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Emotions have a great impact on our thinking and behavior, but studies have shown they also 

affect involuntary cognitive processes, such as attention. These emotions guide our visual 

attention, and biases in attention have been found in many disorders, such as social anxiety and 

eating disorders. New studies have demonstrated a certain search pattern in humans based on 

how animals forage food in the nature. In this experiment, a foraging paradigm was used to 

assess foraging behavior for healthy and unhealthy food and whether the behavior differed 

between participants’ scoring on eating disorder questionnaires. Participants completed 3x16 

trials in which they were supposed to tap, and thus remove, 20 target stimuli within 10 

distractors. The targets were either healthy and unhealthy food stimuli within object distractors, 

healthy food and objects within unhealthy food distractors, or unhealthy food and objects 

within healthy food distractors. An attention bias was found for participants’ BMI and their 

scoring on the Restraint subscale of EDE-Q. No other significant differences were found 

between participants’ scoring on the eating disorder questionnaires, but all participants were 

faster at tapping when target stimuli were of the food-category, that is, healthy and unhealthy 

food targets within object distractors. 
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Each day we are confronted with an endless flow of visual information we have to process and 

decide which stimuli to ignore and on which to focus our attention. The children playing 

outside, the noises from the dishwasher, your dog’s snoring. These are examples of everyday 

sensory experiences, and if we had to pay attention to all of them we would become 

overwhelmed with sensory information. The ability to attend to one visual stimuli while 

ignoring others is termed selective attention (Portas et al., 1998). This selective attention helps 

us to center our attention on what we consider important elements of our environment while 

blocking other stimuli. Selective attention can be purposive as well as automatic, and the 

stimuli we attend to may have a great impact on our feelings and behavior. However, our 

attention can also be guided by either our motivational state or emotion (Moradi, Mehrinejad, 

Ghadiri, & Rezaei, 2017). Researchers have debated over the connection between cognitive 

processes and emotion and whether they are connected at all (as cited in Zajonc, 1980). In 

1890, William James stated that “the bodily changes follow directly the perception of the 

exciting fact, and that our feeling of the same changes as they occur is the emotion”. His 

statement led to numerous experiments of emotional states, characterized by an excitation of 

the sympathetic nervous system, with the same result obtained in every individual. As a 

consequence, they concluded that the same visceral changes occur, without regard of the 

emotional state of the individual (Schachter & Singer, 1962). However, later work has revealed 

that the connection can be studied by comparing two groups differing on trait measures of 

negative emotionality, for example, one group with anxiety and a comparison group without 

anxiety. A correlation between negative emotionality and cognition has been reported in many 

experiments (e.g., Mueller et al., 2009; McNally, Kaspi, Riemann, & Zeitlin, 1990; Foa, Feske, 

McCarthy, & Kozak, 1991) suggesting that emotion does indeed affect cognitive processes. It 

is important to note that in studies of the effects of emotion, the term can refer to both the 

sentimental value of the stimulus as well as the emotional state of the individual (Yiend, 2010). 

When this emotional stimulus matches the individual’s emotional characteristic, the individual 

tends to attend to it differently than to other irrelevant stimuli. This subconscious effect is 

referred to as attention bias. Attention bias has been studied for about half a century, 

particularly with regard to social anxiety (Mathews & MacLeod, 1985) and some prevalent 

mood disorders (Taghavi, Neshat-Doost, Moradi, Yule, & Dalgleish, 1999), but considerably 

less is known of its relationship with eating disorders, which will be addressed later on. 
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Attention bias in social anxiety 

High trait anxiety in otherwise healthy adults is commonly associated with an attention bias 

towards threat cues, such as threatening words (D. Broadbent & M. Broadbent, 1988) or angry 

faces (Byrne & Eysenck, 1994). One famous study that demonstrates this effect is the study on 

facial expressions of emotion, known as the-face-in-the-crowd effect or anger superiority effect 

(ASE). ASE states that we are faster to detect faces that portray an angry facial expression, 

compared to a neutral or happy face, and has been reported in several experiments (e.g., Hansen 

& Hansen, 1988; Öhman, Lundqvist, & Esteves, 2001). Some theorists supporting an 

evolutionary threat detection hypothesis argue that this negativity effect emerged from our need 

to be able to detect and respond effectively to danger in the environment for the sake of 

survival. Those individuals with a subtle attentional bias toward threatening environmental 

stimuli were more likely to survive and bear offsprings that inherited these attentional biases 

(Bolles, 1970; Coelho & Purkis, 2009; Seligman, 1971). However, in more recent studies, the 

ASE has been challenged on multiple grounds. A thorough experiment by Becker and his 

colleagues showed no evidence of angry faces being detected faster, but on the contrary, they 

found a search asymmetry favoring happy faces (Becker, Anderson, Mortensen, Neufeld & 

Neel, 2011), thus, confuting the threat detection hypothesis. Even though humans in general 

may not have an innate ability to rapidly detect threat in the environment, there still is a great 

number of people who preferentially orient their attention toward threat. Consistent with these 

accounts, attentional biases towards threat have been found in non-clinical samples of anxious 

individuals, confirming the belief that anxious people do pay greater attention to negative facial 

expressions, which they evidently consider a threat (Heinrich & Hofmann, 2001; Taghavi et 

al., 1999). 

Eating Disorders 

Attention bias is relevant to eating disorders because the disorders have been found to be 

related to emotion and cognitive processes (Vitousek & Hollon, 1990). As Piaget (1929, 1979) 

observed, we don’t passively experience the world, rather our attention is guided by our 

psychological state, personality and previous history. Schema theories state that anxious 

individuals selectively process information through threat-related schemas (Beck, Emery, & 

Greenberg, 1985). Since we all construct our own schemas, individuals with eating disorders 

possess similar schemas involving body image which lead to errors in cognitive processes, such 

as attentional bias (Vitousek & Hollon, 1990). Eating disorders are primarily divided into 
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anorexia nervosa and bulimia nervosa. Anorexia nervosa is also classified into two subtypes:  

the binge eating/purging type and restricting type, that is, those who engage in binge eating and 

purging (i.e., binge eating/purging type) and those who do not (i.e., restricting type). What the 

majority of eating disorders have in common is the person’s dissatisfaction with his or her 

perceived body image (American Psychiatric Association, 2013). Nevertheless, there seem to 

be variation between disorders in which stimuli receive the greatest attention. Dobson and 

Dozois (2004) tested positive and negative food- and body-related stimuli on a sample 

consisting of people with either anorexia, bulimia or non-clinical restrained eaters. Their 

findings were that for people with bulimia nervosa, both food- and body-related stimuli caused 

equal attentional bias, but there was greater bias towards the body-related stimuli in individuals 

with anorexia nervosa. Attentional bias in restrained eaters was practically non-existent. 

There are many possible reasons for the development of these disorders, some even 

originating in the personality characteristics of the individual (Vitousek & Manke, 1994). 

However, the main feature in the maintenance of anorexia nervosa is the severe need to control 

eating, which gives them a feeling of power and success. Dietary restriction becomes 

exceptionally rewarding, and feelings of inspiration, pride and delight, follow which may in 

turn explain why anorexic individuals are resistant to getting the help they need (Abbate-Daga, 

Amianto, Delsedime, De-Bacco, & Fassino, 2014). The low food intake normally results in 

weight loss and the thinness becomes a determinant of self-worth. Individuals with eating 

disorders are preoccupied with weight and tend to focus abnormally strongly on specific 

disliked body parts. This selective attention (i.e., attention bias) to and frequent checking of 

shape leads to further body dissatisfaction, increased disordered eating behaviors and may 

strengthen the eating disorder altogether (Fairburn, Shafran, & Cooper, 1999). In addition, 

anorexic individuals typically have a distorted fear of high-calorie foods and even an abnormal 

preoccupation with food-related items (Ellison et al., 1998). This fear can be exposed by using, 

for an example, a dot-probe task with images of food. One such study found that people with 

eating disorders are quicker when responding to images of high-calorie foods and slower to 

respond when the food is low in calories (Brooks, Prince, Stahl, Campbell, & Treasure, 2011). 

Allegedly, both anxiety disorders and eating disorders are maintained with the consistent 

attending to signals in the environment that are considered dangerous. Therefore these 

disorders are fear-based and lead to safety behaviors which amplify the symptoms of the 

disorder (Mathews & MacLeod, 1985). 
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A conceivable confounding variable, relevant to the attention bias in individuals with eating 

disorders, could be hunger. Mogg, Bradley, Hyare and Lee (1998) found an attention bias in 

otherwise healthy individuals when shown food-relevant stimuli. The participants with high 

levels of hunger showed a greater attentional bias for food-related words than those with low 

hunger, suggesting that non-emotional motivational states (e.g., hunger) can also be associated 

with biases in information processing. With these biases in healthy subjects, circumstancial 

evidence suggest hunger may play a role in attentional biases of eating disorders, especially 

the restricting type of anorexia nervosa. Another study (Loeber, Grosshans, Herpertz, Kiefer, 

& Herpertz, 2013) on hunger in conjunction with food-related stimuli examined response 

inhibition using a go-/nogo task with food-associated and control words. Participants’ hunger 

was assessed with a self-report measure. Their result revealed that hungry participants made 

notably more errors when food-related stimuli served as distractors than when control stimuli 

were the distractors. This result was not obtained in sated participants. 

Eating disorders are generally measured through interviews with eating disorder specialists 

or other psychologists, or with self-report questionnaires. Cooper and Fairburn (1987) argue 

that interviews are to be preferred to self-report questionnaires (as cited in Fairburn & Beglin, 

1993) but both seem to have their advantages and disadvantages. Standard interviews are both 

expensive and time-consuming, which sometimes makes them less practical than a standard 

questionnaire. Furthermore, admitting out loud to an eating disorder-like behavior, such as 

binge eating or self-induced vomiting, can be embarrasing and difficult. Hence, Fairburn and 

Beglin (1993) compared these two instruments and found very little discrepency between them. 

They concluded that the Eating Disorder Examination Questionnaire can be used in 

replacement of an interview, at least regarding questions about well defined features. 

Neuroimaging & Neuropsychology 

A great deal of neuroimaging researches indicates that the limbic system and prefrontal 

cortex in the brain are involved in processes of threat related stimuli. For instance, when 

threatening images of words are presented to individuals the amygdala is activated, in both 

patients with generalized anxiety and healthy controls (Monk et al., 2006). However, different 

results are obtained when the threat is masked (Monk et al., 2008), showing greater activation 

in the right amygdala of individuals with generalized anxiety disorder. When anxious 

individuals are confronted with a threatening stimulus they also show decreased activity in the 

ventrolateral prefrontal cortex than is considered normal. The vlPFC seems to control the 
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amount of attention directed at the stimulus in order to decrease anxiety by minimizing the 

attention it is given. Thus, an underactive prefrontal cortex is highly likely to result in hightened 

levels of anxiety (LeDoux, 1995). Related studies have shown analogous neural circuitry in 

these areas in individuals with eating disorders (Ellison et al., 1998; Miyake et al., 2010) and 

alterations in the brain’s reward system have also been reported (Frank, Shott, Hagman, & 

Mittal, 2013; Frank et al., 2012; Avena & Bocarsly, 2012). Another neurocognitive concept, 

set shifting, involves subconscously switching one’s attention between two tasks or stimuli 

(McAnarney et al., 2011). This cognitive flexibility has been found in several 

neuropsychological studies to be considerably worse in people with anorexia nervosa (Lounes, 

Khan, & Tchanturia, 2011; Holliday, Tchanturia, Landau, Collier, & Treasure, 2005). 

Moreover, cognitive rigidity such as impairment in attention, short-term memory, verbal and 

visual memory along with visuospatial construction, is also frequent in people with eating 

disorders (Steinglass, Walsh & Stern, 2006). Interestingly, impairments in set shifting have 

also been found in healthy subjects after a period of fasting (Bolton, Burgess, Gilbert, & 

Serpell, 2014), again supporting how hunger can contribute to cognitive difficulties in eating 

disorders. 

Measuring Attention Bias 

The most common measure of attentional bias is The Stroop paradigm, originally 

developed to assess the ability to inhibit well-established responses (Stroop, 1935). A typical 

Stroop task involves words that spell colors, such as the word “yellow”, “blue”, “green”, but 

the actual colors of these words are printed in a color unrelated to the word itself. For example 

the word “blue” is written in red ink. Participants are supposed to name the color the word is 

written in, but not the word itself. In the case of eating disorders, a Stroop task might be 

employed with words relating to shape and weight, where the participants are asked to name 

the color in which the word is presented. Several studies have shown that it takes eating 

disorder patients a longer time to name the color of these words, compared to controls (Ben-

Tovim, Walker, Fok, & Yap, 1989; Long, Hinton & Gillespie, 1994). 

Werthmann, Roefs, Nederkoorn & Jansen (2013) claim, however, that studies based upon 

the Stroop test, are incapable of pinpointing the direction of the attention process, that is, 

whether it involves bias towards attentional avoidance or attentional approach. As mentioned 

in their report, different studies appear to provide contradictory results (See, e.g., Smeets, 

Roefs, van Furth & Jansen, 2008; Shafran, Lee, Cooper, Palmer, & Fairburn, 2007). 
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Werthmann and colleagues tried to distinguish between attentional approach and attentional 

avoidance, by using an eye-tracking paradigm. The target stimuli were chocolates and 

participants answered a questionnaire measuring chocolate craving, which also included 

whether or not they would allow themselves to eat chocolate. Their findings were that all 

participants, whether high chocolate cravers or not, paid more attention to chocolate stimuli 

than to neutral stimuli. However, those with chronic chocolate craving, who would have 

permitted themselves to indulge chocolate, showed a longer total dwell time on the chocolate 

stimuli, whereas those who would not have allowed themselves, gazed for a shorter period of 

time. This indicates that the voluntary decision to refrain from food is related to attentional 

avoidance, but on early, automatic stages of attention, no difference is found in attention 

processing. Despite mixed evidence, it is clear that disordered thoughts about food result in 

some kind of abnormal attention towards it. 

Other methods can also be used to evaluate attentional biases such as the dot-probe task 

(MacLeod, Mathews, & Tata, 1986). In this task, a probe is presented in the middle of a screen, 

followed by an emotional or neutral stimulus for a brief time period. Following the stimuli, 

another probe appears on either side of the screen, and participants are supposed to press a key 

corresponding to the presented probe (for example, press the ‘E’ key if the probe is on the left 

side, and press the ‘F’ key if the probe appears on the right side). The key idea is that if the 

final probe appears on the spatial location of the screen that participants had been attending to, 

they should be quicker at responding to that probe. So, for example, if the emotional stimulus 

is displayed on the side at which the probe was not presented, participants with the relevant 

emotional characteristic should respond slower than if it had been on the same side. One 

fascinating study (Blechert, Ansorge, & Tuschen-Caffier, 2010) used a modified dot probe task 

to assess attentional biases in individuals with eating disorders. The stimuli used were photos 

of the participants’ own bodies and a photo of a matched control participant’s body. Saccade 

latency was used as an index of covert attention and the results showed that for the anorexia 

nervosa group, saccades were faster when the probe appeared where the self-photo was than 

when it appeared where the other-photo was.  

Yet another relatively new paradigm to measure visual attention emerged from the findings 

of Tinbergen (1960). He noticed that when certain types of birds were searching for food, they 

exhibited a peculiar pattern in their foraging, often bringing a single prey type to their nest, 

despite other prey types being as easily available. He coined the term search image referring 

to this selection bias in the birds’ foraging, where certain images or templates work to guide 
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visual attention. Tinbergen suggested that a search image was activated for a certain prey type, 

which biased the way in which the birds selected their prey, resulting in the same prey being 

chosen over and over. This pattern emerges when the prey is hard to detect, but when 

conspicuous, the predator may switch more frequently between available sources (Dukas, 

2002). This same foraging pattern has also been found in humans. With a visual search task on 

an iPad, Kristjánsson, Jóhannesson & Thornton (2014) had participants search and tap on 

targets of red and green disks, within yellow and blue disk distractors. In this relatively easy 

feature-based foraging task, participants had no difficulties switching between the targets. 

However, in a conjunction-foraging condition, where the targets were distinguished from 

distractors both on shape and color, participants changed their foraging behavior. This 

condition required more focused attention as the target stimuli were red circles and green 

squares within red square and green circle distractors. Now, the participants kept more to one 

type of target, such as the red circles, for some period of time, and then switched over to the 

other target, green squares. This type of foraging creates longer “runs” where observers 

repeatedly choose the same target type. One key measure during foraging tasks involves the 

number of runs on a given trial. So, with a display of 20 targets, 10 in each group, the maximum 

number of runs would be 20 and the minimum would be 2. 

Additionally, in visual foraging studies, switch costs are commonly observed. This is, in 

other words, the cost of switching between templates during a visual search for multiple targets. 

van Moorselar, Theeuwes & Olivers (2014) argued we can only maintain one template in our 

visual working memory per time, but more recent studies have proved otherwise (Kristjánsson 

& Kristjánsson, 2018). Working memory is a system that allows temporary storage of limited 

information, and manipulation by other cognitive processes, which is essential in order to 

perform complex cognitive tasks (Baddeley, 1986). By closely examining switch costs, 

Kristjánsson and Kristjánsson (2018) noticed a drastic switch cost with two target categories, 

as expected. However, their goal was to find whether more than one template can be actively 

maintained in visual working memory at the same time. They found a slow increase in switch 

cost beyond two targets, indicating it is possible to maintain more than one template in visual 

working memory, but that this requires more effort. If we could only maintain one template per 

time in visual working memory, as van Moorselar et al. stated, switch-costs should not increase 

as target type increase beyond two, showing a more-or-less flat line for accuracy by the number 

of items to retain in working memory.  
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In the present study food-related stimuli were used to try to detect symptoms of eating 

disorders among college students, as it has been demonstrated that food stimuli, rather than 

body-related stimuli, are more efficient for detecting differences between categories of eating 

disorders (Faunce, 2002). We had participants answer questionnaires, as they have been 

reported equally as efficient at assessing eating disorders as the interviews, and take less time. 

The hypothesis was relatively open and the main interest was to see whether any differences 

between participants with an eating disorder and healthy participants would emerge. Naturally, 

there were some speculations that, for example, participants with subtle symptoms might make 

longer runs on food related stimuli, as previous research had shown that individuals with eating 

disorders are quicker at detecting these stimuli. Another possible hypothesis was that 

participants who scored high on the eating disorder questionnaires would perhaps be more 

reluctant when shifting from healthy food-targets to unhealthy food-targets (showing 

avoidance, in other words), resulting in a significant switch-cost. We also speculated whether 

we would see slower overall performance for those who scored high on the questionnaires, 

since impaired working memory has been reported for patients with these disorders.  

Method 

Participants 

44 individuals participated in the study, the majority of which were students at the 

University of Iceland and received partial course credits for participation. Their age ranged 

from 21 year to 42 years, with 24 as the average age and male female ratio 12 against 32. 

Participants were informed in advance about the experiment’s purpose and gave written 

consent. All aspects of the experiment were reviewed and approved by the appropriate ethics 

committee and conformed to the ethical guidelines set out by the Declaration of Helsinki for 

testing human participants. 

Equipment 

The stimuli were displayed on an iPad with screen dimensions of 20x15 cm and a resolution 

of 1024x768. The iPad was placed on a table in front of the participants in landscape mode. 

Stimulus presentation and response collection were carried out with a custom iPad application 

written in Swift using Xcode. In screening participants for eating disorders examiners used the 

Eating Disorder Examination Questionnaire (EDE-Q) (Fairburn & Beglin, 1993) and the Body 

Shape Questionnaire (BSQ) (P. Cooper, Taylor, Z. Cooper, & Fairburn, 1986) to assess body 

satisfaction. 
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The EDE-Q has 28 questions, which are answered in consideration of the last 28 days, and 

assesses four core features of eating disorders. Questions regarding attitudes are answered on 

a 7 point Likert scale in which higher scores indicate more serious illness, and disordered 

behavior is assessed with questions that ask about the number of days a certain behavior was 

shown and the amount of times it happened. These questions are composed of four subscales 

which are Restraint (“Have you tried to exclude from your diet any foods that you like in order 

to influence your shape or weight (whether or not you have succeeded)?”), Eating Concern 

(“Over the past 28 days, on how many days have you eaten in secret?”), Shape Concern (“Have 

you had a definite desire to have a totally flat stomach?”), and Weight Concern (“Has your 

weight influenced how you think about (judge) yourself as a person?”). The final score is 

acquired by summing the subscale score and dividing it with the number of scales. The cut-off 

scores in EDE-Q are 2 points and over for Restraint, Eating Concern, and Total Score, and 3 

and over for Shape Concern and Weight Concern. The list has been translated into Icelandic 

with adequate psychometric qualities (See, Ólafsdóttir, 2011). 

The BSQ contains 34 questions which are answered on a 6 point Likert scale, ranging from 

1 as never to 6 as always. The list consists of questions about the individual’s feelings towards 

his or her appearance over the past four weeks. An example of a question from the list is “Have 

you worried about your thighs spreading out when sitting down?” and “Have you been 

particularly self-conscious about your shape when in the company of other people?”. The 

overall score is the total across the 34 items, with 204 being the highest score possible. Scores 

less than 80 indicate no concerns with shape and scores over 140 are marked concerns. The 

BSQ has also been successfully translated into Icelandic (see Ævarsdóttir & Guðnadóttir, 

2008). 

Stimuli 

Each trial included 30 stimuli carefully selected during extensive pretesting. Eleven people 

participated in the pretest in order to find the optimum stimuli within a large data bank of 200 

object- and food-related items. A stimulus was presented on the screen and the participants 

were supposed to press a key as quickly as possible indicating whether the stimulus was an 

object or food. If the stimulus was food, they were then asked to rate from 1 to 9 how unhealthy 

they considered the food to be (1 for very healthy and 9 for very unhealthy). Stimuli that were 

correctly identified over 90% of the time, were responded to quickly, and were rated healthy 

or unhealthy without much disagreement among participants, were chosen for the experiment. 
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The final outcome, used in the study, included healthy items such as an apple, mushroom, 

packed chicken and corn on the cob. Among the unhealthy food items there were donuts, 

chocolate cake, and ice cream, and the objects were, for example, a smoking pipe, a dress, a 

mowing machine, and a sofa. The stimuli were distributed randomly across a 6x5 invisible grid 

on a white background with their positions adjusted through a random offset in both the vertical 

and horizontal directions for heterogeneous appearance. Spaces between rows and colums 

ensured that items never occluded one another. The overall spatial layout and location of 

stimuli was generated independently on every trial to prevent practice effect. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 1. Example of the task display during the foraging task. 
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Procedure 

All participants were given access to a Google docs calendar where they could schedule a 

date and time for the experiment, and participated one at a time. The experiment was conducted 

in a quiet room with normal illumination. Half of the participants received the questionnaires 

prior to the iPad task and vice versa. Before answering the questionnaires, participants were 

only told to sign their name on the sheet that conveyed written consent for participation in the 

experiment, since all results would be treated anonymously. They were also informed that 

supposing they wished to skip a a question due to it’s content, that they were allowed to do so. 

Before beginning the iPad task, each participant was shown a practice trial on the iPad, and 

had the task explained to them. The task was to tap all targets as quickly as possible and 

avoiding errors. If a distractor was tapped, an error message appeared, and a new trial began. 

Participants were told to finish 16 trials, in three different conditions, with new target stimuli 

every 16 trials. When they finished the first 16, participants were asked to notify the 

experimenters, so that they could adjust the settings for the next condition. The targets appeared 

in a random position on the screen on every trial and were either healthy and unhealthy food 

within object distractors (H/U-O), healthy food and objects within unhealthy food distractors 

(H/O-U), or unhealthy food and objects within healthy food distractors (U/O-H). The order of 

the target stimuli and distractors was counterbalanced between subjects. 

Data Analysis 

To gain a better perspective, participants BMI was calculated with information gathered 

from the ED lists. We then started off by checking for any correlations in the entire data set, 

using bivariate, two-tailed Pearson correlation coefficients, since we had a relatively open 

hypothesis and didn’t know whether or where we might find any significant results. However, 

the main measures of interest were threefold. First we assessed switch costs, that is, the 

difference in intertarget times when participants select the same target type as on the preceding 

selection, and when they select a different target type from the last selection. Six separate 3x2 

(task x switch) repeated measures ANOVAs were conducted with the Eating disorder (ED) 

lists and BMI as a between subject factor, one analysis for each ED list. If Mauchly’s test of 

sphericity was significant we used Greenhouse-Geisser corrections of the degrees of freedom, 

otherwise we assumed sphericity. Secondly, we measured the intertarget times (ITTs), 

reflecting the time between each tap on a target. Multiple regressions were conducted with the 

ED lists and BMI as predictors and ITT in each task as the dependent variable. We also 
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examined the number of runs (NoR) on each trial in every category, assessing whether they 

differed between participants’ scores on either questionnaire. For the number of runs another 

six separate 3x1 repeated measures ANOVAs were conducted with all the ED lists and BMI as 

between subject factors. Sphericity was again assumed if Mauchlys test was non-significant, 

in other instances we used Greenhouse-Geisser corrections of df’s.  

 

Results 

Table 1 shows descriptive statistics for the questionnaires’ outcome and how many scored 

above the cut-off. The mean score for BSQ was relatively high and total of seven people scored 

over the cut-off score. Fewest had concerns about eating (4 people) but more common was 

restrained behavior, or 14 people above the cut-off. 

Table 1 

Results from the self-report questionnaires 

  N 
Cut-off 

score 
Minimum Maximum Mean 

Standard 
deviation 

N over 
cut-off 

 
BSQ 
 

42 
 

110 
 

38 
 

158 
 

86.2 
 

29.7 
 

7 

EDE-Q 
Total 
 

44 2 .15 4.2 1.5 1.1 13 

EDE-Q 
Restraint 

 
44 2 0 4 1.3 1.1 14 

EDE-Q 
Eating 
Concerns 
 

44 2 0 3.6 .6 .9 4 

EDE-Q 
Shape concerns 
 

44 3 .1 5.3 2.15 1.4 11 

EDE-Q Weight 
concerns 

44 3 0 5.2 1.9 1.4 10 

 

Descriptive statistic for the number of runs, ITTs and switch-costs can be seen in Table 2. 

The mean number of runs was similar between all conditions, but a bit longer in the 

healthy/unhealthy-object condition. Both ITT and switch-cost in the healthy/unhealthy-object 

condition are considerably shorter than in the other conditions. 
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Table 2  

Descriptive Statistics 

 N Minimum Maximum Mean Std. Deviation 

NoR H/O-U 44 6.19 11.13 9.2614 .98853 

NoR H/U-O 44 9.75 11.88 10.7352 .47390 

NoR U/O-H 44 4.00 11.06 9.2457 1.22045 

ITT H/O-U 44 429.47 953.69 601.1423 94.64120 

ITT H/U-O 44 299.90 712.69 412.3916 78.30247 

ITT U/O-H 44 445.39 952.78 612.1859 91.11965 

SwCost H/O-U 44 -36.98 316.10 96.4266 76.71049 

SwCost H/U-O 44 -164.74 73.61 9.1500 36.94171 

SwCost U/O-H 44 -3.52 468.80 114.9366 86.69506 

Valid N (listwise) 44     

NoR equals number of runs 

ITT equals intertarget time 

SwCost equals switch-cost 

H/O-U equals healthy/object-unhealthy condition 

H/U-O equals healthy/unhealthy-object condition 

U/O-H equals unhealthy/object-healthy condition 

 

Switch-costs 

In all the analysis the main effects of task and switch were significant and also the 

interaction between them (all p’s < .001). The mean switch-costs between tasks can be seen in 

Figure 2. The three way interactions with ED lists were generally not significant. The three 

way interaction with BSQ was insignificant (F(2,20) = .460, p = .990, η² = .588) and so was 

the interaction with EDE-Q-Total (F(2,36) = .504, p = .988, η² = .412). For the subscales of 

EDE-Q and BMI there was a significant three way interaction with the Restraint subscale 

(F(2,54) = 2.014, p = .011, η² = .544) and with BMI (F(2,14) = 2.23, p = .048, η² = .920). The 

other three way interactions with the subcales were insignificant (all p’s > .459).  
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Figure 2. Mean switch-cost in each condition 

 

Inter-target time (ITT) 

Multiple regressions were conducted with the ED lists and BMI as predictors and ITT in 

each task as the dependent variable. All models were insignificant with adjusted R square less 

than .110. However, the coefficients for BSQ, EDE-Q-Eating Concern and EDE-Q-Shape 

Concern were significant in two out of the three regressions. Figure 3 shows an example of the 

relationship between the ED lists and ITTs. In Figure 3 we see the relationship between the 

strongest predictor, BSQ, and ITTs. As can be seen, there is a very weak relationship and scores 

on BSQ do not seem to affect the ITTs in any meaningful or systematic way. While the ITTs 

did not seem to differ depending on participants’ scores on the questionnaires, there is a clear 

indication of a faster response time in the healthy/unhealthy-object condition for all 

participants. 

 



20 
 

 
 

Figure 3. Correlation of BSQ and ITT in each condition 

 

Number of runs 

 

For number of runs another six separate 3x1 repeated measures ANOVAs were conducted 

with all the ED lists and BMI as between subject factors. Sphericity was assumed if Mauchlys 

test was non-significant, in other instances we used Greenhouse-Geisser corrections. No 

significant results were found in the interaction with the ED lists nor with BMI (BSQ F(2,20) 

= .694, p = .813, η² = .683; BMI F(2,14) = 1.840, p = .102, η² = .904; EDEQ-total F(2,36) = 

.865, p = .686, η² = .546; Restraint F(2,54) = 1.595, p = .064, η² = .486; Eating Concern F(2,64) 

= .800, p = .714, η² = .216; Shape Concern F(2,28) = 1.414, p = .160, η² = .745; Weight Concern 

F(2,38) = .751, p = .827, η² = .487).  
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Figure 4. Mean number of runs in each condition 

 

 

Discussion 

The most striking result was the performance difference between the healthy/unhealthy-

conditions. Participants seemed to switch between target categories a bit more often in the 

healthy/unhealthy-object condition, regardless of their scores on the lists. A probable 

explanation for this is that participants categorized the healthy and unhealthy food together, as 

a food-category, thus showing less discrimination between the healthy and the unhealthy food. 

Supporting this view is the mean ITTs for the same conditions, which are shorter than for the 

other conditions, indicating a quicker response since apparently only one visual template seems 

to be in use. The same goes for switch-costs which are practically zero compared to the other 

two conditions. These results are in accordance with previous research on foraging behaviour 

(Kristjánsson et al., 2014). 

When compared with participants’ BMI and their scores on the ED lists there seemed to be 

some differences in switch-costs depending on BMI and the Restraint subscale of the EDE-Q. 

Other subscales, along with BSQ, did not differ in their interaction with switch-costs. Perhaps, 

individuals who truly struggle with an eating disorder, are unafraid of admitting to a restricting-

type behaviour, because it makes them feel disciplined and hard-working, which are socially 
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acceptable qualities. Being ambitious and eating healthy is normally applauded, while having 

negative feelings towards oneself and being insecure is less approved. Individuals with 

anorexia are often proud of their super-disciplined lifestyle and thus might not be afraid of 

admitting to it on a questionnaire, but they are not as fond of admitting there is actually anything 

wrong. In other words, this result may reflect a denial, that makes recovery a difficult path, and 

can be reflected in the answers on questionnaires. As stated before, restriction normally results 

in weight loss, which might explain why BMI, along with Restraint, affects switch-costs. The 

results also showed that most scores above the cut-off were within the Restraint subscale of the 

EDE-Q. Some might argue that the restrained behaviour is simply more common, rather than 

it only being because it is easier to admit to. But a pertinent question in this respect is why 

someone would show restrained behaviour, if it weren’t because of dissatisfaction with his or 

her body or self-esteem? 

Inter-target times did not seem to depend on participants’ scores on ED lists, but the 

coefficients for BSQ, EDE-Q-Eating Concern and EDE-Q-Shape Concern were significant and 

thus could be explored further. Since all participants were university students, cognitive rigidity 

reflecting on inter-target times might rather be found in a clinical sample of less functioning 

individuals. Participants’ scoring on the lists and their BMI have no interaction with number 

of runs, but, the highest number of runs were made in the H/U-O condition. This means that 

participants made the most switches between categories in the H/U-O condition, again 

supporting that participants seem to make little discrimination between the foods’ healthiness. 

In the case of dishonesty or social facilitation, this research could be repeated with a clinical 

sample and a control group. Perhaps, the stimuli are too anomalous, making the task 

unreasonably hard so that other factors are determining the foraging behaviour, rather than it 

being driven by emotional states. With simpler stimuli and some modifications, differences in 

number of runs and a larger difference in inter-target times might possibly be found. 

To briefly summarize, our results show that individuals who show restrained eating 

behavior respond differently to the stimuli in the foraging task, resulting in anomalous switch-

costs. Participants’ BMI also seem to affect switch-costs in some way. Number of runs and 

inter-target times remained unaffected by participants’ scoring on the ED lists. 
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