOU DECIDED TO EAT:    

12 Question Location? 

Push Button 

(pick one) 

1. Home 

2. Workplace 

3. Other's home 

4. Bar 

5. Restaurant 

6. Vehicle 

7. Outside 

8. Between places 

9. Other  
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13 Question 

From where you are NOW, how many 

food outlets can you see? 

Push +/- button 

to Indicate 

number (range: 

0 to 5+) 

1. Fast food/ take-away stores 

2. Restaurants/ cafes 

4. Supermarket/ corner store 

5. Specialty food stores 

6. Discount stores 

7. Other  

14 Question Food available? 

Check Box (all 

that apply, but 

see note) 

None 

Confectionary 

Savoury 

Dairy 

Biscuits/cakes/pastries 

Fast food 

Other 

Don’t allow none + 

any other option 

15 Question With others? 

Check Box (all 

that apply, but 

see note) 

Alone 

Friends 

Acquaintances 

Family members 

Co-workers 

Romantic partner 

Don't allow alone + 

any other option 

16 Question People eating/drinking? 

Check Box (all 

that apply, but 

see note) 

No 

In my group 

In view 

Don’t allow no + any 

other option 

17 Question Activities? 

Push Button 

(pick one) 

1. Working/chores 

2. Inactive/leisure 

3. Interacting with others 

4. Between activities 

5. Other activities  
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18 Question Type of interaction with others? 

Push Button 

(pick one) 

1. Socialising 

2. For business 

3. Household issues 

4. Arguing 

5. Other interaction 

Ask only if Q17= 

interacting with others 

19 Question 

Do you think the public/people in general 

would think it's acceptable to eat right 

now? Slider 

0-100 (with not acceptable- 

acceptable anchors)  

20 Question 

Do you think the people with you would 

approve or disapprove of you eating right 

now? 

Push Button 

(pick one) 

1. Strongly disapprove 

2. Disapprove 

3. Neither approve or disapprove 

4. Approve 

5. Strongly approve 

Don't ask if Q15= 

alone 

21 Question 

From where you are now, what food or 

beverage-related advertisements can you 

see? 

Push Button 

(pick all that 

apply but see 

note) 

1. None 

2. Media advertisements 

a. TV 

b. Radio 

c. Social media 

3. Poster advertisements 

a. Billboards 

b. Other outdoor signs 

4. Advertisements on vehicles 

a. Food vans 

b. Trucks 

c. Cars 

d. Buses 

5. Other 

Show options with 

numbers, and then 

expand a,b,c etc. if 

option selected. Don't 

allow none + any 

other option 

 



366 

 

Main Menu: Drink log 

Q# Type of Data Text Response type Response options Notes/skip patterns 

0 GPS    

GPS location of 

participant at log start 

1 Question What type of drink? 

Check Box (all 

that apply) 

Coffee/Tea 

Milk 

Alcohol 

Energy drink 

Normal soft drink 

Calorie-reduced soft drink 

Juice 

Water 

Other 

 

 Header ABOUT THIS DRINK EPISODE:    

2 Question How many standard drinks? Spinner 0-10+ 

Ask only if Q1= 

alcohol 

3 Question Feeling intoxicated/drunk? Slider 0-100 (with No!!-Yes!! anchors) 

Ask only if Q1= 

alcohol 

 Instruction 

Remaining items refer to the situation 

where you first decided to drink    

 Header FEELING:    

4 Question Good? 

Likert scale 1-5 

(pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

5 Question Bad? 

Likert scale 1-5 

(pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  
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6 Question Awake? 

Likert scale 1-5 

(pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

7 Question Tired? 

Likert scale 1-5 

(pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

8 Question Nervous? 

Likert scale 1-5 

(pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

9 Question Calm? 

Likert scale 1-5 

(pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

10 Question Hungry? Slider 0-100 (with No!!- Yes!! Anchors)  

 Header WHEN YOU DECIDED TO DRINK:    

11 Question Location? 

Push Button 

(pick one) 

1. Home 

2. Workplace 

3. Other's home 

4. Bar 

5. Restaurant 

6. Vehicle 

7. Outside 

8. Between places 

9. Other  
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12 Question 

From where you are NOW, how many 

food outlets can you see? 

Push +/- button 

to Indicate 

number (range: 

0 to 5+) 

1. Fast food/ take-away stores 

2. Restaurants/ cafes 

4. Supermarket/ corner store 

5. Specialty food stores 

6. Discount stores 

7. Other  

13 Question Food available? 

Check Box (all 

that apply, but 

see note) 

None, 

Confectionary 

Savoury 

Dairy 

Biscuits/cakes/pastries 

Fast food 

Other 

Don’t allow none + 

any other option 

14 Question With others? 

Check Box (all 

that apply, but 

see note) 

Alone 

Friends 

Acquaintances 

Family members 

Co-workers 

Romantic partner 

Don't allow alone + 

any other option 

15 Question People eating/drinking? 

Check Box (all 

that apply, but 

see note) 

No 

In my group  

In view 

Don’t allow no + any 

other option 

16 Question Activities? 

Push Button 

(pick one) 

1. Working/chores 

2. Inactive/leisure 

3. Interacting with others 

4. Between activities 

5. Other activities  
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17 Question Type of interaction with others? 

Push Button 

(pick one) 

1. Socialising 

2. For business 

3. Household issues 

4. Arguing 

5. Other interaction 

Ask only if Q16= 

interacting with others 

18 Question 

Do you think the public/people in general 

would think it's acceptable to drink 

(alcohol) right now? Slider 

0-100 (with not acceptable- 

acceptable anchors)  

19 Question 

Do you think the people with you would 

approve or disapprove of you drinking 

(alcohol) right now? 

Push Button 

(pick one) 

1. Strongly disapprove 

2. Disapprove 

3. Neither approve or disapprove 

4. Approve 

5. Strongly approve 

Don't ask if Q14= 

alone 

20 Question 

Have the people with you right now 

encouraged you to drink (alcohol)? Slider 0-100 (with No!!-Yes!! anchors) 

Don't ask if Q14= 

alone 
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21 Question 

From where you are now, what food or 

beverage-related advertisements can you 

see? 

Push Button 

(pick all that 

apply but see 

note) 

1. None 

2. Media advertisements 

a. TV 

b. Radio 

c. Social media 

3. Poster advertisements 

a. Billboards 

b. Other outdoor signs 

4. Advertisements on vehicles 

a. Food vans 

b. Trucks 

c. Cars 

d. Buses 

5. Other 

Show options with 

numbers, and then 

expand a,b,c etc. if 

option selected. Don't 

allow none + any 

other option 

 

Questionnaire: Random Prompts 

Q# Type of Data Text Response type Response options Notes/skip patterns 

0 GPS    

GPS location of 

participants at time of 

log start 

 Instruction ABOUT YOUR LAST FOOD/DRINK:    

1 Question Was your last food/drink satisfying? Slider 0-100 (with No!!-Yes!! anchors)  
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2 Question How much did you consume? 

Push Button 

(pick one) 

1. More than usual 

2. Same as usual 

3. Less than usual  

 Header RIGHT NOW FEELING:    

3 Question Good? 

Likert scale 1-

5 (pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

4 Question Bad? 

Likert scale 1-

5 (pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

5 Question Awake? 

Likert scale 1-

5 (pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

6 Question Tired? 

Likert scale 1-

5 (pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

7 Question Nervous? 

Likert scale 1-

5 (pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

8 Question Calm? 

Likert scale 1-

5 (pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

9 Question Hungry? Slider 0-100 (with No!!- Yes!! Anchors)  

 Header RIGHT NOW:    
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10 Question Location? 

Push Button 

(pick one) 

1. Home 

2. Workplace 

3. Other's home 

4. Bar 

5. Restaurant 

6. Vehicle 

7. Outside 

8. Between places 

9. Other  

11 Question 

From where you are NOW, how many food 

outlets can you see? 

Push +/- button 

to Indicate 

number (range: 

0 to 5+) 

1. Fast food/ take-away stores 

2. Restaurants/ cafes 

4. Supermarket/ corner store 

5. Specialty food stores 

6. Discount stores 

7. Other  

12 Question Food available? 

Check Box (all 

that apply, but 

see note) 

None 

Confectionary 

Savoury 

Dairy 

Biscuits/cakes/pastries 

Fast food 

Other 

Don’t allow none + 

any other option 

13 Question With others? 

Check Box (all 

that apply, but 

see note) 

Alone 

Friends 

Acquaintances 

Family members 

Co-workers 

Romantic partner 

Don't allow alone + 

any other option 
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14 Question People eating/drinking? 

Check Box (all 

that apply, but 

see note) 

No 

In my group 

In view 

Don’t allow no + any 

other option 

15 Question Activities? 

Push Button 

(pick one) 

1. Working/chores 

2. Inactive/leisure 

3. Interacting with others 

4. Between activities 

5. Other activities  

16 Question Type of interaction with others? 

Push Button 

(pick one) 

1. Socialising 

2. For business 

3. Household issues 

4. Arguing 

5. Other interaction 

Ask only if Q15= 

interacting with others 

17 Question Are you craving any food? 

Push Button 

(pick one) 

1. No 

2. Yes  

18 Question What food are you craving? 

Check Box (all 

that apply) 

Candy bar/chocolate 

Other confectionary 

Chips 

Cheese 

Cracker 

Fruit/nuts 

Dairy 

Biscuits/cakes/pastries 

Fast food 

Other 

Ask only if Q17= yes 
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19 Question 

Do you think the public/people in general 

would think it's acceptable to eat right now? Slider 

0-100 (with not acceptable- 

acceptable anchors)  

20 Question 

Do you think the public/people in general 

would think it's acceptable to drink (alcohol) 

right now? Slider 

0-100 (with not acceptable- 

acceptable anchors)  

21 Question 

Do you think the people with you would 

approve or disapprove of you eating right 

now? 

Push Button 

(pick one) 

1. Strongly disapprove 

2. Disapprove 

3. Neither approve or disapprove 

4. Approve 

5. Strongly approve 

Don't ask if Q13= 

alone 

22 Question 

Do you think the people with you would 

approve or disapprove of you drinking 

(alcohol) right now? 

Push Button 

(pick one) 

1. Strongly disapprove 

2. Disapprove 

3. Neither approve or disapprove 

4. Approve 

5. Strongly approve 

Don't ask if Q13= 

alone 
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23 Question 

From where you are now, what food or 

beverage-related advertisements can you 

see? 

Push Button 

(pick all that 

apply but see 

note) 

1. None 

2. Media advertisements 

a. TV 

b. Radio 

c. Social media 

3. Poster advertisements 

a. Billboards 

b. Other outdoor signs 

4. Advertisements on vehicles 

a. Food vans 

b. Trucks 

c. Cars 

d. Buses 

5. Other 

Show options with 

numbers, and then 

expand a,b,c etc. if 

option selected. Don't 

allow none + any 

other option 

 

 

Questionnaire: Evening Report 

Q# Type of Data Text Response type Response options Notes/skip patterns 

 Instruction 

The following questions refer to events 

occurring since the last morning report:    

1 Question How many meals consumed today?  Spinner 0-10+  

2 Question How many snacks consumed today?  Spinner 0-10+  

3 Question How many drinks consumed today?  Spinner 0-10+  

4 Question Found yourself craving food at any stage? 

Push Button 

(pick one) 

1. Yes 

2. No  

5 Question Was the craving intense? Slider 0-100 (with No!!-Yes!! anchors) 

Ask only if answer 

Q4= yes 
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6 Question What type of food were you craving? 

Check Box (all 

that apply) 

Candy bar/chocolate 

Other confectionary 

Chips 

Cheese 

Cracker 

Fruit/nuts 

Dairy 

Biscuits/cakes/pastries 

Fast food 

Other Ask only if Q4= yes 

 Header OVERALL FEELING TODAY:    

7 Question Good? 

Likert scale 1-

5 (pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

8 Question Bad? 

Likert scale 1-

5 (pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

9 Question Awake? 

Likert scale 1-

5 (pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

10 Question Tired? 

Likert scale 1-

5 (pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

11 Question Nervous? 

Likert scale 1-

5 (pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

12 Question Calm? 

Likert scale 1-

5 (pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  
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13 Question Stressed? 

Likert scale 1-

5 (pick one 

response) 

Responses: 1 (not at all) to 

5(extremely)  

14 Question Meals consumed but not yet entered? Spinner 0-10+  

15 Question Snacks consumed but not yet entered? Spinner 0-10+  

16 Question Drinks consumed but not yet entered? Spinner 0-10+  

17 Question Exercised today? 

Push Button 

(pick one) 

1. Yes 

2. No  

18 Question How long did you exercise for? 

Push Button 

(pick one) 

1. 0-10mins 

2. 10-30mins 

3. 30mins-1hr 

4. 1-2hrs 

5. 2-3hrs 

6. >3hrs Ask only if Q14=yes 
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Appendix 5.4. Chapter 5 (Study 4): Baseline questionnaire 
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Q# Question Response options 

1 Gender 

Male 

Female 

2 What is your ethnicity/ancestry? 

Caucasian/European 

Aboriginal 

Torres Strait Islander 

Asian 

Other  

(Please choose all that apply) 

3 What is the highest level of education that you have completed? 

Year 10 or less 

Year 12 (or equivalent) 

Some university 

Graduated university 

Graduated TAFE 

No answer 

4 

Are you currently employed? 

Note: if the ‘yes’ box is selected, participants will be directed to 

question 5 (asking about their current occupation), if not, they will 

be directed straight to question 6 (assessment income) 

Yes 

No 

I’m a student 

I’m retired 

(Please choose all that apply) 

5 How would you describe your current occupation? 

Manager 

Professional 

Technician and trade worker 

Community and personal service worker 

Clerical and administrative worker 

Sales worker 

Machinery operators and drivers 

Labourer 

6 What is your income? 

Weekly personal income (annual) 

Negative income 



380 

 

Nil income 

$1-$149 ($1-$7,799) 

$150-$299 ($7,800-$15,599) 

$300-$399 ($15,600-$20,799) 

$400-$499 ($20,800-$25,999) 

$500-$649 ($26,000-$33,799) 

$650-$799 ($33,800-$41,599) 

$800-$999 ($41,600-$51,999) 

$1,000-$1,249 ($52,000-$64,999) 

$1,250-$1,499 ($65,000-$77,999) 

$1,500-$1,749 ($78,000-$90,999) 

$1,750-$1,999 ($91,000-$103,999) 

$2,000-$2,999 ($104,000-$155,999) 

$3,000 or more ($156,000 or more) 
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7 

Think of this ladder as representing where people stand in their 

communities.  

People define community in different ways; please define it in 

whatever way is most meaningful to you. At the top of the ladder 

are the people who have the highest standing in their community. 

At the bottom are the people who have the lowest standing in their 

community.  

 

Where would you put yourself on this ladder? 

 
Select number ranging from 1-10. 
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8 

Think of this ladder as representing where people stand in 

Australia.  

At the top of the ladder are the people who are best off- those who 

have the most money, the most education and the most respected 

jobs. At the bottom are the people are the worst off- who have the 

least money, least education, and the least respected jobs or no 

job. The lower you are, the closer you are to the people at the very 

bottom. 

 

Where would you put yourself on this ladder? 
 

Select number ranging from 1-10 

9 Are you interested in losing weight? 

Yes  

No 

10 

(if yes): What is the primary reason you are interested in losing 

weight? 

For health reasons 

Appearance 

Other (please specify) 

11 Do you do your own cooking/meal preparation at home? 

(Choose one of the following answers) 

Rarely or none of the time 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 
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Most of the time (5-7 days a week) 

12 How often do you ‘eat out’ (e.g., at a restaurant/café, etc.)?  

(Choose one of the following answers) 

Rarely or none of the time 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week) 

13 

How often do you eat ‘take away’ or ‘fast food’ (e.g., McDonalds, 

Hungry Jacks, Subway)? 

(Choose one of the following answers) 

Rarely or none of the time 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week) 

Please select the option from the following statement that best describes you 

14 When I am doing well at something I love to keep at it 

Very true for me 

Somewhat true for me 

Somewhat false for me 

Very false for me 

15 When I get something I want, I feel excited and energised 

Very true for me 

Somewhat true for me 

Somewhat false for me 

Very false for me 

16 

When I see an opportunity for something I like I get excited right 

away 

Very true for me 

Somewhat true for me 

Somewhat false for me 

Very false for me 

17 When good things happen to me, it affects me strongly 

Very true for me 

Somewhat true for me 

Somewhat false for me 

Very false for me 

18 

I feel worried when I think I have done poorly at something 

important 

Very true for me 

Somewhat true for me 
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Somewhat false for me 

Very false for me 

19 It would excite me to win a contest 

Very true for me 

Somewhat true for me 

Somewhat false for me 

Very false for me 

For each of the following statements, please indicate if you felt this way during the past week 

20 I was bothered by things that usually don’t bother me 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week) 

21 I had trouble keeping my mind on what I was doing 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

22 I felt depressed 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

23 I felt that everything I did was an effort 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

24 My sleep was restless 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

25 I was happy 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 
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Most of the time (5-7 days a week 

26 I felt lonely 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

27 I felt hopeful about the future 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

28 I felt fearful 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

29 I could not get going 

Rarely or none of the time (less than 1 day) 

Some of the time (1-2 days a week) 

Much of the time (3-4 days a week) 

Most of the time (5-7 days a week 

Please indicate how much you agree with the following statements 

30 

I find myself thinking about food even when I am not physically 

hungry 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

31 

I get more pleasure from eating than I do from almost anything 

else 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

32 If I see or smell a food I like, I get a powerful urge to have some 

I don’t agree 

I agree a little 
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I agree somewhat 

I agree quite a bit 

I strongly agree 

33 

When I’m around a fattening food I love, it’s hard to stop myself 

from at least tasting it 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

34 It’s scary to think of the power that food has over me 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

35 

When I know a delicious food is available, it’s hard to stop myself 

from thinking about having some 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

36 

I love the taste of certain foods so much that I can’t avoid eating 

them, even if they’re bad for me 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

37 Just before I taste a favourite food, I feel intense anticipation 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

Please indicate the extent to which you agree that the following items describe you 

38 When I eat a delicious food, I focus a lot on how food it tastes I don’t agree 
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I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

39 

Sometimes, when I’m doing everyday activities, I get an urge to et 

“out of the blue” (for no apparent reason) 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

40 I think I enjoy eating a lot more than most other people 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

41 

Hearing someone describe a great meal makes me really want to 

have something to eat 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

42 It seems like I have food on my mind a lot 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

43 

It is very important to me that the foods I eat are as delicious as 

possible 

I don’t agree 

I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

44 Before I eat a favourite food, my mouth tends to fill with saliva I don’t agree 
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I agree a little 

I agree somewhat 

I agree quite a bit 

I strongly agree 

The next questions ask about your eating habits in the past year. People sometimes have difficulty controlling their intake of certain foods such as:  

-Sweets like ice cream, chocolate, donuts, cookies, cake, candy; 

-Starches like white bread, rolls, pasta and rice; 

-Salty snacks like chips, pretzels and crackers; 

-Fatty foods like steak, bacon, hamburgers, cheeseburgers, pizza and French fries; 

-Sugary drinks like soft drinks, red bull. 

When the following questions ask about ‘certain foods’, please think of ANY foods similar to those listed above, or any other foods you have had a 

problem with in the past year 

45 

I find that when I start eating certain foods, I end up eating much 

more than planned 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

46 

I find myself continuing to consume certain foods, even when I am 

no longer hungry 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

47 I eat to the point where I feel physically ill 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

48 

Not eating certain types of food, or cutting down on certain types 

of food, is something that I worry about 

Never 

Once a month 

2-4 times a month 
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2-3 times a week 

4 or more times a week, or daily 

49 I spend a lot of time feeling sluggish or fatigued from overeating 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

50 I find myself constantly eating certain foods throughout the day 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

51 

I find that when certain foods are not available, I will go out of my 

way to obtain them. For example, I will drive to the store to 

purchase certain foods, even though I have other options available 

to me at home 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

52 

There have been times when I’ve consumed certain foods so often 

or in large quantities, that I started to eat food instead of working, 

spending time with my family or friends, or engaging in other 

important activities that I enjoy 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

53 

There have been times when I’ve avoided professional or social 

situations where certain foods are available, because I was afraid I 

would overeat 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

54 

There have been times when I’ve avoided professional or social 

situations because I was not about to consume certain foods there 

Never 

Once a month 

2-4 times a month 
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2-3 times a week 

4 or more times a week, or daily 

55 

I have had withdrawal symptoms such as agitation, or other 

physical symptoms when I cut down or stopped eating certain 

foods (please do not include withdrawal symptoms caused by 

cutting down caffeinated beverages such as soft drink, coffee, tea, 

energy drinks etc.) 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

56 

I have found that I have elevated desire for or urges to consume 

certain foods when I cut down or stop eating them 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

57 

My behaviour with respect to food and eating causes me 

significant distress 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

58 

I experience significant problems in my ability to function 

effectively (daily routine, job, school, social activities, family 

activities, health difficulties) because of food and eating 

Never 

Once a month 

2-4 times a month 

2-3 times a week 

4 or more times a week, or daily 

Please select the option from the following scale that best describes how often you have felt/behaved this way in the last 12 months 

59 

My food consumption has caused significant psychological 

problems such as depression, self-loathing, anxiety, or guilt 

No 

Yes 

60 

My food consumption has caused significant physical problems or 

made a physical problem worse 

No 

Yes 

61 

I kept consuming the same types of food or the same amount of 

food even though I was having emotional and/or physical problems 

No 

Yes 
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62 

Over time, I have found that I need to eat more and more to get the 

feeling I want, such as reduced negative emotions, or increased 

pleasure 

No 

Yes 

63 

I have found that eating the same amount of food does not reduce 

my negative emotions or increase pleasurable feelings the way it 

used to 

No  

Yes 

64 I want to cut down or stop eating certain kinds of food 

No 

Yes 

Please select the option from the following scale that best describes how often you have felt/behaved in this way in the last 12 months 

65 

How many times in the past year did you try to cut down or stop 

eating certain foods altogether? 

None 

One time 

Two times 

Three times 

Four times 

Five or more times 

The next two questions relate to healthy food choices- this means choosing, for example, a low-calorie option (e.g., an apple) over a high-calorie option 

(e.g., a chocolate bar) when you decide to have a meal or snack. Imagine yourself in that situation, and think about the outcomes of your food choice 

66 

If you were to experience costs from making a healthy food choice, 

when do you think you would notice them? 

When I am thinking about whether or not to make a healthy food choice 

When I make the decision to make a healthy food choice 

While I am getting ready to make a healthy food choice 

While I am making a healthy food choice 

After making a healthy food choice once 

After making healthy food choices regularly for a week 

After making healthy food choices regularly for a year 

After making healthy food choices regularly for several years 

After making healthy food choices regularly for several decades 

67 

If you were to experience benefits from making a healthy food 

choice, when do you think you would notice them? 

When I am thinking about whether or not to make a healthy food choice 

When I make the decision to make a healthy food choice 

While I am getting ready to make a healthy food choice 

While I am making a healthy food choice 
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After making a healthy food choice once 

After making healthy food choices regularly for a week 

After making healthy food choices regularly for a year 

After making healthy food choices regularly for several years 

After making healthy food choices regularly for several decades 

The next questions are about whether you have intentions or plans to change your diet in the future 

68 I intend to make more healthy food choices 

Strongly disagree 

Disagree 

Neither agree not disagree 

Agree 

Strongly agree 

69 

I am confident that I could make more healthy food choices even if 

it was difficult 

Strongly disagree 

Disagree 

Neither agree not disagree 

Agree 

Strongly agree 

70 

I have made a detailed plan on when, where and how to implement 

more healthy food choices 

Strongly disagree 

Disagree 

Neither agree not disagree 

Agree 

Strongly agree 

71 

I have made a detailed plan on how to make healthy food choices 

even if something gets in the way 

Strongly disagree 

Disagree 

Neither agree not disagree 

Agree 

Strongly agree 

The next questions are about yourself. Using the scale provided, please indicate how much each of the following statements reflects how you typically 

are 

72 I am good at resisting temptation 

1- Not at all 

2 
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3 

4 

5- Very much 

73 I have a hard time breaking bad habits 

1- Not at all 

2 

3 

4 

5- Very much 

74 I am lazy 

1- Not at all 

2 

3 

4 

5- Very much 

75 I say inappropriate things 

1- Not at all 

2 

3 

4 

5- Very much 

76 I do certain things that are bad for me if they are fun 

1- Not at all 

2 

3 

4 

5- Very much 

77 I refuse things that are bad for me 

1- Not at all 

2 

3 

4 

5- Very much 

78 I wish I had more self-discipline 

1- Not at all 

2 
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3 

4 

5- Very much 

79 People would say that I have iron self-discipline 

1- Not at all 

2 

3 

4 

5- Very much 

80 Pleasure and fun sometimes keep me from getting work done 

1- Not at all 

2 

3 

4 

5- Very much 

81 I have trouble concentrating 

1- Not at all 

2 

3 

4 

5- Very much 

82 I am able to work effectively towards long-term goals 

1- Not at all 

2 

3 

4 

5- Very much 

83 

Sometimes I can’t stop myself from doing something, even if I 

know it is wrong 

1- Not at all 

2 

3 

4 

5- Very much 

84 I often act without thinking through all the alternatives 

1- Not at all 

2 
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3 

4 

5- Very much 

The next questions are about how you typically deal with tasks 

85 I can concentrate on one activity for a long time if necessary 

Not at all true 

Barely true 

Somewhat true 

Completely true 

86 

When I am distracted from an activity, I don’t have any problem 

coming back to the topic quickly 

Not at all true 

Barely true 

Somewhat true 

Completely true 

87 

If an activity arouses my feelings too much, I can calm myself 

down so that I can continue with the activity soon 

Not at all true 

Barely true 

Somewhat true 

Completely true 

88 

If an activity requires a problem-oriented attitude, I can control my 

feelings 

Not at all true 

Barely true 

Somewhat true 

Completely true 

89 

It is difficult for me to suppress thoughts that interfere with what I 

need to do 

Not at all true 

Barely true 

Somewhat true 

Completely true 

90 

I can control my thoughts from distracting me from the task at 

hand 

Not at all true 

Barely true 

Somewhat true 

Completely true 

91 When I worry about something, I cannot concentrate on an activity 

Not at all true 

Barely true 
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Somewhat true 

Completely true 

92 

After an interruption, I don’t have any problem resuming my 

concentrated style of working 

Not at all true 

Barely true 

Somewhat true 

Completely true 

93 

I usually have a whole bunch of thoughts and feelings that interfere 

with my ability to work in a focused way 

Not at all true 

Barely true 

Somewhat true 

Completely true 

94 

I stay focused on my goal and don’t allow anything to distract me 

from my plan of action 

Not at all true 

Barely true 

Somewhat true 

Completely true 

Most health organisations suggest that a healthy diet is one that consists of at least five portions (servings of fruit and vegetables) per day 

95 

On how many days during the last week have you eaten at least 

five portions (servings) of fruit and vegetables 

0 out of 7 

1 out of 7 

2 out of 7 

3 out of 7 

4 out of 7 

5 out of 7 

6 out of 7 

7 out of 7 

The next questions ask about your opinions on eating certain foods such as: 

-Sweets like ice cream, chocolate, donuts, cookies, cake, candy; 

-Starches like white bread, rolls, pasta and rice; 

-Salty snacks like chips, pretzels and crackers; 

-Fatty foods like steak, bacon, hamburgers, cheeseburgers, pizza and fries; 

-Sugary drinks like soft drinks, red bull. 

When the following questions ask about ‘certain foods’, please think of any foods similar to those listed above. 
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96 

To what extent do you agree with the following statement? In my 

opinion, it is okay for people to consume certain foods regularly 

Strongly disagree 

Disagree 

Neither agree nor disagree 

Agree 

Strongly agree 

97 

In your opinion, do people in general approve or disapprove of 

people regularly (i.e., at least three times per week) consuming 

certain foods? 

Strongly disapprove 

Disapprove 

Neither approve nor disapprove 

Approve 

Strongly approve 

98 

Think of five people you feel most close to. These could be your 

partner, family members, friends, colleagues or acquaintances. 

Thinking of the five people, how many of them, if any, consume 

certain foods regularly (i.e., at least three times per week)? 

0 (none of them) 

1 

2 

3 

4 

5 (all of them) 

Don’t know 

99 

Do you think that consuming certain foods is uncommon… 

common? 

Very uncommon 

Uncommon 

Neither common, nor uncommon 

Common 

Very common 

How do (you think) each of the following people would feel about your current eating pattern? 

100 Your immediate family 

Strongly disapprove 

Disapprove 

Neither approve nor disapprove 

Approve 

Strongly approve 

Not applicable 

101 Your close friends Strongly disapprove 
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Disapprove 

Neither approve nor disapprove 

Approve 

Strongly approve 

Not applicable 

102 Your partner or spouse 

Strongly disapprove 

Disapprove 

Neither approve nor disapprove 

Approve 

Strongly approve 

Not applicable 
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Appendix 6.1. Chapter 6: MunchIO Protocol 
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Title: Right on Cue: Technologies for Managing Unhealthy Behavioural Cues, A 

Pilot Study 

Scientific title: A pilot evaluation of MunchIO: A smartphone app for reducing 

unhealthy snacking habits 

 

Project Team Roles & Responsibilities 

Dr. Kristy de Salas: Chief Investigator. Supervision, Design, Analysis, Manage Project. 

Dr. Ian Lewis: Software Development, Design, Analysis, Intervention Content. 

Associate Professor Stuart Ferguson: Supervision, Design, Analysis, Intervention 

Content. 

Ms. Katherine Elliston: Design, Analysis, Intervention Content. 

Mr. Anthony Smith: Software Development, Design, Analysis, Intervention Content. 

 

Resources:  

Pre-developed MunchIO app. 

 

Aims 

The primary objective of this research is to pilot an innovative mobile 

application named MunchIO for reducing unhealthy snacking behaviours through 

behaviour change techniques know as cue monitoring and implementation intentions. In 

piloting the MunchIO app, the focus of this research is to examine usability design. 

Understanding how the MunchIO app is utilised by participants will be useful to further 

advance the design of such technologies prior to deployment in larger scale efficacy 

trials. Usability within this research study is based on the Health IT Usability 

Evaluation framework, which considers metrics of effectiveness, efficiency, perceived 

ease of use and perceived usefulness (Brown, Yen, Rojas & Schnall, 2013).  
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Research Questions 

Research questions for the pilot trial were derived from the Health IT Usability 

Evaluation framework and previous literature as follows: 

1. Can the MunchIO app successfully incorporate cue monitoring and 

implementation intentions? 

2. Does the MunchIO app: 

• Reduce unhealthy snacking behaviour (compared to participants using an 

equivalent of a commercial app within this study)? 

• Alter underlying psychological processes believed to be important in 

determining snacking behaviour? 

• Serve as an efficient tool for reducing unhealthy snacking behaviours? 

3. Is the MunchIO app acceptable to users in terms of: 

• Perceived ease of use? 

• Perceived usefulness? 

As this is a pilot trial, research questions will be framed in the context of usability 

investigation and improvement. Research questions relating to the MunchIO app 

intervention’s effectiveness will require further investigation in larger scale efficacy 

trials. 

 

Background 

Health behaviours, often referred to as lifestyle risk factors, are a key 

determinant for an individual’s propensity to develop many non-communicable diseases 

(Conner, 2002). In Australia, dietary risk factors account for the highest attributable 

factor in disease burden followed by high body mass index and tobacco consumption 

(AIHW, 2014). Psychological research has consequently developed formal health 

behaviour change techniques for individuals to address risk factors (Michie, Atkins & 
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West, 2015; Michie, et al., 2014). A key risk factor of non-communicable diseases is 

obesity and being overweight resulting from caloric imbalance. In order to reduce 

caloric balance, either expenditure needs to be increased (physical activity) or intake be 

decreased (dietary behaviours). This project focuses on caloric intake, in particular that 

resulting from discretionary foods (“snacks”), which are estimated to contribute about 

35% of daily caloric intake (AIHW, 2014). One promising approach to manage 

snacking behaviour involves cue-monitoring and implementation intentions (Adriaanse, 

de Ridder & de Witt, 2009; Verhoeven et al., 2014). Cue-monitoring refers to 

identifying habitual cues that trigger unhealthy behaviour (Adriaanse et al., 2009). 

Implementation intentions then refer to planning more adaptive behavioural responses 

when the cues are encountered in order to replace the unhealthy behaviour (Gollwitzer, 

1999). These strategies have been suggested as supporting the formation of healthy 

habits. The proposed mHealth application will support this in a novel way by 

identifying personally relevant cues for unhealthy behaviours via automated self-

monitoring in combination with prompting implementation intentions to overcome the 

association between these individual cues and snacking. 

Mobile health (mHealth) apps are an emerging technology that is being 

increasingly leveraged for the purpose of health behaviour interventions. Currently, 

both the Apple App Store (Apple, 2015) and Google Play Store (Google, 2015) have 

entire subsections dedicated to popular health and fitness apps. Motivation for mHealth 

apps to deliver health behaviour interventions is conceivably based on widespread 

smartphone ownership, accessibility and innovation. Ownership of smartphones is 

prevalent within Australia at 64.6% (Sydney Morning Herald, 2013) with the rest of the 

world estimated at 22% (Business Insider, 2013). Accessibility of smartphones is also 

high with a study by Dey et al. (2011) indicating that most people keep their 

smartphone within arm’s reach or the same room at around 90% of all times. Innovation 
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is also another factor with mHealth apps for health behaviour interventions being able to 

leverage smartphone capabilities such as accelerometers, global positioning systems and 

internet-based features to enhance intervention strategies (Kratzke & Cox, 2012). This 

suggests that mHealth applications have a very good potential for being important 

components of effective public health measures. 

Systematic reviews of mHealth apps for health behaviour change, however, 

reveal that many implement minimal formal health behaviour change techniques. 

Findings from mHealth app systematic reviews have found minimal formal health 

behaviour change techniques in areas such as alcohol (Cohn, Hunter-Reel, Hagman & 

Mitchell, 2011), diets (Direito, et al., 2014; West et al., 2013), physical activity 

(Conroy, Yang & Maher, 2014; Cowan et al., 2012; Direito et al., 2014; Middelweerd et 

al., 2014) and smoking (Abroms, Padmanabhan, Thaweethai & Phillips, 2011). The 

widespread practice of mHealth apps implementing minimal health behaviour change 

techniques greatly calls into question their effectiveness and validity. Authors of these 

systematic reviews have consequently called for mHealth apps to be developed on 

evidence-based theories. 

The main purpose motivating this research therefore is to align an mHealth app 

with evidence-based health behaviour change techniques to support reductions in 

discretionary food choices (snacks). Further, the mHealth app will be the first to 

implement both cue monitoring and implementation intention strategies in one 

comprehensive mobile framework. The effectiveness of the mHealth app will be tested 

in a group of participants classified as overweight or obese, as weight reductions are 

indicated in this group of participants. Feedback for the mHealth app will finally be 

elicited from research participants to create generic mHealth app development 

guidelines for public dissemination. 

 



404 

 

Methods: Phase I: The pilot trial of the app 

Design 

The MunchIO app will be trialled as an intervention for those wanting to begin a 

diet with the aim of reducing unhealthy snacking. After installing the MunchIO app, 

participants will be prompted to complete an enrolment process that collects some 

personal information, including; name, email address, age, sex, height, weight, waist 

circumference, the reason for downloading the app, and an overview of their current 

eating habits. Once the individual’s details are entered into the app, enrolment in the 

study is complete. Participants will then be asked to begin their programme.  

Participants will be randomised into either an intervention or control group. 

Participants in the intervention group will receive full access to the MunchIO app, 

including novel cue monitoring and implementation intention features aimed at 

planning against unhealthy snacking. Participants in the control group will have 

restricted access to content in the MunchIO app; they will not receive access to the cue 

monitoring and implementation intention content. The app otherwise behaves 

identically and includes the same behavioural support content (including snack analytics 

tools and general healthy eating advice based on the Australian Dietary Guidelines 

information). 

During the first week of monitoring, all participants will log all snack intake, 

respond to randomised prompts and complete an evening meal summary in the 

MunchIO app (see Figure 1). On completion of the first week, participants randomised 

to the intervention condition will receive a cue monitoring prompt containing their top 

three snacking cues requiring implementation intention planning (if-then style plans). 

The cue monitoring component will utilise an odds ratio algorithm between the snack 

entries and random prompts to identify top cue exposures that lead to snacking on 

discretionary choices (see Figure 2) (Szumilas, 2010; Verhoeven et al., 2014). 
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Implementation intentions then refer to creating plans that read in the format of “if I am 

stressed, I will go for a walk”. Intervention participants will be reminded daily of their 

cue monitoring and implementation intentions. Participants are not compelled to 

complete any particular activity, although they will be prompted to use the app daily, by 

way of reminder. 

After 28-days of monitoring snacking the trial will end and participants will be 

asked to complete a survey regarding their eating habits and experiences with the app. 

In addition, two usability surveys will also be distributed. At this point, all participants 

including the control group will receive full access to the app, including both the 

intervention cue-monitoring and implementation features. Participants will retain full 

access to the app beyond the 28-day trial period. 

 

 

Figure 1. Daily use of the MunchIO app 
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Figure 2. MunchIO Core Features 

 

Setting 

The proposed pilot trial will be run entirely online. The MunchIO app will be 

made publicly available on both the Google Play and iTunes app stores. The end user 

license agreement (currently being drafted by the University of Tasmania Legal 

Services) will explain the nature of the trial and that by using the app the user consents 

to their de-identified data being collected and used for research purposes. 

 

Participants 

Eligibility criteria  

A community sample of individuals interested in reducing their unhealthy 

snacking habits will be recruited through online and poster advertising. Interested 

individuals will download the MunchIO app and complete a set of screening questions. 

To be eligible for enrolment interested individuals will need to report via the app that 

they are a) aged between 18 and 65 years old; b) able to read English; c) have a BMI in 

the overweight/obese range and d) own a compatible mobile phone. Individuals will be 

excluded from the study if they report a) they have an Eating Disorder and/or b) are not 

using the MunchIO app for a serious attempt to reduce unhealthy snacking habits. 

Participants will also need to provide consent via an in-built end user licence agreement 
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before starting research tasks. Individuals who are ineligible to participate in the 

MunchIO app study will still be able to utilise the app after providing consent. Allowing 

the MunchIO app to be utilised by individuals regardless of eligibility removes potential 

motivation for individuals to be deceptive regarding eligibility to access the app. 

Ineligible participants will be excluded from subsequent data analysis and participation 

in the focus groups.  

Individuals will undergo a second screening process prior to being invited to 

participate in the focus groups. To be eligible to participate in the focus groups, 

individuals must, in addition to the above criteria, have completed at least three days of 

monitoring using the app. Individuals who have completed less than the three days of 

monitoring will not receive an invitation to participate in a focus group discussion.  

 

Sample size and justification 

As this is a pilot trial, with the primary aim to seek feedback on the usability of 

the MunchIO app, and test recruitment methods for a larger-scale roll out of the app, the 

aim is to have 100 people enrol in the trial. Previous studies examining and reviewing 

the use of mobile technologies to change eating behaviours (e.g., Boh et al., 2016; 

Carter, Burley & Cade, 2014) have found similar sample sizes to be adequate in 

detecting group differences in behaviour after interventions. However, it is not the aim 

of this study to make claims regarding efficacy. 

 

Recruitment 

Recruitment for the trial will take place primarily through online advertising 

using various social media platforms such as Facebook and Twitter. Poster 

advertisements for the study will also be displayed around the University of Tasmania 

Furthermore, the project will be promoted/communicated via correspondence with 
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relevant peak bodies (e.g. Diabetes Tasmania) and local media outlets (e.g. The 

Mercury newspaper). Advertising, wherever possible, will be targeted towards 

individuals who are overweight/obese. Recruitment will take place after ethical 

approval is granted and continue throughout the study. 

 

Measures 

Participants will be asked to complete a number of activities in the MunchIO 

app that serve as measures for presented research questions. First, research participants 

will complete an eating habits survey both at the beginning and conclusion for 

comparison purposes. The eating habits survey will assist to provide preliminary data 

regarding research question 2b. Snacking data will also be continually collected as a 

means to provide preliminary data for research question 2a. In particular, the pilot trial 

will aim to see if there are any preliminary differences in snacking frequencies over 

time between the intervention and control group. Metadata including time spent 

entering snacks and related data will serve to investigate efficiency regarding question 

2c. Furthermore, two usability surveys will be distributed at the end of the 28-day 

period to collect data relating to research questions 3a and 3b. 

 

Data collection 

Data collection for MunchIO app usage will automatically occur through 

transmission to a secure webserver hosted in the University of Tasmania supported 

Nectar Research Cloud platform. The proposed trial will be open for participation from 

December 2017 to May 2018. Individual participants will participate for a period of 

approximately 28 days.  

All data will be stored on the previously mentioned secure webserver. As with 

all electronic data collected, data will be stored until no longer necessary but for at least 
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5 years. Analysis of research data will also involve participant data being stored on the 

Investigator’s university computers.  

For all data analysis, participants data will be re-identifiable. Participants will be 

assigned a number used to identify their data records. Separate to the analysis, some 

basic details including name, email address and date of birth will be stored in a separate 

database table. This information will be used for contact purposes only. Namely, to 

invite participants to the focus groups (see description of focus groups below). Reported 

date of birth will used to ensure participants are over the age of 18, rendering them 

eligible to participant in the trial. All of this data will be stored securely and no attempt 

will be made to link these details to an individual’s recorded data.  

 

Risks 

There are minimal risks and burdens associated with this research. In some 

individuals, changing eating habits may result in some irritability. However, this is a 

result of a new diet rather than the research itself. It is intended that the MunchIO app, 

through the support content it provides, may help manage such irritability. Both the 

intervention and control group receive support consistent with current standards of care. 

The contact information for the Buttery Foundation will be listed on the app, 

which will serve as a referral should anyone need psychological support during their 

participation period.  

 

Data analysis 

Data analysis for the pilot trial will aim to perform a preliminary analysis for the 

MunchIO app’s effectiveness and usability. Preliminary analysis for the MunchIO app’s 

effectiveness in reducing unhealthy snacking habits will utilise multi-level logistic 

regression analysis, situational antecedents and linear regression analysis. Multi-level 
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logistic regression analysis will be used to examine situational cues that trigger snack 

intake. Situational antecedents will be used to predict snacking occasions within each 

individual’s data. Linear regression analysis will be used to test for the association 

between stimulus control and snacking, and to examine differences between the control 

and intervention groups. Acknowledging that 100 participants is a small sample size for 

statistical power purposes, the aim of this analysis will be used to inform and support 

usability findings. We do, however, anticipate that the intake of unhealthy snacks will 

differ between the two conditions with those in the intervention condition decreasing 

snack intake more rapidly and abstaining from unhealthy snacks for longer than those in 

the control condition.  

Usability analysis will utilise both ANOVA (one-way) and grounded theory 

principles. The ANOVA (one-way) will be utilised to detect significant difference 

between the two groups on usability survey Likert scale items. The grounded theory 

principles of open coding, axial coding and selective coding will be utilised to develop 

feedback into encompassing themes that describe the app’s usage. 

 

Methods: Phase II: The focus groups 

Design 

Focus groups will further evaluate the MunchIO app by eliciting participant 

experiences and feedback. Participants will be invited to attend one online focus group 

each running for 40-60 minutes after utilising the app for a period of at least three days. 

The focus groups will be overseen and conducted by qualified members of the research 

team. The CI has a range of experience in qualitative research including a number of 

studies focused on technology evaluation interviews and focus groups. Mr Smith has 

also utilised qualitative interview research to evaluate a mobile app for alcohol and risk-
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taking monitoring. In each focus group, the participants will discuss the MunchIO app’s 

features based primarily on the Health IT Usability Evaluation Model. 

 

Setting 

The focus groups will be run entirely online using the Google Hangouts on Air 

platform.  

 

Participants 

It is anticipated that up to five focus groups will be run, each including 10 

participants, this is subject to invitation responses. 

 

Eligibility criteria 

Participants will be eligible if they met the pilot trial’s eligibility requirements 

and have also completed at least three days monitoring using the MunchIO app. 

Sample size and justification 

The proposed sample size (N=50; up to 10 participants per group) was 

determined as ideal to address the research questions evaluating perceived ease of use 

and usefulness. We anticipate that such a participant sample size will identify a 

saturation of themes around the MunchIO app’s utilisation. We base this assumption 

upon Nielsan’s discount usability testing principles (Nielson, 1995; Virzi, 1992). 

 

Recruitment 

On completion of the first three days of app monitoring, users of the MunchIO 

app will be invited via email to voluntarily participate in an online focus group (see 

Figure 3).  
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Measures 

Participants will engage in a semi-structured focus group discussion based 

around the Health IT Usability Evaluation framework. Utilising the Health IT Usability 

Evaluation framework provides a structured method for discussing the topics 

surrounding perceived ease of use (research question 3a) and perceived usefulness 

(research question 3b) including their related sub-criteria. The purpose of the focus 

group discussions will be to elicit a set of feedback, concepts and themes to address 

previously described research questions. The questions that will form the basis of the 

interview. 

 

Data collection 

Data collection will take place online with focus groups automatically recorded 

through the Google Hangouts on Air platform. Mr Smith will moderate focus groups 

while being overseen by the CI due to relevant expertise and qualifications. The focus 

groups themselves will be conducted from January 2018 through to May 2018 as 

enough participants become available. All focus groups will be immediately transcribed 

with redacted versions given to participants for review and feedback purposes. No 

participant will be able to see each other’s responses. 

Data will be stored on secure workstations at the University of Tasmania Sandy 

Bay campus and will be stored until no longer necessary, but for at least 5 years, before 

being destroyed. 

 

Risks 

Risks in the focus group phase are very minimal when discussing the MunchIO 

app. Research participants are invited to participate on a voluntary basis and it will be 
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made clear that they can withdraw at any point. Furthermore, the focus groups 

themselves are unlikely to raise issues of a personal or uncomfortable nature. 

 

Data analysis 

The primary purpose of the focus groups is to seek feedback on the usability of 

the app, focusing specifically on the perceived ease of use, usefulness and efficiency of 

the MunchIO app. To explore these topics, we will apply principles of grounded theory 

to identify emerging themes common across participants experiences. Participants 

experiences will be grouped as being positive, neutral or negative. The grounded theory 

approach in this study will focus on the process of open coding, axial coding and 

selective coding. Focus group themes are expected to relate closely to the Health IT 

Usability Evaluation framework as this model will be utilised to support the 

identification and categorisation of codes. 

 

Quality control and feasibility 

The project has been peer reviewed as part of Mr Smith’s PhD Confirmation and 

Annual Review processes. Further yearly annual reviews will take place to monitor 

relevant progress. Based on previous experience it is anticipated that we can recruit and 

enrol the proposed sample within the allotted time. 
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Abstract 

Background: Evidence suggests that decisions about when, what, and how much to eat 

can be influenced by external (e.g. location) and internal (e.g. mood) cues. Such 

information is crucial for development of tailored interventions. Although the 

relationship between cue-reactivity (i.e., stimulus control) and obesity is debated, there 

is some evidence to suggest individuals with higher BMIs are more driven by cues to 

eating than individuals with lower BMIs. This study investigates the influence of 

stimulus control on real-world food intake, and whether the degree of stimulus control 

differs by BMI. 

Method: 73 participants (n = 34 BMI < 24.9, n = 39 BMI > 24.9) recorded their food 

intake for 14 days using Ecological Momentary Assessment. 

Participants also responded to 4-5 randomly-timed assessments per day. Known 

external and internal eating cues were assessed during both assessment types. Within-

person logistic regression analyses were used to predict eating vs. non-eating 

occasions from a set of external (e.g. location) and internal (e.g. affect) cues.   

Findings: Results were consistent with the hypothesis that eating patterns were 

influenced by stimulus control: food availability, affect, time of day, and location were 

significant predictors of eating (vs. non-eating) instances (AUC-ROC=.58-.69, 

all p’s<.001). Individuals with high BMIs were more guided by the presence of food 

outlets compared to normal-weight individuals (t(68.44) = 2.88, p = 0.005, d = 0.65). 

Discussion: Results support the notion of stimulus control shapes eating 

decisions. Additionally, differences in levels of stimulus control between participants in 

the healthy weight range compared to those with a high BMI suggest that interventions 

aimed at modifying eating behaviour will be more beneficial if they are both tailored to 

the individual and take environmental influences on eating behaviour into consideration.  
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Introduction 

Current figures estimate that more than two thirds of the Australian adult 

population are overweight and/or obese, with the number of adults categorised as 

overweight and/or obese rapidly growing in the last two decades (Australian Bureau of 

Statistics [ABS], 2018). Overweight and obesity are associated with an increase of a 

number of chronic diseases such as cardiovascular disease and type 2 diabetes, costing 

AUD$58 billion annually (ABS, 2018; Sainsbury, Hendy, Magnusson, & Colagiuri, 

2018). In order to address what is now considered a growing public health concern 

(World Health Organisation, 2018), it is crucial to understand factors contributing to 

weight gain.  

Although obesity results from a complex combination of biological, behavioural, 

and environmental factors, at the simplest level, obesity is the result of an imbalance 

between energy intake and energy expenditure (Butland et al., 2007). Importantly, it has 

been argued that increase of caloric intake alone— regardless of changes to physical 

activity levels— is enough to account for the increase in population weight (Swinburn, 

Sacks, & Ravussin, 2009). The majority of caloric intake occurs for reasons other than 

restoring energy balance (aka, “hunger”; Brownell & Horgen, 2004). Individuals are 

prompted to eat by external cues (such as the sight or smell of food through either food 

advertising or seeing others eat) or internal cues (such as mood) rather than a 

physiological need to eat (Havermans, 2013). The relationship between food-related 

cues and eating can be conceptualized as stimulus control (Weingarten, 1985). It has 

been theorized that stimulus control influences eating behaviour through an automatic 

processing of (previously conditioned) food-related cues in one’s environment (Bilman, 

van Kleef, & van Trijp, 2017). Such cues are then misinterpreted as signs of energy 

depletion (i.e., biological hunger), motivating us to respond accordingly (Lowe & 

Butryn, 2007). Stimulus control is especially relevant in terms of understanding the 
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intake of highly palatable, energy-dense foods, as such food items are seen as rewarding 

and therefore act as a ‘motivational magnet’ driving subsequent behaviour (Berridge, 

2004).   

Stimulus control is commonly examined in laboratory settings. For example, in a 

simulated fast-food laboratory, presenting participants with a range fast-food cues (such 

as smell of French fries cooking and images of high-caloric food items) resulted in a 

significant increase in caloric consumption compared to caloric consumption in a 

neutral environment (Joyner, Kim, & Gearhardt, 2017). Simillarly, Prinsen, de Ridder 

and de Vet (2013) found that participants were ~3 times more likely to consume a 

chocolate when the bowl of chocolates was surrounded by discarded chocolate wrappers 

compared to no wrappers, suggesting that even cues regarding others’ eating behaviour 

can influence one’s food choice. Importantly, experimental work using cognitive tasks 

and/or neuroscientific methods (such as fMRI, EEG or eye tracking) has found that 

individuals with obesity are more attentive to eating-related cues (Hendrikse et al., 

2015), and in turn consume higher amounts of palatable foods compared to healthy-

weight participants (Kakoschke, Kemps, & Tiggemann, 2015; Werthmann et al., 2011). 

Taken together, these findings suggest that responses to food-related cues may be 

predictive of food intake and could potentially differentiate the eating patterns of 

individuals with obesity compared to those in the healthy weight range. Given that 

today’s food environment provides individuals with many highly-palatable food cues 

which are both the most aggressively advertised and easily accessible compared to 

healthier options (Hoek & Gendall, 2006), such findings are particularly problematic.  

A key concern with laboratory-based studies is their ecological validity; the 

degree to which they model actual real-world behaviour. A way to overcome this is to 

triangulate findings from lab studies with those from studies of real-world eating. While 

observational, Ecological Momentary Assessment (EMA; Shiffman, Stone, & Hufford, 
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2008) methods are particularly useful for studying eating as they allow individuals to 

record their food intake in real-time, in participants’ natural environments (Ferguson 

& Shiffman, 2011). Importantly, using EMA methods to examine cue-related eating 

provides real-world validation of laboratory findings. Such studies have provided 

support for the relationship between stimulus control and eating (e.g., Elliston, 

Ferguson, Schüz, & Schüz, 2016; Schüz, Bower, & Ferguson, 2015). For example, 

seeing others eat increased the odds of consuming a high-energy snack by 39% (Elliston 

et al., 2016). Moreover, Schüz, Revell, Hills, Schüz, and Ferguson (2017) found that as 

Body Mass Index (BMI) increased, the odds of consuming a snack when seeing 

someone else eat also increased. Such findings suggest that one’s BMI may influence 

how one responds to food-related cues. However, Schüz et al. (2017)’s findings are 

limited in that only the effects of social cues surrounding eating were examined. Given 

that that cues to eating are likely to be idiosyncratic— that is, that people differ in the 

type of cues that are most likely to prompt them to eat— present study aims to examine 

the relationship between BMI and a broader range of previously established cues.  

Method 

The present study used EMA methods to study the eating patterns of a 

community sample. For the duration of two weeks, participants logged all instances of 

eating and drinking into a smartphone running study-specific software (HBART; see: 

http://www.utas.edu.au/health/research/groups/behavioural-and-situational-research-

group-bsrg/hbart) as well as responding to randomly-timed assessments throughout the 

day. The study was approved by the Tasmanian Social Sciences Human Research Ethics 

Committee (H0017015). 

Participants 

Seventy-nine individuals were recruited through social media (Frandsen, 

Walters, & Ferguson, 2013) and flyers seeking individuals interested in participating in 
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a study examining eating patterns. Eligibility criteria included being aged 18-65, having 

no history of eating disorders, not currently dieting, and having a BMI >18.5. Five 

participants were excluded due to screening scores exceeding 20 on the Eating Attitudes 

Test (EAT-26; Garner & Garfinkel, 1979), indicating concerns regarding body weight, 

shape and/or eating were present. The final sample consisted of 73 participants (71.23% 

female), with a mean age of 33.61 (SD = 11.95), and BMI ranging between 18.6 and 

40.2 (M = 26.65, SD = 5.55). By design, approximately half (46.58%) of the sample had 

a BMI in the healthy-weight range (HWR; BMI range:18.5 – 24.5, n = 34).  

Procedure 

The procedure and instruments used were modelled on earlier protocols (Elliston 

et al., 2016; Schüz et al., 2015). Interested individuals were invited for an initial 

meeting (approx. 45 minutes) during which they provided consent, completed a baseline 

questionnaire, and had their height and weight measured for BMI calculations. 

Participants were then provided with a smartphone running EMA software along with 

individualized training on how to use the device.  

For 14 consecutive days, participants were asked to carry the EMA device 

during waking hours and log every instance of their eating and drinking (with the 

exception of water consumption). Participants were asked to log food and drink 

immediately prior to their consumption. When logging eating instances, participants 

were prompted to choose between reporting a meal (breakfast, lunch, or dinner), or a 

snack; defined as any between meal food intake.  

In addition to logging instances of eating and drinking, participants were asked 

to respond to randomly-timed “prompts” (four to five times a day) assessing 

participants’ location, social setting, current activity and affective state (discussed in 

greater detail below). These randomly-timed prompts allow for comparisons of the 

intensity and the presence of cues between food logs and instances of non-eating. After 
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approximately two days of monitoring participants were asked to return to the 

university for a short (10-15 minutes) visit during which their compliance with the 

monitoring procedure was assessed and any additional re-training was administered. 

During a third visit at the end of monitoring, participants returned the EMA device and 

were reimbursed AUD$60 for their participation. 

Measurement instruments 

Assessment of internal cues focused on mood, which has previously been 

associated with increased food intake (Singh, 2014). During both food/drink logs and 

random prompts, mood was assessed across three dimensions: valence (items: ‘good’, 

‘bad’), energetic arousal (items: ‘awake’, ‘tired’) and tense arousal, which included 

items ‘nervous’ and ‘calm’. Items were rated on scale of 1 (not at all) to 5 (extremely), 

with higher scores indicating higher positive affect, higher energetic and tense arousal 

(Wenzel, Kubiak, & Conner, 2014).  

Assessment of external cues included asking participants to indicate in a yes 

(1)/no (0) format; whether, when they decided to eat, were there people eating (i.e., in 

my group, in sight), was food available (i.e., confectionary, savory, cakes), whether they 

were “with others” (i.e., romantic partner, co-workers, family), current location (i.e., 

workplace, restaurant, vehicle), and, whether or not there were any food outlets in sight. 

Such assessment has previously shown external validity in predicting eating behaviour 

(Elliston et al., 2016; Schüz et al., 2015; Schüz, Schüz, & Ferguson, 2015). 

Additionally, participants were asked “Do you think the people with you would approve 

or disapprove of you eating right now”, which was answered on a scale of 1 (strongly 

disapprove) to 5 (strongly approve) to gauge the social acceptability of eating in 

participants’ environments (East et al., 2018).  

Analytical procedure 



428 

 

The 73 participants completed 1080 participant-days of monitoring. In line with 

previous EMA studies (Elliston et al., 2016; Schüz et al., 2015), days with poor 

compliance (defined as answering <50% of random prompts) were excluded from the 

final analysis (n = 145 days), leaving 935 participant-days of data eligible for analysis 

(M= 15.22 days per person, SD = 1.77). During this time, a total of 2916 random 

prompts were issued, with each participant receiving an average of 3.12 prompts (SD = 

.80) per day, of which 86.61% (n = 2493) were completed and thus available for 

analysis. Participants also reported a total of 2102 meals (M = 2.32 per participant day) 

and 1235 snacks (M = 1.37 per participant day) in real time. 

The primary analysis involved a two-step analytical procedure and mirrored methods 

used in previous studies of real-world stimulus control (Ferguson, Frandsen, Dunbar, & 

Shiffman, 2015). Firstly, eight separate univariate logistic regression models were run 

separately for each participant. Eating (yes/no) was the outcome variable for all models, 

with the predictors groups into five stimulus control domains: (i) affect / mood, (ii) time 

of day, (iii) location, (iv) food outlet presence, and (v) foods availability. The degree to 

which each model could differentiate between eating (i.e., meal / snack reports) and 

non-eating (i.e., random prompt reports) was assessed using the area under the curve – 

receiver operating characteristic (AUC-ROC) scores. AUC-ROC scores range from 0.5 

(random chance) to 1 (perfect prediction). Next (step two), to address the key study aim 

of examining the relationship between BMI and stimulus control domains, mean AUC-

ROC scores for each domain were compared between the high BMI and HWR groups 

using t-tests. The proposed analytic plan was pre-registered (https://osf.io/b9t2h) prior 

to the commencement of data analysis.  

Results 

 Figure 1 shows the mean AUC-ROC scores for all domains assessing internal 

and external cues for both HWR and high BMI groups. BMI grouping aside, one sample 
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the domain, whereas a value of 1.0 would indicate perfect prediction. BMI differences 

were tested between groups using t-tests (where * indicates p < .05). Error bars 

represent 95% confidence intervals of the AUC-ROC.  

 

Discussion 

The present study examined BMI differences in stimulus control and eating 

behaviour over the duration of ~14 days in a community sample through the use of 

EMA. All domains assessing internal and external cues to eating could accurately 

differentiate between eating and non-eating instances, providing further support for the 

role of stimulus control in influencing eating behaviour (Elliston et al., 2016; Schüz et 

al., 2015; Schüz, Papadakis, & Ferguson, 2018). Having food easily available was one 

of the strongest predictors of eating which is in line with previous findings (Zenk et al., 

2014). Given the definition of “easily available” is quite broad, this could have been 

interpreted either as food that was made easily available to individuals at their place of 

work, or, food that was pre-prepared by the individual. Both interpretations are in line 

with previous research which found that availability of palatable foods in one’s 

environment (e.g., either in a buffet line at a cafeteria or the refrigerator at home) 

significantly increased the probability of overeating for individuals with a high BMI 

(Thomas, Doshi, Crosby, & Lowe, 2011).  

The present study also found an association between fluctuation in affect and 

eating behaviour, such that changes in one’s mood allowed us to accurately differentiate 

between eating and non-eating instances 63% percent of the time. The results of this 

study suggest that emotional arousal in general is associated with increased food intake, 

which is in line with previous literature (Evers, Adriaanse, de Ridder, & de Witt 

Huberts, 2013). Although much of the literature around emotion and eating has focused 

on negative affect both in labaratory (i.e., Frayn, Sears, & von Ranson, 2016; Hepworth 



431 

 

et al., 2010) and observational studies (Cleobury & Tapper, 2014; Raspopow, 

Matheson, Abizaid, & Anisman, 2013), it has been argued that positive emotions may 

play an equally important role in food intake (Bongers, Jansen, Havermans, Roefs, & 

Nederkoorn, 2013). As such, more work is required to better understand whether 

emotional arousal or valance play the largest role in food intake. Future studies should 

consider measuring affect immediately prior and post consumption in order to clarify 

this relationship.  

In addition to food availability and negative affect, both the time of day and 

one’s location was associated with food intake, which is in line with previous literature 

(Cleobury & Tapper, 2014; Myhre, Løken, Wandel, & Andersen, 2015). The presence 

of food outlets in predicting food intake had the weakest discriminative ability in 

differentiating between eating and non-eating instances. Whilst this is contrary to 

previous findings (i.e., Elliston et al., 2017), it is important to note that the present study 

did not differentiate between snacks and meals. In Elliston and colleagues’ study, 

snacks were particularity influenced by the presence of food outlets.  

Regarding BMI related differences in stimulus control, we found some evidence 

in support of our hypothesis. Individuals with high BMI were more likely to be cued to 

eat when in proximity to food outlets in comparison to those in the HWR. This suggests 

that environmental factors such as sight and/or smell of food should be taken into 

consideration when designing weight-loss interventions. Importantly, as can be seen in 

Figure 1, the pattern of results suggests that in general, individuals with a high BMI 

experience higher levels of stimulus control than those in the HWR. It is possible that 

the present study did not have adequate power to detect the magnitude of the effect 

required to see significant differences between the two groups. It would be beneficial to 

re-examine this relationship with a larger sample. Additionally, dichotomising the 

sample into HWR or high BMI groups based on a single BMI unit may have reduced 
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some of the effects. Future research would benefit from comparing individuals in the 

HWR to those with obesity (BMI range >30), as this categorisation may highlight any 

possible cue-related eating differences.  

Strengths and limitations  

To our knowledge, this is the first study to examine eating patterns amongst 

both HWR and high BMI participants across a number of stimulus control domains 

using EMA methods. Whilst observational methods such as EMA are not without flaws, 

by using this approach we are able to offer a different angle to previously reported 

laboratory findings on cue-related eating. EMA methods allow for real-time assessment 

of eating behaviour and any consumption related cognitions, minimizing biases 

associated with recall. Additionally, real-time assessments of eating may be able to 

overcome the shortcomings of other traditional measures of eating behaviour. For 

example, food frequency questionnaires, food diaries and clinical interviews have 

previously been found to be susceptible to underreporting of snacks (Heitmann & 

Lissner, 1995). Moreover, the combination of event logs and random prompts allows for 

comparisons between the known predictors of eating behaviour which participants 

experienced during eating with those experienced during random prompts. Such 

comparison allows for investigation of determinants of eating in greater detail compared 

to using recall methods or examining assumed antecedents during eating instances alone 

(Shiffman, Stone, & Hufford, 2008). Although external cues on eating behaviour have 

been previously examined (Schüz, Bowe, & Ferguson, 2015; Schüz et al., 2017), the 

present study was the first to investigate the effect of the three most commonly reported 

cues (location, food availability and food outlet presence) simultaneously.  

Despite these strengths, the present findings must be taken into consideration 

with key limitations. The present study looked at overall food intake instead of looking 

at discretionary food (i.e. snack) consumption. Research suggests that discretionary 
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food intake is particularly influenced by stimulus control (e.g., Elliston et al., 2016; 

O’Connor et al., 2008). Nevertheless, the present study provides useful information on 

food-related cues which are likely to also influence discretionary food intake. 

Additionally, the present study did not track changes in participants’ location. Having 

little variation in location may explain why the domain of location was not highly 

discriminative in differentiating between eating and non-eating instances. In order to 

better understand the influence of location on eating behaviour, future studies could 

benefit from using Global Positioning System (GPS) to capture individuals’ daily travel 

patterns (Chaix et al., 2012; Zenk et al., 2011).  

In order to minimize participant burden, the present study focused on a limited 

selection of stimulus control domains. As such, situational predictors of eating 

behaviour such as daily hassles (O’Connor et al., 2008) and state hunger (Witt, Raggio, 

Butryn, & Lowe, 2014) were not assessed. Additionally, measures of inhibitory control 

which have been associated with poor food choices (Dohle, Diel, & Hofmann, 2017) 

were not included in the present study. Future studies would benefit from combining 

laboratory-based and real-world measurements of food cue-responsiveness to 

understand the mechanisms underpinning the relationship between stimulus control and 

food intake.  

Implications and conclusions  

 Despite these limitations, the present study has important implications for both 

theory and intervention development for adults with overweight and obesity. The 

present study was able to provide real-time, real-world evidence to previously 

established laboratory findings regarding differences in BMI-related cue-responsiveness 

(Hendrikse et al., 2015; Kemps & Tiggemann, 2015). Whilst we did not directly 

compare the individual models, availability of food appeared to be the strongest 

predictor of food intake. This suggests that for individuals wanting to make healthier 
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food choices, meal and snack preparation (i.e., having healthy snacks prepared and 

available) may facilitate healthy food choices by providing alternative options to what is 

readily available in their place of work / study (Sciamanna et al., 2011). Additionally, 

the finding that food outlet presence has a greater influence on individuals with a high 

BMI compared to those within the HWR suggests that this population could benefit 

from not only meal planning, but also avoiding the presence of food outlets, particularly 

areas with a high density of fast food outlets. This is in line with previous studies which 

have found an association between neighbourhood typologies and obesity (Hobbs et al., 

2018).  

To conclude, the present study demonstrates the influence of eating-related cues 

on eating behaviour. Specifically, differences in levels of stimulus control between 

HWR and high BMI participants suggest that interventions aimed at modifying eating 

behaviour may have greater success if these are both tailored to the individual and take 

environmental influences on eating behaviour into consideration.   
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