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Overweight and obesity impact two-thirds of adults in the United States. The food cue 

responsivity model posits that individuals respond both physiologically and psychologically to 

food cues, which leads to increased cravings, physiological changes, food consumption, and 

ultimately weight gain. Implicit approach behaviors occur in response to rewarding food cues. 

Thus, understanding the impact that automatic action tendencies have on biases to approach or 

avoid food cues may offer important mechanisms to target in eating behaviors.  

Participants completed demographic and self-report questionnaires, a computerized 

approach-avoidance task (AAT-Food), a free-access Eating in the Absence of Hunger (EAH) 



 xiv

paradigm, and anthropometric measurements. The AAT-Food consisted of three phases (baseline 

assessment, training, and post-training assessment) with high and low-calorie food picture 

stimuli. Participants were randomized to either a train towards high-calorie foods (90% towards, 

10% away) or train away from high-calorie foods condition (90% away, 10% towards). 

Correlation analyses, paired samples t-tests, and linear regression models were used to assess the 

relationship of baseline approach bias to individual difference characteristics and EAH. 

Independent samples t-tests and linear regression analyses evaluated the impact of Body Mass 

Index (BMI) on approach biases. Mixed model ANOVAs and paired samples t-tests were used to 

assess differences in bias scores and EAH based on training condition. 

Seventy-five participants (65.30% female; 28.00% Hispanic; 19.83 ± 2.70 years; BMI: 

23.91 ± 3.97 kg/m2) completed all portions of this one-session laboratory study. Baseline 

approach-avoidance bias scores did not differ based on stimuli and were unrelated to both BMI 

and EAH (p’s > .05). None of the self-reported individual difference characteristics (reward-

based eating drive, psychological responsivity to food, eating disorder cognitions, executive 

functioning, behavioral activation and inhibition, impulsivity) were related to approach bias to 

food stimuli (p’s > .05). Furthermore, training condition did not significantly impact approach 

bias or EAH (p’s > .05). Additional analyses revealed significant associations between individual 

difference characteristics and EAH, after adjusting for BMI and sex (p’s < .05).  

These results represent an important step in understanding approach-avoidance biases to 

food stimuli. Additional research should be conducted prior to adapting computerized AAT-Food 

programs into interventions targeting clinical outcomes. 
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CHAPTER 1. INTRODUCTION 

 

Overweight and Obesity  

Obesity in the United States impacts an alarmingly high percentage of the population, as 

over two-thirds (68.5%) of adults are considered overweight or obese, and more than one third 

(34.9%) are obese (Ogden, Carroll, Kit, & Flegal, 2014). Individuals are considered overweight 

with a Body Mass Index (BMI) between 25-30 kg/m2 and obese with a BMI equal to or greater 

than 30 kg/m2. Obesity rates are projected to continue to increase, climbing upwards of 45-52% 

by the year 2030 (Wang, McPherson, Marsh, Gortmaker, & Brown, 2011). Obesity is strongly 

linked to cardiovascular disease (Poirier et al., 2006), fatty liver disease (Fabbrini, Sullivan, & 

Klein, 2010), type 2 diabetes mellitus (Guilherme, Virbasius, Puri, & Czech, 2008), and all-cause 

mortality (Flegal, Kit, Orpana, & Graubard, 2013). Moreover, psychological and psychosocial 

factors including increased risk of depression (Faith et al., 2011), decreased quality of life 

(Dixon, 2010), and poorer neurocognitive functioning (Smith, Hay, Campbell, & Trollor, 2011) 

are also implicated in adults with obesity. Obesity tracks from childhood into adolescence and 

adulthood (Singh, Mulder, Twisk, van Mechelen, & Chinapaw, 2008), with a 30% increase in 

all-cause mortality in adulthood for overweight adolescents (Engeland, Bjorge, Sogaard, & 

Tverdal, 2003). In addition to individual-level health sequeale, the impact of the obesity 

epidemic from a public health perspective is astounding. Obesity-related health care costs are 

projected to exceed $48-66 billion dollars per year in the next two decades (Wang et al., 2011). 

Perhaps most concerning, an estimated 3.4 million people worldwide die prematurely each year 

due to obesity-related health complications (World Health Organization, 2014). The high 

prevalence rates, detrimental – and even fatal - health consequences, and costly societal impact 

of obesity cannot be ignored.  
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While the etiology of obesity is multi-determined, the current obesogenic environment is 

a major contributor to the rising obesity epidemic (Kessler, 2010; Lowe, 2003). The obesogenic 

environment, replete with calorically-dense palatable food cues (Goran & Weinsier, 2000; 

Wansink, 2004), simultaneously promotes excess energy intake while limiting opportunities for 

energy expenditure (Berthoud, 2012; Chaput, Klingenberg, Astrup, & Sjodin, 2011; Swinburn, 

Egger, & Raza, 1999). Americans are estimated to view thousands of advertisements for food-

related products every year, with studies finding upwards of 90-98% of all food advertisements 

to be for products high in fat, sugar, and sodium content (Batada, Seitz, Wootan, & Story, 2008; 

Powell, Szczpka, Chaloupka, & Braunschweig, 2007). Sedentary behaviors have also been 

shown to increase overall food consumption (Bowman, 2006; Chaput et al., 2011; Temple, 

Giacomelli, Kent, Roemmich, & Epstein, 2007; Thomson, Spence, Raine, & Laing, 2008), which 

is particularly problematic in that energy expenditure is lowered while energy intake increases. 

An estimated 79% of adults in the United States are not meeting the recommended physical 

activity guidelines (Centers for Disease Control and Prevention/National Center for Health 

Statistics, 2014), with recent studies highlighting the health risks of sedentary lifestyles, 

independent of physical activity and exercise amounts (Bankoski et al., 2011; Biswas et al., 

2015; Dunstan, Howard, Healy, & Owen, 2012; Koster et al., 2012). Thus, while certainly not 

the only explanation for the rising obesity rates, the obesogenic environment is an undeniably 

influential factor in the maintenance and promotion of excess weight gain.  

Not only are food cues ubiquitous in the current obesogenic environment, they also 

represent a large category of stimuli that extends beyond just the sight, smell, and taste of food to 

include paired associations related to context, mood states, cognitions, and external stimuli. 

Schachter’s externality theory of obesity posits that individual difference characteristics in one’s 
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responsiveness to these environmental and contextual stimuli may lead people who are more 

reactive to external versus internal cues to overeat and gain more weight (Schachter, 1968; 

Schachter, 1971). Obese individuals have also been shown to differentially respond to external 

food cues in both subjective ratings (increased desire to eat) and physiological responses 

(increased salivary response) compared to lean individuals (Epstein, Paluch, & Coleman, 1996; 

Ferriday & Brunstrom, 2011; Tetley, Brunstrom, & Griffiths, 2009). Research has also suggested 

that obese individuals are highly responsive to taste, vary intake based on manipulations of 

portion size, work harder for food when food cues are prominent, do not account for calorically 

dense preloads, and demonstrate greater responsivity to food cues compared to normal weight 

individuals (Jansen et al., 2003; Nisbett, 1968; Pliner, 1973; Schachter, 1971). Thus, in an 

environment saturated with food stimuli and an abundance of calorically-dense foods, the 

propensity for weight gain among these highly cue-responsive individuals is quite problematic.  

Building upon the externality theory of obesity, the food-cue responsivity model posits 

that individuals respond both physiologically and psychologically to the presence of these 

abundant food cues (Jansen, 1998), which is thought to increase cravings, food consumption, 

binge eating, and ultimately weight gain (Jansen, 1998; Polivy, Herman, & Coelho, 2008). 

Differential sensitivities in responsiveness to these food cues serve as an important indicator of 

who might be at risk for excess weight gain. Higher self-reported reactivity and disordered eating 

cognitions, such as restraint, have also been linked to increased responsivity to food cues in the 

environment (Brunstrom, Yates, & Witcomb, 2004; Cappelleri et al., 2009; Lowe et al., 2009). 

Moreover, individual differences in neurocognitive functioning, particularly executive 

dysfunction, have been related to weight gain and disordered eating behaviors in both adults 

(Gunstad et al., 2007; Vainik, Dagher, Dube, & Fellows, 2013) and children (Liang, Matheson, 
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Kaye, & Boutelle, 2014). Given the personal and societal costs of obesity, new mechanisms that 

specifically account for these individual differences in food-cue responsivity deserve further 

investigation. Yet, little is known about how adults can effectively respond to food cues in the 

obesogenic environment, as current evidence-based weight-loss treatments produce only modest, 

short-term effects in a subset of people (Wadden et al., 2009; Wadden et al., 2011). Therefore, 

identifying novel intervention targets is of grave individual and public health significance.   

Automatic Behavioral and Cognitive Processes Related to Overeating 

The lack of effective obesity treatments (Wadden et al., 2009; Wadden et al., 2011) and 

the fact that much of human behavior is automatic and influenced by environmental cues (Neal, 

Wood, & Quinn, 2006) support the search for innovative cognitive and behavioral mechanisms 

related to automatic behaviors that may promote healthy behavior choices (Marteau, Hollands, & 

Fletcher, 2012). Cognitive processes are an understudied area in the relationship between the 

food environment and overeating. The Behavioral Activation System (BAS) is one component 

within an interconnected neural network with particular relevance for appetitive behaviors (Gray, 

1987), such that an individual’s approach towards stimuli may be motivated by salient external 

food cues indicative of reward and incentivized value (Berridge, 2007; Rolls, 2007). Individual 

differences in these systems may result in increased responsiveness to food cues, which in turn 

could lead to more approach behaviors and additional caloric intake beyond one’s nutritional 

needs.  

However, the BAS is only one component that influences approach behaviors for 

rewarding, appetitive stimuli. Behavior is thought to be motivated by a balance of both the 

activating reward system as well as inhibitory control processes (Strack & Deutsch, 2004). 

Similar to the BAS, the Behavioral Inhibition System (BIS) is also located within a complex and 
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interactive brain network and is often implicated in limiting goal-directed behaviors that may 

result in negative or unwanted outcomes (Gray, 1978). Inhibitory processes may play a 

particularly important role in eating behaviors. It is these inhibitory processes that assist in 

resisting cravings and the urge to overeat in the presence of highly palatable food (Hofmann, 

Friese, & Roefs, 2009; Houben, 2011). Individuals with low inhibitory control have more 

difficulty resisting highly palatable, calorically dense foods (Guerrieri, Nederkoorn, Schrooten, 

Martijn, & Jansen, 2009; Guerrieri et al., 2007; Jasinska et al., 2012). Moreover, research has 

also shown that overweight and obese individuals demonstrate deficits in food-specific inhibitory 

control compared to their lean counterparts (Guerrieri, Nederkoorn, & Jansen, 2008; Houben, 

Nederkoorn, & Jansen, 2014; Nederkoorn, Braet, Van Eijs, Tanghe, & Jansen, 2006; 

Nederkoorn, Guerrieri, Havermans, Roefs, & Jansen, 2009; Nederkoorn, Jansen, Mulkens, & 

Jansen, 2007).  

Yet, these two behavioral systems do not act independently of one another, but rather 

interact from a dual systems approach (Hofmann, Friese, & Strack, 2009). For instance, if an 

individual is highly motivated by rewarding stimuli, such as a piece of chocolate cake, they may 

choose to seek out and consume that food; however, if that same person was also trying to lose 

weight, then the inhibitory control system may take an active role in preventing the reward-

seeking system from obtaining the desired food. Thus, overeating behaviors may be due to an 

overactive reward system or an underactive inhibitory control system, or any myriad of 

combinations of the two processes. Considering approach without avoidance mechanisms, and 

vice versa, may limit the understanding of how these systems work in tandem to produce 

behavioral outcomes. In the current obesogenic environment, it is even more imperative to 
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examine mechanisms and automatic processes – both approach and avoidance - that promote 

overeating, particularly among individuals highly attuned to food cues. 

Automatic Action Tendencies 

Recently, research has focused on identifying and changing automatic antecedents of 

behavior (Becker, Jostmann, Wiers, & Holland, 2015), with a particular focus on approach-

avoidance biases and subsequent behavioral outcomes. Although less is known about automatic 

action tendencies, studies assessing attentional processes in the eating domain have shown 

correlations with weight gain and adiposity (Castellanos et al., 2009; Yokum, Ng, & Stice, 

2011). In relation to weight status, overweight and obese individuals showed greater attentional 

approach towards high-fat food pictures on early attentional measures compared to normal 

weight controls, but showed greater avoidance in later attentional processes (Werthmann et al., 

2011). Moreover, these automatic antecedents of behavior may correspond to food intake 

(Hofmann, Gschwendner, Friese, Wiers, & Schmitt, 2008; Nederkoorn, Houben, Hofmann, 

Roefs, & Jansen, 2010). For instance, studies have shown that people engage in more approach 

behaviors for high-fat versus low-fat foods (Veenstra & de Jong, 2010) and for foods considered 

to be more pleasant and thereby perhaps more appealing and rewarding (Brignell, Griffiths, 

Bradley, & Mogg, 2009). Yet, the impact of bias in approach-avoidance behaviors to food cues 

is largely unknown. It is possible that approaching unhealthy foods too frequently could lead to 

overeating and weight gain, whereas increasing avoidance to healthy foods could impact overall 

nutrition and health status. Thus, approach-avoidance mechanisms implicated in automatic action 

tendencies could represent a novel therapeutic target in which to promote positive eating 

behavior changes and should be thoroughly investigated.  
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Individuals are thought to process stimuli inputs outside of conscious awareness, and then 

to label this information in such a way that automatically predisposes behavioral action towards 

(positive evaluation) or away (negative evaluation) from the target stimuli (Chen & Bargh, 

1999). Thus, environmental stimuli are thought to automatically evoke motivation and affective 

congruency of approach and avoidance behaviors (Chen & Bargh, 1999). These behaviors can be 

measured indirectly by arm flexion (pulling towards oneself; approach behavior) and arm 

extension (pushing away from oneself; avoidance behavior) in paradigms where individuals 

respond using a joystick or other device (Cacioppo, Priester, & Berntson, 1993; Strack & 

Deutsch, 2004). The ability to capture outward measurements of inward, implicit processes can 

provide information about behavioral tendencies that may not be apparent through self-report or 

observational methods alone. Such measurement tools may be useful in better understanding 

automatic processes, behavioral tendencies, and the motivating and inhibitory systems implicated 

in eating behaviors.  

Computerized programs, such as the Approach Avoidance Task (AAT) (Rinck & Becker, 

2007), examine automatic action tendencies by having participants respond to threatening or 

neutral/contrast stimuli to approach (i.e., pull the joystick closer) or avoid (i.e., push the joystick 

away) in response to an unrelated stimuli feature, such as the color of the stimuli’s border. By 

behaviorally responding in a rapid manner to an unrelated stimuli feature, like the picture’s 

background color, the AAT paradigm is thought to measure automatic action tendencies (Najmi, 

Kuckertz, & Amir, 2010; Taylor & Amir, 2012) and may offer a proxy to model these behaviors.  

Approach Avoidance Task (AAT) Utility in Psychological Disorders 

To date, approach-avoidance paradigms have demonstrated research and clinical utility 

across several psychological domains. AAT programs have been widely used in anxiety 
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disorders, often characterized by greater avoidance behaviors particularly towards threatening 

stimuli (Alden & Taylor, 2004; Amir, Foa, & Coles, 1998; Najmi, Kuckertz, & Amir, 2010). 

Studies utilizing AAT have found that individuals with social anxiety demonstrate greater 

avoidance bias for facial pictures depicting emotions compared to controls (Heuer, Rinck, & 

Becker, 2007), and that training towards facial cues displaying positive emotions elicits more 

approach behaviors during a subsequent relationship-building task (Taylor & Amir, 2012). 

During an AAT, spider-fearful children showed a greater avoidance bias to pictures of spiders 

compared to neutral and butterfly pictures; this study also found that self-reported fear of spiders 

aligned with greater behavioral anxiety and avoidance for girls only (Klein, Becker, & Rinck, 

2011). Individuals with contamination-related obsessive-compulsive symptoms demonstrated a 

slower pull response, indicative of greater difficulty inhibiting automatic avoidance to pictures of 

threatening stimuli, which was also correlated with self-reported symptoms (Najmi, Kuckertz, & 

Amir, 2010). However, not all AAT training studies in anxiety disorders have produced the 

intended effects. Among adults with social anxiety disorder, a three-session week-long AAT 

training with smiling faces as stimuli did not appear to impact implicit approach biases or result 

in changes during behavioral approach tasks (Asnaani, Rinck, Becker, & Hofmann, 2014). 

Research should continue utilizing AAT as a tool to better understand how approach-avoidance 

mechanisms may be related to psychological processes, particularly for fields in which automatic 

behavioral processes may help maintain symptoms and disorders.   

More recently, AAT programs have been tested with approach disorders, including 

smoking, substance use, and alcohol use. Given that overeating behaviors also involve approach 

of appetitive stimuli, research in this area may provide additional insight into these automatic 

processes of interest. For instance, heavy smokers show greater approach biases to smoking cues 
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than ex-smokers and non-smokers, and these approach biases correlate positively with self-

reported cravings (Wiers et al., 2013). Not surprisingly, a greater approach bias to cannabis 

pictures was demonstrated for heavy cannabis users; however, it is interesting that this approach 

bias predicted changes in drug use six-months later (Cousijn, Goudriaan, & Wiers, 2011). In the 

alcohol domain, a one-session AAT training successfully altered approach-avoidance bias scores, 

with individuals in the avoid condition consuming less alcohol in a taste test following training 

(Wiers, Rinck, Kordts, Houben, & Strack, 2010). College students with high levels of regular 

alcohol use underwent a single session AAT, in which they were randomized to either avoid 

alcohol stimuli or approach alcohol stimuli (Wiers et al., 2010). Not only did the AAT training 

generalize to novel alcohol picture stimuli in a post-training AAT, but differences in alcohol 

consumption were observed based on training condition (Wiers et al., 2010). However, other 

studies report a lack of training effects for approach-avoidance biases following AAT training 

with alcohol cues. In a large undergraduate sample of social drinkers, researchers did not find 

differences in implicit approach and avoidance biases or in self-reported behavioral outcomes 

after a AAT training with alcohol stimuli (Lindgren et al., 2015). Continued research utilizing 

substance-related AAT training in non-treatment seeking samples is warranted to better 

understand what impact these programs may have on behavioral measures.  

The AAT with alcohol stimuli has also been utilized in clinical samples with promising 

results. Improved treatment outcomes have been noted for alcoholic inpatients up to one year 

after receiving a four-session AAT training (Eberl et al., 2013; Wiers, Eberl, Rinck, Becker, & 

Lindenmeyer, 2011). In the alcohol and substance use domain, AAT has been related to 

cognitive changes and behavioral outcomes, even over a limited amount of training sessions. 

Thus, initial evidence suggests that AAT may be an effective tool for examining automatic 
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action tendencies related to both avoidance disorders, such as anxiety, as well as approach 

disorders, such as substance use.  

Inconclusive Evidence for AAT in the Eating Domain  

 
While the research findings in the anxiety and substance use disorder literature are 

promising, the evidence for the utility of AAT with food stimuli is relatively small and outcomes 

are mixed. Only a handful of studies have looked at the relationship between automatic action 

tendencies and eating behaviors using AAT techniques. Among treatment-seeking adolescents 

diagnosed with Anorexia Nervosa or an Eating Disorder, Not Otherwise Specified (ED-NOS), 

approach towards high-fat food pictures increased over a one-year follow-up; however, this 

increase did not correspond to changes in eating disordered symptoms (Neimeijer, de Jong, & 

Roefs, 2015). Tests of food cue reactivity with AAT have found that individuals with high levels 

of food cravings showed a greater approach bias whereas individuals with low levels of food 

cravings had a greater avoidance bias to food stimuli (Brockmeyer, Hahn, Reetz, Schmidt, & 

Friederich, 2015a). It is important to note this study’s sample characteristics, as only women 

were included in the high food cravers group (89.50% of low food cravers were also female), 

with an average body mass index reported across both subgroups (Brockmeyer et al., 2015a). 

Another study by the same investigators found that approach bias scores as well as cue-elicited 

food cravings decreased following a five-week program that incorporated AAT training; again, 

this finding was observed among a small sample (n = 30) of mostly normal-weight women with 

disordered eating (Brockmeyer, Hahn, Reetz, Schmidt, & Friederich, 2015b). Moreover, this 

finding was demonstrated in the context of a larger intervention study, and thus the impact of a 

single-session AAT on food cravings and eating behavior deserves further investigation.   
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Although some studies have provided initial evidence of the utility of AAT with food 

stimuli, other studies have reported no effects for AAT training on altering either implicit or 

explicit food-related processes. Across three experimental single session studies, researchers 

found no difference in bias scores or eating behaviors following AAT training using healthy and 

unhealthy food pictures (Becker, Jostmann, Wiers, & Holland, 2015). In another sample of 

college students, a recent study used an AAT to train participants either towards or away from 

chocolate images; training away from chocolate pictures produced faster avoidance response 

times to these images only (Dickson, Kavanagh, & MacLeod, 2016). No significant effects were 

found for the approach chocolate condition (Dickson et al., 2016). Similar to other findings, the 

AAT training conditions did not seem to impact food consumption during a subsequent 

laboratory chocolate taste test (Dickson et al., 2016). This study also did not conduct 

anthropometrics, or even include self-reported height and weight, therefore it is unknown what 

impact BMI may have had, if any, on the results of the AAT and chocolate taste test.  

However, a recent study conducted in Australia was able to successfully demonstrate an 

impact on approach-avoidance bias scores as well as chocolate consumption following an AAT 

(Schumacher, Kemps, & Tiggemann, 2016). Participants in the trained away from chocolate 

condition ate less of a chocolate muffin in a taste test that followed the AAT training compared 

to participants in the trained toward chocolate condition (Schumacher, Kemps, & Tiggemann, 

2016). While these findings may seem promising at first glance, some important limitations of 

this study should be noted. First, this study sample only included female undergraduate students, 

with almost two-thirds of the sample in the normal weight range based on BMI. Secondly, the 

muffin taste test only occurred after AAT training, thus it cannot be concluded that the training 

condition is solely responsible for differences in amount consumed. Perhaps additional 
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unmeasured factors, other than training condition, are responsible for post-training outcomes in 

the taste test, which cannot be overlooked given that a pre-training taste test was not done. 

Finally, the outcome variable of chocolate consumption was measured using the difference in 

grams from pre to post taste test weight of the chocolate muffin. Using a difference score, instead 

of an estimated energy intake equation, does not account for important demographic variables of 

interest, including BMI, that could be influence eating behaviors, thereby confounding the 

results. Participants were also instructed to arrive to the laboratory session hungry and were not 

satiated when performing the AAT or the muffin taste test (Schumacher, Kemps, & Tiggemann, 

2016). Although no study design can account for every confounding factor, the limitations 

discussed above should be considered and addressed in future studies in order to better 

understand the impact of AAT on approach biases towards food and laboratory-based eating 

behaviors.   

In a clinical inpatient study using AAT to examine approach-avoidance biases among 

individuals with obesity, individuals with obesity and Binge Eating Disorder (BED), and healthy 

weight controls, investigators found slower response times to high-calorie versus low-calorie 

food pictures across groups (Paslakis, Kuhn, Grunert, & Erim, 2017). No differences were 

observed in reaction times to either stimuli type among the obesity and obesity with BED groups 

(Paslakis et al., 2017). Participants with obesity were significantly slower in approach reaction 

times across stimuli sets and avoidance reaction times for low-calorie foods only (Paslakis et al., 

2017). Both heathy controls as well as participants with both obesity and BED showed a 

significant approach as well as avoidance bias for low-calorie food stimuli, whereas individuals 

with obesity did not (Paslakis et al., 2017). The authors note their surprise in finding an 

avoidance bias for low-calorie food stimuli among healthy weight controls (Paslakis et al., 2017). 
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The results of this study question whether approach-avoidance biases as measured through AAT 

differ based on weight and/or eating psychopathology.  

A recent randomized control trial used AAT training in a treatment-seeking sample of 

adults with obesity to assess the impact of training approach bias to unhealthy food cues on 

automatic action tendencies, eating disorder pathology, and BMI (Ferentzi et al., 2018). 

Participants (n = 129) were all patients in a psychosomatic clinic with a wide range of psychiatric 

disorders, from depression to panic disorders to gambling problems (Ferentzi et al., 2018). AAT 

stimuli included unhealthy food pictures (i.e., calorically dense foods) compared to pictures the 

researchers thought represented a positive, healthy lifestyle (Ferentzi et al., 2018). Individuals 

were assigned to one of two conditions – avoidance training away from unhealthy food pictures 

(100% trained away) versus a control group that received a sham training (50% trained away; 

Ferentzi et al., 2018). Training consisted of four sessions which took place over four consecutive 

days (Ferentzi et al., 2018). Researchers found that although approach-avoidance bias improved 

in the training group (i.e., participants trained to avoid unhealthy food stimuli), no significant 

outcomes were observed for BMI at discharge from the clinic (Ferentzi et al., 2018). Moreover, 

no differences between groups emerged after AAT training on a one-time food-specific Implicit 

Association Test (Ferentzi et al., 2018). The authors also reported substantial drop out rates from 

this study, as 15 people dropped out of the training or left the clinic, 14 individuals were 

excluded due to technical difficulties, and 31 participants were excluded because they made at 

least 40% errors on one of the two AAT assessments (Ferentzi et al., 2018). Additional clinical 

trials should be conducted in order to better understand what impact, if any, AAT training may 

have on weight and eating outcomes.   
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The conclusions from the available studies using AAT with food stimuli may be limited 

due to differences in methodological design and inclusion criteria. The lack of variability in both 

sex and weight across studies is problematic. Moreover, it is still unknown whether overweight 

and obese individuals demonstrate an approach bias towards food stimuli, and if so, does this 

approach bias vary based on pertinent food characteristics, such as caloric density. To date, 

studies evaluating approach-avoidance biases with AAT as it relates to eating behaviors have 

been largely inconclusive. Thus, critical questions still remain as to whether food-cue 

responsivity can be captured using an AAT paradigm. Further, it is largely unknown whether 

approach-avoidance biases towards food pictures exist at baseline, and for whom they may 

represent a behavioral target for intervention.  

Individual difference characteristics may also be contributing to the relationship between 

approach bias to food cues and eating behaviors. Responsiveness to food cues in the environment 

varies from person to person (Lowe et al., 2009) and with weight status (Cappelleri et al., 2009). 

Research has also highlighted the role of neurocognitive functioning, particularly in areas related 

to inhibition/impulsivity and executive functioning, in the maintenance of overeating behaviors 

(Liang et al., 2014; Smith et al., 2011). Yet, prior AAT studies often overlook these factors, 

thereby not considering the influence of these individual differences on approach biases towards 

food. It is unknown whether these individual differences impact automatic approach biases to 

food, and to what degree these explicit measures correlate with implicit behavioral biases. Given 

that approach and avoidance behaviors do not exist in isolation but rather as part of an integrated 

network, it is important that future research consider these related constructs and what 

relationship they might have to approach bias and eating behaviors.  
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Considering both the omnipresence of food cues, coupled with the rising rates of 

overweight and obesity, understanding the mechanisms that influence how an individual interacts 

with the current food environment and contributes to problematic eating behaviors is crucial. 

Thus, there is a critical need to better understand the impact that food cues have on eating 

behaviors and individual differences in this relationship. Therefore, we created a computerized 

AAT with high-calorie and low-calorie food picture stimuli (AAT-Food) and included 

participants with overweight and obesity in addition to healthy weight. This study seeks to 

investigate the role of automatic action tendencies using approach-avoidance paradigms to 

provide additional insight into food-cue reactivity and pave the way for innovative, targeted 

treatment programs that apply these mechanisms to promote behavior change. 

Specific Aims 

The current study aims to examine whether an approach bias to high-calorie food cues 

exists and can be measured using an AAT with food picture stimuli. We also explored whether 

individual difference characteristics known to influence eating and weight, such as reward based 

eating drive, psychological responsivity to food cues, disordered eating cognitions, behavioral 

activation and inhibition, and neurocognitive functioning (impulsivity and executive functioning, 

specifically) were correlated with approach bias to high-calorie food stimuli. Additionally, this 

study seeks to determine if differential approach biases to food cues are associated with weight 

status, with planned comparisons to examine differences in healthy weight versus 

overweight/obese individuals. Given the inconsistencies in the literature, this study also explored 

whether approach bias towards high-calorie foods can be altered after a single session AAT-

Food training and measured the impact of that training on subsequent eating behaviors in a free 

access food paradigm.  
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Aim 1: Characterize the approach-avoidance bias to food cues in young adults using a 

computerized AAT-Food program.  

 

Hypothesis 1a: We hypothesize that there will be a greater approach bias score towards 

high-calorie food pictures compared to non-calorically-dense food pictures in healthy 

young adults across the weight spectrum. 

 

Hypothesis 1b: We hypothesize that individuals with greater baseline approach bias 

scores will consume more snack foods overall, regardless of caloric density, during an ad 

libitum free access period.  

 

Aim 2: Explore individual difference characteristics that may correlate with AAT-Food 

approach bias score. 

 

Hypothesis 2a: We hypothesize that higher self-reported reward-based eating drive will 

be correlated with greater approach bias towards high-calorie food pictures.  

 

Hypothesis 2b: We hypothesize that higher self-reported psychological responding to 

food cues will be correlated with greater approach bias towards high-calorie food 

pictures.  
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Hypothesis 2c: We predict that higher levels of disordered eating cognitions will result in 

less approach bias towards high-calorie food pictures.  

 

Hypothesis 2d: We hypothesize that greater difficulties in executive functioning will 

result in greater approach biases to high-calorie food pictures. 

 

Hypothesis 2e: We hypothesize that greater difficulties in behavioral inhibition and 

impulsivity will result in greater approach biases to high-calorie food pictures. 

 

Aim 3: Evaluate the impact of weight status as a potential moderator on AAT-Food 

approach bias score.  

 

Hypothesis 3: We hypothesize that overweight/obese participants will have a greater 

mean approach bias score towards high-calorie food pictures compared to their healthy 

weight counterparts.  

 

Exploratory Aim: Evaluate the impact of a one-session AAT training on approach bias 

scores to food cues as well as food consumption in a free access paradigm.  

 

Hypothesis E1: We hypothesize that individuals trained toward high-calorie food pictures 

will demonstrate a greater change in approach bias score (faster approach reaction times) 

to high-calorie food stimuli in the post-assessment AAT-Food compared to those trained 

away from high-calorie food stimuli.  
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Hypothesis E2: We hypothesize that individuals in the trained toward high-calorie food 

condition will consume more calories in a subsequent free access paradigm compared to 

individuals trained away from high-calorie food stimuli.  

 

By addressing crucial methodological gaps in the approach-avoidance and obesity 

literatures, this study seeks to clarify and identify individuals for which environmental food cues 

may play a pivotal role in overeating and weight gain behaviors. Moreover, conclusions from 

this study could help inform treatment design and ideally improve upon current weight-loss 

interventions by elucidating and targeting key mechanistic factors that may be contributing to 

excess weight gain for some individuals.   

Sections of Chapter 1 of this dissertation will be submitted for publication with co-

authors, Boutelle, Kerri; Amir, Nader. The dissertation author was the primary investigator and 

will be the primary author on this publication.  
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CHAPTER 2. METHODS 

Overview of Proposed Study 

This study consisted of a one-session laboratory visit in which participants completed a 

computerized AAT with food pictures (AAT-Food), responded to self-report questionnaires, 

engaged in a free access behavioral snack paradigm (Eating in the Absence of Hunger; EAH), 

and completed anthropometric measurements. Participants were recruited through the San Diego 

State University (SDSU) Psychology subject pool using the SONA online scheduling system. All 

participants were run at the Center for Understanding and Treating Anxiety (CUTA) laboratory 

space at SDSU. Participants received course credit for participation in the study. Participants 

were given full participation course credit even if they were unable to complete the study as 

designed due to meeting exclusionary criteria or computer-related malfunction.    

Inclusion/Exclusion Criteria 
 

Participants were non-dieting males and females at least 18 years old enrolled at SDSU. 

Exclusion criteria included currently dieting or history of an eating disorder (Anorexia Nervosa, 

Bulimia Nervosa, Avoidant Restrictive Food Intake Disorder; Binge Eating Disorder is not 

exclusionary for this study). Additional exclusionary criteria included color blindness, 

unwillingness to consume a caloric preload, or presence of a medical or psychiatric condition 

known to impact reaction time data or eating behaviors (i.e., severe depression, diabetes, fatty 

liver disease, gastrointestinal disorders). Participants were excluded from participation if they 

reported food allergies that would impact performance in the EAH.  

Procedure 

 

The Institutional Review Boards at San Diego State University and the University of 

California, San Diego jointly approved this project. Participants were instructed to arrive hungry. 
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Upon arrival, participants were provided with copies of the informed consent document. After 

completing informed consent procedures, participants completed a series of screening questions 

to ensure eligibility for the study. If participants were ineligible to participate (i.e., colorblind, 

food allergies, etc.), the study was discontinued and the participant was awarded course credit. If 

participants endorsed food allergies, they were further screened and excluded if ineligible to 

participate in the taste test portion of the study. Eligible participants then completed a series of 

questions to rate hunger and thirst levels on self-report Likert-type rating scales (e.g., 1: “not at 

all hungry” to 5: “extremely hungry”).   

Participants were then asked to consume a 400-calorie pre-load (Soylent shake). 

Participants were provided with a choice between original and chocolate flavors. The flavor 

options did not vary in nutrient composition, calorie content, or amount. Participants were 

instructed to finish the entire bottle.  

Next, participants completed self-report questionnaires using a web-based survey-taking 

system (i.e., SurveyMonkey). The specific questionnaires are listed in the measurement section 

below. Participants took approximately 20-25 minutes to complete the questionnaire battery. 

Participants were randomized into one of two AAT-Food training conditions – trained towards 

high-calorie food pictures or trained away from high-calorie food pictures. Participants 

completed the computerized AAT-Food program to assess and manipulate approach bias score. 

Immediately after completing the AAT-Food program, participants were presented with three 

high-calorie (potato chips, Mini Oreo cookies, gummy bears) and three low-calorie (apples 

slices, baby carrots, and pretzels) snack food options, and were asked to taste and rate each food. 

The experimenter left the snack foods with the participant for a ten-minute ad libitum free access 

period, in which the participant was instructed to eat as much as they wanted during this time 
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(EAH paradigm). Once the ten minutes were over, the experimenter returned to the room and 

ended the EAH portion of the study. After completing the EAH paradigm, participants then rated 

each of the stimuli pictures used in the AAT-Food on a variety of dimensions. These ratings 

serve as a critical manipulation check to ensure the stimuli elicited the expected response. 

Participants then underwent anthropometric measurements. Finally, participants were debriefed, 

thanked for their time, and awarded course credit. The foods from the EAH were weighed and 

number of calories consumed was calculated.  

Measures 

 

Anthropometrics. Height was measured in triplicate to the nearest 0.1 cm using a portable 

Schorr height board (Schorr Inc, Olney, MD). Weight was measured to the nearest 0.1 kg using a 

calibrated Tanita Digital Scale. Averages for height and weight were calculated and body mass 

index (BMI: kg/m2) was computed for each individual.  

 Approach-Avoidance Bias. Approach-avoidance bias was evaluated and trained using the 

Approach Avoidance Task with food stimuli (AAT-Food). This computerized task simulates 

automatic action tendencies by having participants respond to a neutral stimulus (i.e., color of the 

border) using a joystick device to assess approach and avoidance biases (Rinck & Becker, 2007). 

Participants were instructed to pull the joystick if the background was green, and to push the 

joystick if the background was blue. The pictures became larger or smaller on the screen, 

depending on the push/pull direction, until the joystick reached an approximate 30-degree angle 

and the picture disappeared. Participants were instructed to respond as quickly and accurately as 

possible.  

The AAT-Food consisted of three phases – baseline assessment, training, and post-

training assessment. The baseline assessment phase consisted of 144 trials (12 pictures by 2 
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picture types [low-calorie versus high-calorie] by 2 border colors [green versus blue] by 6 

repetitions). Participants were randomized to one of two groups: train towards high-calorie foods 

(90% towards high-calorie foods, 10% away from high-calorie foods) or train away from high-

calorie foods (90% away from high-calorie foods, 10% towards high-calorie foods). Each 

training condition consisted of 288 trials (12 pictures by 2 picture types [low-calorie versus high-

calorie by 2 border colors [green versus blue] by 12 repetitions). Once the training phase was 

completed, participants underwent a post-training AAT-Food assessment consisting of 144 trials 

with novel picture stimuli (12 pictures by 2 picture types [low-calorie versus high-calorie] by 2 

border colors [green versus blue] by 6 repetitions).  

The picture stimuli were presented in a random order for each participant. Two picture 

stimulus sets consisting of 12 high-calorie and 12 low-calorie food pictures, matched for shape 

and color, were used (set A and set B). See Appendix 1 for a list of food pictures used for each 

category. Individuals were presented with a novel picture set during the post-training assessment 

phase in order to assess generalizability and limit carry-over effects from the training session. 

The order of stimuli set presentation was randomly assigned and counterbalanced to account for 

random effects related to the picture stimuli.  

The approach-avoidance bias scores were measured using participants’ mean reaction 

times (RT) for how quickly they were able to push (avoidance trials) or pull (approach trials) the 

joystick in response to the background color of the picture stimuli. Bias score calculations and 

considerations are detailed below in the planned statistical analyses section.  

The reliability of the AAT-Food in this study was assessed using split-half reliability 

analyses for approach and avoidance reaction times of high and low-calorie food stimuli, as well 

as approach and avoidance bias scores. Split-half reliability was calculated by comparing odd 
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and even trials. Split-half reliability correlations were significant yet low for approach of high (r 

= .35, p < .01) and low-calorie food stimuli (r = .25, p < .05). Similarly, split-half reliability 

correlations were also low for avoid trials of high-calorie (r = .41, p < .001) and low-calorie food 

stimuli (r = .43, p < .001). The split-half reliability correlation for the approach bias score was 

not significant (r = .02, p > .05) whereas the split-half reliability correlation for the avoidance 

bias score was significant yet small (r = .32, p < .01). Overall, the AAT-Food demonstrated weak 

internal reliability across trials regardless of stimuli type. 

Eating in the Absence of Hunger (EAH). The Eating in the Absence of Hunger (EAH) 

paradigm is a behavioral task which assesses how much people eat when lacking physiological 

hunger (Birch, Fisher, & Davison, 2003). In the present study, participants were provided with 

six bowls of standardized, pre-weighed foods. Three low-calorie foods (apples, carrots, pretzels) 

and three high-calorie foods (chips, Mini Oreo cookies, gummy bears) were presented. 

Participants were asked to taste and rate each food using a 1 to 5 scale from disgusting to 

delicious. A copy of this questionnaire is included in Appendix 2. Participants were then left 

alone with the food for a ten-minute free access period. After ten minutes, the bowls of food 

were removed. The remaining amount of food was weighed to determine consumption in grams, 

which was then converted to calories for each food. High-calorie and low-calorie food totals 

were analyzed separately as well as together.  

In addition to total calories consumed, it is important to also account for what percentage 

of a person’s expected daily total intake was consumed during the EAH paradigm. Estimated 

Energy Requirements (EER) for each person were calculated using a formula that accounted for 

sex, age, weight, height, and physical activity level (Gerrior et al., 2006). This formula is 

recommended to be utilized for individuals 19 years and older (Gerrior et al., 2006). Although 
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our study included 18-year-old participants, we decided to utilize this formula to calculate EER 

across the sample as the caloric needs of an 18-year-old are likely to be better estimated by this 

formula compared to other equations validated on samples of children. As physical activity was 

not directly measured or assessed in this study, a conservative physical activity level of “low 

active” was chosen in line with other research studies (Liang et al., 2016; Trumbo et al., 2002). 

The amount of calories consumed during the EAH paradigm was then converted into a 

percentage of each person’s EER in order to better account for demographic factors that may 

influence eating habits. For example, consuming 250 extra calories in an EAH paradigm may 

account for 10% of one individual’s EER but 15% of someone else’s estimated caloric needs for 

the day. Therefore, analyses will utilize both total calories consumed as well as the calculated 

percentages of daily EER. The percentage of EER consumed from EAH high and low-calorie 

food options was also computed. In this study, these variables are referred to as EAH-percentage 

total, EAH-percentage high-calorie foods, and EAH-percentage low-calorie foods. 

Manipulation Check. Upon completion of the AAT-Food task and EAH paradigm, 

participants were asked to rate each of the AAT-Food stimuli pictures on how appetizing the 

picture looked and how much the participant liked the picture. Participants rated each picture 

using a nine-point scale. Responses ranged from “1 - not at all appetizing” to “9 - extremely 

appetizing” and from “1 - do not like at all” to “9 - like very much”. Participants rated a total of 

48 pictures on both dimensions split evenly between low and high-calorie foods. All pictures 

included in the AAT-Food were rated as part of this manipulation check.   

Self-report Measures 

 

Demographics. Self-report questionnaires regarding medical history, psychiatric 

disorders, and dieting history were administered using an online survey taking program. 
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Participants also completed basic demographic questions (sex, age, ethnicity, year in school) and 

answered questions regarding eating habits, such as dietary restrictions.  

Hunger/Satiety. Participants completed a paper-and-pencil questionnaire consisting of 

five items to determine levels of hunger, fullness, and thirst before consuming a calorically-

dense pre-load. In order to ensure understanding of the questionnaire, the last item included a 

pictorial representation of stomach fullness, in which participants selected from three pictures 

depicting differing levels of hunger and satiety. See Appendix 3 for a copy of this questionnaire.   

Reward Based Eating Drive. The Reward Based Eating Drive Scale (RED) assesses self-

reported eating in response to reward-based factors (Epel et al., 2014). The 9-item version was 

used in this study. Participants responded using a 5-point scale that ranged from “strongly 

disagree” to “strongly agree” (Epel et al., 2014). The RED scale demonstrated strong 

psychometric properties with invariance across age, sex, and racial groups in measure validation 

studies (Epel et al., 2014). In our sample, the RED scale had good internal consistency (9 items; 

α = .82). See Appendix 4 for a copy of this questionnaire.     

Psychological Responding to Food Cues. The Power of Food Scale (PFS) is a 15-item 

measure that assesses self-reported psychological responding to food cues in the environment 

(Cappelleri et al., 2009; Lowe et al., 2009) across three subscales: food available but not present, 

food present but not tasted, and food present and tasted (Lowe et al., 2009). Response options for 

each question range from “I don’t agree at all” to “I strongly agree” (Lowe et al., 2009). The PFS 

has demonstrated good psychometric properties (Cappelleri et al., 2009; Lowe et al., 2009), with 

incremental validity over other self-reported eating assessment measures, such as the Restraint 

Scale (Lowe et al., 2009). While the PFS has been shown to vary by weight (Cappelleri et al., 

2009), no significant differences have been found between men and women or among 
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racial/ethnic backgrounds on overall PFS scores (Lowe et al., 2009). In our sample, internal 

consistency for this fifteen-item scale was good (α = .89). Internal consistency for each subscale 

was also found to be acceptable to good in this study (Food Available: 6 items, α = .79; Food 

Present: 4 items, α = .84; Food Tasted: 5 items, α = .72). This questionnaire is included in 

Appendix 5. 

Eating Disorder Cognitions and Behaviors. The Eating Disorder Examination 

Questionnaire (EDE-Q; Fairburn & Beglin, 1994; Fairburn & Beglin, 2008) is a self-report 

questionnaire derived from the semi-structured interview version of the measure to assess 

disordered eating cognitions and behaviors across four subscales (restraint, eating concern, 

weight concern, and shape concern). The EDE-Q has strong internal consistency in both eating 

disorders (Peterson et al., 2007) and community samples (Luce & Crowther, 1999; Mond, Hay, 

Rodgers, Owen, & Beumont, 2004), with normative data available for college samples (Luce & 

Crowther, 2008; Lavender, De Young, & Anderson, 2010). The EDE-Q has also been found to 

be a valid instrument for distinguishing eating disorder cases from non-cases (Berg, Peterson, 

Frazier, & Crow, 2012). The four subscales (Restraint, Eating Concern, Shape Concern, and 

Weight Concern), as well as the total score (Global), were computed and used in this study. 

Internal consistency for the EDE-Q Global score was excellent (22 items, α = .93). Internal 

consistency for the EDE-Q subscale scores ranged from acceptable to good (Restraint subscale: 5 

items, α = .72; Eating Concern subscale: 5 items, α = .75; Shape Concern subscale: 8 items, α = 

.88; Weight Concern subscale: 5 items, α = .85). Appendix 6 lists this questionnaire separated by 

subscale. 

Executive Functioning. The Executive Functioning Index (EFI) is a 27-item self-report 

measure assesses executive functioning and self-regulation abilities across a variety of domains 
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(Spinella, 2005). Participants rate the frequency of problematic behaviors on a 5-point Likert 

scale, with higher scores indicating greater executive dysfunction. The EFI has demonstrated 

acceptable reliability and validity (Spinella, 2005). Five subscales (Motivational Drive, 

Organization, Strategic Planning, Impulse Control, and Empathy) as well as a total score were 

computed and analyzed in this study. The internal consistency for the EFI Total score was poor 

(27 items, α = .55). The internal consistencies for the EFI subscales ranged from unacceptable 

(Strategic Planning: 7 items, α = .29; Motivational Drive: 4 items, α = .49) to poor (Impulse 

Control: 5 items, α = .57) to questionable (5 items, Organization: α = .63), with only one 

subscale demonstrating an internal consistency in the acceptable range (Empathy: 6 items, α = 

.72). Given the low internal consistency across many subscales as well as the total score, results 

utilizing this measure should be interpreted cautiously within this sample. See Appendix 7 for a 

copy of this measure.   

 Behavioral Activation and Inhibition. The Behavioral Inhibition System/Behavioral 

Activation System (BIS/BAS) scales was used to assess individual differences in behavioral 

activation and inhibition systems (Carver & White, 1994). The BIS/BAS scales have 

demonstrated adequate psychometric properties in samples of college students (Carver & White, 

1994; Jorm et al., 1999). The three BAS scales (BAS Drive, Fun Seeking, and Reward 

Responsiveness scales) as well as the BIS scale were calculated and included in this study. The 

internal consistency was acceptable for two of the BAS subscales (BAS Drive: 4 items, α = .71; 

BAS Fun Seeking: 4 items, α = .73) and the BIS scale (7 items, α = .79) within this sample. The 

BAS Reward Responsiveness subscale did not demonstrate adequate internal consistency (5 

items, α = .55). Appendix 8 includes the items that comprise the BIS/BAS scales.  
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Impulsivity. The UPPS-P Impulsive Behavior Scale (UPPS-P) measures five dimensions 

of impulsivity: positive urgency, negative urgency, sensation seeking, (lack of) premeditation, 

and (lack of) perseverance (Whiteside & Lynam, 2001; Cyders et al., 2007; Lynam, Smith, 

Whiteside, & Cyders, 2006). Participants are asked to respond to a series of items by rating how 

much they agree or disagree with the statement using a four-point scale ranging from “1: agree 

strongly” to “4: disagree strongly”. The UPPS-P has demonstrated good psychometric properties 

in community and clinical samples (Berg, Latzman, Bliwise, & Lilienfeld, 2015; Smith et al., 

2007; Whiteside, Lynam, Miller, & Reyolds, 2005), as well as measurement invariance across 

men and women (Cyders, 2013). To reduce participant burden, only the negative urgency 

subscale was administered during this study. The negative urgency subscale has also been 

reliability correlated with measures of disordered eating (Anestis, Smith, Fink, & Joiner, 2009; 

Racine et al., 2013) and related to eating and weight outcomes (Murphy, Stojeck, & MacKillop, 

2014; Delgado-Rico, Rio-Valle, Gonzalez-Jimeez, Campoy, & Verdejo-Garcia, 2012). The 

UPPS-P negative urgency subscale demonstrated good internal consistency in this study (12 

items, α = .87). A copy of the UPPS-P negative urgency subscale can be found in Appendix 9.  

Data Analytic Plan 

All analyses were conducted using SPSS version 24, with significance determined by p-

values less than 0.05. Data were evaluated for violations of statistical assumptions, such as 

normality, homogeneity of variance, and sphericity. Given the sample size, the distribution was 

considered non-normal if z-scores for skew and/or kurtosis exceed 3.29 (Ghasemi & Zahediasl, 

2012), with primary outcome measures requiring transformation. For relevant analyses, Levene’s 

Test of Equality of Error Variances were used to estimate homogeneity of variance between 

groups. To correct for violations of sphericity, Huynh-Feldt corrected values were used.  



 29

Covariates and collinearity. We evaluated a number of demographic variables as 

covariates, including age, sex, and ethnicity, and conducted correlational analyses (continuous 

variables) or independent samples t-tests (categorical variables) to determine if group differences 

exist among individual difference characteristics (Aim 2) or weight status (Aim 3). Our plan 

included statically adjusting for significant differences in these variables in the primary analyses 

in order to account for variability unrelated to our primary outcome measures. We also planned 

to conduct exploratory analyses to investigate the role of these differences as alternative 

predictors should any differences occur. It is possible that any observed systematic differences 

are meaningfully related to our outcomes of interest and thus deserve further exploration. As 

such, we reported both adjusted and unadjusted analyses when relevant. Collinearity was 

assessed among predictor variables using correlational tests (i.e., Pearson’s product-moment 

correlation); variables that were highly collinear (defined as r  ≥ .60) were removed from 

analyses.  

Outliers and errors. Given the noted inconsistencies in determining a priori cutoffs for 

outliers in reaction time data across studies (Price et al., 2015), we chose to adopt a data-driven 

approach and winsorize our data. This modern robust statistical method entails re-assigning 

outlying values to the nearest value in the sample that falls within a valid distribution (Erceg-

Hurn & Mirosevich, 2008; Price et al., 2015). Winsorizing reaction time data maximizes power 

by maintaining data points while limiting the impact individual outliers may exert over outcomes 

(Price et al., 2015).  

Power Analyses  

Power and sample size estimates were determined for the primary analyses using the 

G*Power software program to conduct a power analysis calculation. Moderate to large effect 
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sizes have also been reported for approach bias to food cues (d = .67) (Brignell, Griffiths, 

Bradley, & Mogg, 2009) and in self-reported and behavioral measures of food choices following 

AAT with food pictures (d’s = 0.52 - 0.99) (Becker et al., 2015).   

To test for differences in approach bias scores for high-calorie versus low-calorie food 

stimuli and training conditions as outlined in Aim 1, a minimum of 34 participants would be 

required to sustain power >.80 in order to detect a medium effect size (f2 = .25).  

To examine the relationship of individual difference characteristics with approach bias 

scores (Aim 2), 68 participants are needed to obtain power of .80 with a moderate effect size (f2 

= .15).  

For Aim 3, to achieve power of .80 for a moderate effect size (d = .50), a total of 51 

healthy weight and 51 overweight/obese subjects are needed to analyze differences in approach 

bias scores by weight group. However, if the effect size is minimally increased (d = .60), only 36 

participants per group would be needed to obtain a power of .80 in the proposed analyses. For 

analyses in which BMI is analyzed continuously, a sample size of only 23 total participants 

would be needed to achieve power of .80 for a moderate effect size (R2 = .30).  

Sample size. Therefore, to ensure adequately powered analyses across the majority of 

aims and to account for inadvertent data loss, we planned to recruit and enroll 72 participants in 

the present study. While enrolling 102 participants to ensure adequate power to detect a 

moderate effect size in Aim 3 would be ideal, it is unlikely that recruitment of this many 

undergraduate students within the proposed study’s time frame would be feasible. Therefore, 

with a proposed sample size of 72, this study will be powered at .995 to detect a medium effect 

(d = .50) and powered at .999 to detect a large effect (d = .80) for Aim 1, and .90 to detect a 

moderate effect (f2 = .15) and .998 to detect a large effect (f2 = .35) for Aim 2.  



 31

Planned Statistical Analyses  
 

Bias score calculation. Mean bias scores on the AAT-Food were calculated for each 

response direction and not just within stimulus set, as approach and avoidance may not lie on a 

continuum as previously thought (Amir, Kuckertz, & Najmi, 2013; Najmi, Kuckertz, & Amir, 

2010). Thus, we calculated bias scores using reaction time means based on the following 

formulas: bias-scoreapproach= high-calorie pictures pull – low-calorie pictures pull; bias-scoreavoid= 

high-calorie pictures push – low-calorie pictures push. Raw approach and avoidance reaction 

time scores were analyzed as well.  

Aim 1: To assess the within subject comparison of approach bias for high-calorie versus 

low-calorie food pictures at baseline, we conducted paired (samples) t-tests to compare means of 

approach bias scores. We also examined the sample means for approach and avoidance bias 

scores. We conducted correlational and linear regression analyses to analyze the relationship 

between baseline approach bias scores and EAH snack food consumption, controlling for 

relevant covariates. Analyses examined both high-calorie and low-calorie food consumption 

separately as well as together by analyzing total calories consumed in the EAH paradigm.  

Aim 2: Correlation coefficients were computed to examine the relationship among the 

AAT-Food approach bias score with individual difference characteristics of interest (reward-

based eating drive, psychological responsivity to food cues, disordered eating cognitions, 

executive functioning, behavioral activation and inhibition, impulsivity). Variables that were 

significantly correlated were entered in multiple regression models to determine independent 

contributions towards approach bias.     

Aim 3: We examined weight as a continuous variable as well as a dichotomous variable 

(healthy weight versus overweight/obese, defined as a BMI ≥ 25 kg/m2). To determine if weight 
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status served as a potential moderator for the AAT-Food baseline approach bias score, we 

conducted independent samples t-tests to analyze group differences (groups = healthy weight 

versus overweight/obese participants) in approach bias score. As individuals were not selected 

for this study based on weight status, we also analyzed the weight data continuously to allow for 

more variability across the weight spectrum. Linear regressions were conducted with approach 

bias score as the dependent variable and BMI score as the independent variable to determine 

what relationship, if any, existed between weight and approach bias towards high-calorie foods.  

Exploratory Analyses: For Hypothesis E1, we used a 2 (time: baseline assessment 

versus post-training assessment; within-subjects factor) x 2 (training condition: trained towards 

versus trained away; between-subjects factor) mixed model ANOVA to analyze group 

differences in AAT-Food approach bias scores (dependent variable) based on AAT-Food 

training condition. For Hypothesis E2, we conducted paired (samples) t-tests to compare EAH 

consumption (total consumption, high-calorie food consumption, low-calorie food consumption) 

based on AAT-Food training condition (2 groups: trained towards high-calorie foods and trained 

away from high-calorie foods).  

Missing data. Missing data was assumed to be missing at random and maximum 

likelihood models were used. Missing data may be the result of computer error, participant 

oversight, or non-systematic and non-random participant factors (i.e., refusal, fatigue, etc.). 

Given the one-session experimental design of this study, we did not anticipate a loss of data due 

to follow-up or attrition over time.  

Sections of Chapter 2 of this dissertation will be submitted for publication with co-

authors, Boutelle, Kerri; Amir, Nader. The dissertation author was the primary investigator and 

will be the primary author on this publication.  
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CHAPTER 3. RESULTS 

Participants 

 A total of 80 undergraduate students volunteered for this one-session laboratory 

experiment. No individuals presented with food allergies. In total, five individuals were excluded 

from the present study. One individual expressed a self-reported “apple phobia” during the EAH 

paradigm and thus her data was not included. Another individual was vegan and did not 

participate in the EAH paradigm. Two participants had trouble with the computer AAT-Food 

program and thus no valid data were collected for those individuals. These individuals also did 

not participate in the EAH paradigm but were given full participation credit for the study. A third 

individual was dieting and thus excluded. 

 The final sample consisted of 75 participants (65.3% female; 28% Hispanic; 19.83 ± 

2.70 years) who completed all portions of this study. Body Mass Index (BMI) for the sample 

ranged from 17.8 kg/m2 to 64.9 kg/m2 (Mean ± SD: 24.31 ± 6.05 kg/m2). The BMI data were not 

normally distributed (skew: 4.32; kurtosis: 27.07) and thus outliers were identified. One outlier 

was identified and corrected to the next largest data point. The data became normally distributed 

(skew: 1.02; kurtosis: 0.61), with a mean BMI of 23.91 ± 3.97 kg/m2 after this correction. The 

sample consisted of 69% participants (n = 52) in the healthy weight range compared to 31% 

participants (n = 23) who were in the overweight/obese weight range. Only seven individuals had 

a BMI in the obese range (BMI ≥ 30.00 kg/m2). See Tables 1 and 2 for sample characteristics.  

No significant differences were observed on demographic variables of interest among 

participants randomly assigned to the trained towards versus the trained away from AAT-Food 

conditions. See Table 3 for demographic characteristics displayed by training condition.   

Results for Aim 1 
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Aim 1: Characterize the approach-avoidance bias to food cues in young adults using 

a computerized AAT-Food program.  

 

Hypothesis 1a: We hypothesize that there will be a greater approach bias score towards high-

calorie food pictures compared to non-calorically-dense food pictures at baseline in healthy 

young adults across the weight spectrum. 

 

Overall, participants on average correctly responded to 97.44% of AAT-Food trials at 

baseline. Only 5 individuals (6.70%) responded correctly to every item. The mean for the overall 

approach bias score (reaction time for pull trials; bias-scoreapproach= high-calorie pictures pull – 

low-calorie pictures pull) at baseline was 1.247 milliseconds (SD: 43.01 milliseconds), indicating 

that participants were on average slightly faster at approaching low-calorie picture stimuli. 

However, there was no significant difference in reaction time between approach (pull) to high-

calorie food pictures and approach (pull) to low-calorie food pictures at baseline (paired samples 

t-test; t (74) = .25, p = .80). The mean for the overall avoidance bias score (reaction time for push 

trials; bias-scoreavoid= high-calorie pictures push – low-calorie pictures push) at baseline was 

1.853 milliseconds (SD: 51.19 milliseconds), such that participants were on average slightly 

faster at pushing away low-calorie food pictures. In other words, participants took longer to push 

away high-calorie food pictures, although this difference was also not significant (t (74) = .31, p 

= .76). Furthermore, there were no significant differences in reaction time for bias scores for 

approach versus avoid trials (t (74) = -.08, p = .93). Thus, our study did not find evidence to 

support a significant difference in responding (reaction time) for high-calorie versus low-calorie 

food pictures in either push or pull conditions at baseline prior to AAT-Food training.   
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 The correlation between approach reaction time scores to high-calorie and low-calorie 

foods at baseline was high (r = .86, p < .001). Likewise, reaction times for avoiding high-calorie 

and low-calorie food pictures were also significantly correlated in this sample (r = .83, p < .001). 

Moreover, reaction times for approach (pull) and avoidance (push) trials to high-calorie stimuli (r  

= .88, p < .001) and low-calorie stimuli (r = .82, p < .001) were significantly correlated.  

 

Hypothesis 1b: We hypothesize that individuals with greater baseline approach bias scores will 

consume more snack foods overall, regardless of caloric density, during an ad libitum free access 

period.  

 

Linear regression analyses revealed non-significant findings for the relationship between 

approach bias scores at baseline and calorie consumption during the EAH paradigm (p’s > .05). 

Similar findings were observed when analyzing calories consumed from high-calorie (chips, 

Mini Oreo cookies, gummy bears) and low-calorie (apples, carrots, pretzels) foods separately 

(p’s > .05). Results did not differ when using EAH-percentage measures as the dependent 

variables in these analyses (p’s > .05).  

The correlation between BMI and total caloric consumption was significant (r = .26, p < 

.05) as was the correlation between BMI and consumption from low calorie foods only (r = .30, p 

< .01). The correlation between BMI and intake from high calorie foods trended toward 

significance (r = .22, p = .059). In separate linear regression analyses, BMI was significantly 

related to total calories consumed (F (1,73) = 5.34, p < .05; β = .26) and low-calorie food 

consumption (F (1,73)  = 7.35, p < .01; β = .30). The relationship between BMI and high-calorie 

food consumption trended towards significance (p = .059). Therefore, we included BMI as a 
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covariate in the linear regression analyses to investigate the relationship between baseline 

approach scores and EAH snack food consumption. Results were not significant for any of the 

three EAH outcome measures (p’s > .05) with approach bias scores at baseline. Similarly, no 

significant findings emerged when using EAH-percentage (total, high-calorie food, low-calorie 

food) in linear regression analyses adjusting for BMI (p’s > .05).  

Sex was also significantly related to EAH outcomes, such that men ate more calories 

overall than women (M ± SD for men versus women: 292.16 ± 163.49 versus 207.48 ± 100.47, 

respectively; t (35.29) = -2.41, p < .05). Additionally, men in our sample also consumed more 

from high-calorie foods (210.84 ± 142.97 compared to 142.26 ± 89.75; t (35.74) = -2.22, p < .05) 

as well as low-calorie foods (81.32 ± 34.49 versus 65.22 ± 26.27; t (73) = -2.26, p < .05). 

However, BMI did not significantly differ based on sex (t (73) = -.59, p > .05). BMI and sex 

were not correlated in our sample (r = .07, p > .05).  

Given that collinearity was not a concern among these two demographic variables, we 

adjusted for both BMI and sex in linear regression analyses examining the relationship between 

baseline approach bias and EAH food intake. Although the overall model was significant (F (3,71) 

= 4.28, p < .01), linear regression analyses revealed that approach bias at baseline and EAH total 

calories were not significantly related, when accounting for both BMI and sex in the model (t = 

.028, p > .05, β = .003). Similar non-significant findings were noted when examining the 

relationship between baseline approach bias and calories consumed from EAH high-calorie and 

low-calorie foods (p’s > .05). In examining the relationship between approach reaction times for 

high-calorie and low-calorie foods individually, separate linear regression analyses adjusting for 

BMI and sex revealed that approach reaction time did not significantly predict EAH total, EAH 

high-calorie food, and EAH low-calorie food intake (p’s > .05). The overall models lacked 



 37

significance when using EAH-percentage measures as the dependent variables for approach bias 

scores as well as approach reaction times to high and low-calorie food pictures (p’s > .05). 

Tables 4a-r display the results of these linear regression analyses.  

A similar pattern of results emerged when evaluating the relationship between avoidance 

bias at baseline and EAH outcomes. After accounting for BMI and sex in linear regression 

analyses, avoidance bias scores at baseline were unrelated to EAH total, EAH high-calorie, and 

EAH low-calorie food consumptions (p’s > .05). Models that utilized EAH-percentage (total, 

high-calorie, and low-calorie) as dependent variables were not significant (p’s > .05). Avoidance 

reaction times for high and low-calorie stimuli at baseline were also unrelated to EAH outcomes 

when accounting from BMI and sex (p’s > .05). Once again, models that examined the 

relationship between avoidance reaction times and EAH-percentage were not significant overall 

(p’s > .05).   

Results for Aim 2 

Aim 2: Explore individual difference characteristics that may correlate with AAT-

Food approach bias score. 

 

Table 5 displays the means and standard deviations for the individual difference 

characteristics included in this study (self-reported reward-based eating drive, psychological 

responsivity to food cues, eating disorder cognitions, executive functioning, behavioral inhibition 

and activation, and impulsivity). In addition to means and standard deviations for the entire 

sample, Table 5 also compares questionnaire outcomes based on sex and BMI (healthy weight 

versus overweight/obese).  
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Hypothesis 2a: We hypothesize that higher self-reported reward-based eating drive will be 

correlated with greater approach bias towards high-calorie food pictures.   

 

Self-reported reward-based eating drive as measured by the RED scale was not 

significantly correlated with approach bias towards high-calorie food pictures at baseline (p > 

.05). The data did not support Hypothesis 2a.  

 

Hypothesis 2b: We hypothesize that higher self-reported psychological responding to food cues 

will be correlated with greater approach bias towards high-calorie food pictures.  

 

Self-reported psychological responding to food cues, as measured by the Power of Food 

Scale (PFS) total score as well as subscale scores, was not correlated with approach bias scores 

at baseline in our sample (p’s > .05). Thus, hypothesis 2b was not supported by our data.  

 

Hypothesis 2c: We predict that higher levels of disordered eating cognitions will result in less 

approach bias towards high-calorie food pictures.   

 

Hypothesis 2c was also not supported by the data, as none of the EDE-Q subscales nor 

the EDE-Q Global score were correlated with approach bias towards high-calorie food pictures 

(p’s > .05). Thus, disordered eating cognitions were not related to approach bias to high-calorie 

food pictures in our study.  
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Hypothesis 2d: We hypothesize that greater difficulties in executive functioning will result in 

greater approach biases to high-calorie food pictures. 

 

Executive functioning, as measured by the Executive Functioning Index (EFI) total score 

as well as subscale scores, was not significantly associated with approach bias in our sample (p’s 

> .05). Thus, we did not find evidence to support hypothesis 2d.  

 

Hypothesis 2e: We hypothesize that greater difficulties in inhibition will result in greater 

approach biases to high-calorie food pictures.  

 

In our sample, inhibition (as measured by the BIS/BAS and UPPS-P) was not correlated 

with approach bias to high-calorie food pictures (p’s > .05). None of the BIS/BAS subscales, 

including the BIS Total and BAS Total scores, were significantly related to approach bias (p’s > 

.05). Furthermore, inhibition as measured by the UPPS-P Negative Urgency subscale was not 

correlated with approach bias to high-calorie food pictures in our sample (p > .05). Thus, we did 

not find evidence to support Hypothesis 2e in the present study.  

Results for Aim 3  

Aim 3: Evaluate the impact of weight status as a potential moderator on AAT-Food 

approach bias score.  

 

Hypothesis 3: We hypothesize that overweight/obese participants will have a greater mean 

approach bias score towards high-calorie food pictures compared to their healthy weight 

counterparts.   
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There was no significant difference between baseline approach reaction time scores 

towards high-calorie food pictures for participants of healthy weight (n = 52; M = 684.10, SD = 

89.94) versus participants with overweight or obesity (n = 23; M = 683.04, SD = 67.26; t (73) = 

.05, p = .96). Similarly, no differences were found for baseline approach reaction time towards 

low-calorie food pictures based on weight status (M ± SD for healthy weight versus 

overweight/obese participants: 684.11 ± 84.94 compared to 678.94 ± 72.34; t (73)  = .25, p > 

.05). There was also no significant difference in reaction times for approach bias scores overall 

based on weight group (M ± SD; healthy weight: -0.02 ± 44.27; overweight/obese: 4.11 ± 40.83; 

t (73) = -.38, p > .05). Similar results emerged when examining avoidance reaction time scores 

for high-calorie food pictures (t (73) = .08, p > .05) and low-calorie food pictures (t (73) = -.20, p 

> .05). Avoidance bias across food picture stimuli categories also did not significantly differ 

based on weight groups (M ± SD; healthy weight: 3.63 ± 49.49; overweight/obese: -2.15 ± 

55.80; t (73) = .45, p > .05). Thus, weight when analyzed categorically does not appear to 

influence baseline automatic action tendencies to approach or avoid food stimuli in this sample.  

 We also analyzed weight status as a continuous variable using BMI. In linear regression 

analyses, BMI was not significantly related to baseline approach towards high-calorie food 

pictures (F (1,73) = .15, p > .05) or low-calorie food pictures (F (1,73) = .06, p > .05). BMI was also 

not significantly related to baseline avoidance of high-calorie food pictures (F (1,73) = .30, p > .05) 

or low-calorie food pictures (F (1,73) = .61, p > .05). Moreover, BMI was unrelated to overall 

approach (F (1,73) = .09, p > .05) and avoidance (F (1,73) = .08, p > .05) bias scores at baseline. BMI 

was also unrelated to reaction times for approach and avoidance trials regardless of stimulus at 
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post-training (p’s > .05). Similarly, BMI was unrelated to accuracy for approach and avoidance 

bias at baseline and post-training (p’s > .05).   

 Overall, our study did not find evidence to support weight status as a potential moderator 

on AAT-Food approach bias scores. Weight does not appear to be related to automatic action 

tendencies as measured by our task.  

Results for Exploratory Aims 

Exploratory Aim 1: Evaluate whether approach bias scores to food cues can be 

altered after a one-session AAT training.   

 

Hypothesis E1: We hypothesize that individuals trained toward high-calorie food pictures will 

demonstrate a greater change in approach bias score (faster approach reaction times) to high-

calorie food stimuli in the post-assessment AAT-Food compared to those trained away from 

high-calorie food stimuli.  

 

No significant differences between training groups were observed at post-training on 

approach and avoidance outcome measures (Table 6). When analyzing approach bias scores 

(bias-scoreapproach= high-calorie pictures pull – low-calorie pictures pull), the mixed model 

ANOVA revealed non-significant differences for main effects of time and condition as well as 

the interaction term (time*condition) (p’s > .05). However, when we analyzed approach reaction 

time to high-calorie pictures (as opposed to the bias-scoreapproach variable), we found a significant 

main effect of time (F (1,72) = 9.16, p < .01, η2
partial = .11). The main effect of condition (training 

towards versus training away from high-calorie stimuli) and the interaction term were not 

significant (p’s > .05). This suggests that reaction time to approaching high-calorie food stimuli 
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varied by time (baseline and post-training) only in this sample. Across conditions, at post-

training, participants were significantly faster at approaching high-calorie food stimuli compared 

to pre-training (653.93 milliseconds versus 683.45 milliseconds; p < .01). Yet, given that the 

interaction term was not significant, we cannot conclude that reaction time outcomes for the 

post-training assessment were impacted differentially by condition across time.  

  

 

We also examined the opposite of the hypothesis – that perhaps individuals trained away 

from high-calorie foods would show differences in avoidance bias at the post-training 

assessment. Again, while there was no significant main or interaction effects in mixed model 

ANOVA analyses examining avoidance bias scores (bias-scoreavoid= high-calorie pictures push – 

low-calorie pictures push), we did find a significant main effect for time when analyzing reaction 

times for pushing away high-calorie stimuli only (F (1,72) = 7.05, p < .05, η2
partial = .10). However, 

we did not find a significant main effect of condition or interaction of condition and time (p’s > 

Graph 1.1 
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.05), thus suggesting the groups did not differ in response time from baseline to post-training 

based on training condition.   

 

 To complete our analyses, we also looked at differences in approaching and avoiding 

low-calorie food pictures (as opposed to high-calorie food stimuli). Mixed model ANOVA 

analyses once again revealed significant main effects in both approaching (main effect time: F 

(1,72) = 7.45, p < .01, η2
partial = .09; main effect condition: F (1,72) = 7.34, p < .01, η2

partial = .09) and 

avoiding (main effect time: F (1,72) = 5.23, p < .05, η2
partial = .07; main effect condition: F (1,72) = 

3.19, p = .08, η2
partial = .04) low calorie stimuli from baseline to post-training. However, the 

interaction terms for these analyses were non-significant (p’s > .05). Thus, our hypothesis in 

Exploratory Aim 1 was not supported by the data in our study.  

Graph 1.2 
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Exploratory Aim 2: Evaluate whether a relationship exists between training 

condition and calories consumed in EAH paradigm.  

  

 

Graph 2.1 

Graph 2.2 
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Hypothesis E2: Individuals trained toward highly-caloric foods in the AAT-Food task will 

consume more calories overall as well as from high-calorie foods than individuals in the train 

away condition.  

 

Training condition did not have a significant relationship with total calories consumed or 

amount consumed from high or low-calorie food choices in the EAH paradigm (p’s > .05). No 

differences were observed in EAH consumption between individuals trained towards highly-

caloric foods versus individuals trained away from these foods. Similar findings emerged when 

using EAH-percentage variables (p’s > .05). When splitting the sample to analyze participants 

with normal weight versus overweight/obese separately, no significant differences emerged in 

independent samples t-tests comparing EAH consumption based on training condition (p’s > 

.05). Thus, it does not appear that individuals trained toward high-calorie food stimuli in the 

AAT-Food task consumed more calories in the behavioral paradigm, regardless of weight status.  

Additional Follow-up Analyses 

 Given that none of the proposed hypothesis were supported, we decided to conduct 

additional follow-up analyses based on the data collected in our study. We did not have specific 

a priori hypothesis about these analyses. Rather, we wanted to examine additional factors that 

could be ascertained by the data collected in our study in order to better understand what 

relationships, if any, the individual difference factors assessed in our study have with EAH 

consumption. Unless noted below, results remained the same when analyzing EAH-percentage 

of EER (total, high-calorie foods, low-calorie foods) instead of EAH calories. Table 7 includes 

correlations between individual difference characteristics and BMI as well as EAH outcomes.  
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BMI and EAH Intake. On average, healthy weight participants consumed 213.11 

calories (SD: 115.64) in the EAH paradigm compared to overweight/obese participants, who 

consumed 290.49 calories (SD: 150.30). This group difference was significant (t (73) = -2.43, p 

< .05). Similar findings emerged for high-calorie (t (73) = -2.00, p < .05) and low-calorie foods (t 

(73) = -2.90, p < .01) when analyzed separately. Groups did not differ on EAH total percentage, 

EAH high-calorie food percentage, or EAH low-calorie food percentage of EER (p’s > .05).  

Given that BMI and sex were significantly related to EAH intake, the results below will 

adjust for BMI and sex in significant follow-up analyses to further assess the unique contribution 

that the individual difference characteristics had on EAH consumption in our sample.  

Reward Based Eating Drive. Follow-up analyses were conducted to examine what 

correlations, if any, existed between self-reported reward-based eating drive and other outcomes 

of interest in our study. This measure was not correlated with BMI in our sample (p > .05). 

However, self-reported reward-based eating was correlated with consumption of low-calorie 

food items from the EAH, such that individuals with greater reward-based eating scores 

consumed more calories from low-calorie options (r = .24, p < .05). Similar findings were 

observed when analyzing EAH-percentage from low-calorie foods (r = .27, p < .05). Reward-

based eating drive was not correlated with overall calories or high-calorie consumption in our 

sample (p’s > .05). Linear regression analyses adjusting for BMI and sex did not find a 

significant relationship between RED and total calories or high-calorie food consumption (p’s > 

.05) but did find a significant relationship between RED and consumption of low-calorie foods in 

the EAH paradigm (F (3,72) = 6.11, p < .01; t = 2.28, p < .05; β = .24). Thus, higher scores on the 

RED corresponded to greater consumption of low-calorie food items even when controlling for 
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the effects of BMI and sex. The overall adjusted model was non-significant when using EAH-

percentage of low-calorie foods.  

Psychological Responsivity to Food. Follow-up analyses were undertaken to explore 

additional relationships the PFS may have with other outcome variables of interest in our study. 

The PFS total score and all subscale scores were unrelated to BMI (p’s > .05). Further, the PFS 

total score was uncorrelated with calories (total calories, high-calorie foods, low-calorie foods) 

consumed during the EAH paradigm (p’s > .05) in our sample. The Food Available subscale 

from the PFS was correlated with total calories consumed (r = .26, p < .05) and calories 

consumed from high-calorie food options (r = .25, p < .05) but not low-calorie foods (p > .05). 

The Food Present and Food Tasted subscales of the PFS were not significantly correlated with 

any of the EAH outcomes (p’s > .05).  

Linear regression analyses were conducted for the PFS Food Available subscale to adjust 

for the impact of BMI and sex on calories consumed. Results remained significant even when 

accounting for BMI and sex in the model (p’s < 05). Thus, PFS Food Available scores accounted 

for unique variance in the consumption of total and high-calorie foods from the EAH paradigm 

above and beyond the impact of significantly correlated demographic factors. The overall 

adjusted models were non-significant when using EAH-percentage of EER total and high-calorie 

foods (p’s > .05).   

Eating Disorder Cognitions. EDE-Q Global and subscale scores were all positively 

correlated with BMI (r’s = .35 - .56, p’s < .01), such that individuals with higher BMI’s also 

reported a greater number of disordered eating cognitions. The EDE-Q Restraint subscale score 

was significantly correlated with EAH consumption (total calories: r = .29, p < .05; high-calorie 

foods: r = .24, p < .05; low-calorie foods: r = .35, p < .01). The EDE-Q Global score was 
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positively correlated with consumption of low-calorie foods (r = .25, p < .05). None of the other 

subscales were correlated with EAH consumption (total, high-calorie, and low-calorie; p’s > 

.05). EAH-percentages of EER were unrelated to EDE-Q outcomes, with the exception of 

significant positive correlations for EAH-percentage of low-calorie foods and EDE-Q Global and 

EDE-Q Shape scores only (p’s < .05).  

Follow-up linear regression analyses revealed that only EAH low-calorie food 

consumption remained significantly related to EDE-Q Restraint scores after adjusting for BMI 

and sex (F (3,71) = 5.86, p < .05, t = 2.14, β = .25). The relationship between EDE-Q Global score 

and EAH low-calorie food consumption was attenuated by the addition of BMI and sex to the 

model (p > .05). Thus, it appears that the relationship between EDE-Q scores and EAH food 

consumption may largely be driven by the impact of BMI and sex on these outcomes. As with 

the previous questionnaire measures, the overall adjusted model was not significant when 

analyzing EAH-percentage of low-calorie foods (p > .05).  

Executive Functioning. In follow-up analyses analyzing executive function and other 

outcome variables of interest, BMI was correlated with EFI Organization subscale scores (r = 

.23, p < .05) but not with other executive functioning scores. EAH total calories consumed was 

significantly negatively correlated with EFI Total score (r = -.28, p < .05) as well as EFI Impulse 

Control (r = -.26, p < .05) and EFI Empathy subscale scores (r = -.23, p < .05). Similar findings 

were observed when using EAH-percentage variables, with the exception that EAH-percentage 

was uncorrelated with EFI Empathy scores (p > .05). EFI Total score was also significantly 

related to calories consumed from EAH high-calorie foods (r = -.27, p < .05). Only the EFI 

Impulse Control subscale was correlated with calories consumed from EAH low-calorie foods (r 
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= -.28, p < .05). However, these results should be interpreted cautiously given the poor internal 

reliability of the total score and Impulse Control subscale for this measure in our sample.    

Given that the EFI total score and Impulse Control subscale had poor internal reliability, 

we chose to complete additional analyses for the EFI Empathy subscale only. In additional 

follow-up linear regression analyses, EFI Empathy subscale scores no longer significantly 

predicted EAH total or EAH low-calorie food intake when controlling for the effects of BMI and 

sex in the model (p’s > .05).  

Behavioral Activation, Inhibition, and Impulsivity. Follow-up analyses revealed that 

BAS Drive scores were correlated with EAH total (r = .26, p < .05) and EAH low-calorie (r = 

.26, p < .05) consumption. EAH-percentage variables were uncorrelated with BAS Drive scores 

(p’s > .05). None of the other measures (BAS Fun Seeking, BAS Reward Responsiveness, BIS 

Total, or UPPS-P Negative Urgency) were correlated with BMI or EAH calories (EAH total, 

EAH high-calorie, and EAH low-calorie) in our study (p’s > .05). Scores on the UPPS-P 

Negative Urgency subscale were positively correlated with EAH-percentage total (r = .24, p < 

.05) and EAH-percentage high-calorie foods (r = .24, p < .05), suggesting that higher scores on 

this measure corresponded with consuming a greater percentage of estimated energy needs in the 

EAH paradigm.  

 Follow-up linear regression analyses revealed that the relationships between BAS Drive 

scores and EAH outcomes in our study were no longer significant after accounting for BMI and 

sex in the models (p’s > .05). Results were non-significant for the overall model in adjusted 

linear regression analyses between UPPS-P Negative Urgency subscale and EAH-percentage 

total as well as EAH-percentage high-calorie foods (p’s > .05).   

Manipulation Check 
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 Participants’ ratings of the food picture stimuli following the AAT-Food were analyzed. 

The means and standard deviations of these rating scores were calculated for each of the 48 food 

pictures (Table 8). The appetizing ratings ranged from 1 to 9 for all food pictures with the 

exception of bran flakes (range 1-7) and brown rice (range 1-8). The means for high-calorie food 

ratings (5.30 ± 1.45) and low-calorie food ratings (5.04 ± 1.32) did not statistically differ on the 

measure of how appetizing the picture looked to participants (t = 1.51, p = .14). High and low-

calorie food picture appetizing ratings were significantly correlated (r = .43, p < .001). The 

pictures with the highest scores for appetizing quality were fruit salad (M ± SD: 7.76 ± 1.66), 

oranges (6.93 ± 1.91), salmon (6.37 ± 2.61), blueberries (6.17 ± 2.41), ice cream cookie 

sandwich (6.13 ± 2.42), and banana (6.11 ± 2.25). Only one of the top six most appetizing 

pictures as rated by participants was a high-calorie food. The pictures with the lowest scores on 

the appetizing dimension were bran flakes (3.28 ± 2.10), purple onions (3.41 ± 2.46), dried fruit 

(3.79 ± 2.26), rice cakes (3.81 ± 2.19), and plain yogurt (3.95 ± 2.41). All five lowest rated 

pictures on the appetizing scale were low-calorie food items. The vanilla cupcake picture (4.00 ± 

2.05) was the lowest rated high-calorie food on the appetizing scale.  

 Participants’ rankings on the liking dimension yielded similar results. All of the liking 

scores ranged from 1-9 except for rice cakes (1-8), bran flakes (1-7), white rice (2-9), and fruit 

salad (3-9). There were no significant differences in liking ratings for high (5.55 ±  1.38) versus 

low-calorie food (5.28 ±  1.14) pictures (t = 1.67, p = .10). Liking ratings for high and low-

calorie foods were significantly correlated (r = .45, p < .001). The pictures with the highest liking 

ratings were the fruit salad (7.97 ± 1.48), oranges (7.27 ± 1.67), salmon (6.72 ± 2.44), ice cream 

cookie sandwich (6.48 ± 2.71), and white rice (6.45 ± 1.73). Similar to the appetizing ratings, 

only one of the foods (ice cream cookie sandwich) was a highly caloric, energy-dense food. The 
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lowest liking ratings were bran flakes (3.20 ± 2.11), purple onions (3.79 ± 2.37), rice cakes (3.83 

± 2.12), yogurt (4.01 ± 2.32), and brown rice (4.03 ± 2.36). The vanilla cupcake (4.25 ±  2.33) 

was again the lowest rated high-calorie food on the liking scale.   

Sections of Chapter 3 of this dissertation will be submitted for publication with co-

authors, Boutelle, Kerri; Amir, Nader. The dissertation author was the primary investigator and 

will be the primary author on this publication.  
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CHAPTER 4. DISCUSSION 

 

Overview of Study Findings  

This study was designed to approximate automatic action tendencies towards food-

specific stimuli using an approach-avoidance computerized task in order to investigate 

differences between low-calorie and high-calorie food stimuli. We were curious as to whether we 

could train approach bias for food using the AAT and whether this would translate into 

measurable behavioral outcomes, such as the amount consumed in a free access snack paradigm. 

Unfortunately, our study findings did not support any of our a priori hypotheses purporting a 

relationship between AAT-Food and eating behaviors, weight status, or individual difference 

characteristics often implicated in disordered eating. Moreover, we did not find significant 

correlations between baseline approach and avoidance towards food cues with behavioral 

outcomes, such as calories consumed in the EAH paradigm.  

 Our findings did not support our hypothesis in Aim 1 that individuals, regardless of 

weight status, would have a pre-disposing baseline approach bias to high-calorie food pictures. It 

is possible that the stimuli in our study was not discriminating enough, such that high-calorie and 

low-calorie food pictures were too similar in evoking automatic action tendencies. This 

consideration is supported by the strong correlation between reaction times for both stimuli 

categories observed in our data. Perhaps larger differences would have emerged in our study if 

we had compared approach-avoidance bias of food pictures to non-food pictures. Yet, that 

methodological design answers a slightly different question than this study had initially intended. 

We were less interested in whether approach bias would be observed to food versus non-food 

stimuli; rather, in choosing high versus low calorie food pictures as stimuli, we sought to 

evaluate whether people were able to implicitly discriminate between the energy-density of foods 
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and whether this discrimination could translate into behavioral outcomes. If so, this finding could 

provide initial evidence that AAT could be used to target specific stimuli in computerized 

training programs with the goal of translating these experimental studies into treatments that 

could impact eating behaviors and ultimately reduce excess caloric consumption. It is possible 

that the stimuli chosen for this study were too similar to discriminate on an implicit level. Future 

research studies should consider design factors carefully in order to thoughtfully answer 

remaining questions regarding the utility of food-specific AAT’s and what, if any, clinical 

implications these findings may suggest.  

 Moreover, baseline approach bias scores were unrelated to caloric consumption in the 

EAH paradigm in our study. It is possible that automatic action tendencies as measured by the 

AAT-Food are unrelated to eating behavior outcomes. This null finding aligns with other 

published studies that also report no relationship between AAT performance and eating behavior 

in the laboratory (Becker et al., 2015, Dickson et al., 2016). The EAH paradigm may not be a 

comparable equivalent to the behavioral avoidance tests (BATs) performed in anxiety studies 

(Amir, Kuckertz, & Najmi, 2013; Asnaani, Rinck, Becker, & Hofmann, 2014; Klein, Becker, & 

Rinck, 2010) or alcohol taste tests in substance use research (Wiers et al., 2010; Wiers et al., 

2011). The EAH paradigm contains multiple different foods, as food cues are ubiquitous and 

varied in our society, in contrast to alcohol and anxiety cues, which may be more specific and 

narrowed in contexts. The lack of findings could also be driven in part by the specific foods 

selected for the EAH paradigm. It is uncommon to use lower calorie, more “healthy” options in 

an EAH paradigm, which typically consist of highly palatable snack foods.  

Less is known about EAH in college student samples compared to children and 

adolescents, though this paradigm has been adapted for college students in previous studies 
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(Arnold, Johnston, Lee, & Garza, 2015). Undergraduate students in particular may be exposed to 

less – or more – snack foods than other populations. Yet, the EAH paradigm is designed to 

capture excessive caloric intake when one is not hungry. Thus, it is designed to produce 

outcomes that are less driven by specific food preferences and more reflective of disinhibited 

eating tendencies. More research is needed to better understand how EAH outcomes may vary 

based on age, population characteristics, and food presented, and whether EAH is an appropriate 

and clinically relevant behavioral outcome measure for food-specific AAT.   

AAT-Food and Individual Difference Characteristics  

None of the individual difference characteristic examined in Aim 2 of this study were 

related to approach bias at baseline. All of the measures, with the exception of the EFI, 

demonstrated acceptable internal reliability within this sample. Therefore, it is possible these 

constructs are not related to approach bias and that our null results are not better explained by 

poor measurement characteristics. Other AAT studies have screened for individuals with high 

scores on particular individual difference characteristics prior to participation in the study, such 

as high food cravings or chocolate liking (Brockmeyer et al., 2015a; Schumacher et al., 2016). 

Our study did not include any restrictions, thereby perhaps introducing more variability into the 

sample which could have made it harder to detect significant effects with our limited sample 

size. Although AAT research for food-specific outcomes is limited in general, this distinction 

suggests that AAT may be a useful assessment and/or training tool for only a subset of 

individuals. Future studies should continue to investigate whether pre-screening based on 

relevant individual difference characteristics can determine who would be most likely to benefit 

from an AAT training program.  
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 It is interesting that weight was unrelated to AAT-Food approach bias scores in our study 

(Aim 3), contrary to our initial hypotheses. A recent randomized control trial (n = 189) used a 

four-session AAT training intervention in an overweight, inpatient population but did not find an 

impact on BMI at discharge (Ferentzi et al., 2018). Other studies include mostly healthy weight 

participants (Brockmeyer et al., 2015a; Brockmeyer et al., 2015b) or did not measure and report 

on weight at all (Dickson et al., 2016). Our study differed in that participants within the healthy 

weight range as well as participants with overweight and obesity were included. A one-session 

AAT study with high and low-calorie food stimuli reported approach and avoidance biases for 

low-calorie food pictures among individuals in the heathy weight range as well as those with 

obesity and BED, but not obesity alone (Paslakis et al., 2017). Thus, it is entirely possible that 

automatic action tendencies are not related to weight. It is also possible that the implicit 

approach-avoidance mechanisms relevant for other appetitive behaviors do not map directly on 

to excess calorie consumption. Additional studies corroborating this null finding – that approach-

avoidance outcomes are unrelated to weight - may indicate that clinical interventions using other 

cognitive bias modification strategies may be more successful in targeting weight loss.  

Impact of AAT-Food Training on Approach-avoidance Bias and Food Consumption  

Individuals across both training conditions decreased their reaction time scores to high-

calorie and low-calorie food stimuli from baseline to post-training. Regardless of training group, 

reaction times for both approach and avoidance trials decreased after training. Although 

approach-avoidance bias was not influenced by condition as we hypothesized, it is interesting to 

highlight the impact of training itself on outcome scores. Perhaps individuals became faster at 

responding on subsequent trials due to practice effects. However, the picture stimuli used in the 

AAT-Food post-training were novel for each participant, thereby attempting to limit carryover 
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effects from the training trials. It is also possible that a significant interaction effect would 

emerge with a larger sample size. Moreover, on-going AAT training sessions may be needed to 

significantly impact these implicit automatic action tendencies towards food such that training 

has the intended outcome. Multiple session versus one-session AAT training may be more 

effective in altering approach-avoidance biases over time. Additionally, training condition was 

not related to food consumption in the EAH paradigm. It will be important to establish a 

relationship between AAT training and relevant behavioral outcomes prior to adapting this 

computer task into clinical interventions or treatment programs.  

EAH Outcomes  

 It is not a novel finding that individuals with overweight and obesity ate more snack 

foods when satiated. The difference of 77.38 calories between the healthy weight and 

overweight/obesity group could result in significant weight gain over time. If an individual 

consumes 77 extra calories each day, it will result in an approximate 8-pound weight gain over a 

year. In order to account for differences in caloric needs based on weight, we calculated daily 

energy intake estimates for each participant and then analyzed calories consumed during the 

EAH in relation to this total. Given that these calculations take into account weight, the lack of 

group differences based on BMI (healthy weight versus overweight/obese) for these EAH-

percentage variables is not surprising. Since EAH-percentage may provide a more accurate 

picture of food intake in a free access paradigm, future studies using EAH paradigms should 

consider calculating and reporting on these totals.  

Very little is known about the correlates and predictors of EAH, particularly in adult 

populations (Arnold et al., 2015; Lansigan, Emond, Gilbert-Diamond, 2015; Rutters, 

Nieuwenhuizen, Lemmens, Born, & Westerterp-Plantenga, 2012; Shomaker et al., 2010). In our 
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study, several individual difference characteristics of interest were related to EAH intake. We 

found reward-based eating drive (RED scale), psychological responsivity to food (Food 

Available subscale of PFS), disordered eating cognitions (EDE-Q Restraint and EDE-Q Global 

scores), and behavioral activation (BIS/BAS Drive subscale) were all positively correlated with 

increased EAH intake. Higher scores on the UPPS-P Negative Urgency subscale were related to 

EAH-percentage of EER for total and high-calorie foods but not total caloric intake. However, 

only reward-based eating drive, psychological responsivity to food, and restraint scores 

significantly predicted EAH after controlling for BMI and sex. It is notable that self-reported 

measures of reward, food cue reactivity, and restraint were associated with overt eating 

behaviors in our study. Studies examining EAH in adults should consider assessing for these 

measures in order to better understand what impact these constructs may have on eating 

behaviors and whether these factors predict eating behaviors over time in longitudinal designs.  

Executive function indices as measured by the EFI were negatively correlated with EAH 

intake in our study. However, the poor internal consistency of the subscales limits conclusions 

that can be drawn from these findings. Despite this limitation, our findings suggest that 

individuals with higher EF scores ate less in an ad-libitum free access snack paradigm. Recent 

literature suggests that EF may be an important factor to target in the treatment of obesity 

(Eichen, Matheson, Appleton-Knapp, & Boutelle, 2017; Hayes, Eichen, Barch, & Wilfley, 2017) 

as improving EF skills may lead to increased inhibitory control and greater health promotion 

behaviors, such as increased exercised and reduced excess energy intake. Our study on a small 

scale appears to align with these results, suggesting that EF skills may be an important individual 

difference characteristic to consider when examining food intake, particularly when individuals 

are not hungry. Future research studies should consider the use of multiple methods of 
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assessment, such as using behavioral tasks in addition to questionnaires, to assess EF and ensure 

adequate measurement properties.   

Eating, weight, and shape concern subscales of the EDE-Q were unrelated to EAH 

consumption, with the exception of a significant correlation observed for the EDE-Q Shape 

Concern subscale and EAH% of EER from low-calorie foods. These findings may be a result of 

the participant selection for this study, as individuals with current or past diagnoses of eating 

disorders (with the exception of BED) were not allowed to participate. Surprisingly, additional 

neurocognitive constructs, such as behavioral inhibition, were also unrelated to EAH in this 

study. It will be important for future studies to continue to assess for individual difference 

characteristics across a variety of constructs in order to better understand what factors may be 

related to EAH and excess caloric consumption.   

Understanding AAT-Food Findings in the Context of AAT Literature 

 Perhaps the AAT-Food is not a measure that can reliably distinguish between high-

calorie and low-calorie food stimuli as presented in our study. The high correlations between 

approach and avoid RT for high-calorie and low-calorie food stimuli (r’s > .80) in our sample 

suggest that individuals did not easily distinguish between these two stimuli categories with 

implicit, behavioral responses. Moreover, the internal reliability of the AAT-Food trials within 

our study was poor. Therefore, it is possible that the poor internal consistency of the program 

itself also contributed to our null findings. The transition towards using content specific, and 

perhaps even idiographic images, in attention bias studies in the anxiety domain (Pergamin-

Hight, Naim, Bakermans-Kranenburg, van Ijzendoorn, & Bar-Haim, 2015) suggests that generic 

pictures of threatening stimuli may not be salient enough to evoke a measurable automatic action 
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tendency. Or perhaps generic pictures evoke the approach-avoidance response but to a lesser 

degree that is harder to detect, particularly in smaller samples measured over a single time point.  

Another explanation for why our results did not align with expected outcomes based on 

research using AAT in other appetitive behaviors is that food intake is not the same as alcohol or 

drug consumption. There are different proposed mechanisms and neural pathways between drug 

addiction and food consumption, despite reward drives that are implicated in both behaviors 

(DiLeone, Taylor, & Picciotto, 2012). Thus, it may not be reasonable to expect studies 

examining eating behaviors to produce similar results to studies examining other appetitive 

behaviors. It is also possible that alcohol is a more specific target compared to food, which is 

varied and ubiquitous. For example, if an individual is asked to think of a “rum and coke”, there 

may be less variability in the images, past consumption experiences, and affective responses 

conquered up than when someone thinks of a “cupcake” or “cheeseburger”. This may explain 

why studies that utilize alcohol cues in the AAT may more easily generalize to taste tests 

containing alcohol. Additionally, there may be increased generalizability effects from using 

picture stimuli with more homogenous properties, such as alcohol or chocolate only pictures, as 

opposed to the high and low-calorie food pictures used in the present study. The ubiquity of food 

cues in the environment makes this an especially challenging hurdle to overcome in designing 

experiments that seek to generalize the results of a computerized training to behavioral outcomes 

with real-world applicability.    

Strengths and Limitations of the Current Study  

In designing this study, we chose to employ multiple methods of assessment, including a 

computerized task, self-report questionnaires, and a behavioral eating paradigm in order to 

capture the phenomenon of interest across a variety of assessment methodologies. This is a 
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distinct strength of the current study design. Participants were provided with a caloric preload 

prior to participating in the AAT-Food and were sated during the EAH paradigm. Thus, we 

attempted to control for the impact of hunger on outcomes of interest. However, we recognize 

that this sample is one of convenience, and we acknowledge that the conclusions from this study 

may not generalize to other populations. Future research efforts should seek to utilize samples 

that extend beyond the university setting in order to understand how approach-avoidance 

mechanisms surrounding food stimuli operate among individuals with differing background 

characteristics, including treatment-seeking populations. Moreover, the results obtained from this 

one-time laboratory eating paradigm may not generalize to other contexts.  

Design Considerations 

Given the state of the literature regarding approach biases to food stimuli measured with 

AAT, we chose a study design that would allow us to 1) demonstrate if individuals have a pre-

existing approach bias towards high-calorie food pictures and 2) whether a one-session training 

can alter eating behaviors before attempting to manipulate this bias for clinical purposes. By 

conducting the EAH paradigm after completion of all AAT-Food phases, including the training 

phase, it may not be possible to conclude that the training condition was solely responsible for 

differences in food consumption. Ideally, participants would complete multiple EAH paradigms 

on different days in response to AAT-Food training and non-training (sham) conditions, 

counterbalanced to control for practice effects. The goal would be to measure pre- and post- 

EAH outcomes; however, this design was not feasible given time and resource constraints as 

well as recruitment limitations. Given that the two training condition groups did not differ on any 

demographic variables of interest, we can conclude that findings regarding the amount eaten 

during EAH are due less to random effects and more as a result of training condition or 



 61

unmeasured variables. Had we found significant differences in EAH consumption based on 

training group, it would be important to consider additional unmeasured or unaccounted for 

variables that could be contributing to the results.  

The stimuli selected for the AAT-Food were not part of a standardized food picture set 

and therefore may be biased in some way that limited study results. The pictures used as stimuli 

were not vetted for cultural sensitivity. Picture ratings were only measured after the AAT-Food 

was completed, and thus it is possible that training condition could implicitly shift individual’s 

perceptions regarding liking and attractiveness of the photos. Similarly, participants completed 

the food ratings after participating in the EAH, which also may have influenced the ratings in 

some important way that was not accurately measured with the present study design. Future 

studies should consider using independent samples to rate AAT-Food stimuli to protect against 

undue influences from AAT-Food training or food consumption.  

Moreover, participants’ ratings of attractiveness and liking did not significantly differ 

between the high and low-calorie food pictures, which suggests poor discriminability among 

stimuli used in the training. As noted above, it may be more beneficial and clinically relevant to 

design AAT training programs with idiographic food stimuli. For example, if a person struggles 

to resist baked goods, designing a food-specific AAT in which training avoidance to this 

category of food items may be more salient and produce greater results, compared to training 

away from high-calorie foods in general. Future research should consider whether non-

idiographic stimuli sets are too varied in composition to produce expected outcomes. 

Additionally, research should continue to explore the degree to which an individual can 

implicitly distinguish between “healthy” and “unhealthy” foods, or whether this distinction is 

more culturally constructed and less of an automatic response.   
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Another factor to consider is participant selection. In the majority of AAT studies 

utilizing alcohol or chocolate taste tests, participants were selected based on liking chocolate or 

self-reported alcoholism (Eberl et al., 2013; Schumacher et al., 2016; Wiers et al., 2010; Wiers et 

al., 2011). Perhaps we would have seen significant results if we had pre-selected for individuals 

with a strong approach bias towards highly caloric, energy-dense foods. It can be challenging to 

see the effects of AAT training in a sample with wide-spread baseline variability in approach-

avoidance bias. Unfortunately, the results of our study do not identify any important individual 

difference characteristics to consider when pre-screening individuals for whom approach-

avoidance training may be most relevant. Our study by no means accounted for all relevant 

individual difference factors that impact eating behaviors and weight gain. Thus, future studies 

may be able to identify self-reported constructs that correlate more strongly with approach-

avoidance outcomes.  

Sections of Chapter 4 of this dissertation will be submitted for publication with co-

authors, Boutelle, Kerri; Amir, Nader. The dissertation author was the primary investigator and 

will be the primary author on this publication.  
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CHAPTER 5. CONCLUSIONS AND FUTURE DIRECTIONS 

This research represents an important first step in understanding approach-avoidance 

biases to food stimuli and in differentiating who might benefit from such targeted interventions 

that seek to alter these biases. We were interested in whether approach biases to food cues could 

be altered through computerized AAT training and if so, what impact this might have on eating 

behaviors. This study sought to provide initial evidence for incorporating AAT-Food training in 

research and clinical work that promotes eating behaviors that limit excess weight gain. 

Although our hypotheses largely were unfounded, this study adds to the null findings with regard 

to applying AAT to the eating domain.  

At this time, the limited evidence from randomized controlled trials does not support the 

use of AAT training as a standalone treatment for overweight and obesity (Ferentzi et al., 2018). 

There is stronger evidence to support the use of other types of approach bias modification 

training programs, such as dot-probe tasks, in targeting disordered eating and weight (Boutelle, 

Kuckertz, Carlson, & Amir, 2014; Boutelle, Monreal, Strong, & Amir, 2016; Henriske, Cachia, 

Kothe, McPhie, Skouteris, & Hayden, 2015). It is possible that AAT may also have a role in 

clinical interventions in the eating domain and could be utilized as an adjunctive training 

component to more well-established weight-loss treatments to bolster results. As with many of 

the computerized cognitive training interventions, AAT training is likely to be less costly, time-

intensive, and cumbersome compared to evidence-based behavioral weight-loss treatments. 

However, based on the results of this present study as well as the current literature base, we 

would be hesitant to suggest moving forward with AAT as a treatment for disordered eating or 

weight loss without sufficient evidence suggesting its utility. Additional research should focus on 

better understanding the mechanisms for which automatic action tendencies map on to eating 
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behaviors and then using that knowledge to design targeted trainings that translate into relevant 

clinical outcomes. Moreover, future research should evaluate the impact of multi-session AAT 

training, as additional training sessions may result in more pronounced training effects.   

The proof-of-concept for food-specific AAT is yet to be established. Research efforts 

should continue to focus on elucidating automatic, implicit processes that impact eating 

behaviors in order to develop targeted treatment approaches that promote health behaviors and 

limit excess food consumption. As rates of overweight and obesity continue to rise, it is now 

more important than ever to develop effective interventions to help individuals resist the urge to 

overeat in an environment saturated with food cues.  

Sections of Chapter 5 of this dissertation will be submitted for publication with co-

authors, Boutelle, Kerri; Amir, Nader. The dissertation author was the primary investigator and 

will be the primary author on this publication.  
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APPENDICES 

 
Appendix 1. List of Food Pictures Included in AAT-Food 
 
Low Calorie Food Pictures  
 
Set A        Set B 

1. Green Beans      1. Orange 

2. Carrots       2. Banana 

3. Flatbread      3. Salad 

4. Fruit Salad      4. Onions 

5. Blueberries      5. Pretzels 

6. Salmon      6. Yogurt 

7. White Rice       7. Brown rice 

8. Bran Flakes      8. Raisins 

9. Avocados      9. Rice cakes 

10. Lemons      10. Potatoes 

11. Trail Mix      11. Wheat thins 

12. Lettuce      12. Omelet 

 
High Calorie Food Pictures 
 
Set A        Set B 

1. Pizza       1. Grilled cheese 

2. Macaroni and cheese     2. Chips 

3. Gummy bears      3. Chocolate stripped cookies 

4. Cheesecake      4. Vanilla ice cream 

5. Fried shrimp      5. Chicken nuggets 

6. Vanilla cupcake     6. Banana split 

7. Fried chicken      7. S’mores 

8. Burrito       8. Taco 

9. Chocolate Chips     9. Chocolate bars 

10. Lemon cupcake     10. Ice cream sandwich 

11. Burger       11. Breakfast burrito 

12. Fries       12. Onion rings 
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Appendix 2. Eating in the Absence of Hunger (EAH) Taste Test Questionnaire 

 

 

 

 

HOW DOES IT TASTE? 
 

ITEM FOOD RATING (Circle One) 

Disgusting Just OK Delicious 

1 Apple Slices 1          2           3           4           5 

2 Carrots 1           2           3           4           5 

3 Pretzels 1           2           3           4           5 

4 Chips 1           2           3           4           5 

5 Oreos 1           2           3           4           5 

6 Gummy Bears 1           2           3           4           5 
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Appendix 3. Hunger/Satiety Questionnaire 
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Appendix 4. The Reward Based Eating Drive (RED) Scale  
 
Directions: Please read every question and indicate how much you agree or disagree.  
0=Strongly disagree   1=Disagree   2=Neither Agree nor Disagree   3=Agree   4=Strongly Agree 
 

1. I feel out of control in the presence of delicious food.  

2. When I start eating, I just can’t seem to stop.  

3. It is difficult for me to leave food on my plate.  

4. When it comes to foods I love, I have no willpower.  

5. I get so hungry that my stomach often seems like a bottomless pit.  

6. I don’t get full easily.  

7. It seems like most of my waking hours are preoccupied by thoughts about eating or not 

eating.  

8. I have days when I can’t seem to think about anything else but food.  

9. Food is always on my mind.  
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Appendix 5. Power of Food Scale (PFS) 

Please indicate the extent to which you agree that the following items describe you. Use the 

following 1- 5 scale for your responses.  

1=don’t agree at all    2=agree a little    3=agree somewhat    4=agree    5=strongly agree 

______________________________________________________________________________  

1.  I find myself thinking about food even when I’m not physically hungry.  
2.  I get more pleasure from eating than I do from almost anything else.  

3.  If I see or smell a food I like, I get a powerful urge to have some.   

4.  When I’m around a fattening food I love, it’s hard to stop myself from at least tasting it.   

5.  It’s scary to think of the power that food has over me.   

6.  When I know a delicious food is available, I can’t help myself from thinking about having 
some.  

7.  I love the taste of certain foods so much that I can’t avoid eating them even if they’re bad for 

me.   

8.  Just before I taste a favorite food, I feel intense anticipation.   

9.  When I eat delicious food I focus a lot on how good it tastes.  
10. Sometimes, when I’m doing everyday activities, I get an urge to eat “out of the blue” (for no  
apparent reason).  
11. I think I enjoy eating a lot more than most other people.  
12. Hearing someone describe a great meal makes me really want to have something to eat.  

13. It seems like I have food on my mind a lot.   

14. It’s very important to me that the foods I eat are as delicious as possible.  

15. Before I eat a favorite food my mouth tends to flood with saliva.  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Appendix 6. Eating Disorder Examination Questionnaire (EDE-Q) 

Restraint Subscale 
 

On how many of the past 28 days… 

No 

Days 

1-5 

Days 

6-12 

Days 

13-15 

Days 

16-22 

Days 

23-27 

Days 

Every 

Day 

1. Have you been deliberately trying to 
limit the amount of food you eat to 
influence your shape or weight 
(whether or not you have succeeded)? 

0 1 2 3 4 5 6 

2. Have you gone for long periods of 
time (8 waking hours or more) without 
eating anything at all in order to 
influence your shape or weight 
(whether or not you have succeeded)? 

0 1 2 3 4 5 6 

3. Have you tried to exclude from your 
diet any foods that you like in order to 
influence your shape or weight 
(whether or not you have succeeded)? 

0 1 2 3 4 5 6 

4. Have you tried to follow definite 
rules regarding your eating (for 
example, a calorie limit) in order to 
influence your shape or weight 
(whether or not you succeeded)? 

0 1 2 3 4 5 6 

5. Have you had a definite desire to 
have an empty stomach with the aim of 
influencing your shape or weight? 

0 1 2 3 4 5 6 
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Eating Concerns Subscale 
 

On how many of the past 

28 days . . . 

No 

Days 

1-5 

Days 

6-12 

Days 

13-15 

Days 

16-22  

Days 

23-27 

Days 

Every Day 

7. Has thinking about food, 
eating or calories made it 
very difficult to concentrate 
on things you are interested 
in (for example, working, 
following a conversation, or 
reading)? 

0 1 2 3 4 5 6 

9. Have you had a definite 
fear of losing control over 
eating? 

0 1 2 3 4 5 6 

19. On how many days have 
you eaten in secret (i.e., 
furtively)?  ….. Do not count 
episodes of binge eating. 

0 1 2 3 4 5 6 

Over the past 28 days. . . None 

of the 

times 

A few 

of the 

times 

Less 

than half 

Half of 

the 

times 

More than 

half 

Most 

of the 

time 

Every time 

20. On what proportion of 
the times that you have eaten 
have you felt guilty (felt that 
you’ve done wrong) because 
of its effect on your shape or 
weight?  …..Do not count 
episodes of binge eating. 

0 1 2 3 4 5 6 

Over the past 28 days. . . Not at 

all 

 Slightly  Moderately  Markedly 

21. How concerned have you 
been about other people 
seeing you eat?  …..Do not 
count episodes of binge 
eating. 

0 1 2 3 4 5 6 
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Shape Concerns Subscale 
 

 

On how many of the past 28 

days . . . 

No 

Days 

1-5 

Days 

6-12 

Days 

13-15 

Days 

16-22  

Days 

23-27 

Days 

Every Day 

6. Have you had a definite 
desire to have a totally flat 
stomach? 

0 1 2 3 4 5 6 

8. Has thinking about shape 
or weight made it very 
difficult to concentrate on 
things you are interested in 
(for example, working, 
following a conversation, or 
reading)? 

0 1 2 3 4 5 6 

10. Have you had a definite 
fear that you might gain 
weight? 

0 1 2 3 4 5 6 

11. Have you felt fat? 0 1 2 3 4 5 6 

Over the past 28 days. . . Not at 

All 

 Slightly  Moderately  Markedly 

23. Has your shape influenced 
how you think about (judge) 
yourself as a person? 

0 1 2 3 4 5 6 

26. How dissatisfied have you 
been with your shape? 

0 1 2 3 4 5 6 

27. How uncomfortable have 
you felt seeing your body; for 
example, in the mirror, in 
shop window reflections, 
while undressing or taking a 
bath or shower? 

0 1 2 3 4 5 6 

28. How uncomfortable have 
you felt about others seeing 
your body; for example, in 
communal changing rooms, 
when swimming or wearing 
tight clothes? 

0 1 2 3 4 5 6 
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Weight Concerns Subscale 
 

On how many of the past 

28 days . . . 

No 

Days 

1-5 

Days 

6-12 

Days 

13-15 

Days 

16-22  

Days 

23-27 

Days 

Every Day 

8. Has thinking about shape 
or weight made it very 
difficult to concentrate on 
things you are interested in 
(for example, working, 
following a conversation, or 
reading)? 

0 1 2 3 4 5 6 

12. Have you had a strong 
desire to lose weight? 

0 1 2 3 4 5 6 

Over the past 28 days. . . Not at 

All 

 Slightly  Moderately  Markedly 

22. Has your weight 
influenced how you think 
about (judge) yourself as a 
person? 

0 1 2 3 4 5 6 

24. How much would it 
upset you if you had been 
asked to weigh yourself once 
a week (no more, or less, 
often) for the next four 
weeks? 

0 1 2 3 4 5 6 

25. How dissatisfied have 
you been with your weight? 

0 1 2 3 4 5 6 
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Appendix 7. Executive Functioning Index (EFI) 

  Rate how well each of the following statements describes you. 

N
o

t 
at

 a
ll

 

  

S
o

m
ew

h
at

 

  

V
er

y
 m

u
ch

 

1 I have a lot of enthusiasm to do things. 1 2 3 4 5 

2 When doing several things in a row, I mix up the sequence 1 2 3 4 5 

3 I try to plan for the future 1 2 3 4 5 

4 I can sit and do nothing for hours. 1 2 3 4 5 

5 I take risks, sometimes for fun. 1 2 3 4 5 

6 I have trouble when doing two things at once, multi-tasking 1 2 3 4 5 

7 I'm interested in doing new things. 1 2 3 4 5 

8 I have a lot of concern for the well being of other people. 1 2 3 4 5 

9 I'm an organized person. 1 2 3 4 5 

10 I save money on a regular basis. 1 2 3 4 5 

11 I do or say things that others find embarrassing. 1 2 3 4 5 

12 People who are foolish enough to be taken advantage of deserve 
it. 

1 2 3 4 5 

13 I only have to make a mistake once in order to learn from it. 1 2 3 4 5 

14 I tend to be an energetic person. 1 2 3 4 5 

15 I make inappropriate sexual advances or flirtatious comments. 1 2 3 4 5 

16 When someone is in trouble, I feel the need to help them. 1 2 3 4 5 

17 I sometimes I lose track of what I'm doing. 1 2 3 4 5 

18 I feel protective towards a friend who is being treated badly. 1 2 3 4 5 

19 I think about the consequences of an action before I do it. 1 2 3 4 5 

20 I lose my temper when I get upset. 1 2 3 4 5 

21 I take other people's feelings into account when I do something. 1 2 3 4 5 

22 I have trouble summing up information in order to make a 
decision with it. 

1 2 3 4 5 

23 I start things, but then lose interest and do something else. 1 2 3 4 5 

24 I swear/use obscenities. 1 2 3 4 5 

25 I don’t like it if my actions or words hurt someone else 1 2 3 4 5 

26 I use strategies to remember things. 1 2 3 4 5 

27 I monitor myself so that I can catch any mistakes. 1 2 3 4 5 
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Appendix 8. Behavioral Approach System/ Behavioral Inhibition System (BIS/BAS) 

Each item of this questionnaire is a statement that a person may either agree with or disagree 
with.  For each item, indicate how much you agree or disagree with what the item says.  Please 
respond to all the items; do not leave any blank.  Choose only one response to each 
statement.  Please be as accurate and honest as you can be.  Respond to each item as if it were 
the only item.  That is, don't worry about being "consistent" in your responses.  Choose from the 
following four response options:  

  1 = very true for me  
  2 = somewhat true for me  
  3 = somewhat false for me  
  4 = very false for me  

1.  A person's family is the most important thing in life.  
2.  Even if something bad is about to happen to me, I rarely experience fear or nervousness.  
3.  I go out of my way to get things I want.  
4.  When I'm doing well at something I love to keep at it.  
5.  I'm always willing to try something new if I think it will be fun.  
6.  How I dress is important to me.  
7.  When I get something I want, I feel excited and energized.  
8.  Criticism or scolding hurts me quite a bit.  
9.  When I want something I usually go all-out to get it.  
10.  I will often do things for no other reason than that they might be fun.  

11.  It's hard for me to find the time to do things such as get a haircut.  
12.  If I see a chance to get something I want I move on it right away.  
13.  I feel pretty worried or upset when I think or know somebody is angry at me.  
14.  When I see an opportunity for something I like I get excited right away.  
15.  I often act on the spur of the moment.  
16.  If I think something unpleasant is going to happen I usually get pretty "worked up."  
17.  I often wonder why people act the way they do.  
18.  When good things happen to me, it affects me strongly.  
19.  I feel worried when I think I have done poorly at something important.  
20.  I crave excitement and new sensations.  

21.  When I go after something I use a "no holds barred" approach.  
22.  I have very few fears compared to my friends.  
23.  It would excite me to win a contest.  
24.  I worry about making mistakes.  
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Appendix 9. UPPS-P Negative Urgency subscale  
 
Below are a number of statements that describe ways in which people act and think. For each 
statement, please indicate how much you agree or disagree with the statement. If you Agree 

Strongly circle 1, if you Agree Somewhat circle 2, if you Disagree Somewhat circle 3, and if 
you Disagree Strongly circle 4. Be sure to indicate your agreement or disagreement for every 
statement below.  
 

1. I have trouble controlling my impulses.  

2. I have trouble resisting my cravings (for food, cigarettes, etc.).  

3. I often get involved in thing I later wish I could get out of.  

4. When I feel bad, I will often do things I later regret in order to make myself feel better 

now.  

5. Sometimes when I feel bad, I can’t seem to stop what I am doing even though it is 

making me feel worse.  

6. When I am upset I often act without thinking.  

7. When I feel rejected, I will often say things that I later regret.  

8. It is hard for me to resist acting on my feelings.  

9. I often make matters worse because I act without thinking when I am upset.  

10. In the heat of an argument, I will often say things that I later regret.  

11. I always keep my feelings under control.  

12. Sometimes I do impulsive things that I later regret.  
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Appendix 10. Tables 
 
Table 1. Demographics of participants in the study. 
 

Demographics (n=75) Mean (SD) Percent  

Age 19.83 (2.70) - 

% Female - 65.3 

Body Mass Index 23.91 (3.97) - 

Ethnicity   

% Hispanic - 28 

 % Non-Hispanic - 72 

Race   

American Indian or Alaskan 
Native 

- 1.3  

Asian - 26.7 

Black or African American - 9.3 

Caucasian - 34.7 

Native Hawaiian or Other 
Pacific Islander 

- 4.0 

Multiracial - 1.3 

Other - 6.7 

None of the above 
(participants endorsed 

Hispanic or Latino only) 

- 16.0 

 
 
 
 
 
Table 2. Demographic characteristics for the sample based on sex. 
 

 Females (n = 49) 
M (SD) or n (%) 

Males (n = 26)  
M (SD) or n (%) 

Test statistic 

Age  19.29 (1.84) 20.85 (3.67) t = -2.04* 

Body Mass Index 23.71 (4.15) 24.29 (3.65) t = -.59 

Ethnicity 
(Hispanic) 

16 (33%) 5 (19%) χ2 = 1.52 

 
 
* p < .05, ** p < .01 
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Table 3. Demographic characteristics for the sample based on AAT-Food training group (trained 
towards versus trained away). 
 

 Trained Towards (n=40) 
M (SD) or n (%) 

Trained Away (n=35) 
M (SD) or n (%) 

Test statistic 

Age  19.55 (2.41) 20.14 (3.01) t = .947 

Female 26 (65%) 23 (66%) χ2 = .004 

Body Mass Index 24.07 (3.82) 23.73 (4.17) t = -.358 

Ethnicity 
(Hispanic) 

11 (27.5%) 10 (28.6%) χ2 = .011 

 
* p < .05, ** p < .01 
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Table 4a. Linear regression analysis results predicting EAH total consumption from baseline 
approach bias scores, controlling for Body Mass Index (BMI) and sex. 
 
 

 EAH total  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 7.97 3.62 .241 2.20 .031 

Sex 80.08 30.03 .292 2.67 .009 

Approach bias .009 .334 .003 .028 .978 

 
 
 
Table 4b. Linear regression analysis results predicting EAH high-calorie food intake from 
baseline approach bias scores, controlling for Body Mass Index (BMI) and sex.  
 

 EAH high-calorie food  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 5.798 3.23 .20 1.79 .077 

Sex 65.18 26.79 .272 2.43 .017 

Approach bias .018 .298 .007 .059 .953 

 
 
 
Table 4c. Linear regression analysis results predicting EAH low-calorie food intake from 
baseline approach bias scores, controlling for Body Mass Index (BMI) and sex.  
 

 EAH low-calorie food  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 2.17 .836 .286 2.598 .011 

Sex 14.89 6.92 .237 2.15 .035 

Approach bias -.008 .077 -.012 -.109 .914 
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Table 4d. Linear regression analysis results predicting EAH total consumption from baseline 
approach reaction time (RT) scores to high-calorie foods, controlling for Body Mass Index 
(BMI) and sex.  
 

 EAH total  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 8.10 3.61 .245 2.25 .028 

Sex 80.96 29.84 .296 2.71 .008 

Approach RT 
high-calorie 

.152 .172 .096 .886 .379 

 
 
Table 4e. Linear regression analysis results predicting EAH high-calorie food intake from 
baseline approach reaction time (RT) scores to high-calorie foods, controlling for Body Mass 
Index (BMI) and sex.  
 

 EAH high-calorie food  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 5.96 3.199 .206 1.864 .066 

Sex 66.314 26.475 .276 2.505 .015 

Approach RT 
high-calorie 

.190 .152 .137 1.246 .217 

 
 
Table 4f. Linear regression analysis results predicting EAH low-calorie food intake from 
baseline approach reaction time (RT) scores to high-calorie foods, controlling for Body Mass 
Index (BMI) and sex.  
 

 EAH low-calorie food  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 2.14 .831 .282 2.576 .012 

Sex 14.646 6.874 .233 2.131 .037 

Approach RT 
high-calorie 

-.038 .040 -.104 -.955 .343 
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Table 4g. Linear regression analysis results predicting EAH total consumption from baseline 
approach reaction time (RT) scores to low-calorie foods, controlling for Body Mass Index (BMI) 
and sex.  
 

 EAH total  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 8.04 3.60 .243 2.23 .029 

Sex 81.74 29.87 .298 2.74 .008 

Approach RT 
low-calorie 

.159 .177 .098 .897 .373 

 
 
 
Table 4h. Linear regression analysis results predicting EAH high-calorie food intake from 
baseline approach reaction time (RT) scores to low-calorie foods, controlling for Body Mass 
Index (BMI) and sex.  
 

 EAH high-calorie food  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 5.889 3.197 .203 1.842 .007 

Sex 67.275 26.508 .280 2.538 .013 

Approach RT 
low-calorie 

.196 .157 .138 1.251 .215 

 
 
 
Table 4i. Linear regression analysis results predicting EAH low-calorie food intake from 
baseline approach reaction time (RT) scores to low-calorie foods, controlling for Body Mass 
Index (BMI) and sex.  
 

 EAH low-calorie food  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 2.155 .83 .284 2.596 .011 

Sex 14.469 6.886 .230 2.101 .039 

Approach RT 
low-calorie 

-.038 .041 -.101 -.924 .358 
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Table 4j. Linear regression analysis results predicting EAH total consumption from baseline 
avoidance bias scores, controlling for Body Mass Index (BMI) and sex.  
 

 EAH total  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 7.918 3.618 .239 2.189 .032 

Sex 79.20 30.007 .289 2.639 .010 

Avoidance bias .129 .280 .050 .460 .647 

 
 
 
Table 4k. Linear regression analysis results predicting EAH high-calorie food intake from 
baseline avoidance bias scores, controlling for Body Mass Index (BMI) and sex.  
 

 EAH high-calorie food  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 5.736 3.224 .198 1.779 .079 

Sex 64.19 26.74 .268 2.40 .019 

Avoidance bias .151 .250 .067 .604 .548 

 
 
 
Table 4l. Linear regression analysis results predicting EAH low-calorie food intake from 
baseline avoidance bias scores, controlling for Body Mass Index (BMI) and sex.  
 

 EAH low-calorie food  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 2.182 .835 .287 2.614 .011 

Sex 15.01 6.924 .239 2.168 .034 

Avoidance bias -.022 .065 -.037 -.337 .737 
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Table 4m. Linear regression analysis results predicting EAH total consumption from baseline 
avoidance reaction time (RT) scores to high-calorie foods, controlling for Body Mass Index 
(BMI) and sex.  
 

 EAH total  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 8.04 3.627 .243 2.217 .030 

Sex 80.025 29.965 .292 2.671 .009 

Avoidance RT     
high-calorie 

.051 .159 .035 .322 .748 

 
 
Table 4n. Linear regression analysis results predicting EAH high-calorie food intake from 
baseline avoidance reaction time (RT) scores to high-calorie foods, controlling for Body Mass 
Index (BMI) and sex.  
 

 EAH high-calorie food  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 5.946 3.225 .205 1.844 .069 

Sex 65.069 26.646 .271 2.442 .017 

Avoidance RT 
high-calorie 

.105 .141 .083 .747 .458 

 
 
 
Table 4o. Linear regression analysis results predicting EAH low-calorie food intake from 
baseline avoidance reaction time (RT) scores to high-calorie foods, controlling for Body Mass 
Index (BMI) and sex.  
 

 EAH low-calorie food  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 2.094 .824 .275 2.542 .013 

Sex 14.956 6.807 .238 2.197 .031 

Avoidance RT 
high-calorie 

-.054 .036 -.163 -1.505 .137 
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Table 4p. Linear regression analysis results predicting EAH total consumption from baseline 
avoidance reaction time (RT) scores to low-calorie foods, controlling for Body Mass Index 
(BMI) and sex.  
 

 EAH total  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 7.986 3.636 .241 2.197 .031 

Sex 80.184 29.998 .293 2.673 .009 

Avoidance RT 
low-calorie 

.012 .175 .007 .068 .946 

 
 
 
Table 4q. Linear regression analysis results predicting EAH high-calorie food intake from 
baseline avoidance reaction time (RT) scores to low-calorie foods, controlling for Body Mass 
Index (BMI) and sex.  
 

 EAH high-calorie food  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 5.918 3.239 .204 1.827 .072 

Sex 65.632 26.725 .274 2.456 .017 

Avoidance RT 
low-calorie 

.069 .156 .050 .445 .658 

 
 
Table 4r. Linear regression analysis results predicting EAH low-calorie food intake from 
baseline avoidance reaction time (RT) scores to low-calorie foods, controlling for Body Mass 
Index (BMI) and sex.  
 

 EAH low-calorie food  

 Unstandardized Standardized   

Model term B SE β t p 

BMI 2.069 .826 .272 2.503 .015 

Sex 14.552 6.818 .231 2.134 .036 

Avoidance RT 
low-calorie 

-.057 .040 -.157 -1.444 .153 
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Table 5. Means and standard deviations for individual difference measures for the overall sample 
as well as for sex and Body Mass Index groups.  
 

  Sex Body Mass Index 

Measure Overall 
Sample 
(n=75) 

Females 
(n=49) 

Males 
(n=26) 

Healthy 
Weight 
(n=52) 

Overweight/Obese 
(n=23) 

Reward Based Eating 
Drive (RED) 

10.45 (5.88) 10.67 (5.38) 10.04 (6.81) 10.23 (6.30) 10.96 (4.89) 

      

Power of Food Scale 
(PFS) 

     

PFS Total Score 2.53 (.73) 2.62 (.77) 2.37 (.63) 2.55 (.72) 2.49 (.76) 

Food Available 2.13 (.76) 2.17 (.79) 2.06 (.72) 2.07 (.71) 2.25 (.89) 

Food Present 2.78 (1.03) 2.94 (1.06) 2.48 (.91) 2.87 (1.03) 2.58 (1.01) 

Food Tasted 2.82 (.76) 2.90 (.82) 2.66 (.64) 2.86 (.77) 2.71 (.75) 

      

Eating Disorder 
Examination 
Questionnaire (EDE-Q) 

     

Global Score 1.18 (.92) 1.34 (.95) .87 (.72)* .92 (.72) 1.75 (1.06)*** 

Restraint  1.06 (1.11) .96 (1.07) 1.26 (1.19) .85 (.94) 1.55 (1.33)* 

Eating Concern .45 (.61) .58 (.70) .21 (.26)** .32 (.42) .73 (.85)* 

Shape Concern 1.76 (1.32) 2.12 (1.30) 1.08 
(1.09)** 

1.49 (1.16) 2.36 (1.49)** 

Weight Concern 1.44 (1.32) 1.72 (1.39) .92 (1.01)* 1.04 (.96) 2.36 (1.56)** 

      

Executive Function Index 
(EFI) 

     

EFI Total Score 98.48 (7.81) 99.04 (7.28) 97.42 (8.77) 98.58 (7.37) 98.26 (8.89) 

Motivational Drive 14.89 (2.49) 14.43 (2.57) 15.77 
(2.12)* 

14.89 (2.40) 14.91 (2.75) 

Organization 16.85 (3.36) 16.73 (3.28) 17.08 (3.57) 16.75 (3.14) 17.09 (3.88) 

Strategic Planning 24.49 (3.11) 24.84 (3.16) 23.85 (2.95) 24.19 (3.14) 25.17 (2.30) 

Impulse Control 16.73 (3.39) 16.88 (3.73) 16.46 (2.66) 17.08 (3.30) 15.96 (3.52) 

Empathy 25.51 (3.38) 26.16 (2.80) 24.27 
(4.05)* 

25.67 (3.50) 25.13 (3.15) 

      

Behavioral Inhibition 
System/Behavioral 
Activation System 
(BIS/BAS) 

     

BAS Drive 10.92 (2.30) 10.55 (2.30) 11.62 (2.17) 10.67 (2.23) 11.48 (2.41) 

BAS Fun Seeking 12.31 (2.16) 12.31 (2.34) 12.31 (1.83) 12.37 (2.17) 12.17 (2.19) 

BAS Reward 17.53 (1.80) 17.80 (1.74) 17.04 (1.82) 17.6 (1.76) 17.39 (1.90) 

BIS 20.77 (3.75) 21.98 (3.35) 18.50 
(3.43)*** 

21.06 (3.74) 20.13 (3.76) 

      

UPPS-P Negative 
Urgency 

2.07 (.59) 2.11 (.60) 1.99 (.59) 2.07 (.58) 2.07 (.64) 

 

*  p < .05, ** p < .01, *** p < .001 
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Table 6. Means and standard deviations for approach/avoidance at baseline and post by training 
condition (trained toward high-calorie foods versus trained away from high-calorie foods). 
 

 Baseline Post-training 

 Trained 
Toward 

Trained 
Away 

Statistics Trained 
Toward 

Trained 
Away 

Statistics 

Approach Bias 
Score 

-7.89 
(46.59) 

9.24 
(38.43) 

t = -1.74 -3.96 (42.21) -.81 (39.84) t = -.33 

Approach HC RT 700.46 
(85.08) 

669.18 
(79.69) 

t = 1.64 666.60 
(69.22) 

642.55 
(83.87) 

t = 1.34 

Approach LC RT 708.34 
(87.85) 

659.94 
(67.44) 

t = 2.69** 670.56 
(67.76) 

643.36 
(69.76) 

t = 1.70 

Avoidance Bias 
Score 

3.03 
(44.91) 

.83 (56.67) t = .19 -6.97 (38.94) 2.77 (44.43) t = -1.00 

Avoid HC RT 686.77 
(96.51) 

657.70 
(83.57) 

t = 1.40 651.76 
(68.63) 

634.69 
(84.95) 

t = .94 

Avoid LC RT 683.74 
(79.20) 

656.88 
(83.75) 

t = 1.42 658.73 
(68.36) 

631.92 
(88.76) 

t = 1.44 

 
* p < .05, ** p < .01 
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Table 7. Individual difference measure correlations with BMI and EAH outcomes.  
 

 BMI EAH  EAH% of EER 

Measure  Total High-
calorie 

Low-
calorie 

Total High-
calorie 

Low-
calorie 

Reward Based Eating 
Drive (RED) 

.05 .18 .14 .24* .19 .15 .27* 

        

Power of Food Scale 
(PFS) 

       

PFS Total Score -.04 .14 .13 .09 .17 .15 .15 

Food Available .09 .26* .25* .18 .26* .24* .19 

Food Present -.15 .07 .08 .01 .13 .12 .09 

Food Tasted -.05 .01 -.01 .05 .04 .02 .11 

        
Eating Disorder 
Examination 
Questionnaire (EDE-Q) 

       

Global Score .54*** .18 .14 .25* .17 .12 .24* 

Restraint  .38** .29* .24* .35** .19 .16 .22 

Eating Concern .35** .03 .02 .05 .07 .05 .09 

Shape Concern .45*** .09 .06 .17 .12 .08 .23* 

Weight Concern .56*** .15 .11 .22 .14 .10 .22 

        

Executive Function 
Index (EFI) 

       

EFI Total Score .11 -.28* -.27* -.18 -.30** -.28* -.19 

Motivational Drive .12 -.05 -.08 .06 -.14 -.14 -.05 

Organization .23* -.08 -.11 .06 -.11 -.13 .04 

Strategic Planning .08 -.04 -.02 -.08 -.03 -.02 -.05 

Impulse Control -.18 -.26* -.23 -.28* -.26* -.22 -.27* 

Empathy .03 -.23* -.22 -.17 -.19 -.18 -.13 

        

Behavioral Inhibition 
System/ Behavioral 
Activation System 
(BIS/BAS) 

       

BAS Drive .22 .26* .23 .26* .22 .19 .18 

BAS Fun Seeking .04 -.05 -.03 -.13 -.01 -.03 -.18 

BAS Reward <.001 -.03 -.04 .02 .02 .01 .08 

BIS -.16 -.13 -.11 -.17 -.01 -.01 <.001 

        

UPPS-P  
   Negative Urgency 

-.05 .18 .20 .02 .24* .24* .09 

 
* p < .05, ** p < .01, *** p < .001 
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Table 8. Means and standard deviations for AAT-Food picture ratings. 
 

Picture Appetizing Liking 

Pizza 5.96 (2.15) 6.05 (2.24) 

Fries 5.88 (2.35) 5.97 (2.47) 

Macaroni-and-cheese 5.59 (2.46) 5.43 (2.79) 

Gummy bears 4.84 (2.43) 5.63 (2.41) 

Cheesecake 4.81 (2.43) 4.97 (2.51) 

Fried Shrimp 5.68 (2.24) 5.67 (2.31) 

Vanilla Cupcake 4.00 (2.05) 4.25 (2.33) 

Fried Chicken 5.41 (2.51) 5.69 (2.41) 

Burrito 5.61 (2.39) 5.96 (2.42) 

Chocolate Chips 4.69 (2.22) 5.35 (2.13) 

Lemon Cupcake 4.15 (2.08) 4.53 (2.30) 

Burger 5.49 (2.38) 5.89 (2.62) 

Pita Bread 4.41 (2.34) 4.41 (2.23) 

Green Beans 4.83 (2.40) 5.07 (2.43) 

Carrots 5.08 (2.28) 5.64 (2.17) 

Fruit Salad 7.76 (1.66) 7.97 (1.48) 

Blueberries 6.17 (2.41) 6.39 (2.41) 

Salmon 6.37 (2.61) 6.72 (2.44) 

White Rice 6.07 (2.04) 6.45 (1.73) 

Bran Flakes 3.28 (2.10) 3.20 (2.11) 

Avocados 5.73 (2.65) 5.92 (2.52) 

Granola 4.67 (2.18) 4.96 (2.30) 

Lemons 4.61 (2.40) 5.44 (2.18) 

Lettuce 4.39 (2.24) 5.17 (2.00) 

Grilled Cheese 5.79 (2.26) 5.71 (2.28) 

Chicken Nuggets 5.04 (2.49) 4.96 (2.64) 

Chips 5.45 (2.46) 5.65 (2.64) 

Fudge Stripped Cookie 4.40 (2.19) 4.72 (2.30) 

Vanilla Ice Cream Cone 5.89 (2.33) 6.29 (2.32) 

Smores 5.43 (2.53) 5.76 (2.43) 

Tacos 5.65 (2.62) 5.80 (2.56) 

Breakfast Burrito 5.07 (2.85) 5.11 (3.02) 

Chocolate 5.59 (2.31) 6.19 (2.07) 

Banana Split 5.73 (2.63) 6.17 (2.59) 

Onion Rings 4.79 (2.59) 4.89 (2.41) 

Ice Cream Cookie Sandwich 6.13 (2.42) 6.48 (2.17) 

Oranges 6.93 (1.91) 7.27 (1.67) 

Potatoes 5.28 (2.19) 5.61 (2.14) 

Pretzels 4.84 (2.19) 5.37 (2.03) 

Rice Cakes 3.81 (2.19) 3.83 (2.12) 

Yogurt 3.95 (2.41) 4.01 (2.32) 

Wheat Thins 4.21 (2.02) 4.09 (2.09) 
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Salad 5.45 (2.32) 5.83 (2.25) 

Vegetable Omelet 5.64 (2.56) 5.51 (2.56) 

Banana 6.11 (2.25) 6.08 (2.35) 

Purple Onions 3.41 (2.46) 3.79 (2.37) 

Brown Rice 4.11 (2.17) 4.03 (2.36) 

Dried Fruit 3.79 (2.26) 4.13 (2.23) 
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