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ABSTRACT 

 Food choice behavior is subject not only to cognitive and behavioral factors, but also to 

physiological motivational processes and implicit associations. The rising obesity rate suggests 

that purely cognitive-behavioral interventions fail to change food choices in lasting ways. While 

researchers have explored a variety of measures to assess and manipulate covert, non-conscious 

food associations, there continues to be little evidence that these techniques change overt 

behavior. Three experiments attempted to better illuminate the potential pathway between 

implicit associations and overt food choice by untangling the confounds of calorie content and 

stimulus modality that have pervaded current literature. Study 1 piloted the efficacy of a new 

Implicit Association Test (IAT) as a measure of differential attitudes toward food by calorie 

content, revealing that participants hold implicitly unpleasant attitudes toward obesogenic food 

words. Study 2 substantiated this effect across stimulus modality, and found little evidence that 

the IAT predicted long-term food preferences. Study 3 integrated a discrete food choice task and 

a semantic priming procedure; the IAT failed to predict food choice while explicit measures 

succeeded, and the influence of a semantic priming task on IAT scores suggests the IAT is a 

measure of semantic associations, not implicit preference. Participants demonstrated a substantial 

unpleasant bias toward obesogenic foods across all studies, consistent with literature on implicit 

biases toward substances of abuse.  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INTRODUCTION 

 As anybody holding a dessert menu intrinsically understands, choosing what and how 

much to eat is not an objective, deliberative process. Individuals are naturally drawn toward tasty 

and appealing foods, dissatisfied to repeatedly eat the same meal, and quick to associate food 

with traditions, celebrations or emotions. Words such as “comfort food” and “soul food,” pet 

names like “sugar” and “sweetie,” even cultural conventions such as wedding cakes all 

demonstrate the strong cultural connection between food and emotions. Making a choice based 

on intuition rather than deliberation is even described as “making a gut decision.” These 

associations have not been lost on marketers, who engineer emotional advertising (e.g., 

McDonald’s iconic Happy Meal) with the intent of manufacturing affective associations that 

overpower conscious concerns like health and nutritional content, arguably to great success. The 

present research would seek to understand the underlying features of these associations, and find 

effective strategies to manipulate them. 

 Food, its acquisition and consumption, has served as the most iconic reinforcer available 

to experimental psychologists. The foremost theoreticians and innovators of psychology have 

placed food at the center of their models of behavior or used it as the lynchpin of their 

experiments. Ivan Pavlov (1927) first demonstrated his principles of classical conditioning by 

tempting dogs with food and conditioning them to salivate in expectation following the ring of a 

tuning fork or click of a metronome. Sigmund Freud (2006) ascribed eating as one of the 

fundamental integrative purposes of the life-pursuing force of Eros, and the earliest impulse of 

newborn infants in the oral stage of psychosexual development. B.F. Skinner used food 

extensively as a reinforcer in his operant conditioning chambers (colloquially known as Skinner 
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boxes), as diagrammed in his book The Behavior of Organisms: An Experimental Analysis 

(1938). 

Food as a Reinforcer 

 The efficacy of food as a reinforcer, a stimulus that promotes the behavior that precedes it 

(Epstein, Leddy, Temple, & Faith, 2006), may be measured by the magnitude of behavior that it 

may promote in a progressive ratio paradigm. As codified by Richardson and Roberts (1995), 

organisms in the progressive ratio paradigm are given the opportunity to self-administer a 

substance by performing a response (such as the traditional press of a lever). However, following 

each administration or administration period, the number of responses increases. “For example, a 

subject may have to make 10 responses to obtain the first reinforcer, 100 to get the second, 1,000 

to get the third, and so on” (Epstein et al., 2006, p. 885). After the requirement of the responses 

exceeds a threshold, the organism may cease responding. The point at which the reinforcer is no 

longer sufficient to elicit the response is termed the breakpoint, and represents the reinforcement 

efficacy of the reinforcer. The breakpoints of multiple reinforcers may be compared to contrast 

their relative reinforcement efficacies. 

 Food preference, understandably, impacts the reinforcement efficacy of food items. 

Cottone, Sabino, Steardo, and Zorilla (2008) studied the reinforcement efficacy of preferred and 

non-preferred food following intermittent access to preferred food in rats. Following a learning 

procedure, the rats were placed in progressive ratio sessions five days a week. They responded 

by poking their noses against an apparatus in their test cage to receive a pellet of the non-

preferred but palatable food, with the number of responses (nose-pokes) required to release a 

pellet increasing steadily following each response and the breakpoints of the rats recorded. 
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Following the progressive ratio sessions, the rats were returned to their home cages with non-

preferred food available ad libitum. Over the weekend, rats in the control condition retained 

access to the non-preferred food, while rats in the experimental condition had free access to the 

preferred sweet and chocolatey food. Cottone and team found that, over the course of several 

weeks, rats with access to the preferred food on the weekend had significantly lower breakpoints 

for the non-preferred food during the progressive ratio session, representing diminished 

reinforcement efficacy, and reduced their caloric intake. This reduction did not depend on prior 

weight gain or enhanced caloric intake of the preferred food. In fact, while rats in the diet-

cycling condition were prone to overeating in the first 6 hours of renewed access to the preferred 

food, their caloric intake in the last 24 hours preceding return to the non-preferred food was 

statistically comparable to controls. Overall, Cottone and colleagues demonstrated that 

intermittent access to preferred foods diminishes reinforcement efficacy of non-preferred foods, 

and that these organisms maintained homeostasis in their calorie intake regardless of the 

palatability of food available to them. 

Learning Food Preferences 

 Rozin and Zellner (1985) argue that food preferences are the result of consistent 

Pavlovian conditioning across years, with reinforcement coming from the cultural environment. 

Individuals learn to prefer what their local culture and family culture serve and enjoy. Additional 

sources of conditioning may include television and media (Goldberg, Gorn, & Gibson, 1978). 

This cognitive-behavioral approach to overeating and obesity formed the foundation of decades 

of research on treatments and interventions (e.g., Stuart, 1967), most of which fail to make 

lasting changes (Garner & Wooley, 1991). Food preferences are undoubtedly informed by 
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conscious associative learning procedures; however, no explanation can be complete without 

accounting for the non-conscious factors that inform preferences for high calorie, high fat food 

items. 

 Birch, McPhee, Steinberg, and Sullivan (1990) artificially manipulated the preferences of 

children using beverages with novel flavors. During their regularly scheduled snack time, 

children had either a new high calorie drink or low calorie drink (the calorie difference being 

added sugar), and then proceeded to enjoy snack foods. Children participated in eight trials for 

each drink over five weeks, and their consumption of snack foods after the drink was measured. 

Birch et al. demonstrated the effect of homeostatic mechanisms on the children’s consumptive 

behavior, noting that they always ate more snack foods following the low calorie drink, 

suggesting that they compensate for the diminished energy content. More interestingly, children 

consistently preferred the high calorie drink in both a two-choice task and a stated preference 

assessment. This preference could not be explained by flavor or novelty. (The flavors of the 

drinks were novel to all children, and which was the high calorie condition was counterbalanced 

across participants.) Johnson, McPhee, and Birch (1991) reiterated the paradigm with different 

flavors of high and low fat yogurts, and children again demonstrated a catch-up effect in energy 

consumption following the low fat yogurts and a preference for the flavor of the high fat yogurt. 

 These implicit preferences for energy-dense foods may be modulated by hunger. Kern 

McPhee, Fisher, Johnson, and Birch (1993) had children fast overnight before consuming 

different flavors of yogurt. Children in the conditioning procedure ate the whole serving of 

yogurt (150g), while children in a mere-exposure procedure were only allowed to sample a small 

quantity (16g). One yogurt flavor was high in fat, while the other flavor was non-fat, and 
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children had each yogurt alternately on different days. At the end of the study, children were 

assessed for preference using an age-appropriate measure. The preference assessment was 

conducted after an overnight fast, and then following a large self-serve breakfast, differentiating 

hungry and sated assessments. Children in the mere-exposure group who only tasted the items 

increased their preference for both the high and non-fat yogurts independent of hunger. However, 

children in the conditioning group, who received a significant serving, demonstrated a significant 

preference for the high fat yogurt when hungry that was attenuated to non-significance during 

satiety. If the preference for high fat items was dependent on flavor, children in the mere-

exposure group would demonstrate this preference. Rather, children only demonstrate the learned 

preference for high fat items following ingestion. 

 Birch and Anzman (2010) suggest that this innate preference toward high calorie, high fat 

foods is an adaptive mechanism promoting consumption of the most energy-efficient food items 

in conditions of adversity. However, in a modern obesogenic environment, it has become less 

than adaptive. Unfortunately for parents who may attempt to counteract this preference by 

pressuring children to eat healthier foods, this strategy seems to elicit negative affective reactions 

(Galloway, Fiorito, Francis, & Birch, 2006). Adults often report the foods they dislike the most 

are the ones they were forced to eat as children (Batsell, Brown, Ansfield, & Paschall, 2002). 

 Conditioned taste aversion is another expression of implicit food associations, albeit with 

the opposite effect of the mechanisms previously described. Taste aversions are usually the result 

of nausea or vomiting following consumption of a given food item (Garb & Stunkard, 1974). 

Individuals often find that the food item that preceded the illness becomes highly unpalatable, 

even if they believe that the food did not cause the illness (Logue, Logue, & Strauss, 1983). 
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Bernstein and Webster (1980) provided patients receiving chemotherapy with ice cream less than 

an hour before a drug infusion treatment. Unfortunately, chemotherapy drugs often elicit severe 

nausea and vomiting. Five weeks later, the authors returned and provided the patients with two 

different bowls of ice cream, one of which was the flavor they received in the initial conditioning 

test, and measured how much they ate of each. Five weeks after receiving a single serving of ice 

cream before a drug treatment, patients still found the flavor aversive. This effect was sustained 

regardless of how many drug treatments the patients had undergone in the past, suggesting that 

experience with the drugs did not diminish the creation of the aversion. In the case of taste 

aversions, explicit cognitions largely do not overpower implicit aversions. Implicit preferences 

may be comparably unassailable. 

Television and Food Associations 

 Increased television watching has long been believed to contribute to obesity (Dietz & 

Gortmaker, 1985). Recent research has largely demonstrated that obesity may be predicted with 

television viewing time (Marshall, Biddle, Gorely, Cameron, & Murdey, 2004; Rey-López, 

Vicente-Rodríguez, Biosca, & Moreno, 2008). Interestingly, this effect does not seem to 

generalize to other screens such as computers or video games (Rey-López et al., 2008), perhaps 

because these media keep one’s hands occupied and away from food items. Several avenues have 

been proposed to mediate the relationship between television and obesity, namely the 

replacement of time spent engaging in physical activity with sedentary time in front of the 

television; enhanced snacking while watching television; and increased exposure to food 

advertising.  
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 Unfortunately, sedentary time alone seems to correlate statistically but only slightly with 

obesity (Marshall et al., 2004), suggesting that the lack of physical activity is a more marginal 

danger than food-related factors of television viewing. However, studies attempting to find the 

mediating pathway between television and obesity via the consumption of snack food have had 

similar difficulties. A noteworthy study by Temple et al. (2007) had more success. In the first 

experiment, non-overweight children aged 9 - 12 were given the option of engaging in a 

computer task in which they could earn points for servings of cheeseburger, covertly awarded on 

a variable interval schedule with an average interval of two minutes. When the children were no 

longer motivated by the task, they could read or engage in quiet activities such as crosswords. 

After seven trials, children in the experimental condition were given the opportunity to continue 

performing the task for cheeseburgers with the addition of a television program running, while 

children in the two control conditions could continue performing the task with french fries as a 

new reward, or continue with cheeseburgers and no television. The rate of responding for 

children who continued with cheeseburgers as the reward and no television declined across the 

experiment, demonstrating habituation, and children whose reward changed to french fries 

experienced a marked increase in responding, consistent with dishabituation. However, children 

who were shown a television program following the initial trials exhibited statistically the same 

rate of dishabituation. Turning the television on increased motivated responding for food. In 

another experiment described within the same study, Temple and colleagues had children pick 

their favorite snack food item and eat it ad libitum while watching either a 23 minute television 

program, a loop of a one and a half minute clip repeated for a total of 23 minutes, or no program 
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whatsoever, and found that children who watched a whole program consumed significantly more 

than children who watched a repeated clip or no television. 

 Evidence from more natural settings has been less convincing. Francis, Lee, and Birch 

(2003) used white girls aged 5 to 9 from obese and non-obese families in a longitudinal 

procedure to attempt to predict obesity. While all girls who watched more television also ate 

more snack foods while watching television, television viewing alone only predicted obesity in 

girls from non-obese families. When the girls had one or more obese parents, television viewing 

was not an effective predictor of obesity, but snacking was. Other studies have found significant 

but small support for a mediating relationship between television and obesity via diet (Carson & 

Janssen, 2012). 

 There are a few consistent truths, however. Television watching by children is correlated 

with higher consumption of obesogenic foods (Pearson & Biddle, 2011) and significantly poorer 

understanding of nutrition (Signorielli & Lears, 1992). A recent study found that children 

consumed 17% of their calories while watching television on weekdays, up to 26% on the 

weekend, and the foods consumed were largely less nutritious than when the television was off 

(Matheson, Killen, Wang, Varady, & Robinson, 2004). Children are exposed, on average, to more 

than 11 minutes of advertising for food items a day on television (Powell, Szczypka, & 

Chaloupka, 2007), and these advertisements overwhelming feature high fat, nutrient-poor 

convenience foods and desserts (Harrison & Marske, 2005). Multiple reviews have demonstrated 

that advertising has been found to have a profound effect on the food choices of children (e.g., 

Harris, Pomeranz, Lobstein, & Brownell, 2009; Cairns, Angus, Hastings, & Caraher, 2013). Of 

the sixteen studies that measured the effects of advertising on food preference included in the 
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review by Cairns et al. (2013), nine found that advertising had a significant impact on food 

preferences; seven of eight reported significant effects of advertising on food purchased; and 

fourteen of eighteen studies on actual food consumed found a correlation between food 

advertising and increased the calorie content of food consumed, increased total amount of food 

consumed, and diminished nutritional content of food consumed. The most frequent marketing 

strategies used in food advertising directed toward children are appeals to taste, followed by 

appeals to fun and admission into contests or other promotions (Gantz, Schwartz, Angelini, & 

Rideout, 2007). While research is still being conducted, the most substantiated mediating 

pathway between television and obesity appears to be advertising that manufacturers pleasant 

associations directed toward food products, usually high calorie and high fat items. 

Food in Cognition 

 Regardless of weight status, food holds a special place in human cognition, commanding 

more attention than other environmental stimuli. This is possibly an adaptive mechanism that 

assists animals in their pursuit of food.  

 Ferguson (1983) found that hungry participants were more proficient at recognizing food 

words presented for only 10 milliseconds on a projector than sated participants. This proficiency 

was unique to food words, rather than control words. Morris and Dolan (2001) demonstrated that 

hungry individuals performed significantly better at remembering and recognizing images of 

food than did sated individuals. All participants fasted for 16 hours preceding the procedure, and 

were not allowed to eat until the experiment began. Participants were shown a series of 10 

images of either food or household items for 4 seconds each, all images being in the same 

category. They were then presented with 20 images of the same category, composed of 10 of the 
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images the participants were just presented and 10 new images, and tasked with distinguishing 

between new and previously-presented images. Some participants received a meal and were 

instructed to eat to satiety after 4 trials, approximately 24 minutes, while the rest were allowed to 

eat after 8 trials, about 56 minutes. The procedure was designed to accommodate concurrent 

measures of regional cerebral blood flow to the amygdala and orbitofrontal cortex via position 

emission tomography, hence the unusual design. Regardless, participants remembered food items 

significantly better than they remembered non-food control items while hungry. Participants in 

both the 4-trial and 8-trial satiety conditions held a 20% advantage for remembering food words 

over non-food words. This advantage was abolished in both conditions following satiety. Morris 

and Dolan suggest that food items have an outsized impact on memory and cognition when 

individuals are hungry, and activation of the amygdala on trials regarding food items suggest 

that, when hungry, food elicits an emotional-motivational response in individuals.  

 In an attentional shifting task, authors Piech, Hampshire, Owen, and Parkinson (2009) 

found that participants had a significantly more difficult time shifting their attention among 

targets when their hunger was exacerbated by food pictures before performing the task. 

Participants were required to identify a target image, either a face or a building, among images 

superimposed over one another. One face and house were superimposed over each other on the 

left side of the screen, and another pair on the right. Participants identified them as quickly as 

possible, and the target image would change periodically, such that they needed to shift attention 

from the old to the new target frequently. The experiment took place over two days, with 

participants arriving hungry on one day and sated on another, and on each day the procedure was 

conducted twice. In the experimental appetitive condition, participants were shown a series of 
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pictures of food, and instructed to consider what it would feel like to eat the food items. In the 

control condition, the same participants were shown a series of flowers and told to imagine 

purchasing the flowers. There were no performance differences between hungry and sated 

conditions, however there were significant performance decreases following the appetitive 

condition, suggesting that participants were increasingly cognitively inflexible following the 

appetitive induction. Interestingly, there was no interaction effect between hunger and appetitive 

induction, and participants were not significantly more hungry following the appetitive induction 

than the control. 

 Piech, Pastorino, and Zald (2010) conducted the emotional blink of attention test on 30 

undergraduate participants, once when they had fasted for six hours before the procedure and 

once in which they were instructed to feed themselves as per usual. The emotional blink of 

attention test requires participants to indicate when they see a target picture (in this case, a 

landscape image rotated 90°) among a series of non-target items (normally-oriented landscapes) 

cycling through at high speed. While the target and irrelevant items are affectively neutral, 

emotional distractor items precede the target items in experimental tests, requiring the participant 

to inhibit his or her attention to the distractor item in order to perform well on the experiment. 

Participants were incentivized with cash compensation in proportion to their performance on the 

test. In this experiment, the emotional distractor items were images of food, while control tests 

featured affectively arousing images of romantic scenes or emotionally neutral stimuli. 

Participants who were fasting performed significantly worse on food-distractor trials than sated 

participants, but demonstrated no significant impairment to the other distractor categories. Piech, 
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Pastorino, and Zald demonstrated that hungry participants exhibited diminished ability to inhibit 

food-related stimuli in an attentional task. 

Measuring Food Associations 

 The Implicit Association Test, introduced by Greenwald, McGhee, and Schwartz (1998), 

is a differential measure of the association between two target categories and two valence 

attributes, typically pleasantness and unpleasantness. In the IAT paradigm, individuals are 

presented a series of words or images on the screen of a computer and tasked with responding 

using the appropriate response key on a keyboard. First, participants are presented words or 

pictures of items from the target categories, such as flower and bug, and must respond by 

pressing the left-hand or right-hand response key to indicate if the presented item is a variety of 

flower or a kind of bug. For example, the response key for flower targets may be the z key, and if 

a participant is presented the word daisy, he or she should respond by pressing z. The response 

key for bugs would then be the / key, and if the word were cockroach, the participant would tap / 

on the keyboard. Following several trials of the target discrimination task, participants are tasked 

with discriminating between attributes, such as pleasant and unpleasant, using the previous 

response keys. Pleasant may use the z key, for example, just as flower did, while unpleasant 

would use /, where bug had been. Participants then type z for words such as happy and / for grief. 

In the initial combined task, the target and attribute words are combined, with one target and one 

attribute sharing a response key on each side of the keyboard. Flower and pleasant will now both 

use z while bug and unpleasant will both use /, as participants are presented examples of both 

target and attribute categories successively, such as orchid, filth, joyous, spider. Following the 

combined task, the target categories will switch response keys (flower is now on / and bug is now 
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on z). After a trial block in which participants acquaint themselves with using the opposite 

response keys, participants complete the reverse combined task, with the target categories 

sharing response keys with the attribute opposite the initial combined task (flower and 

unpleasant now share a key, as well as bug and pleasant).The underlying principle is that of 

association: the more closely associated the target category and attribute are in the mind of the 

participant, the more quickly he or she will respond when they share the same response key; but 

if the target category and attribute are unrelated, or if the attribute is the opposite valence of the 

participant’s typical associations of the target category, the task will become more difficult and 

response times will lag. Faster response times suggest compatibility between the target and the 

attribute. Flowers are generally perceived as pleasant, and thus responses will be quicker in the 

flower/pleasant combination than in the bug/pleasant combination (Greenwald et al., 1998). The 

difference between the mean response times of either combination represents the strength and 

orientation of the bias, with a larger latency between the conditions suggesting that participants 

hold stronger implicit attitudes. A florist might struggle to associate flowers with unpleasant 

words, resulting in an unpleasant bias of a greater magnitude toward bugs, while an entomologist 

may have a bias close to zero or even a pleasant bias toward bugs. 

 The IAT, by tasking participants with responding under time constraints, intends to 

prevent them from making conscious evaluations of the categories or exemplars in question. This 

allows researchers to quantify and discriminate a non-conscious association from consciously-

held evaluations of the targets, mitigating social desirability bias or even possible contradictions 

between an individual’s stated evaluations and psychophysically-demonstrated associations. 

Unfortunately, an IAT can only measure the proportional strength of associations; the resultant 
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mean latencies do not reflect an absolute value of associative strength that can be compared to 

targets not included in that test. Researchers readily defend the predictive validity and reliability 

of the IAT (Greenwald, Poehlman, Uhlmann, & Banaji, 2009; Egloff, Schwerdtfeger, & 

Schmukle, 2005), and it has been adapted to measure such diverse concepts as racism 

(Greenwald et al., 1998), aggressiveness (Zumbach, Seitz, & Bluemke, 2015), attitudes toward 

marijuana use (Ames et al., 2013), self-esteem (Greenwald & Farnham, 2000), and risk 

assessment of weather conditions (Pauley, O’Hare, Mullen, & Wiggins, 2008). 

 In 2001, Maison, Greenwald, and Bruin first used the IAT to measure implicit 

associations of foods, in the context of validating the IAT’s efficacy in predicting consumer 

behavior based on implicit associations of brands. In their first experiment, Maison and team had 

participants answer several conscious evaluative measures regarding soft drinks and juices. 

These measures were calculated into scores representing their current purchasing behavior, future 

intended purchasing behavior, liking, subjective beliefs, and objective beliefs regarding sodas 

and fruit juice, with the latter subtracted from the former to generate a preference score, such that 

higher scores indicated a greater preference for soda. Following this, participants completed an 

IAT using the target categories soft drink and fruit juice (exemplars included recognizable brands 

in Poland, the study setting, such as Fanta and 7Up), and the attributes pleasant and unpleasant. 

Maison and team found a noticeable difference in response latency, with participants responding 

much faster when juices shared the same response key with pleasant words than when soft drinks 

did, suggesting a generally more favorable non-conscious association towards fruit juices. 

Importantly, these scores correlated positively with the conscious evaluative measures for current 

and future purchasing behavior, liking, and subjective beliefs regarding sodas and fruit juice: the 
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stronger the pleasant association of fruit juice, the more subjects purchased and intended to 

purchase (and presumably included in their diet), while the individuals who demonstrated 

stronger pleasant associations for soda purchased and imbibed more soda. Interestingly, there 

was no significant effect for objective beliefs regarding the healthiness and naturalness of juice 

and soda, suggesting that individuals all readily agree on factual evaluations of the different 

drinks, regardless of their preferences. 

 Maison, Greenwald, and Bruin (2001) expanded their study in the second experiment to 

measure potentially more nuanced attitudes — the associations surrounding high and low calorie 

food items. Though tasty and attractive, individuals understand the detrimental health effects of 

consuming too many energy-dense food items, and being overweight is largely considered 

unattractive. Maison and colleagues supposed that, being so multifaceted, conscious evaluations 

and non-conscious associations of high and low calorie food items may demonstrate discrepant 

attitudes. The researchers had female participants evaluate high and low calorie food items for 

tastiness, niceness, healthiness and fashionableness, and then answered several questions 

regarding their eating habits, concerns about food, any guilt following eating, and body 

satisfaction. Following this, participants completed an IAT with the target categories of high 

calorie food and low calorie food, as well as pleasant and unpleasant. High calorie target items 

included the Polish words for chocolate, nuts and chips; low calorie targets included lettuce, 

yogurt and salad. As expected, participants generally measured low calorie foods as more 

healthy and fashionable, but less tasty than high calorie foods. However, participants had much 

shorter mean latencies when low calorie foods and pleasant attributes shared a response key. 

Additionally, ratings of niceness and healthiness in the conscious evaluative measures correlated 
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significantly with performance on the IAT, such that the more health value participants ascribed 

to low calorie foods, the greater their implicit pleasant association of these food items. The 

behavioral measures were also borne out by the IAT, with participants who reported eating more 

low calorie food items holding more pleasant associations. Scores on guilt-related statements 

also correlated with pleasant associations toward low calorie foods (and thus stronger unpleasant 

associations regarding high calorie foods), with participants increasingly likely to report feeling 

guilty after eating sweets or regretting what they eat as their pleasant associations increased. 

 Maison and colleagues (2001) first demonstrated that the Implicit Association Test could 

be used to measure differential pleasant and unpleasant associations toward food items, and that 

these associations could be used to predict actual purchasing or consumptive behavior. Maison, 

Greenwald, and Bruin (2004) further substantiated the predictive efficacy of food associations in 

a variety of studies: the authors adapted the IAT paradigm to measure the associations 

participants held towards yogurt brands, finding that they had strongly correlated pleasant 

associations regarding their favorite brand, and purchased this brand significantly more often; 

customers of fast food restaurants, unsurprisingly, had significantly more pleasant associations 

toward their stated favorite brand, and reported eating there more often; similar results were 

found for participants’ favorite brand of cola soft drink. 

Factors Affecting Food Association Measures 

 Dietary lifestyle is closely related to implicit associations of food items. De Houwer and 

De Bruycker (2007) assessed responses of vegetarians and non-vegetarians with an IAT in which 

they discriminated between meat and vegetable target categories, and pleasant and unpleasant 

attributes. Participants also completed evaluative measures of vegetables and meats. The 
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conscious evaluative and non-conscious attitudinal measures correlated well, with vegetarians 

rating meat items as less tasty and demonstrating much greater difficulty responding when meat 

items and pleasant words shared a response key. A hierarchical logistic regression found that the 

IAT did not contribute any predictive validity beyond the evaluative measures, but the 

congruence between explicit and implicit measures suggests that most participants held 

consistent conscious and non-conscious attitudes towards meat and vegetables. De Houwer and 

De Bruycker’s results were replicated by Barnes-Holmes, Murtagh, and Barnes-Holmes (2010). 

 It would be tempting to conclude that there is a causal relationship between implicit 

associations of pleasantness, conscious evaluations of tastiness and actual food choice behavior. 

However, the actual relationship is more nuanced. Roefs and Jansen (2002) adapted the IAT 

paradigm to discriminate between high fat and low fat targets with pleasant and unpleasant 

associations. They intended to demonstrate that obese participants, though they may report 

similar explicit evaluations of high and low fat food items, held more pleasant implicit 

associations toward high fat food items than did normal-weight controls. Their results revealed 

the opposite effect. Not only did all participants, obese and normal-weight, demonstrate a 

significantly stronger association between low fat foods and pleasant associations, but obese 

participants also had a much more difficult time associating high fat foods with pleasant words 

than did controls. On explicit measures, obese individuals did not differ significantly except in 

their endorsement of the statement “I should not eat high-fat foods,” for which they expressed 

much stronger agreement than normal-weight controls. Obese individuals held stronger 

unpleasant attitudes toward high fat foods, expressed stronger conviction against the 

consumption of high fat foods, yet, as evidenced by their status as obese, still consumed more 
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high fat food items than normal-weight controls. The behavior of individuals may be directly 

contrary to the nature of their associations. 

 Unfortunately, the results of Roefs and Jansen (2002) are not substantiated by Mai and 

Hoffmann (2015), who explored the role of health consciousness on associations of tastiness and 

healthiness of food. Mai and Hoffmann assessed the health consciousness of participants, 

measures regarding their belief in the relationship between tastiness and intrinsic unhealthiness 

of food items, and self-reported food purchasing habits. Participants also took part in an IAT with 

the target categories energy-dense food and energy-poor food, as well as the attributes tasty and 

not tasty. Finally, participants’ BMIs were recorded. Health consciousness, the authors’ measure 

of the participants’ desire to limit fat and calorie intake, consume a variety of nutrients and make 

food choices based on health, had no impact on their performance in the IAT. Health conscious 

and non-health conscious individuals both demonstrated an implicit association between energy 

dense foods and their palatability compared to energy-poor foods. Mai and Hoffmann assigned 

each participant to a healthy-weight or obese category based on their BMIs, and found that health 

consciousness did mediate BMI, such that participants who reported using nutritional content as 

a major determinate in their food choices were significantly less likely to be obese. However, 

obese individuals and healthy-weight individuals did not differ in their implicit associations of 

energy density and tastiness. 

 Ackermann and Palmer (2014) conducted a study comparing the effectiveness of several 

measures in predicting participants’ food choices. Participants performed an IAT with the target 

categories healthy food and fast food, and the attributes bad and good, the implicit measure; 

reported their conscious attitude toward the idea of eating more healthy food, the explicit attitude 
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measure; estimated the degree to which their peers and family would endorse a pursuit to eat 

more healthy food and less fast food, the perceived desirability measure; and finally, indicated 

their actual intention to eat healthier food in the future. They were thanked for their time and 

offered a voucher for a free snack at a participating food service establishment. When 

participants used the voucher, up to three months following the original measures, their snack 

choice, either healthy food or fast food, was recorded. Participants tended to have more pleasant 

associations of healthy food than fast food on the IAT. Ackermann and Palmer attempted to 

predict participants’ actual food choice following the experiment, and found that the perceived 

desirability measures and explicit attitude measures contributed to the ability of the intention 

measure to predict participants’ final food choices. The implicit measure did not contribute. 

However, for participants with a large discrepancy between IAT-indicated pleasant association of 

healthy food and explicit attitudinal measure (calculated by translating the IAT response latency 

into a 7-point scale, with lower scores representing diminished association of healthy food and 

good, and subtracting it from the explicit attitudinal measures, which were recorded on a 7-point 

scale), perceived desirability did not contribute to final food choice predictions, though explicit 

measures still did. These results suggest that incongruence between implicit and explicit food 

attitudes may have the ability to change food choice behavior. 

Manipulating Food Associations 

 Following the mixed evidence that implicit associations may predict or impact food 

choice behavior, researchers have attempted to manipulate these associations with the hope of 

clarifying the relationship.  

Evaluative Conditioning 
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 In the traditional evaluative conditioning procedure, participants unwittingly begin to 

associate the conditioned stimulus with unconditioned affective stimuli, hopefully transferring 

the valence of the unconditioned stimuli onto the conditioned stimulus. Typically, participants 

are exposed to the stimuli in an unrelated task (e.g., responding when they see a gray dot), and 

participants are not instructed to explicitly attend to the pairing of the unconditioned stimulus 

and pleasant or unpleasant stimuli (de Houwer, Thomas, & Baeyens, 2001). 

 Gibson (2008) recruited participants with a clear preference for Pepsi, a preference for 

Coca Cola, or with no preference, and had them participate in an evaluative conditioning 

procedure, then take an IAT designed to measure their implicit associations towards Pepsi and 

Coca Cola and complete several explicit measures of soft drink preference. The evaluative 

conditioning task required participants to watch a series of words and images on a computer 

screen and respond on the keyboard when a target soda brand was presented. Pepsi and Coca 

Cola images were interspersed in these trials (never the target brand) and paired with either 

pleasant or unpleasant words or pictures. The conditioning failed to have an impact on the IAT 

performance of individuals with a previous preference for Pepsi or Coke — regardless of their 

evaluative conditioning, Pepsi-lovers had significantly faster response times when Pepsi and 

pleasant were congruent, while Coke-drinkers responded fastest with Coca Cola and pleasant. 

However, the evaluative conditioning procedure had a significant effect for participants with no 

stated preference, such that these individuals were much faster on the IAT in the Pepsi and 

pleasant trials if they received the Pepsi and pleasant evaluative conditioning, or Coca Cola and 

pleasant if they received the Coca Cola and pleasant evaluative conditioning. No participants 

demonstrated noticeable changes in their explicit measures of soft drink preference, even 
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individuals with no previous preferences who were susceptible to evaluative conditioning as 

measured by IAT scores.  

 In a second experiment, Gibson (2008) recruited more participants with no stated soft 

drink preference and repeated the evaluative conditioning, Pepsi/Coca Cola IAT, and explicit 

preference measures. However, these participants also were made to choose a soda to actually 

drink following the experiment, with some participants making this choice while attempting to 

remember an 8 digit number, the cognitive load condition. As per the previous experiment, 

performance on the IAT correlated with the evaluative conditioning procedure, even though no 

changes were observed in the explicit measures. However, the discrepancy between conscious, 

explicit measures and non-conscious, implicit measures of attitudes was demonstrable in the 

difference between soda brand choice of participants under cognitive load, compared to the 

control group. While the control group selected Pepsi or Coca Cola roughly evenly, regardless of 

their evaluative conditioning, participants distracted by remembering the 8 digit number were 

significantly more likely to choose the soft drink that was conditioned previously with pleasant 

stimuli, in line with their performance on the IAT. Individuals with little intrinsic preference may, 

when unable to thoroughly consider the decision, make food choices congruent with their 

implicit associations, which are susceptible to manipulation. 

 Walsh and Kiviniemi (2014) used the same evaluative conditioning paradigm as Gibson 

(2008) to modify participant’s associations of fruits, and demonstrated changes in a later food 

choice. After a telephone interview in which their baseline beliefs and behaviors regarding fruit 

and vegetable consumption were assessed, the participants were invited to the laboratory to take 

part in the evaluative conditioning task. Whereas Gibson used soft drinks, Walsh and Kiviniemi 
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used photographs of apples and bananas, paired with pleasant, unpleasant or affectively neutral 

stimulus words and photos. Following the conditioning, participants chose a snack, either an 

apple or banana, or a granola bar, and answered more measures regarding their conscious 

evaluations of fruit and vegetables. While the conscious measures did not reveal any changes, 

participants who received the pleasant conditioning for fruits and vegetables were significantly 

more likely to choose fruits as snacks than participants who received either the neutral and 

unpleasant conditioning. Participants’ implicit associations were not assessed by Walsh and 

Kiviniemi following the evaluative conditioning, but the fact they used the same paradigm as 

Gibson (2008) suggests that they may have experienced a comparable shift in implicit attitudes. 

Cognitive bias modification of attention 

 In the visual dot-probe task, participants are presented with two stimuli on a screen, 

usually one in the top half and the other on the bottom. These stimuli represent a neutral concept 

and a target concept, either words or images, toward which participants are expected to 

asymmetrically distribute their attention. The stimuli are presented for a brief moment, and then 

disappear, revealing a probe behind one of the items. Traditionally, this probe is one of two 

letters that are not quickly distinguished, such as a p or q, or a E or F. Participants are instructed 

to press the key on the keyboard corresponding to the letter they see as quickly as possible, and 

their response time is recorded. If participants pay more attention to one stimuli than the other, 

they should respond quicker on average when the probe appears behind that stimuli (MacLeod, 

Mathews, & Tata, 1986). 

 Many disorders and maladaptive behaviors are characterized by attentional biases toward 

certain stimuli. High anxiety as measured by the State-Trait Anxiety Inventory is associated with 
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increased attention toward threatening stimuli, while non-anxious controls tended to move their 

attention away from these words (MacLeod, Mathews, & Tata, 1986). Individuals with 

heightened emotional reactivity and susceptibility to stress have a bias towards unpleasant or 

negative stimuli, as measured by visual dot-probe tasks (Ellenbogen, Schwartzman, Stewart, & 

Walker, 2002). Individuals with anorexia preferentially attend to words representing undesirable 

body shape or weight, and avoid words describing attractive body ideals (Riegers et al., 1998). 

Other disorders may manifest in the lack of an attentional bias that is considered functionally 

appropriate. For instance, individuals on the Autism spectrum do not attend to faces in the visual 

dot-probe task, while typically developing persons do (Moore, Heavey, & Reidy, 2012). 

 The cognitive bias modification of attention (CBM-A) paradigm (also known as attention 

bias modification, or ABM) expands the visual dot-probe task into a conditioning procedure. 

While in the traditional task, the probe appears behind each field of the screen following each 

valence of stimuli with equal frequency, in order to maximize the accuracy of the measure. In 

CBM-A, however, the probe will favor one category over the other, with the intention that 

participants learn to direct their attention toward that class of stimuli (Beard, Sawyer, & 

Hofmann, 2012). For instance, anxiety is correlated with attentional bias toward threatening 

stimuli, such that anxious individuals look more at pictures of angry faces or threatening words 

in the visual dot-probe task and respond faster when the probe appears behind those stimuli. If 

anxious participants completing a visual dot-probe task find the probe appears almost exclusively 

behind the non-threatening stimuli, perhaps they can be implicitly conditioned to avoid attending 

to threatening stimuli in their environment. This avenue of conditioning was designed as a way 

to modify the non-conscious cognitive components of disorders.  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 This particular application has been effective in some domains. CBM-A has demonstrated 

success at diminishing anxiety (Hakamata et al. 2010, 2012). While the case for CBM-A 

treatment of depression is not as strong, it has reached significance in meta-analyses (Hallion & 

Rusco, 2011). However, CBM-A has not demonstrated consistent efficacy in treating disordered 

patterns of substance consumption or addiction. A meta-analysis of CBM-A effectiveness 

directing attention toward or away from appetitive stimuli (tobacco products for smokers, 

alcohol for alcoholics, etc.) found that CBM-A conditioning may strongly enhance attention 

allocation toward appetitive stimuli and increase subjective responses (e.g., craving), CBM-A 

directing attention away from appetitive cues is largely ineffective (Beard, Sawyer, & Hofmann, 

2012). Heavy-drinkers, for instance, may be induced to drink more following attentional training 

toward alcohol cues, but attentional training away from alcohol does not symmetrically diminish 

this behavior (Field & Eastwood, 2005). Smokers trained to attend to neutral cues rather than 

tobacco-related cues did not experience a decrease in craving behavior or actual cigarette 

smoking (Field, Duker, Tyler, & Schoenmakers, 2009). 

 Research utilizing CBM-A to modify food choice behavior is relatively recent. Kemps, 

Tiggemann, Orr, and Grear (2014) utilized CBM-A to influence chocolate consumption among 

undergraduate women. In the first experiment, the authors trained the participants to selectively 

attend to or avoid chocolate stimuli in a visual dot-probe task by placing the probe behind the 

desired response on 90% of the trials. Following the induction procedure, participants reported 

no change in cravings for chocolate. However, when presented with a chocolate muffin and a 

blueberry muffin, participants avoiding chocolate stimuli ate significantly less of the chocolate 

muffin without compensating by eating more of the blueberry muffin. No change was observed 
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in participants trained to attend to chocolate. This result was replicated in the second experiment, 

where the attentional bias modification was found to generalize to pictures of chocolate stimuli 

that were not included in the original procedure. Curiously, participants in the second experiment 

reported enhanced chocolate cravings when in the attend condition and ate more of the blueberry 

muffin when trained to avoid chocolate. In 2015, Kemps, Tiggemann, and Elford tested the 

longevity of CBM-A by testing participants a day and a week after five weekly attentional 

retraining sessions or just one session. Participants trained five times over five weeks to attend or 

avoid chocolate stimuli maintained their attentional bias a week after training ceased. 

Additionally, participants who trained to avoid chocolate multiple times over weeks ate 

significantly less of the chocolate muffin than did participants in the attend group, but this effect 

did not become significant until the one-week follow-up. 

 Kemps and colleagues’ (2014) mixed results regarding cravings suggest that this 

subjective experience of wanting is the result of different processes less susceptible to attentional 

retraining. This is consistent with the view that food associations are primarily governed by 

hedonic mechanisms in the limbic system (the nucleus accumbens and amygdala) and 

homeostatic factors (based in the hypothalamus) that are much more responsive to physiological 

manipulations than conscious or attentional manipulations. 

 Kakoschke, Kemps, and Tiggemann (2014) used the CBM-A paradigm again, this time to 

bias attention toward either healthy or unhealthy food items. In this experiment the healthy and 

unhealthy items were presented in pairs, while in most visual dot-probe tasks the stimuli of either 

valence are presented adjacent to neutral stimuli. Participants, all women, completed an initial 

bias assessment phase, followed by the CBM-A phase in which the probe appeared behind the 
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healthy items 90% of the time or the unhealthy items 90% of the time. Food trials were 

interspersed with control paired pictures of animals. In the post-test assessment phase, 

participants in either condition demonstrated an attentional bias toward the stimuli they were 

conditioned to attend. Following the visual dot-probe tasks, participants were instructed to 

engage in a taste-test, and instructed to taste and rate each of four snack foods presented: 

strawberries and unsalted nuts represented healthy foods, while M&Ms and potato chips served 

as unhealthy foods. The amount of each food item consumed was measured and converted into 

its kilojoule content (the Australian measure of food energy, akin to American calories). The 

kilojoule content of both healthy food items was summed, as was the kilojoule content of the 

unhealthy food items, and the proportion of healthy food to total food consumed in the taste test 

was used as the dependent measure of food choice. By this index, participants conditioned to 

attend to healthy stimuli ate more healthy snacks than did participants conditioned for unhealthy 

food. 

 Frustratingly, Kakoschke, Kemps, and Tiggemann did not disclose any other relevant 

information, such as the mean number of kilojoules consumed in both categories either across all 

participants or by conditioning, or the actual mass of food consumed in any category as 

measured by grams (arguably a more valid measure, considering the energy density of the food is 

not as readily discernible to participants as the amount consumed). With the provided 

information, it is impossible to discern if participants in the healthy condition were distinguished 

by consuming more healthy food or less unhealthy food. Additionally, including mixed nuts as a 

healthy alternative to chocolate or potato chips belies their high fat content and confounds the 

results: were participants who consumed more mixed nuts influenced by the health-conscious 
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associations (such as nuts included in trail mix for physically active lifestyles) or the high energy 

density? 

Implicit association test 

 The Implicit Association Test (IAT) was introduced by Greenwald, McGee, and Schwarz 

in 1998 to measure the subjective compatibility of two concepts and two attributes on the part of 

individuals. Ebert, Steffens, von Stülpnagel, and Jelenec (2009) modified the IAT from a 

descriptive measure into an implicit manipulation, comparable to the CBM-A’s inception from an 

extended visual dot-probe task. In the first experiment, participants completed an IAT task in 

which they discriminated between the categories self and other, as well as the attributes pleasant 

and unpleasant, as per a traditional self-esteem IAT. However, this modified version did not 

reverse the targets for counterbalancing, so as not to diminish the conditioning. After finishing 

the modified IAT, participants completed other comparable implicit measures of self-esteem (a 

response window priming task and a go/no-go task). Participants who completed an IAT in 

which they responded to self-referent words and unpleasant words with the same key had 

diminished scores on the self-esteem measures than did participants who paired pleasant words 

with self-referent words. In the second experiment, participants practiced associating candy 

brands with pleasant or unpleasant words, and then completed the other implicit measures. 

Participants who associated the chocolate brand and pleasantness on the IAT demonstrated 

implicit biases in this direction on the other implicit tasks, as did participants who were 

conditioned for gummy bears. However, this conditioning was only evident in the implicit 

measures, and did not predict actual candy choice at the end of the test. 
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 Kemps, Tiggemann, Martin, and Elliott (2013) administered an IAT to female participants 

in which participants were tasked with pairing chocolate with words suggesting approach or 

avoidance, and found (unsurprisingly) that these participants were much faster when pairing 

approach words and chocolate. Performance on the IAT was correlated with reports of chocolate 

cravings. This contrasts with Kemps et al. (2014), in which the authors found very mixed 

evidence for changes in chocolate craving following an implicit induction procedure. This may 

be attributable to differences in the processes assessed by the visual dot-probe and CBM-A, 

which are attentional in nature, as opposed to the IAT and its conditioning applications, which 

are more affective. In the next experiment, Kemps et al. (2013) used the above conditioning IAT 

to promote an association between chocolate and approach-related words or chocolate and 

avoidance. Participants conditioned to associate approach and chocolate reported stronger 

chocolate cravings than those conditioned to pair chocolate with avoidance. 

 Haynes, Kemps, and Moffitt (2015) recruited female participants who were “motivated to 

lose weight through healthy eating” (p. 116). The women performed three modified IAT tasks in 

which they discriminated between pleasant and unpleasant stimuli as well as food items; the first 

IAT was an assessment of their existing associations, the second was the conditioning procedure 

in which participants overwhelmingly associated foods with either pleasant or unpleasant stimuli, 

and the final IAT was a post-conditioning assessment. Following the implicit measures, 

participants were tasked with a taste-test of high calorie snack items, with the amount of 

kilojoules eaten as a dependent measure. Finally, participants completed a measure of inhibitory 

self-control. 
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 Participants who associated food and unpleasant stimuli on the conditioning IAT 

demonstrated significant unpleasant biases toward food on the post-training assessment IAT, 

however there was no effect for participants who paired food and pleasant stimuli. Snack 

consumption on the taste-test was only manipulable in participants who scored below one 

standard deviation on the measure of inhibitory self-control. These participants ate significantly 

less snack food when conditioned to pair unpleasant stimuli and food, and more when pleasant 

stimuli and food were associated. However, these effects were not robust, and the inclusion of 

the inhibitory self-control measure following the IAT procedure, rather than before the test, 

leaves open the possibility that the taste-test may have made strengths or weaknesses in the 

participants’ inhibitory self-control temporarily more salient. 

Approach-Avoidance Training 

 Individuals are more inclined to implicitly approach or pull towards themselves objects of 

attraction (Strack & Deutsch, 2004), and inducing individuals to perform actions that mimic 

pulling a desirable substance (e.g., alcohol) toward themselves can enhance their consumption of 

that substance (Palfai, 2006). Individuals who report having more frequent and strong food 

cravings are quicker to pull a joystick towards themselves when seeing pictures of food than 

pictures of non-food objects, even though the content of the pictures is irrelevant to the task 

(Brockmeyer et al., 2015). Wiers, Rinck, Kordts, Houben, and Strack (2010) attempted to 

manipulate this effect in order to modify participants’ alcohol consumption. The authors had 42 

males with self-reported hazardous drinking behaviors perform an approach-avoidance measure, 

in which they pushed on a joystick when they saw a picture in a landscape orientation or pulled 

when they saw pictures in portrait orientation. Following some practice in which the presented 
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pictures were alcohol or soft drinks equally likely to be pushed or pulled, the participants 

unknowingly entered the experimental phase, in which they pushed away alcoholic beverages or 

pulled in alcoholic beverages overwhelmingly in a 90 - 10% contingency. After the conditioning, 

participants were served three alcoholic drinks and three soft drinks in a mock taste-test, and 

finally completed a post-test assessment approach-avoidance task to measure the effectiveness of 

the training. This procedure, conditioning participants to pull in or push away relevant stimuli, is 

known as approach-avoidance training (AAT). 

 Among the 42 participants, only 23 showed a significant change in performance on the 

post-test in the direction of their training. As a whole, the participants did not demonstrate any 

change in drinking behavior as a function of their training. However, when the 23 participants 

who were susceptible to the procedure were analyzed separately, the 11 individuals who were 

conditioned to approach alcohol drank modestly more than individuals in the avoid alcohol 

condition. 

 Becker, Jostmann, Wiers, and Holland (2015) applied this technique to food choices 

across three experiments. Not only were the authors unable to modify female participants’ food 

choices with this paradigm, but they were only able to successfully train participants’ response 

times in the last of the three experiments. 

 On these foundations, Schumacher, Kemps, and Tiggemann (2016) adapted the AAT 

procedure to influence chocolate consumption. The authors recruited 120 female participants 

who first engaged in an approach-avoidance pre-test assessment in which they pulled on a 

joystick in response to pictures in portrait orientation, causing the picture to grow on the screen 

as if being pulled toward the participant, or pushed away pictures in landscape orientation, 
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causing them to shrink. The pictures were either images of chocolates and chocolate food items, 

or sweet non-chocolate foods. In the pre-test assessment, the pictures to be pulled or pushed were 

equally likely to be chocolate or non-chocolate. In the conditioning phase, participants either 

pulled in chocolate items 90% of the time (the approach chocolate condition) or pushed 

chocolate away 90% of the time (the avoid chocolate condition). In the post-test assessment, the 

chocolate and non-chocolate items were again presented evenly, and the participants’ reaction 

time bias to push or pull chocolate was measured. Finally, participants completed a taste-test in 

which they were given two muffins to rate, a blueberry muffin and a chocolate muffin, and asked 

to rate each on a series of descriptors after eating as much as they wanted. 

 In contrast to the participants’ in Becker et al. (2015), Schumacher, Kemps, and 

Tiggemann’s (2016) participants in the avoid chocolate condition became significantly faster at 

pushing away chocolate stimuli in the post-test than when they began. There was a similar effect 

for participants in the approach chocolate condition, but it fell short of statistical significance. 

Participants in the avoid chocolate condition ate, on average, 10 grams less of the chocolate 

muffin than the blueberry muffin. Interestingly, these participants did not compensate by eating 

more of the blueberry muffin. While statistically significant, 10 grams does not seem likely to 

make or break an individual’s diet. 

OBJECTIVES AND HYPOTHESES 

 To summarize, food stimuli appear to be subject to conservative mechanisms in memory 

and cognition, likely as an adaptive predilection on the part of learning processes for survival-

related information. While measures of implicit associations, such as the IAT and VDP, have 

been particularly successful at discriminating between conscious evaluations and non-conscious 
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attitudes, research using these measures to predict food choice has fallen consistently short of 

explicit measures. These measures and interventions have been repeatedly stymied by 

methodological issues, including obtuse implementation of nutritional constructs, ambiguous 

stimuli, and strange choices in behavioral measures. The present experiments attempt to address 

a deficiency in the literature by implementing multiple IATs using less pedantic categories, 

namely high calorie foods and low calorie foods; by piloting stimuli for validity among non-

expert populations, rather than using objective but obtuse measures such as calorie density or 

true fat content, in order to enhance the perception of the items as representations of their target 

category (e.g., while 100g of almonds have more calories and fat than 100g of cheddar cheese, 

most individuals would likely associate cheese as the more obviously caloric choice); and to 

finally bridge the gap between implicit cognitions and true food choice by inviting participants to 

engage in a “taste test” with food items of various energy densities, rather than attempting to 

modify associations between two closely-related items (such as different soda brands, or two 

varieties of muffins; Gibson, 2008; Schumacher, Kemps, & Tiggemann, 2016). 

 As the rising American obesity epidemic affirms, conscious evaluations of food on 

nutritional merit and desirability often fail to predict actual food consumption behavior. The 

following experiments intend to produce an IAT that can more effectively predict short-term or 

long-term food choices with greater accuracy than explicit measures. In Study 1, the lexical IAT 

should reflect the findings of Roefs and Jansen (2002), such that all individuals should 

demonstrate implicit unpleasant biases toward high calorie food items, as depicted by 

interference when pleasant and high calorie stimuli share a response key, with obese and 

overweight participants exhibiting even stronger interference. Inspired by Freijy, Mullan, and 
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Sharpe’s (2014) finding that high calorie foods attract attention in photographic VDPs while low 

calorie words are more captivating in lexical VDPs, Study 2 will implement a similar 

discriminatory measure using IATs: participants will complete both a lexical and a photographic 

IAT with the intention of describing different associations in each medium. While the lexical IAT 

should affirm the results of Study 1, we hypothesize the photographic IAT is will more 

accurately describe appetitive associations through facilitation when high calorie food 

photographs and pleasant photographs share a response key. Finally, in Study 3, participants’ 

implicit associations will be correlated with actual food choices in the laboratory via a taste test 

featuring foods of diverse calorie density. Participants who demonstrate greater facilitation in the 

high calorie/pleasant combination of the IAT are hypothesized to consume more calories, 

particularly from the energy dense food options, than individuals with more modest response 

times. 

STUDY 1 

 The first study sought to pilot the validity of an IAT designed to overcome some of the 

confounds inherent in previous literature on the implicit associations of obesogenic foods. 

Previous IAT studies used objective nutritional constructs that may not be familiar to 

participants, such as those deployed by Roefs and Jansen (2002) that included chicken as a low 

fat item, or Maison, Greenwald, and Bruin (2001), who included nuts as high calorie foods. 

While objectively true, these exemplars may not accurately reflect the schematic associations 

that individuals hold towards these items. Participants may intrinsically associate chicken with 

indulgent foods such as buffalo wings or fried chicken wings, while raw nuts are commonly 

consumed as a component of nutritional trail mix marketed to individuals who lead active 
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lifestyles. Other implicit measures, such as those implemented by Schumacher, Kemps, and 

Tiggemann (2016), or Walsh and Kiviniemi (2014), instruct participants to discriminate between 

somewhat arbitrary categories with little broader applicability (chocolate or blueberry; fruits or 

granola bars). The IAT implemented in Study 1 and iterated throughout the present experiments 

is designed to maximize ecological validity by exemplars piloted among a lay population. If the 

IAT accurately reproduces the findings of Roefs and Jansen (2002), participants should 

demonstrate faster response times when responding to combinations of low calorie foods and 

pleasant words, than to combinations of high calorie foods and pleasant words, as measured by a 

paired samples t test. Additionally, response times are hypothesized to correlate positively with 

BMI, such that response times will be slower, suggesting interference, among participants with 

higher BMIs when associating low calorie food and pleasant words. 

Method 

Participants 

 Eighty-seven undergraduate students at Texas A&M University - Corpus Christi were 

recruited from introductory psychology courses to participate. Participants ranged in age from 18 

to 37 (M = 20.4, SD = 3.9), consisting of 62 females and 25 males. 

Materials 

 Each participant’s height was measured with a wall-mounted height rod, and a Tanita 

TBF Body Composition Scale calculated weight and body mass index (BMI). 

 The IAT was designed in accordance with the original procedure documented by 

Greenwald et al. (1998), using high calorie foods and low calorie foods as the targets and 

pleasant and unpleasant words as the attributes. A pilot study produced a list of 12 high calorie 
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and 12 low calorie stimuli. In the pilot study, ten graduate psychology students indicated how 

many calories they believed were in a 100 gram portion of a series of food items generated by 

the experimenter. The foods were selected based on commonly perceived caloric value, popular 

awareness of the food, and distinctiveness from other items. The 12 foods that received the 

highest and the lowest average calorie scores among participants were used as high and low 

calorie food stimuli, appropriately. An additional list of eight pleasant and eight unpleasant 

words were produced by generating synonyms of the words pleasant and unpleasant. In a simple 

online activity, 11 graduate psychology students further piloted the stimuli by dragging a slider 

on a scale of 0 to 100 to indicate how pleasant their day would be if it were described by the 

potential attribute words, with 0 representing absolutely unpleasant, and 100 representing 

absolutely pleasant. The final pleasant and unpleasant attribute lists consisted of the eight highest 

and lowest scoring words. All participants in the pilot studies were naive to the purpose of the 

activity. No significant differences emerged among the stimuli in word frequency, measured by 

the Max Planck Institute for Psycholinguistic’s (2001) WebCelex tool, F(3, 44) = .47, p > .7; in 

word length, F(3, 44) = .9, p > .44; or in syllable count, F(3, 44) = .99, p > .4. For the full list of 

stimuli, see Appendix A.  

Procedure (IRB #157-15) 

 After providing informed consent, age, and gender, participants removed their shoes and 

had their height measured using a wall-mounted height rod, then stepped onto the body 

composition scale to provide their weight and BMI. The scale was disinfected between each 

participant. Participants were taken into the computer lab in groups of up to five, where 

instructions were provided and the IAT was administered on computers. 

!35



 Participants categorized words that appeared on the screen using the Z key on the left and 

the / key on the right. They were instructed to do this as quickly as possible while still retaining 

accuracy. During the experiment, words appeared instantly on the screen, and persisted until the 

participant responded by pressing a key on the keyboard. Pressing the wrong response key or a 

key not mapped to a response returned the word “ERROR” in the middle of the screen for 

500ms. If the participant pressed the correct key, the next word appeared immediately. In the 

bottom left and right hand corners, the category associated with each response key (Z on the 

left, / on the right) was constantly visible to serve as a reminder to participants. The response 

keys associated with high and low calorie food items were counterbalanced across participants, 

with approximately half of participants initially combining low calorie foods and pleasant words 

and the other half starting with high calorie foods and pleasant words, preventing practice 

effects. 

 The stimuli were presented in 5 blocks, as per Greenwald et al. (1998) (see Table 1). All 

stimuli in each block were presented only once and in random order. At the end of each block, 

participants were presented with their mean response time and accuracy, in order to maintain 

motivation. In the first block, the target discrimination block, participants were presented the 

stimuli from the high and low calorie food lists and asked to press one response key if the 

stimulus represented a high calorie food item, and the other key if the stimulus represented a low 

calorie food item. In the next block, attribute discrimination, participants were presented the 

affective stimuli from the pleasant and unpleasant word lists. Instead of representing calorie 

content, the response keys represented affective valence. Following this, participants completed 

the initial combined task, with one response key representing both calorie content and an 
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affective attribute (e.g., the same key for high calorie foods and pleasant words). All food and 

pleasant/unpleasant stimuli were presented. Next, participants entered the reverse target 

discrimination block, in which the response keys associated with high and low calorie food items 

switched, before finally completing the reverse combined block, integrating all stimuli but with 

the switched response keys (now, low calorie foods and pleasant words).  

Results 

 The mean response time for all items in the initial combined task and reversed combined 

task was calculated for each participant. Greenwald, Nosek, and Banaji (2003) found that 

excluding participants from the analyses based on average error rates enhanced IAT accuracy 

moderately, but not as efficiently as excluding participants based on impossibly fast response 

times. However, as the latter technique is beyond the conventional means of the present studies, 

accuracy serves here as the most appropriate exclusion measure. Accuracy scores, measured as 

the total number of correct responses, in the high calorie/pleasant combination (M = 36.6 out of 

40, SD = 2.6) and low calorie/pleasant combined sessions (M = 37.1, SD = 2.8), were used to 

filter out participants whose struggle with the demands of the task may occlude the experimental 

manipulation. Analyses excluded eight participants whose accuracy in either combined task fell 

below 32 (more than two standard deviations below the means), leaving a final sample of 79 

participants, ranging in age from 18 to 37 (M = 20.4, SD = 4.1), 56 females and 23 males.  

 There were no significant differences in accuracy between the different counterbalanced 

versions of the IAT, either in the high calorie/pleasant combination, t(77) = 1.1, p > .27, or in the 

low calorie/pleasant combination, t(77) = .54, p = .59. There was also no significant difference 

between the two versions in response time when high calorie foods and pleasant words shared a 
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response key, t(77) = .82, p > .41, meaning that participants were not noticeably impeded if the 

high calorie/pleasant combination preceded the low calorie/pleasant condition. However, a 

significant difference between the counterbalanced conditions emerged when low calorie foods 

and pleasant words shared a response key first, such that participants who completed this block 

first (M = 988ms, SD = 337) responded significantly faster than participants who completed this 

after the high calorie/pleasant combination (M = 1254, SD = 622). Curiously, Roefs and Jansen 

(2002) also found this asymmetrical practice effect.  

 A bias score was calculated for each participant by subtracting the mean response time of 

the high calorie/pleasant combination from the mean response time for low calorie/pleasant 

combination. If participants hold a non-conscious pleasant bias towards high calorie foods, they 

should respond faster in blocks in which high calorie foods and pleasant words share a response 

key than when low calorie foods and pleasant words share a response key. A higher, positive bias 

score should represent a closer association between high calorie foods and pleasant words, 

whereas a negative bias score would reflect a greater association between low calorie foods and 

pleasant words. 

 Contrary to the hypothesis, the bias scores proved largely negative (M = -225.9, SD = 

383.4), suggesting that most participants held a stronger implicit unpleasant bias toward high 

calorie foods. Indeed, participants responded much quicker when low calorie foods and pleasant 

words shared a response key (M = 1119, SD = 513) than vice versa (M =1345, SD = 463), t(78) = 

5.24, p < .001 (see Table 2). Participants who received the high calorie/pleasant combination 

before the low calorie/pleasant combination had higher bias scores (M = -135.5, SD = 347.4) 

than participants who completed the low calorie/pleasant combination first (M = -315, SD = 
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400), t(77) = 2.14, p < .05, but this is likely attributable to the asymmetric practice effect. No 

correlation emerged between BMI and bias scores, r = .05, p > .65. 

Discussion 

 Individuals demonstrated a consistent unpleasant bias toward obesogenic food, seemingly 

independent of weight status. While previous research documented here supports the view that 

high calorie and high fat food items are intrinsically more rewarding and preferred to blander 

alternatives, Study 1 and comparable IAT studies do not evidence these factors. Indeed, even 

obese individuals in study 1, who necessarily consume more energy-dense food items than 

normal-weight participants, had a stronger implicit pleasant association toward low calorie 

foods. This may reflect the modality of the IAT. By presenting the stimuli as written words, the 

semantic associations of these items may be made more accessible than visceral or appetitive 

associations. Healthy food items such as unprocessed fruits and vegetables (primarily composing 

the low calorie food item list, see Appendix A) may be more commonly associated with health 

and wellness. If so, these may produce more pleasant associations in the IAT. Understandably, 

high BMI is correlated with dieting (André & Saldaña, 2014), which may enhance the 

associations between fresh produce and pleasantness, or the vilification of obesogenic foods. 

STUDY 2 

 Study 2 sought to better assess the appetitive associations of participants, rather than the 

semantic associations, by translating the IAT stimuli from words into photographs. In similar 

experimental paradigms, altering stimulus modality produces differential results. For instance, 

Freijy, Mullan, and Sharpe (2014) instructed participants to complete a VDP using high calorie 

and low calorie food words, and an additional VDP using photographs of high calorie and low 
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calorie foods. Interestingly, participants demonstrated a preference for low calorie food words, 

but also a preference for photographs of high calorie foods. This suggests that the modality of the 

stimuli modulated the attractiveness of the item. Responses to written words, being more 

abstract, may in fact reflect a different construct than responses to more salient photographs. 

Perhaps the IAT involving written words may most accurately reflect liking, whereas an IAT 

using photographs will reflect wanting. Liking, in this context, refers to the conscious hedonic 

value of a stimulus, while wanting is the incentivization and salience of that stimulus, and these 

two measures may not always correlate (Berridge, 1996). A heavy drinker may not truly like 

alcohol, but is still compelled to want and consume alcohol (Houben & Wiers, 2006). Finlayson, 

King, and Blundell (2007) expanded upon this dissociation by measuring hungry and sated 

participants’ liking of food items, using a pleasantness slider task, and wanting, with a forced-

choice paradigm. All food stimuli were presented as color photographs, categorized by fat 

content and sweetness/savoriness. Hungry participants wanted high fat savory foods more than 

low fat savory foods, but liked high fat sweet foods more than low fat sweets; sated participants 

wanted low fat sweet foods more than high fat, but liked high fat savory foods more than low fat 

savory foods. In this experiment, the motivation for fat content appears to have been diminished 

by satiety. Neither savoriness nor hunger were recorded variables in Study 1, making it difficult 

to draw comparisons between these experiments, but the differential liking and wanting measures 

employed by Finlayson and colleagues, along with Feijy, Mullan, and Sharpe’s (2014) finding 

that modality strongly effects another implicit attitude measure, together suggest that comparing 

the effects of a word-based IAT and a photographic IAT may reveal differential biases toward 

high and low calorie food items, perhaps reflecting the difference between semantic and 
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appetitive associations. While a paired samples t test should reflect faster response times in the 

low calorie/pleasant combination for the lexical IAT, we hypothesized these response times 

would be significantly slower in the photographic IAT. 

Method 

Participants 

 One hundred fifteen undergraduate students enrolled in introductory psychology courses 

at Texas A&M University - Corpus Christi volunteered to participate in the study for extra credit. 

Participants ranged in age from 18 to 34 (M = 19.6, SD = 2.7), with 88 women and 27 men.  

Materials 

 In addition to the lexical IAT deployed in Study 1, participants completed a photographic 

IAT in Study 2 distinguished only by stimulus modality. Each high calorie food item and low 

calorie food item was translated directly into a photograph collected from freely-available online 

resources. Whereas a participant responded to PIZZA or CELERY in the lexical IAT, he or she 

responded to photographs of pizza or celery in the photographic IAT. In order to produce uniform 

stimuli, at least two potential photographs of each food item were collected from digital 

resources and piloted among 26 undergraduate students. In an online activity administered via 

Qualtrics, participants decided as quickly as possible whether each photograph depicted a high 

calorie food or a low calorie food, by clicking buttons on the screen labeled High Calorie or Low 

Calorie appropriately. Photographs appeared in random order, and persisted until the participant 

made a selection. Of all the prospective pictures, the IAT only retained the photographs eliciting 

the highest accuracy on the part of participants. Of these, no statistically significant distinctions 
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emerged on average accuracy or response time between the high calorie and low calorie groups 

(p > .05 in all analyses). 

 Rather than attempt to translate nebulous affective nouns into pictures, the photographic 

IAT substituted pleasant and unpleasant words with normed photographs from the International 

Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 2008). Each photograph from the 

extensive IAPS catalog includes both mean affective valence (degree of pleasantness) and 

subjective feelings of control. While IAPS ratings of pleasantness range on a scale from one to 

nine, the photographic IAT only included unpleasantness ratings between two and three, as items 

rated below two on average may prove particularly uncomfortable for participants. Additionally, 

photographs featuring visible wounds, bodily fluids, or excrement were excluded, so as not to 

confound the results with experiences of disgust. The final affective stimuli, eight pleasant 

photographs and eight unpleasant photographs to parallel the lexical IAT, did not differ 

significantly on subjective feelings of control (p > .05), but differed significantly and 

appropriately on affective valence, t(15) = 34, p < .001. See Appendix B for a list of the IAPS 

stimuli used in Study 2. 

 Study 2 added two descriptive measures administered to participants via Qualtrics prior 

to the IATs. First, participants completed a hunger scale, dragging a slider on the screen 

anywhere from zero, under the label Not hungry at all, to 100, Extremely hungry. While 

technically serving as a 101-point Likert scale, the slider closely approximates a true interval 

measure.  

 Second, the Yale Food Addiction Scale (Gearhardt, Corbin, & Brownell, 2009) serves as 

a measure of the degree to which participants’ attitudes and behaviors regarding foods 
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approximate the diagnostic criteria of substance dependence from the 4th edition of the 

Diagnostic and Statistical Manual of Mental Disorders, Text Revised (DSM-IV-TR). Just as 

individuals addicted to drugs often have unpleasant associations regarding their substance of 

abuse despite their behavior (for instance, heavy drinkers expressing unpleasant biases on an IAT 

regarding alcohol, Houben & Wiers, 2006), participants who score high on the YFAS may also 

demonstrate stronger unpleasant associations toward high calorie, high fat food items than 

others. Across 25 questions, the YFAS assesses the frequency with which participants interact 

with food in a manner befitting an addiction (including failed attempts at restraint, avoiding 

situations with obesogenic foods, and withdrawal-like symptoms). Rather than summing the 

results of all responses, the YFAS is scored as a substance dependence symptom count: a 

participant receives a point for each of the DSM-IV-TR criteria he or she meets, producing a 

symptom score ranging from zero to seven, with an additional indicator for clinical significance 

(zero or one). A person with a symptom score greater than or equal to three experiencing 

clinically significant distress (a clinical significance score of one) likely satisfies the DSM-IV-

TR criteria for a diagnosis of substance dependence, although diagnosis is outside the scope and 

interest of the present studies. 

 The authors include norms for each criteria from an undergraduate student population, 

with unsuccessful attempts to reduce intake of obesogenic foods being the most common (71.3% 

of respondents), followed by continued consumption despite complaints (28.3%). The authors do 

not report a mean symptom count. The YFAS demonstrates adequate reliability, with a test-retest 

coefficient of .72 across 18 months in one predominantly-female sample (Pursey, Collins, 

Stanwell, & Burrows, 2016). A meta-analysis conducted by Pursey and colleagues (2014) 
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estimated the prevalence of food addiction, as measured by the YFAS, at 19.9% overall, from 

24.9% in overweight/obese participants to 11.1% in normal-weight populations. The authors do 

not include mean symptom scores in the meta-analysis, and understatedly admit that their sample 

over-represents obese and overweight individuals, but the results still demonstrate the 

responsiveness of the YFAS to individual characteristics such as weight status. 

Procedure (IRB #157-15 Amendment 1) 

 The procedure for Study 2 largely replicates the procedure for Study 1, albeit with the 

additional scales and second IAT. After providing informed consent, participants provided age 

and gender, were measured for height, weight, and BMI, then proceeded to the computer in lab 

in groups of up to five. Whereas participants in Study 1 immediately began the lexical IAT, in 

Study 2 participants first completed a form for extra credit delivered via Google Forms, and then 

continued to the hunger scale, followed by the Yale Food Addiction Scale. Participants 

completed the scales at their own pace, and the experimenter began the first IAT once all 

participants finished with the previous measures. Half of participants were randomly assigned to 

start with the lexical IAT, and the other half began with the photographic IAT. Additionally, half 

of participants for each IAT first practiced with high calorie foods and pleasant words sharing a 

response key, while the other half initially responded to low calorie foods and pleasant words on 

the same key. Each IAT proceeded by the same parameters described in Study 1. 

Results 

 In order to confirm that the photographic and lexical IATs remained comparable, 

accuracy scores for the high calorie/pleasant and low calorie/pleasant combinations of both tests 

were compared in a 2 (test format) X 2 (food/valence combination) repeated measures ANOVA, 
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revealing main effects of format, F(1, 114) = 17, p < .001, and calorie value of stimuli, F(1, 114) 

= 32.2, p < .001. There was no interaction effect. Participants responded with greater accuracy to 

the photographic IAT than the lexical IAT; and when the same keys represented low calorie foods 

and pleasant stimuli rather than high calorie foods and pleasant stimuli. Resultantly, the highest 

accuracy scores came in the low calorie/pleasant combination on the photographic IAT, and the 

lowest scores in the high calorie/pleasant combination on the lexical IAT. Enhanced accuracy on 

the photographic IAT suggests that participants recognize the stimuli more readily, enhancing the 

validity of the photographic IAT compared to the lexical IAT, and the difference in accuracy 

between stimuli combinations is fairly consistent between both formats of the test, as evidenced 

by the lack of a noticeable interaction effect.  

 Following these assurances, accuracy again served to filter out participants who may 

have been overwhelmed by the demands of the IAT or whose English proficiency may not be 

sufficient to produce meaningful results. Participants whose accuracy fell outside two standard 

deviations of the mean in the high calorie/pleasant lexical combination (M = 36.9, SD = 2.7, 

scoring 31 or lower), the low calorie/pleasant lexical combination (M = 37.8, SD = 2.0, 33 or 

below), the high calorie/pleasant photographic combination (M = 37.6, SD = 2.5, 32 or below), 

or the low calorie/pleasant photographic combination (M = 38.6, SD = 1.8, 34 or below), were 

removed from all analyses. Filtering by accuracy removed 18 participants, leaving 96 for further 

analysis, ranging in age from 18 to 34 (M = 19.8, SD = 2.8), 76 females and 21 males. 

 In order to compare the effects of counterbalancing the IAT variables across participants, 

the mean response times in the high calorie/pleasant and high calorie/unpleasant combinations of 

the lexical IAT were summed for each participant, as were the mean response times for the 
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photographic IAT, resulting in a single total response latency for the lexical IAT (M = 2146ms, 

SD = 527) and the photographic IAT (M = 2035, SD = 509). As in Study 1, one version of each 

IAT began with high calorie foods and pleasant stimuli sharing a response key (version A), while 

another version started with low calorie foods and pleasant stimuli in combination (version B). In 

Study 2, IAT versions were counterbalanced across participants, such that some received version 

A of both the lexical and photographic IAT (AA), version B of both (BB), and others received a 

combination (AB or BA). No significant differences in total response latency emerged on the 

lexical IAT in a one-way ANOVA for any combination of IAT versions, F(3, 93) = 2.2, p > .05, 

nor for the photographic IAT, F(3, 93) = 1.7, p > .05, affirming that differences in response times 

are not attributable to order effects. However, participants who first completed the lexical IAT 

performed significantly faster on the subsequent photographic IAT (M = 1802, SD = 340) than 

participants who started with the photographic IAT (M = 2235, SD = 547), t(95), p < .001. This 

effect proved non-significant for results of the lexical IAT. This enhancement probably reflects a 

training effect (participants learn the expectations of the IAT) combined with the facilitation of 

easily-processed photographic stimuli, and is unlikely to impact the validity of the results of 

Study 2. 

 As per Study 1, participants completing the lexical IAT responded significantly faster 

when low calorie foods and pleasant stimuli shared a response key (M = 987ms, SD = 281) than 

when high calorie foods and pleasant words did so (M = 1159, SD = 316), t(96) = 5.99, p < .001. 

Additionally, in the photographic IAT, participants still responded faster when low calorie foods 

shared a response key with pleasant stimuli (M = 926, SD = 254) rather than high calorie foods 

(M = 1108, SD = 317), t(96) = 6.7, p < .001. A 2 (test format) X 2 (food/valence combination) 

!46



repeated measures ANOVA revealed a main effect for both test format, F(1, 96) = 5.3, p < .05, 

and calorie value of stimuli, F(1, 96) = 56.9, p < .001 (see Table 3 and Figure 1). Participants 

performed faster on the photographic IAT overall, but in both the photographic and lexical IAT 

they responded consistently quicker when low calorie foods and pleasant stimuli shared a 

response key, rather than high calorie foods and pleasant stimuli.  

 For further analysis, bias scores were again calculated for each participant by subtracting 

mean response times in the high calorie/pleasant condition of the IATs from mean response time 

of the low calorie/pleasant condition. Each participant holds two bias scores, one for lexical 

stimuli (M = -172.2, SD = 283.1) and one for photographic stimuli (M = -182, SD = 265.7), with 

negative bias scores representing closer associations between pleasantness and low calorie foods, 

while positive scores suggest the participants more closely associates high calorie foods and 

pleasantness.  

 Participants were sorted into groups by BMI (M = 25.6, SD = 5.5) using parameters set 

by the Centers for Disease Control (2015), producing a normal/underweight group (n = 50, M = 

21.7, SD = 1.9), an overweight group (n = 30, M = 26.7, SD 1.6), and an obese group (n = 17, M 

= 35.4, SD = 3.5). Due to the small number of underweight participants and lack of variability 

amongst their BMIs, underweight participants and normal weight participants were pooled for 

this analysis and subsequent measures regarding weight status. A one-way ANOVA by weight 

status did not reveal significant differences in either lexical or photographic bias among 

participants. 

 The Yale Food Addiction Scale was scored as per the authors’ instructions (Gearhardt, 

Corbin, & Brownell, 2009), with participants scoring along the full range of the measure (M = 
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2.3, SD = 1.5). The YFAS correlated strongly with BMI, rs = .27, p < .01, affirming that 

overweight and obese individuals are more susceptible to disordered eating behaviors. However, 

the YFAS did not correlate noticeably with bias scores on either the photographic or lexical IAT. 

Due to a programming oversight, some participants skipped the hunger scale at the beginning of 

the procedure without providing an answer. Of the 82 who responded to the hunger scale, the 

mean hunger score was 33.9 with a standard deviation of 26.6, producing a reasonable spread of 

scores. However, hunger did not correlate with either BMI, the YFAS, lexical biases, or 

photographic biases. Curiously, after using a median split to divide participants into either a 

hungry group (n = 39, M = 57.2, SD = 18.6) and a non-hungry group (n = 43, M = 12.8, SD = 

9.4), hungry participants demonstrated substantially more negative lexical biases (M = -233.9, 

SD = 324.4) than non-hungry participants (M = -87.9, SD = 262.3), t(80) = 2.3, p < .05. Hungry 

participants appeared to demonstrate more pleasant associations with low calorie food words 

than non-hungry participants. This effect did not generalize to the photographic bias scores. 

Discussion 

 While participants performed faster on the photographic IAT, they continued to 

demonstrate pleasant associations regarding low calorie foods regardless of BMI, propensity for 

food addiction, or even hunger (which tenuously reflected even stronger pleasant associations 

among hungry participants). Implicit measures failed again to explain the difference in the long-

term food choices of participants, as Ackermann and Palmer (2014) could not predict food 

choices with their IAT alone, nor could Haynes, Kemps, and Moffit (2015) with any degree of 

clarity. 
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STUDY 3 

 While implicit associations regarding high and low calorie food items have so far failed 

to reflect indirect measures of long-term food choice behavior, such as BMI and food addiction, 

it remains to be seen how these factors may modulate acute food choice. Behavioral results of 

implicit conditioning measures so far have been partially obfuscated and measured using stimuli 

chosen for their similarity (e.g., chocolate and blueberry muffins; Kemps, Tiggemann, Orr, & 

Grear, 2014) rather than divergent nutritional content. Study 3 is set apart from the preceding 

body of literature by employing a calorically diverse behavioral measure.  

 The unpleasant bias toward obesogenic food items demonstrated by participants in 

previous IAT studies and the current experiments may represent the semantic associations of 

these items. In that case, these attitudes may be enhanced or diminished by activating 

semantically related constructs. In order to test this hypothesis, Study 3 integrated a priming 

procedure novel to the research on food associations, a sentence unscrambling task designed by 

Bengtsson, Dolan, and Passingham (2011). The sentence unscrambling task has been 

successfully used in a variety of procedures to alter diverse participant behaviors, such as 

performance on a working memory task (Bengtsson, Dolan, & Passingham, 2011), verbal 

aggression endorsed in a rudeness measure (Reader & Seidel, 2017), and, most relatedly, 

participant self-perception of body size (Reader & Moreno, 2016). In this experiment, synonyms 

of either fat and large, of thin and small, served as primes within the sentences participants 

unscrambled. If the IAT reflects the semantic associations regarding food items, activating the 

schematic associations of fat or thin may make these constructs more accessible. Thus, 

participants may demonstrate facilitation on the low calorie/pleasant combination when primed 
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with words synonymous with fat, enhancing the salience of the undesirable consequences of 

overindulgence; or interference when primed with thin, activating theoretically antithetical 

associations. This may be reflected by statistically faster response times following fat synonyms, 

or slower response times following thin schematic words, in a one-way ANOVA using 

experimental condition as the between-subjects factor. Study 3 recapitulated Study 2’s 

photographic IAT, but not the redundant lexical IAT, interpolated by the sentence unscrambling 

task, such that participants completed a block of priming items before each combined IAT task. 

 Following the IAT, participants completed a taste test of four food items (Ritz crackers, 

M&Ms chocolate candies, baby carrots, and red grapes) selected for diversity of calorie content, 

flavor, and texture. Participants were instructed to sample each food item ad libitum. If implicit 

associations regarding obesogenic foods noticeably impact food choice behavior, the IAT should 

predict the consumptive behaviors of participants in the taste test, as measured in either total 

calories or total grams. Response latency, the difference between mean response times in the low 

calorie/pleasant combination and the high calorie/pleasant combination, is hypothesized to 

correlate with calories consumed, such that participants with stronger implicit pleasant biases 

toward obesogenic foods consume more calories. 

Method 

Participants 

 A total of 54 undergraduate students from Texas A&M University - Corpus Christi 

participated in Study 3, 45 females and nine males, ranging in age from 18 to 30 (M = 19.2, SD = 

1.7). 
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Materials 

 Due to the convergent results on the IATs in Study 2, Study 3 only utilized the 

photographic IAT to measure implicit associations regarding food items. Additionally, Study 3 

integrated the sentence unscrambling task between the IAT blocks in order to elucidate any 

potential causative relationship between implicit food associations and discrete food 

consumption. The sentence unscrambling task, previously utilized by Reader and Moreno 

(2016), exposes participants to primes, synonymous with large and fat for participants in the 

weight enhancement condition, or thin and small for participants in the weight diminishment 

condition. Participants assigned to control exclusively see words without either connotation. The 

presented items were identical for each participant, with the exception of the prime, although 

prime words do not differ significantly on English word frequency (Max Planck Institute for 

Psycholinguistics, 2001), word length, or syllable count (all p values greater than .05). Of the 

unscrambling items, 50% could be arranged into a grammatically correct sentence and 50% 

could not. While Reader and Moreno (2016) provided the priming items, 10 original filler items 

were also prepared. See Appendix C for a list of sentence unscrambling items. 

 The food choice procedure tasked participants with sampling and answering questions 

about four food items chosen for diversity of energy density, texture, flavor, and color. Grapes 

and baby carrots represented low calorie, low fat foods, while Ritz crackers and M&Ms 

chocolate candies composed the high calorie, high fat group. (See Table 4 for nutritional 

information of selected food items.) Following the IAT and the priming procedure, participants 

returned to the reception room to complete what was described to them as a taste test. They were 

handed a response sheet and directed to a table on which the food items were served in 100g 
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portions in identical plastic containers, arranged in a line in counterbalanced order determined by 

a latin square. Each response sheet contained four identical columns, prompting participants to 

sample each food item and rate it for appearance, flavor, texture, and overall palatability, by 

circling the response options Very Bad, Bad, Good, or Very Good. The instructions, both on the 

response sheet and provided by the experimenter, informed participants that they could eat as 

much or as little of each food item as they pleased, and that they could decide not to sample any 

food item for any reason. Following the participant’s departure, each food item was weighed; the 

difference between the pre-test weight (100g) and the post-test weight served as an index of how 

much the participant consumed of each item. 

 Materials carried over from Study 2 include the hunger scale and the Yale Food Addiction 

Scale. 

Procedure (IRB #157-15 Amendment 2) 

 Study 3 progressed identically to Study 2, with participants supplying age and gender 

following informed consent, having their height, weight, and BMI measured, then proceeding to 

the computer lab for the hunger scale and YFAS. However, whereas Studies 1 and 2 

accommodated up to five participants in one session, Study 3 proceeded with individual 

participants due to the constraints of the taste test task. 

 Random assignment included which combination of the IAT to complete first, as per 

Studies 1 and 2, as well as assignment to one of three experimental conditions: weight 

enhancement (exposure to synonyms of fat), weight diminishment (exposure to synonyms of 

thin), and control, as originally employed by Reader and Moreno (2016). Participants were 

informed that they would be alternating between two tasks, a picture categorization task and a 
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sentence unscrambling task, in order to prevent fatigue. Following the target discrimination task 

of the IAT, participants began the first block of sentence unscrambling items. These items 

consisted of five trials of six words presented on the screen, with participants responsible for 

deciding in under eight seconds whether or not five of the six words could be arranged into a 

grammatically correct sentence. (See Figure 2 for an illustration of the sentence unscrambling 

task.) The items appeared in random order, however, each block contained the same items across 

all participants (with the exception of the primes) and the individual words appeared in the same 

position within each item. Participants pressed the up arrow key (↑) to indicate Sentence, and the 

down arrow key (↓) to indicate Not a sentence. By using separate response keys with different 

orientations from the IAT, the task produced minimal interference with the response requirements 

of the IAT. Instructions were presented to participants preceding each block of unscrambling 

items and the corresponding response keys remained on the screen as a reminder. Participants 

were instructed to only respond once and told that the computer would not display feedback for 

their response until the eight seconds elapsed, after which the computer displayed whether or not 

their response proved correct. Following five unscrambling items, the IAT continued to the 

attribute discrimination task. Participants alternated in this way, from a block of IAT items to a 

block of unscrambling items, until they completed all five blocks of IAT trials and four 

interspersed blocks of unscrambling items. 

 Only the five unscrambling items preceding the initial combined task and the reverse 

combined task of the IAT (in which participants responded to both food photos and affective 

photos simultaneously) contained primes. The other blocks (preceding the attribute 

discrimination task and the reverse target discrimination task) simply contained filler items. (See 
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Figure 3 for a schematic of the integrated IAT and priming procedure.) Each prime appeared in 

the same location for all participants. See Appendix C for the items on the sentence unscrambling 

task. As the task did not advance until after the full eight seconds elapsed, all participants 

received even exposure to the primes. 

 Following the conclusion of the IAT and the priming task, participants returned to the 

reception area of the laboratory to complete the taste test. Participants sat at a table in front of 

four food items in identical plastic containers arranged left to right in counterbalanced order by 

latin square. The experimenter instructed participants to sample each food item then respond to 

questions regarding that food item on the response sheet, and to eat as much or as little as they 

desired in order to make their evaluations. Participants who elected to abstain from a given food 

item for any reason were reminded that they may simply leave that food item's column on the 

response sheet blank. Following the instructions, the experimenter left the room so that the 

participant finished the experiment in privacy and left the laboratory at his or her convenience. 

Following the departure of the participant, the experimenter measured the weight of the food 

items remaining in each container, using the difference between the pre-test and post-test weights 

as an index of the participant’s consumption. 

Results 

 Consistent with Studies 1 and 2, analyses omitted participants whose accuracy in either 

combined task of the IAT fell below two standard deviations of the mean. In the high calorie/

pleasant combined condition (M = 38.1, SD = 2.1), a score of 34 served as a threshold; in the low 

calorie/pleasant combined condition (M = 38.5, SD = 1.8), 35. This standard removed two 
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participants from analysis, leaving 52 participants, 43 females and nine males, ranging in age 

from 18 to 30 (M = 19.2, SD = 1.7). 

 Overall response times to the high calorie/pleasant combination (M = 1142, SD = 325) 

and low calorie/pleasant combination (M = 997, SD = 264) of the IAT proved comparable to the 

results of Study 2, assuring that the addition of the sentence unscrambling task to the IAT did not 

overtly impede participants. Additionally, participants continued to perform faster when 

responding to photographs of low calorie foods and pleasant items with the same key, t(51) = 

3.8, p < .001, in line with prior studies (see Table 5). Curiously, while average response time to 

the first set of sentence unscrambling tasks with prime words (M = 4785ms, SD = 756ms), 

preceding the initial-combined IAT task, did not differ from response times to the second set (M 

= 4728, SD = 1000), t(51) = .4, p > .05, participants responded noticeably less accurately to the 

first set (M = 2.8 of a possible 5, SD = 1.0) than the second (M = 3.2, SD = 1.0), t(51) = 2.2, p < .

05. While statistically significant, the difference is quantitatively negligible; additionally, 

counterbalancing and standardizing exposure to the primes across all participants prevent any 

hypothetical effect of accuracy from confounding the results of the study.  

 The difference in weight of the food items before and after the participant’s completion of 

the taste test served as a behavioral measure of the participant’s food consumption in the 

laboratory. One participant abstained from sampling the chocolate candies due to an allergy, and 

another participant’s consumption data was lost due to error. Overall, grapes proved the most 

popular (M = 22.4g, SD = 22.6), followed by carrots (M = 8.5, SD = 8.1), crackers (M = 7.3, SD 

= 7.3), and chocolate candies (M = 3.3, SD = 3.0). Each participant’s consumption was 
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multiplied by the caloric density of the food item to derive the number of calories consumed for 

each item (see Table 6) and total calories consumed during the procedure (M = 71.6, SD = 50.5).  

 Scores on the Yale Food Addiction Scale did not differ noticeably from those in Study 2 

(M = 2.7, SD = 1.7). Hungers scores (M = 33.4, SD = 26.0) impacted the results of Study 3 very 

little. While hunger did not correlate significantly with any eating measures, after dividing 

participants into a non-hungry group (M = 13.2, SD = 9.7) and a hungry group (M = 56.9, SD = 

17.7) via a median split, hungry participants understandably consumed more calories (M = 88.6, 

SD = 61.2) than non-hungry participants (M = 57.1, SD = 34.3), t(48) = 2.29, p < .05. However, 

hunger did not noticeably impact IAT performance. 

 Priming marginally impacted performance on the IAT, such that participants 

unscrambling word lists featuring synonyms of the word fat responded faster to combinations of 

low calorie foods and pleasant items (M = 875, SD = 258) than participants exposed to synonyms 

of thin (M = 1068, SD = 279) or participants in the control group (M = 1044, SD = 224), F(2, 49) 

= 2.94, p = .06 (see Figure 4). While the fact that this result is only marginally significant limits 

its implications, it is consistent with the hypothesis. Performance in the high calorie/pleasant 

condition did not approach statistical significance. 

 The nature of the prime words embedded in the sentence unscrambling task did not 

predict food consumption following the IAT, neither in total calories or grams consumed, nor in 

consumption of any individual food item (all p values greater than .05). 

 Participants were initially sorted into groups based on weight status by BMI, as per Study 

2; however, due to the smaller sample size, none of the males recruited in this study qualified as 

obese (BMI > 30). Instead, participants were divided into a normal and underweight group (BMI 
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< 25, n = 25, M = 22.0, SD = 2.2) and an overweight group (BMI > 25, n = 27, M = 29.7, SD = 

5.6). No differences emerged in the food consumption measures, neither between weight status 

groups alone or in combination with gender or priming condition. Bias scores remained negative 

(M = -146.2, SD = 277.7), indicating an unpleasant bias toward obesogenic food, but failed to 

predict BMI, YFAS, or calories consumed. 

 Consistent with Study 2, YFAS scores correlated with BMI, rs = .30, p < .05. 

Additionally, these scores correlated moderately negatively with total calories consumed, rs = .

28, p < .06. (When including participants who did not perform accurately on the IAT, a measure 

unlikely to impact these findings, the correlation reaches statistical significance, rs = -.28, p < .

05.) Curiously, while YFAS covaried with both BMI and calories consumed, the latter two 

variables did not correlate with each other, rs = -.01, p > .05. A kitchen-sink stepwise linear 

regression predicting total calories consumed in the lab rejected BMI, experimental condition, 

response times in both the high calorie/pleasant combination and low calorie/pleasant 

combination of the IAT, and gender, retaining only YFAS score as a statistically but not 

ecologically significant predictor of calories consumed, F(1, 50) = 5.12, p < .05, R2 = .09. 

Participants who scored higher on the Yale Food Addiction Scale sampled smaller amounts of 

food in the taste test. 

Discussion 

 Whereas Studies 1 and 2 used participant BMI as a substitute for long-term food choice 

behavior, Study 3 aimed to scrutinize the pathway between implicit food associations and a 

discrete food choice task. Even under these tightly controlled conditions, implicit associations 

failed to either predict consumption or correlate with other measures of behavior (including BMI 
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and the Yale Food Addiction Scale). Rather, the results of the IAT demonstrated greater 

deference to semantic priming than to any measured traits intrinsic to participants. This is 

consistent with the hypothesis that the IAT is measuring semantic associations on the part of the 

participant, not appetitive associations or wanting. Curiously, this effect modestly manifested as 

facilitation in the low calorie/pleasant combination of the weight enhancement condition, rather 

than interference in the high calorie/unpleasant combination, suggesting the primes enhanced the 

ability of participants to match obesogenic foods with unpleasantness (rather than to match 

leptogenic foods with pleasant attributes). 

GENERAL DISCUSSION 

 Across three studies, participants demonstrate a substantial implicit unpleasant bias 

toward obesogenic food items. They find it consistently easier to associate low calorie food 

items, both photographs and words, with pleasant stimuli. This effect is persistent and robust, 

with an effect size of d = .62 across accurate participants in all three studies. However, no 

reliable differences emerged in participant response patterns by weight status, YFAS score, or 

food consumption. 

 The intrinsic leptogenic bias evidenced across these experiments does not appear to 

reflect the visceral salience attributable to palatable foods mediated by brain structures of 

homeostatic consumption and habit formation, but rather internalized evaluations of the health 

value and nutritional content of the food items. If the bias reflected the salience of obesogenic 

foods as perceived by individual participants, one would expect it to predict individual food 

consumption in the laboratory or long-term food consumption trends as evidenced by BMI, 

which it does not. Further, the bias is moderately susceptible to semantic priming, with 
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participants demonstrating facilitation in the low calorie/pleasant combination of the IAT 

following exposure to words synonymous with fat, suggesting that participants are relying on 

caloric or nutritional schemas during the IAT, rather than preferences or appetite. 

 This discrepancy between implicit attitudes and actual behaviors represents a pattern in 

the literature regarding the IAT. Smokers have noticeably stronger unpleasant biases toward 

cigarettes than non-smokers, and this bias intensifies among those attempting to quit (Spruyt et 

al., 2015; Macy, Chassin, Presson, & Sherman, 2015). Heavy drinkers have unpleasant biases 

toward alcohol, in contrast with their pleasant evaluations of alcoholic beverages (Wiers, Van 

Woerden, Smulders, & De Jong, 2002; Houben & Wiers, 2006). In both cases, the implicit 

unpleasant bias toward the substance of abuse may be interpreted not as an attitude intrinsic to 

the individual, but rather as the reflection of societal norms that discourage alcoholism and 

smoking. Similarly, the IAT results in the present studies may represent the sum of cultural and 

media pressures to pursue healthy, low calorie food items and abstain from obesogenic foods.  

Curiously, individuals addicted to cocaine express enhanced pleasant biases toward drug stimuli 

across several unipolar IATs designed to measure multiple dimensions of their attitudes toward 

the drug (Weirs, Houben, & Kraker, 2007), but this distinct finding may be the result of using a 

slightly modified form the IAT; unique to the cocaine’s status as an illegal drug; or attributable to 

the lack of cocaine-related imagery in informational campaigns against illegal drug use. 

 The Implicit Association Test and similar measures presuppose that individuals hold a 

body of attitudes distinct from explicit evaluations that are largely inaccessible to consciousness; 

that they are orthogonal to conscious attitudes; and that these attitudes are more accurate 

predictors of behavior than explicit measures. An exhaustive meta-analysis by Greenwald (the 
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progenitor of the IAT), Poehlman, Uhlmann, and Banaji (2009) attempted to substantiate the 

predictive validity of the IAT, suggesting a correlation between IAT performance and behavioral 

measures of r = .274 across 184 studies. However, this correlation is still noticeably less robust 

than the correlation between explicit measures and behavior in these samples, r = .361. 

Greenwald positioned the IAT as a supplement or substitute to explicit measures in domains 

subject to social desirability biases, such as prejudices against racial or ethnic minorities, but 

even these applications have been undercut by recent research. In a meta-analysis of IAT studies 

concerning racial prejudice, Oswald et al. (2013) report that the IAT is a poor predictor of any 

component of racism (excepting functional brain activity), and less effective at predicting 

behavior than explicit measures. The studies presented here similarly find the strongest 

predictive validity in an explicit measure, the YFAS, which proved to be the only variable 

capable of accurately predicting both long-term food preferences (BMI) and discrete food 

consumption in the laboratory.  

 In retrospect, the evidence supporting the ability of implicit measures to predict food 

consumption feels strained. Maison, Greenwald, and Bruin (2001); Roefs and Jansen (2002); 

Ackermann and Palmer (2014); and Mai and Hoffmann (2015), all found that implicit measures 

failed to thoroughly distinguish among participants. Other studies failed to predict behavior more 

accurately than explicit measures (Ebert, Steffens, von Stülpnagel, & Jelenec, 2009; Becker, 

Jostmann, Wiers, & Holland, 2015), or even to include behavioral measures at all (Kemps, 

Tiggemann, Martin, & Elliott, 2013). De Houwer and De Bruycker (2007), for instance, used the 

IAT to determine that vegetarians hold implicitly unpleasant attitudes toward meat products; 

while interesting, this unpleasant bias is less capable of predicting participants’ meat 
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consumption than simply asking the participant whether or not she’s a vegetarian. In this respect, 

a large portion of the body of literature surrounding implicit food associations fails to achieve 

one of the primary aims of the IAT: to predict behavior more accurately than explicit measures. 

 The implications of the present research for public health are somewhat disheartening. 

Health and nutrition campaigns are predicated on the idea that enhancing knowledge regarding 

these issues is sufficient to instigate change. Large-scale campaigns like the USDA’s Choose 

MyPlate (2017) are primarily vehicles to promote awareness of healthy lifestyle choices; while 

these programs likely enhance the pleasant bias towards leptogenic food observed in the present 

studies, this pathway offers little evidence of influencing real consumptive behavior. These 

campaigns may be effectively preaching to the choir. Other high-profile programs integrate 

physical activity, such as former First Lady Michelle Obama’s Let’s Move initiative (2017), and 

research indicates that a combination of dietary and exercise interventions may be more effective 

than either program alone (Miller, Koceja, & Hamilton, 1997). However, the current experiments 

proffer no suggestions to enhance public health campaigns.  

 The implicit unpleasant bias toward high calorie foods demonstrated by participants in 

the present studies appears to be a result of prevailing societal and cultural attitudes stigmatizing 

obesogenic food. If this is the case, the strength of this bias may vary as a function of the 

individual’s knowledge or endorsement of dietary guidelines and the nutritional content of 

individual foods. Future research would do well to consider this potential association. 

Participants scoring high on measures of nutritional knowledge or attitudes, such as the Nutrition 

Knowledge Questionnaire (Dickson-Spillman, Siegrist, & Keller, 2011), may present with 

stronger unpleasant biases toward obesogenic foods than individuals with low scores. 

!61



Additionally, the uneven variance in participant weight status across the experiments limits the 

applicability of the findings for individuals of higher BMI. The design of the present studies 

treated BMI as a continuous variable, while comparable research on obesity often relies on 

matched samples of obese individuals, usually recruited from weight-loss clinics, with normal-

weight controls; clinical samples of obese individuals may limit the ecological validity of these 

studies for mildly overweight persons or those who may not be inclined to change their lifestyle. 

In avoiding this issue, the present studies compromised the distribution of participant BMIs, a 

pitfall that future research may be better equipped to navigate. Further, BMI itself is only a rough 

approximation of long-term food choices: individuals with intensely active lifestyles, such as 

athletes, may consume immensely more calories than individuals with sedentary lifestyles and 

still retain a lower BMI; much less frequently, individuals with disordered thyroid functioning or 

similar issues may experience weight gain or weight loss as a side-effect of their medical 

condition, rather than as the result of their dietary choices. Future research would benefit from 

including more extensive and more ecologically valid measures of food consumption. The taste 

test paradigm employed in Study 3 did not proffer the variability or discriminating results 

expected. Instead, researchers may consider alternative measures such as food logs.  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Table 1: Overview and sample items of the IAT, adapted from Greenwald et al. (1998)  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Table 1

Overview and sample items of the IAT, adapted from Greenwald et al. (1998)

Target 
discrimination

Attribute 
discrimination

Initial combined 
task

Reversed target 
discrimination

Reversed 
combined task

PIZZA / PLEASING / MUFFIN / Z CAKE Z COOKIE

SODA / Z LOUSY JOYOUS / BANANA / Z REPUGNANT

Z CARROT Z HORRIBLE Z APPALLING ORANGE / JOLLY /

BUTTER / ENCHANTING / Z TOMATO Z SALAMI CABBAGE /

Z CELERY MERRY / Z CUCUMBER Z HAMBURGER Z FOUL

Z APPLE Z ANNOYING BACON / ONION / Z SAUSAGE

Note. First, participants distinguish between high calorie and low calorie food items (target 

discrimination) as quickly as possible. Next, participants distinguish between pleasant and 

unpleasant words (attribute discrimination). In the initial combined task, food items and 

attributes share response keys, with the implication that faster responses represent closer 

associations of target and attribute. Next, the keys representing the target food items are 

swapped (reversed target discrimination), and finally the combined task repeats with the food 

items now sharing a response key with attributes of the opposite valence. Response keys for 

food were counterbalanced across participants.
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Table 2

Means and standard deviations of response times on IAT in Study 1

High Calorie & Pleasant (ms) Low Calorie & Pleasant (ms) t test

M SD M SD t

Male 1280 332 1139 432 2.13*

Female 1372 507 1111 546 4.82**

Combined 1345 463 1119 512 5.24**

*p < .05 

** p < .001
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Table 3

Means and standard deviations of response times on IATs in Study 2

High Calorie & Pleasant 
(ms)

Low Calorie & Pleasant 
(ms)

t test

M SD M SD t

Lexical IAT

Male 1122 323 945 295 2.96*

Female 1169 315 999 278 5.19**

Combined 1159 316 987 281 5.99**

Photographic 
IAT

Male 1137 340 909 285 4.25**

Female 1101 312 931 246 5.44**

Combined 1108 317 926 253 6.75**

*p < .01 

** p < .001
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Table 4

Nutritional content for Study 3’s taste test items, as reported by United States Department of 
Agriculture (2017)

Nutrients per 100g Ritz Crackers M&Ms Baby carrots Grapes

Kilocalories 492 492 41 69

Fat (g) 23.21 21.13 0 0.16

Protein (g) 7.23 4.33 1.18 0.72

Sugar (g) 8.14 63.68 5.88 15.48
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Table 5

Means and standard deviations of response times on IAT in Study 3

High Calorie & Pleasant (ms) Low Calorie & Pleasant (ms) t test

M SD M SD t

Male 1363 481 1142 393 1.54

Female 1097 268 966 223 3.58**

Combined 1143 325 997 264 3.80**

*p < .05 

** p < .001
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Table 6

Means and standard deviations of food consumption in Study 3

Carrots Grapes Crackers Chocolate 
candies

Total

M SD M SD M SD M SD M SD

Grams 8.5 8.1 22.4 22.6 7.3 7.3 3.3 3.0 41.9 30.2

Calories 3.5 3.3 15.5 15.6 36.1 35.6 16.4 14.7 71.6 50.6



Figure 1: Mean response times in Study 2 by edition and IAT format  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Figure 1. Mean response times in Study 2 by condition and IAT format. Participants responded 

faster overall to the photographic IAT, but demonstrated comparable facilitation when low 

calorie foods and pleasant items shared a response key on both IAT formats. Effects are 

significant to the .05 level. 



Figure 2: Sample sentence unscrambling items formatted for each condition  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A. Weight enhancement condition

CALLED OFTEN CHUBBY I AM RECEIVE

B. Weight diminishment condition

CALLED OFTEN TRIM I AM RECEIVE

C. Control condition

CALLED OFTEN HUMANE I AM RECEIVE

Figure 2. Sample sentence unscrambling items formatted for each condition. Participants will 

unscramble six words and decide whether or not five of those words can be combined into a 

grammatically correct sentence. The unscrambling items will only differ in the included prime 

words, synonymous with fat or large in the weight enhancement condition (A), small or thin in 

the weight diminishment condition (B), or non-connotative control words in the control 

condition (C). The primes do not differ significantly on word frequency, word length, or 

syllable count.



Figure 3: Schematic of Study 3’s procedure  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Target Discrimination Task

Z - Pizza
Celery - /

Sequence

Priming Influence

IAT task
Priming task (Sentence Unscrambling)
Sequence
Priming sequence
Measured trials*

Sentence Unscrambling Task
Filler Primes
Sentence - ↑

Not a Sentence - ↓

Sentence Unscrambling Task
Experimental Primes

Sentence - ↑
Not a Sentence - ↓

Sentence Unscrambling Task
Filler Primes
Sentence - ↑

Not a Sentence - ↓

Sentence Unscrambling Task
Filler Primes
Sentence - ↑

Not a Sentence - ↓

Attribute Discrimination 
Task

Z - Merry
Sad - /

Initial Combined Task*

Z - Pizza
Sad - /

Reverse Target 
Discrimination Task

Z - Celery
Pizza - /

Reverse Combined Task*

Z - Merry
Pizza - /

Priming Influence

Figure 3. Schematic of Study 3’s procedure. Participants alternate between completing the 

phases of the IAT and blocks of sentence unscrambling items, with the unscrambling items 

immediately preceding the Initial Combined Task and the Reverse Combined Task of the IAT 

delivering primes.
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Figure 4. Mean response times in Study 3 by priming condition and stimulus combination. 

Participants responded faster overall when low calorie foods and pleasant photographs shared a 

response key, p < .05, but participants unscrambling word lists featuring synonyms of the word 

fat demonstrated near-significant facilitation in this combination, p = .06. 
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Stimulus Category Frequency Mean calorie estimate

PIZZA High calorie 2 235.00

MUFFIN High calorie 0 179.50

CAKE High calorie 21 318.00

COOKIE High calorie 2 162.00

BACON High calorie 16 215.50

CHOCOLATE High calorie 13 286.70

SYRUP High calorie 6 177.40

BUTTER High calorie 27 269.20

HAMBURGER High calorie 3 286.20

SODA High calorie 8 131.80

SALAMI High calorie 1 190.40

SAUSAGE High calorie 6 189.00

CARROT Low calorie 3 35.50

APPLE Low calorie 18 56.80

CELERY Low calorie 3 26.20

BROCCOLI Low calorie 1 34.90

ONION Low calorie 9 36.60

CUCUMBER Low calorie 0 29.10

ORANGE Low calorie 14 49.00

BANANA Low calorie 4 82.80

CABBAGE Low calorie 8 37.10

TOMATO Low calorie 7 35.10

SPINACH Low calorie 4 40.10

ASPARAGUS Low calorie 1 35.80
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Stimulus Category Frequency Mean pleasantness rating

ENCHANTING Pleasant 3 78.00

JOLLY Pleasant 5 85.56

PLEASING Pleasant 7 81.00

FUN Pleasant 46 89.33

EUPHORIC Pleasant 5 91.00

ECSTATIC Pleasant 3 88.40

JOYOUS Pleasant 3 86.70

MERRY Pleasant 8 84.67

LOUSY Unpleasant 8 9.50

APPALLING Unpleasant 16 9.44

HORRIBLE Unpleasant 24 2.56

ANNOYING Unpleasant 5 9.90

REPUGNANT Unpleasant 1 10.25

FOUL Unpleasant 9 10.10

DREADFUL Unpleasant 21 3.70

FRIGHTFUL Unpleasant 6 17.20



APPENDIX B: IAPS STIMULI 

Descriptor Category Catalog Number Set Valence mean Arousal mean

Fawn Pleasant 1630 20 7.26 4.45

Baby Pleasant 2045 17 7.87 5.47

Family Pleasant 2156 17 7.12 4.34

Bride Pleasant 2209 11 7.64 5.59

AttractiveFem Pleasant 2300 17 7.04 5.55

Boy Pleasant 2306 15 7.08 4.46

Children Pleasant 2347 20 7.83 5.56

Sunset Pleasant 5830 2 8 4.92

Funeral Unpleasant 2799 15 2.42 5.02

CryingBoy Unpleasant 2900.1 11 2.56 4.61

BatteredFem Unpleasant 3181 11 2.3 5.06

Police Unpleasant 6838 11 2.45 5.8

Needles Unpleasant 9007 8 2.49 5.03

Assault Unpleasant 9425 15 2.67 5.92

Accident Unpleasant 9435 13 2.27 5

CarAccident Unpleasant 9903 16 2.36 5.71
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Category Prime Response Sentence (extraneous)

Diminishment chubby Sentence I am often called chubby (receive)

Diminishment fat Sentence He thinks you are fat (conduct)

Diminishment hefty Sentence Todd is a hefty pupil (pencil)

Diminishment bulky Sentence My teammates are bulky people (problem)

Diminishment plump Non-Sentence

Diminishment husky Non-Sentence

Diminishment round Non-Sentence

Diminishment large Non-Sentence

Enhancement trim Sentence I am often called trim (receive)

Enhancement scrawny Sentence He thinks you are scrawny (conduct)

Enhancement lean Sentence Todd is a lean pupil (pencil)

Enhancement skinny Sentence My teammates are skinny people (problem)

Enhancement slim Non-Sentence

Enhancement thin Non-Sentence

Enhancement slender Non-Sentence

Enhancement little Non-Sentence

Control humane Sentence I am often called humane (receive)

Control sly Sentence He thinks you are sly (conduct)

Control typical Sentence Todd is a typical pupil (pencil)

Control better Sentence My teammates are better people (problem)

Control homely Non-Sentence

Control asleep Non-Sentence

Control arctic Non-Sentence

Control right Non-Sentence

Contingency Sentence Your appointment is for tomorrow (punctual)

Contingency Non-Sentence
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Appearance for Participants

called often chubby I am receive

you thinks conduct fat are he

is pencil pupil a Todd hefty

problem bulky are people my teammates

is plump advice words seek my

husky in an you this field

garden what red they round and

our family we genes large have

called often trim I am receive

you thinks conduct scrawny are he

is pencil pupil a Todd lean

problem skinny are people my teammates

is slim advice words seek my

thin in an you this field

garden what red they slender and

our family we genes small have

called often humane I am receive

you thinks conduct sly are he

is pencil pupil a Todd typical

problem better are people my teammates

is homely advice words seek my

asleep in an you this field

garden what red they arctic and

our family we genes right have

for appointment your is punctual tomorrow

need prepare four class supplies they


