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An important aspect of the orienting of human visual attention, foraging 

behavior, has only recently caught researchers’ attention even though it has been 

investigated in the animal literature for the last decades. Visual attention can be 

biased when certain stimuli capture our attention, especially threatening or 

anxiety-provoking stimuli. Anxiety is highly comorbid with eating disorders with 

immense fear of gaining weight or being fat being one of the diagnostic criteria. 

Therefore, potential attentional biases in eating disorders were measured with an 

iPad foraging task to see if eating disorder symptoms effect foraging performance 

in any way. Forty-four participants completed four self-report questionnaires 

measuring symptoms of eating disorders and the iPad foraging task using food 

items (healthy and unhealthy) and other non-food objects. Participants were split 

into two groups, symptom group and no symptom group. The results revealed a 

difference between the groups on a number of foraging variables, although they 

were not statistically significant. On the other hand, the scores on the self-report 

questionnaires did not predict foraging performance to an acceptable degree. This 

study needs to be repeated in a clinical sample to get a clearer picture of the 

effects of eating disorder symptoms on foraging behavior.   
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Visual search  

At every waking moment there are hundreds, if not thousands of different things 

competing for our attention. To our benefit we possess various mechanisms that focus our 

attention on the things that matter in our surroundings, which is especially important when we 

are searching for particular items. It seems extraordinary that we can distinguish our child from 

the others in the park and our favorite candy bar in the confectionary aisle in the supermarket. 

Even though the items we look for are embedded within many similar items, we still manage 

to find our targets, most of the time quite effortlessly. Visual search has been investigated for 

quite some time, mostly with visual search tasks (e.g. Green & Anderson, 1956; Cohen, 

Eckhardt & Schagat, 1998; Woodman & Luck, 2004; Huang & Pashler, 2005). It may come as 

no surprise that in visual search tasks the goal is to search for something, like looking for that 

first corner piece in your 1000-piece puzzle.  

Another example of visual search is when animals are locating their next food source, 

also called foraging. An example of this is when birds pick up bread crumbs or when squirrels 

search for nuts. That task relies heavily on visual search and research has shown that animals 

select the same type of food source in a non-random sequence that are longer than can be 

expected by chance, also called runs (Bond, 2007). When a food source is easily detected the 

animal may switch effortlessly between different sources, but when a food source is hard to 

detect the animal may focus on a single source and ignore the other available sources (Bond, 

2007). Based on this notion, when more focused attention is necessary, attention is focused on 

one stimulus category at a time. Foraging behavior has been investigated in different species of 

animals and this run-like behavior has for example been found in different predators (Bond, 

2007), chickens (Dawkins, 1971) and squirrels (Delgado & Jacobs, 2017). This phenomenon 

was originally investigated by Tinbergen (1960) by direct observation in the wild. Even though 
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foraging behavior has been investigated for some time in animal studies it is a fairly recent topic 

in human studies. In the standard visual search task there is one target item amongst one or 

more distractor items while in the foraging task there are two or more target items amongst one 

or more distractor items. The fact that there are two or more target items makes foraging more 

comprehensive and may provide more information about visual attention than the basic visual 

search task. One of the first experiments on human foraging was the Bead game (Bond, 1982) 

where participants were asked to sort different colored beads as fast as possible. Run-like 

behavior was also prevalent in the Bead game and the participants that sorted the beads in non-

random sequences also proved to be the fastest, most precise and most efficient at sorting. 

Aspects of human foraging that have been researched since then include how we organize our 

foraging behavior (e.g. Woods et al., 2013), how it relates to our working memory (e.g. 

Kristjánsson & Krisjánsson, 2018) and how availability and quality of visual information (e.g. 

Wolfe, 2013) and the value of the items we forage (e.g. Wolfe, Cain & Alaou-Soce, 2018) play 

a role in the orienting of visual attention. 

The iPad foraging task used in this study is a version of a foraging task created by 

Kristjánsson, Jóhannesson and Thornton (2014) as a method to measure human foraging. The 

authors introduced their experimental task with the purpose of making visual search tasks more 

similar to real-life circumstances than the standard visual search tasks had previously been. 

When we search for things in our environment we are usually searching for multiple targets 

amongst multiple distractors. The aim of this task was to get a better understanding of how 

visual search is conducted when searching for multiple targets from different categories 

(Kristjánsson et al, 2014). The original foraging task has two different conditions - feature 

foraging where only one feature distinguishes between target items and distractors (e.g. color), 

and conjunction foraging where two or more features differ between categories (e.g. color and 
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shape). The authors made many discoveries in the first experiments they ran with this new task, 

one of them being that human foraging behavior was in line with evidence from the animal 

foraging literature. When the task was easy (feature condition) participants had no trouble 

switching between search categories but when the task was harder (conjunction condition) 

participants tended to exhaust one category in long runs and then moving on to the next one. 

The authors concluded that this run-like behavior was due to a difference in attentional load, 

not discriminability of target categories (Kristjánsson et al, 2014). 

Attentional bias 

Despite our best intentions to search our environment as efficiently as possible there is 

a chance our attention may be biased in some way. One of the factors that can bias our attention 

is anxiety or fear caused by threat (see Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg & 

IJzendoorn, 2007 for review). How we respond and attend to threat has caught researchers’ 

attention for quite some time and most results suggest that clinically anxious and highly anxious 

individuals selectively attend to threatening information in their surroundings (for a review see 

Williams, Watts, MacLeod & Mathews, 1997). Different theories have been put forward about 

the role of attention and other parts of information processing in anxiety and other mental 

disorders. One of the first indicator of this research is to be found in Aaron T. Becks cognitive 

theory about schemas (1976). According to Becks schema theory, anxious individuals possess 

cognitive schemas associated with threat that direct attention to threatening stimuli in the 

environment. On the other hand, in Clark‘s review article (1999) he proposed that different 

anxiety disorders are associated with different types of attentional bias. In some disorders, there 

is selective attention towards threatening stimuli, e.g. specific phobias, panic disorder and 

generalized anxiety disorder, and in others there is selective attention away from threatening 

stimuli, e.g. social anxiety disorder. 
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There are different techniques to measure attentional bias and how attention is allocated 

to threatening stimuli. One of the first experimental task for assessing attentional bias was the 

modified Stroop task (Stroop, 1935) where either threatening or neutral words are displayed in 

different colors. The participant’s task is to report the color of the word while ignoring the 

words semantic meaning. Evidence of attentional bias is a longer reaction time when reporting 

threatening words compared to neutral words. The modified Stroop task has its limitations and 

with the fast development of technology, new experimental tasks started to emerge, for example 

the dot-probe task (MacLeod, Mathews & Tata, 1986), the visual search task (Öhman, Flykt & 

Esteves, 2001), the attentional blink task (Kristjánsson & Nakayama, 2002) and the spatial 

cueing task (Kristjánsson, Mackaben & Nakayama, 2001). Although widely used and supported 

there is some evidence suggesting that these popular experimental tasks for measuring 

attentional bias have some flaws. In fact, Sigurjónsdóttir, Sigurðardóttir, Björnsson and 

Kristjánsson (2015) findings show that the tasks most often used for measuring and modifying 

attentional bias are not as sensitive to differences in attentional bias as they should be and the 

authors emphasize the importance of assessing the tasks already at hand in order to develop 

more powerful assessment and treatment of such biases in anxious individuals. 

Eating disorders and attentional bias 

High anxiety and clinical anxiety disorders are highly comorbid with other mental 

disorders (Lewinsohn, Zinbarg, Seeley, Lewinsohn & Sack, 1997; American Psychiatric 

Association, 2013). Based on previous findings on anxiety and attentional bias it may come as 

no surprise that attentional bias in different mental disorders has been investigated, focusing on 

attention to stimuli that are most anxiety provoking in each disorder. An example of a category 

of mental disorder which is highly comorbid with anxiety are eating disorders (Kaye, Bulik, 
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Thornton, Barbarich & Masters, 2004;  Swinbourne & Touyz, 2007; American Psychiatric 

Association, 2013).  

The fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-

5; American Psychiatric Association, 2013) defines eating disorders as a group of mental 

disorders characterized by persistent disturbance in eating and/or eating behavior. This 

disturbance affects caloric intake, physical health and/or psychosocial functioning. There are 

five different eating disorders within the category, Anorexia Nervosa (AN), Bulimia Nervosa 

(BN), Binge-Eating Disorder (BED), Other Specified Feeding or Eating Disorders and 

Unspecified Feeding or Eating disorders. Anorexia is characterized by starvation where caloric 

intake is severely restricted. The starvation eventually leads to a very low bodyweight, with a 

body mass index (BMI) of 17 or lower. Anorexia is also characterized by an immense fear of 

gaining weight or being fat and persistent behavior to prevent that from happening despite being 

severely underweight. Lastly, Anorexia is characterized by a distortion in self-perception of the 

size and shape of the body and an over-emphasis on body shape and size in self-evaluations. 

Patients with Anorexia rarely have insight into how serious their condition is and how their low 

bodyweight can be life-threatening (American Psychiatric Association, 2013). Bulimia is 

characterized by frequent binges where a large amount of food is eaten over a short period of 

time where individuals often feel that their eating is out of control. Following the binge, there 

is some kind of compensatory behavior to prevent weight gain e.g. self-induced vomiting, 

laxative use, enemas, fasting or over-training. Similar to Anorexia there is an over emphasis on 

body shape and size in self-evaluations and a distortion in self-perception (American 

Psychiatric Association, 2013).  Binge-Eating Disorder is the newest member of the eating 

disorder category who made its first appearance in DSM-5 (American Psychiatric Association, 

2013). BED is also characterized by frequent binges where a large amount of food is eaten in a 
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short period of time. Following a binge in BED there is no compensatory behavior but feelings 

of disgust, sadness or shame often follow (American Psychiatric Association, 2013). Other 

Specified Feeding or Eating Disorders involve a diagnosis made when symptoms of eating 

disorders are predominant but do not meet the full criteria for the other eating disorders, e.g. 

BMI is not 17 or lower or binging and purging behavior is not frequent enough. It is common 

that individuals shift between the eating disorders with periods of time where diagnostic criteria 

are met and other periods where symptoms are sub-clinical or warrant an Other Specified 

Feeding or Eating Disorders diagnosis (American Psychiatric Association, 2013). Lastly there 

is the Unspecified Feeding or Eating Disorder diagnosis which is only used when the clinician 

chooses not to specify the reason why symptoms for a specific eating disorder are not met 

(American Psychiatric Association, 2013).  

Anorexia and Bulimia are very serious disorders with patients having higher risk of 

mortality, either from medical complications associated with the disorder itself or from suicide. 

The crude mortality rate (CMR) for Anorexia is approximately 5% per decade with an elevated 

suicide risk rated at 12 per 100,000 per year. Certain factors that could be related to mortality 

rates in patients with Anorexia have been identified, those factors are age of onset, sex, BMI 

and comorbid conditions e.g. alcohol or substance abuse (Arcelus, Mitchell, Wales & Nielsen, 

2011). The CMR for Bulimia is approximately 2% per decade with an elevated suicide risk 

(American Psychiatric Association, 2013).  Only recently have cognitive biases in the etiology 

and maintenance of eating disorders been acknowledged. Cognitive models of eating disorders 

lay emphasis on maladaptive cognitive schemas that play a role in allocation of attention, 

memory and interpretation of new information. This creates a bias in how information that 

confirms the maladaptive schema is processed, resulting in biases in attention, judgment and 

memory (Williamson, White, York-Crowe & Stewart, 2004).  



 13 

Previous findings 

Even though these eating disorders have different diagnostic criteria they all share some 

core characteristics, for example negative beliefs about food and body shape (Dobson and 

Dozios, 2004). The prevalence of these disorders is not high but some of their core 

characteristics can be found widely in the nonclinical population. Being unsatisfied with body 

shape and size, ashamed over amount of food eaten or on a strict diet is something that many 

healthy individuals can relate to. Therefore, researchers have studied the implications of these 

thoughts, attitudes and behavior in the non-clinical population with most results indicating that 

even though most of the participants score well within the non-clinical range there seems to be 

a variance in participants scores (Berman, 2006; Eisenberg, Nicklett, Roeder & Kirz, 2011; Gee 

& Troop, 2003). In the eating disorder literature, the most widely used method for measuring 

attention bias is the modified Stroop test (e.g. Faunce, 2002; Dobson & Dozios, 2004 for 

review). A meta-analysis of all studies using the Stroop task in the eating disorder literature 

shed some light on the findings that have been made during the last decades (Dobson & Dozois, 

2004). The overall pattern of results was that bulimic patients showed consistent attentional 

bias on the Stroop task across a range of stimuli but the results were limited to body and weight 

stimuli for anorexic subjects. As already mentioned, the modified Stroop task has its limitations, 

therefore, other methods of measuring attentional bias have been used with interesting, but often 

ambivalent results. For example, patients with eating disorders were quicker to respond when 

a probe appeared in the same location as a negative eating stimulus and slower to respond when 

a probe appeared in the same location as a positive eating stimulus compared to a neutral 

stimulus and that those biases where greater than those found in anxious individuals and normal 

controls (Shafran, Lee, Cooper, Palmer & Fairburn, 2007). The same attentional bias was found 

for weight and shape related words by Rieger et al. (1998). On the other hand, other studies 
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have not been successful in replicating all these results (e.g. Smeets, Roefs, Furth & Jansen, 

2008). 

The current study 

The aim of this current research is to gather new information about the connection 

between visual attention and eating disorder symptoms in a non-clinical sample, using a novel 

foraging task developed in our lab. This task has proved to be highly sensitive to various aspects 

of attentional dynamics as discussed above. Participant’s task was to answer four self-report 

questionnaires that measure symptoms of eating disorders and to forage through food related 

items and objects. The food related items were either healthy or unhealthy food items. The iPad 

foraging task (Kristjánsson et al., 2014) was used following Sigurjónsdóttir’s et al. (2015) 

research on the sensitivity of different methods to measure attentional bias. To our knowledge, 

the foraging assignment has not been used to measure visual attention in this field of research 

to date. This study has many practical implications, not only will the research shed new light 

on the relationship between visual attention and eating disorder symptoms in a non-clinical 

sample, but the results may also be used to further improve treatment of eating disorders if 

findings are replicated in a clinical sample. We hypothesize that participants that are 

experiencing eating disorder symptoms will show different foraging behavior than participants 

that are not experiencing any eating disorder symptoms. Due to the different results in previous 

research and the nature of eating disorders, it is not clear what difference is to be expected. The 

eating disorder symptom group might for example allocate their attention toward food stimuli 

more often than the no symptom group, having lower inter-target times, or the symptom group 

could refrain from focusing on the food stimuli, having higher inter target times. We also 

hypothesize that scores on the eating disorder scales will be able to predict foraging 

performance by finding the best model with multiple regression analysis. 
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Method 

Participants 

A total of 44 observers participated in the study (32 women, 12 men; mean age = 24.8 

(SD=3.5), ranging from 21-42 years). Thirty-one of the participants were pooled from a course 

in cognitive psychology where participating in a research project was a course requirement. All 

participants had normal or corrected-to-normal vision and gave written, informed consent. The 

experiment was reviewed and approved by the National Bioethics Committee of Iceland and 

the Data Protection Authority of Iceland.  

Equipment 

The foraging task was performed on an iPad Air with a screen dimension of 20x15 

centimeters and an effective resolution of 2048x1536 pixels. Participants viewed the iPad at an 

approximate viewing distance of 40 cm. A custom application written in Swift using Xcode 

was used to present the stimuli on the screen and collect the data from participants. 

Self-report questionnaires 

Body Shape Questionnaire (BSQ): The Body Shape Questionnaire is a self-report 

questionnaire that measures respondents satisfaction with their own body, concerns abut body 

shape and the experience of „feeling fat“ over the last four weeks. It was originally developed 

by Cooper, Taylor, Cooper and Fairburn (1987). The questionnare consists of 34 items that 

respondents answer on a six point Likert scale, from never (1) to always (6). Total scores range 

from 34 to 204. In a study of the questionnaires psychometric properties an eating disorder 

patient group had a mean score of 136.9 (SD=22.5) , probable cases had a mean score of 129.3 

(SD = 17) and definite non cases had a mean score of 71.9 (SD = 23.6; Cooper et al, 1987). 

Even though the diagnosed individuals scored higher on the BSQ, there was some overlap in 
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scores. Furthermore, women in a community sample that were concerned about their weight 

and shape scored significantly higher than those who were not concerned about those matters. 

The developers argue that the BSQ measures a psychological dimension that can be found not 

only within a patient population but also in a community sample and that the questionnaire 

should therefore be used to measure the extent of psychopathology rather than as a stand alone 

diagnostic measure (Cooper et al., 1987). The Icelandic version was translated by Guðlaug U. 

Þorsteindsóttir in 2001. The psychometric properties of the BSQ have been studied in the 

Icelandic population, both in in-patient and student samples. The reliability was excellent in 

both samples (⍺= 0,97 in a student sample, 0,95 in an in-patient sample) and the validity was 

good (Ævarsdóttir & Guðnadóttir, 2008). 

Bulimia Test – Revised (BULIT-R): The Bulimia Test – Revised is a self-report 

questionnaire that measures core symptoms of Bulimia Nervosa; binge eating, purging and 

worries about body shape and size. The items consist of 36 different statements (e.g. „I am 

satisfied with the shape and size of my body“) and questions (e.g. „Compared with people your 

age, how preoccupied are you about your weight and shape?“) that respondents answer on 

different scales ranging from 1-5. Total scores ranges from 28 to 140 with a 104 cut-off score 

(Thelen, Farmer, Wonderlich and Smith, 1991). The Icelandic version of the BULIT-R was 

translated by Jónsdóttir in 2004 (Jónsdóttir, Þorsteinsdóttir and Smári, 2005). The psychometric 

properties of the Icelandic version of the BULIT-R have been studied and results have shown 

that the Icelandic version does not differ from the original version. The questionnaires 

reliability in Gunnarsdóttir‘s (2011) study was excellent (⍺ >0,95 in a student sample) and the 

validity has proven to be good (Jónsdóttir et al., 2005). 
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Eating Disorder Examination Questionnaire (EDE-Q): The Eating Disorder Examination 

Questionnaire (EDE-Q) is a 28 item self-report questionnaire. The EDE-Q was developed as a 

self-report version of the Eating Disorder Examination (EDE)  interview wich was developed 

in 1987 (Cooper and Fairburn, 1987). The items evaluate four core characteristics of eating 

disorders: restraint, eating concern, shape concern and weight concern. A total score is 

computed from the questionnaire but also a seperate score for each subscale. In Ólafsdóttirs 

(2011) study of the psychometric properties of the Icelandic version of the questionnaire the 

mean total score was 3.13 in an in-patient sample and 1.64 in a student sample. The sixth version 

of the EDE-Q was used in Icelandic translation wich was developed by Ólafsdóttir (2011). The 

psychometric properties of the Icelandic translation of the EDE-Q has been studied, both in  

patient and university samples. The reliability of the EDE-Q was excellent for both groups (⍺= 

0.90 in clinical sample, ⍺ =0.91 in student sample) and both concurrent and discriminant 

validity was good (Ólafsdóttir, 2011). 

Binge Eating Scale (BES): The Binge Eating Scale is a 16 item self-report questionnaire 

that measures the severity of binge eating in obese adults. The questionnaire was originally 

developed by Gormally, Daston, Black og Rardin (1982). The BES measures the severity of 

three core characteristics of binge eating: amount of binges, amount of food and the respondents 

emotions regarding the binge. Each item consists of four statements where participants select 

one that describes their feeling, thought or behavior most accurately. A total score under 17 

indicates that the respondent has no symptoms of binge eating disorder, a total score of 17-26 

indicates mild symptoms of binge eating disorder and a total score of 27 and over indicates 

severe symptoms of binge eating disorder. The Icelandic version of the Binge Eating Scale was 

used in our study, wich was developed in 2013 (Vigfúsdóttir, 2013). After translation, the 

psychometric properties were studied. The Icelandic version has good reliability (⍺ =0,87 in 
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aclinical sample, ⍺ =0,88 in a comparison sample) and the concurrent and discriminant validity 

is good (Vigfúsdóttir, 2013). 

Stimuli 

Three categories of stimuli were used in the foraging task, ten images of healthy food 

items, ten images of unhealthy food items and ten images of neutral items that were not food 

or food related. All stimuli were selected by researchers from an online stimulus collection 

(Konkle, Brady, Alvarez and Olovia, 2010). In the beginning of the selection process over 200 

stimuli were selected and pre-tested by 11 participants to identify the ten healthy and ten 

unhealthy food items that respondents were quickest to recognize as food and give a health 

rating between 1 (very healthy) and 9 (very unhealthy). This was done to make sure that the 

food items that were selected to use in the study were not only under the influence of researchers 

belief of what is healthy and what is unhealthy. During the pre-testing phase, the stimuli were 

presented to participants on a computer screen for a brief time period (500 ms). The 

participant‘s task was to press the 1 key on the keyboard if the stimulus on the screen was a 

food item, or press the 9 key on the keyboard if the stimulus was a non-food item. When a food 

item was presented and the 1 key was correctly pressed, the participant‘s gave the food item a 

health rating between 1 (very healthy) and 9 (very unhealthy). After a health rating had been 

assigned to the food item, participants could move on to the next stimulus by pressing the space 

bar. When a non-food object was presented and the 9 key was correctly pressed, the 

participant‘s were informed that they answered correctly and could move on to the next stimuli 

by pressing the space bar. If the incorrect key was pressed, participant‘s were informed that 

they answered incorrectly and could move on to the next stimuli by pressing the space bar. The 

11 people the participated in the pre-testing phase did not participate in the final study. The ten 
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neutral items that respondents were quickest to recognize as neutral items were used in the final 

version of the assignment.  

During the foraging task, the items were randomly distributed on the iPad screen across 

a non-visible 6x5 grid that was offset from the edge of the screen by 114x110 pixels. The 

position of the stimuli inside the grid was jittered by adding a horizontal and vertical offset to 

create a less uniform apperance. To ensure that the items did not overlap or occlude each other 

there were gaps between rows and columns. The layout and location of the items was generated 

independently on every trial. An example of the screen layout can be seen in Figure 1. 

Figure 1. An example of a trial in the iPad foraging task 
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Research design 

The experiment was a mixed within-subject design and between-subject design. The 

independent within-subject variables were the three conditions of the experiment, H/U-O, H/O-

U and U/O-H. The dependent within-subject variables were three, the first being the inter target 

time (ITT). Inter target time is the time between taps on targets measured in milliseconds. The 

second dependent variable is number of runs. A run is when targets within the same stimulus 

category are sequentially selected, for example if a participant in the H/U-O condition taps a 

healthy target three times in a row and then an unhealthy target two times in a row, this sequence 

is defined as two runs – one healthy run and one unhealthy run. Therefore, the lowest number 

of runs is 2 (if all stimuli in one target category are tapped before moving on to the next 

category) and the highest number is 30 (if a switch between target categories is made after each 

target tapped). The third dependent variable is switch-cost, which is the difference between 

inter target times when participants tap a repeated target or switch to the other target category. 

The sample was first analysed as a whole to see overall foraging performance and the difference 

within subjects in the different conditions. 

 The between-subjects variable was symptom group. To see if participants differed on 

the dependent variables based on their score on the self-report questionnaires the sample was 

split into two groups depending on their scores. Participants that got a score as high as, or higher 

than the designated cut-off score on any of the self-report scales were put in the symptom group, 

participants that got a score lower then the cut-off score were put in the no symptom group. The 

cut-off scores used can be seen in Table 2. 

Procedure 

The experiment was run in a quiet room with normal illumination. All participants read 

the introduction letter for the study and gave informed, written consent. Particiapants either 
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started by answering the self-report questionnaires or completing the foraging task in counter-

balanced order. For the foraging task 30 items appeared on the screen, 10 of each stimulus 

category (healthy food items, unhealthy food items and neutral objects). The participants task 

was to tap all of the items in two of the categories (20 stimuli in total) and ignore one category 

completely (10 stimuli in total). All participants finished sixteen trials in three different 

conditions in counter-balanced order for a total of 48 trials per participant. The conditions were: 

tap healthy food items and unhealthy food items but ignore objects (H/U-O), tap healthy food 

items and objects but ignore unhealthy food items (H/O-U), tap unhealthy food items and 

objects but ignore healthy food items (U/O-H). Participants were asked to tap all target items 

as quickly as possible while avoiding making mistakes, using the index finger of their dominant 

hand. When tapped, the items disappeared immidiately. Once all the target items had been 

tapped the trial ended and participants got feedback on their performance. If a distractor item 

was tapped an error message was given and participants repeated that trial with a new layout of 

the items. 

Data Analysis 

To compare means both within subjects and between groups, repeated measure 

ANOVAs were conducted with an alpha level of .05. When Mauchly‘s test of sphericity was 

not significant the „Sphericity Assumed“ significance test results were used but when sphericity 

was violated the „Greenhouse-Geisser“ significance tests were used. Main effects of the 

dependent variables and their interactions were calculated. To see if scores on the self-report 

questionnaires predicted performance on the iPad foraging task, a stepwise multiple regression 

analysis, with all scores on all self-report questionnaires as the independent variables and the 

foraging variables as the dependent variables, was conducted with an alpha level of .05. 

  



 22 

Results 

The distribution of errors, mean inter target time (ITT), mean number of runs and mean 

switch-cost in each condition for the total sample can be seen in Table 1. As can be seen in 

Table 1 there is a difference in number of errors between condition, the H/U-O condition having 

the fewest errors and almost half of total errors made in the U/O-H condition. A repeated 

measure ANOVA (condition) was conducted which showed a significant main effect of 

condition on ITT (F(2,86) = 301.96, p < .001, p
2 = .875), number of runs (F(2,86)= 40.46, p < 

.001, p
2 = .485) and switch-cost (F(2,86) = 36.75, p < .001, p

2 = .461). A 3x2 (condition x 

switch) ANOVA was also conducted that showed a significant interaction between condition 

and switch (F(1,43) = 36.75, p < .001, p
2 = .461). 

 

Table 1 

Total errors, inter target times, number of runs and switch cost in each condition 

 Errors 
Inter-target time 

(SD) 

Number of runs 

(SD) 
Switch-cost (SD) 

H/U-O 79 (20%) 412.4 ms (78.3) 10.7 (.47) 9.15 ms (36.9) 

H/O-U 144 (36.5%) 601.1 ms (94.6) 9.3 (.99) 96.4 ms (76.7) 

U/O-H 171 (43.5%) 612.2 ms (91.1) 9.2 (1.2) 114.9 ms (86.7) 

 

Eating disorder symptoms and foraging 

The cut-off scores used, the mean scores and standard deviation for each self-report 

questionnaire can be seen in Table 2. As can be seen in the N over cut off column, there are a 

total of 67 values over the designated cut off but there are only 20 participants in the symptom-

group. This is caused by a number of participants being over the cut off score on more than one 

self-report questionnaire. As can be seen in Table 2 there is a slight difference between number 

of participants that completed each self-report questionnaire. When participants did not answer 
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all items on any of the questionnaires their score on that particular questionnaire was excluded 

from the analysis because a total score could not be calculated. The designated cut-off scores 

used are either from developers of the questionnaires or frequently used cut-off scores in the 

Icelandic clinical population.  

 

Table 2 

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 

BES 
 

41 17 0 26 10.2 6.5 7 

BULIT-R 
 

44 104 32 104 49.4 17.2 1 

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 

 

Inter-target time 

The mean ITT’s in each condition in both groups can be seen in Table 3. The symptom group 

had higher mean ITT’s than the no-symptom group in all conditions. Both groups have the 

shortest mean ITT in the H/U-O condition and the longest mean ITT in the O/U-H condition 
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Table 3 

Groups mean ITT in each condition  

 
 N Minimum Maximum Mean 

Std. 
Deviation 

H/U-O Symptom group 20 299.9 ms 712.7 ms 428.5 ms 93.6 ms 
 No symptom group 24 300.2 ms 523.4 ms 399 ms 61.7 ms 

 
H/O-U Symptom group 20 429.5 ms 953.7 ms 612.4 ms 108.4 ms 
 No symptom group 24 461 ms 

 
793.2 ms 591.8 ms 82.7 ms 

O/U-H Symptom group 20 472. 2 ms 952.8 ms 621. 4 ms 100 ms 
 No symptom group 24 445.4 ms 741.4 ms 604.5 ms 84.5 ms 

 

To take a closer look at the distribution of mean ITT’s a 3x2 (condition x symptom 

group) repeated measures ANOVA was performed. There was a significant main effect of 

condition (F(2, 84) = 292.72, p < .001, p
2=.875)  but a nonsignificant main effect of symptom 

group (F(1, 42) = .827, p = .37, p
2 = .02). The interaction between condition and symptom 

group was also not significant (F(2, 84) = .248, p = .78, p
2 = .006). The mean ITT’s between 

groups and conditions are plotted in Figure 2. 
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Figure 2. Mean ITT by conditions and symptom groups 

 Number of runs 

The mean number of runs in each group can be seen in Table 4. The number of runs are 

high in both the symptom group and the no symptom group in all conditions and are more like 

what you would expect to see in feature search, participants seem to switch between target 

categories quite effortlessly. Even though there is not a big difference in the number of runs 

between groups or conditions, the longest mean number of runs is in the H/U-O condition in 

both groups, which fits well with the notion that the inter-target times are also the shortest in 

this conditions. 
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Table 4 

Groups mean number of runs in each condition  
 

 N Minimum Maximum Mean 
Std. 

Deviation 

H/U-O Symptom group 20 10.2 11.9 10.9 .42 

 No symptom group 24 9.8 11.4 10.6 .48 

 

H/O-U Symptom group 20 7.8 11.1 9.3 .91 

 No symptom group 24 6.2 11 9.2 1.07 

 

O/U-H Symptom group 20 6.9 10.9 9.2 .95 

 No symptom group 24 4 11.1 9.3 1.42 

 

To take a closer look at the distribution of mean number of runs a 3x2 (condition x 

symptom group) repeated measures ANOVA was performed. There was a significant main 

effect of condition (F(2,84) = 40.727, p < .001, p
2=.492 ) but not a significant main effect of 

symptom group (F(1,42) = .118, p = .733, p
2 = .003). The interaction between condition and 

symptom group was not significant (F(2,84) = .696, p = .501, p
2=.016). The means can be 

seen in Figure 3. 
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Figure 3. Mean number of runs by condition and symptom groups  

Switch-cost  

The mean switch-cost in both groups in all conditions can be seen in Table 5. The 

switch-cost differs between conditions, being markedly lower in the H/U-O condition than the 

other two. While the symptom group and no symptom group seem to have quite similar switch-

cost in the H/O-U and the H/U-O condition, there is a bigger difference between the two groups 

in the O/U-H condition.  
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Table 5 

Groups mean switch-cost in each condition 
 

 N Minimum Maximum Mean 
Std. 

Deviation 

H/U-O Symptom group 20 -164.7 ms 58.3 ms 8.5 ms 48.3 ms 

 No symptom group 24 -40 ms 73.6 ms 9.7 ms 25 ms 

H/O-U Symptom group 20 -31 ms 264 ms 96.2 ms 74.2 ms 
 No symptom group 24 -37 ms 316.1 ms 96.6 ms 80.4 ms 

O/U-H Symptom group 20 22.9 ms 280 ms 127.8 ms 74.1 ms 

 No symptom group 24 -3.5 ms 468.8 ms 104.3 ms 96.2 ms 

 

To take a closer look at the distribution of switch-cost, a 3x2 (condition x symptom 

group) repeated measures ANOVA was performed. There was a significant main effect of 

condition (F(2,84) = 36.6, p < .001, p
2 = .466) but the main effect of symptom group was  not 

significant (F(1,42) = .118, p = .242, p
2= .006). The interaction between condition and 

symptom group also proved to be insignificant (F(2,84) = .556, p = .576, p
2=.013). The groups 

means between conditions can be seen plotted in Figure 4.  
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Figure 4. Mean switch-cost by conditions and symptom groups 

To further inspect switching behavior in the two groups, two repeated measures 

ANOVAs were performed. First, a 3x2x2 (condition x switch x symptom group) repeated 

measure ANOVA was conducted on ITT’s in both groups in all conditions when participants 

either made a switch between target categories or when there was a repetition within the same 

category. Second, a 6x2 (switch type x symptom group) repeated measure ANOVA was run on 

every switch type (from healthy food items to unhealthy food items, from healthy food items 

to objects, from unhealthy food items to healthy food items, from unhealthy food items to 

objects, from objects to healthy food items and from objects to unhealthy food items). The mean 

ITT’s in both groups when switching between target categories or repeating a target within the 

same category can be seen in Table 6. The ITT’s are shortest in the H/U-O condition in both 
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groups both when repeating a target within the same target category and when switching 

between categories.  

Table 6 

Groups mean ITT when repeating or switching between target categories in each condition  
  

 N Minimum Maximum Mean 
Std. 

Deviation 

H/U-O Switch Symptom group 20 308. 4 ms 734.7 ms 432.3 ms 91.4 ms 

  No symptom 

group 
24 300.9 ms 534.5 ms 403.9 ms 64.2 ms 

 Repeat Symptom group 20 291.9 ms 705.5 ms 423.8 ms 102.5 ms 

  No symptom 

group 
24 298.3 ms 509.8 ms 394.2 ms 61.6 ms 

H/O-U Switch Symptom group 20 399.2 ms 835.6 ms 570.3 ms 92 ms 

  No symptom 

group 
24 428 ms 750.8 ms 552.1 ms 77.5 ms 

 Repeat Symptom group 20 447 ms 1100 ms 666.5 ms 136.1 ms 

  No symptom 

group 
24 452 ms 846.2 ms 648.7 ms 110.5 ms 

U/O-H Switch Symptom group 20 441.9 ms 817.4 ms 566.8 ms 79.4 ms 

  No symptom 

group 
24 388.6 ms 707.8 ms 563.7 ms 75.5 ms 

 Repeat Symptom group 20 511.1 ms 1097.4 ms 694.6 ms 128.7 ms 

  No symptom 

group 
24 495.8 ms 1091.2 ms 668 ms 137.4 ms 

 

There was a significant main effect of condition (F(2,84) = 255.75, p < .001, p
2 = .859) and 

switch (F(1,42) = 98.46, p < .001, p
2 = .701) but the main effect of symptom group was  not 

significant (F(1,42) = .662, p = .421, p
2 = .016). There also was a significant interaction 

between condition and switch (F(2,84) = 36.6, p < .001, p
2 = .466). All other interaction effects 

(condition and symptom group; switch and symptom group; task, switch and symptom group) 

were insignificant (all p > .575). The mean ITT’s between conditions and groups are plotted in 

Figure 5. 
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Figure 5. Mean ITT’s when repeating and switching by conditions and symptom groups 

 

The mean ITT for each switch type can be seen in Table 7. As can be seen in Table 7, 

the ITT’s are shortest when switching between food item (U-H and H-U) in both groups, with 

the symptom group having higher ITT’s than the no symptom group. The symptom group has 

a higher mean ITT in all switch-types except for the switch from object to unhealthy food items, 

that pattern is not to be seen when switching from unhealthy food items to objects. 

 

 

 

 

 

 

 

 

 

 



 32 

Table 7 

Groups mean ITT’s for each switch type 

 
 N Minimum Maximum Mean 

Std. 

Deviation 

H-U Symptom group 20 324 ms 720.8 ms 430.7 ms 93.5 ms 

 No symptom group 24 297.3 ms 537.2 ms 406.6 ms 70.1 ms 

H-O Symptom group 20 445.3 ms 1350.6 ms 652.4 ms 186 ms 

 No symptom group 24 439.4 ms 851.3 ms 618.3 ms 110.9 ms 

U-H Symptom group 20 285.8 ms 747.8 ms 433.9 ms 94 ms 

 No symptom group 24 304.4 ms 531.9 ms 401.3 ms 61 ms 

U-O Symptom group 20 527 ms 1180 ms 703.5 ms 152.2 ms 

 No symptom group 24 496.7 ms 994 ms 645.9 ms 135.5 ms 

O-H Symptom group 20 448.6 ms 848.6 ms 680.3 ms 122.9 ms 

 No symptom group 24 420.9 ms 908.9 ms 679.3 ms 124.5 ms 

O-U Symptom group 20 494.8 ms 1006.4 ms 683.4 ms 124.7 ms 

 No symptom group 24 477.6 ms 1173.4 ms 688.6 ms 120.3 ms 

 

There was a significant main effect of switch type (F(3.434, 144.213) = 116.99, p < 

0.001, p
2=.736) but not a significant main effect of symptom group (F(1,42) = .645, p = .426, 

p
2=.015) The interaction between switch type and symptom group was not significant 

(F(3.434, 144.213) = .918, p = .470, p
2=.021). The mean ITT’s in each switch type between 

groups are plotted in Figure 6. As can be seen, the switches between the two food related 

categories are faster than switches between object and food related categories. 
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Figure 6. Mean ITT for each switch type by conditions and symptom groups 

Regression 

To further inspect the relationship between the variables and to see if participants’ 

scores on the self-report questionnaires predicted their performance on the iPad foraging task, 

a stepwise multiple regression was conducted. The best model for each dependent variable was 

chosen by the adjusted R2 value with collinearity diagnostics taken into consideration. The 

independent variables used in all the regression analysis were the self-report scales and 

subscales mentioned in the Materials section. All significant models, the predictors in each 

model, the models standardized coefficients and significance tests can be seen in Table 8. 

The best model did not explain a significant part of the variance in ITT’s in the H/U-O 

and the O/U-H conditions (both adjusted R2 < .03, both p > .287). In the H/O-U condition the 
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best model was significant (F(4,34) = 2.69, p = .047), the model explained 15.1% of the 

variance in ITT’s and had a condition index of 24.1 in the collinearity diagnostics (see Table 

8). The best model did not explain a significant part of the variance in number of runs in the 

H/O-U and the O/U-H conditions (both adjusted R2 < .081, both p > .119). In the H/U-O 

condition the best model was significant (F(1,37) = 7.83, p = .008), the model explained 15.2% 

of the variance in number of runs and had a condition index of 3.47 in the collinearity 

diagnostics (see Table 8). The best model did not explain a significant part of the variance in 

switch-cost in the H/O-U and the U/O-H conditions (both adjusted R2 < .015, both p > .288). 

In the H/U-O the best model was marginally significant (F(2,36) = 3.08, p = .058), the model 

explained 10% of the variance in switch-cost with a condition index of 3.44 in the collinearity 

diagnostics (see Table 8).  

Table 8  

Significant models and coefficients 
Dependent variable  B  t p 

ITT (H/O-U) Constant 770.1  12.5 .00** 
 BSQ -3.51 -1.10 -2.74 .01* 
 EDE-Q shape concern 110.44 1.62 2.74 .01* 
 EDE-Q eating concern 78.8 .752 2.62 .013* 
 EDE-Q total -112 -1.25 -2.42 .021* 

NOR (H/U-O) Constant 10.42  79.36 .00** 
 BES .031 .418 2.8 .008** 

SW-C (H/U-O) Constant -2.38  -.275 .785 
 EDE-Q restraint 14.4 .445 2.4 .02* 
 EDE-Q eating concern -12.4 -.303 -1.67 .104 

Note. B: Unstandardized beta; : Standardized beta; NOR: Number of runs; SW-C: Switch-cost 
*Significant at the p<.05 

**Significant at the p<.01 
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Discussion 

The aim of this current study was to take an in-depth look at the relationship between 

attentional bias to food items and eating disorder symptoms using a modified version of the 

iPad foraging task created by Kristjánsson et al (2014). To our knowledge this method has not 

previously been used to measure attentional bias in eating disorders. Previous findings on 

attentional bias and eating disorders have been ambivalent with no real consensus on the effects 

that eating disorder symptoms have on attentional bias and allocation of attention to food or 

other stimuli like weight or shape stimuli. We hypothesized that participants experiencing 

eating disorder symptoms would show different foraging behavior than participants not 

experiencing any eating disorder symptoms. Due to the varied results of previous research and 

the nature of eating disorders, we did not know quite what result patterns to expect. The eating 

disorder symptom group could either allocate their attention toward food stimuli more than the 

no symptom group, showing lower inter-target times than the no symptom group, or the 

symptom group could refrain from focusing on the food stimuli, showing higher inter-target 

times. We also hypothesized that eating disorder symptoms would predict performance on the 

iPad foraging task.  

 The former hypothesis was not supported by the results of the experiment, experiencing 

eating disorder symptoms does not seem to significantly affect foraging performance. Even 

though the differences between the two groups were not statistically significant in most 

analysis, there is an emerging pattern of differences between the groups. The symptom group 

had higher inter-target times in all three conditions. When taking a further look at switching 

behavior in both groups by comparing each switch-type available, the difference in mean ITT’s 

becomes even clearer. It is worth pointing out that the symptom group had longer mean ITT’s 

in all switch-types that switched from food item to either another food item or object (H to U, 
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H to O, U to H, U to O). When switching from object to a food item (O to H, O to U), the 

groups either did not differ or the no symptom group had longer mean ITT’s. This suggests that 

participants experiencing eating disorder symptoms could be getting “stuck” on the food items 

and having a hard time to disengage their attention away from the food items. These results are 

consistent with theories that suggest that anxiety provoking and threatening stimuli in our 

surroundings capture our attention and tend to hold on to it (e.g. Beck, 1976; Clark, 1999). The 

second hypothesis was not supported by the results of the experiment, scores on the eating 

disorder scales do not seem to predict any aspects of foraging behavior. Most of the best models 

that the regression analysis generated were insignificant and the models that proved significant 

did not explain an acceptable part of the variance in foraging performance. The EDE-Q and 

some of its subscales seem to be the best predictor of all the self-report questionnaires but the 

EDE-Q was included in the best model both when predicting ITT in the H/O-U condition and 

when predicting switch-cost in the H/U-O condition.  

Other results worth mentioning emerged from the experiments. There is a clear pattern 

that the H/U-O condition distinguishes itself from the other two conditions. Both the symptom 

and the no symptom group had the lowest mean ITT’s, larger number of runs and barely any 

switch cost in that condition. These results suggest that participants switch between target 

categories more efficiently and effortlessly in the H/U-O condition than in the other two 

conditions. When comparing the conditions, the two target categories in the H/U-O condition, 

healthy food items and unhealthy food items, are very similar and even belong together in one 

food target category. Participants seem to make this categorization and look at the two target 

categories in the H/U-O condition as one food target category. That could explain the high 

number of runs with barely no switch costs. Meanwhile, the difference between the two target 

categories in the other conditions (healthy food items and objects, unhealthy food items and 
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objects) is more clear cut and participants treat the two categories as separate. The results for 

the number of runs in both groups in all conditions is similar to what would be expected in 

feature foraging, where only one feature distinguishes between the targets. Those results are 

surprising, as there are many different features that distinguish between the targets. One 

explanation for this can be that the stimuli used in the experiment are everyday items that we 

have spent a lot of time training to distinguish and switch between. Even though the number of 

runs do not differ much between conditions, the big difference in switch-costs between the H/U-

O condition and the other conditions is a clear indication that the conditions do not pose the 

same attentional load. Those results support the findings of Kristjánsson et al (2014).  

To get a clearer picture of the effects of symptoms of eating disorders on foraging 

behavior there are a couple of things that can be done. First, the study can be replicated in a 

similar sample but with more participants to get more variance in scores on the self-report 

questionnaires, this could result in a more powerful regression analysis. There was a clear 

variation in participants’ score with about half the participants scoring above the designated cut 

off score on any of the questionnaires, but this was not represented equally on all scales with 

14 participants scoring above the cut-off score on the restraint subscale on the EDE-Q but only 

1 participant above the cut-off on the BULIT-R. Second, the experiment can be repeated in a 

sample with clear clinical diagnoses of eating disorders, with a non-clinical comparison group. 

This would exaggerate the differences between the groups and the results would presumably be 

clearer. 

The results of this study did accomplish the original goal of gathering new and more 

advanced information about the effect of eating disorder symptoms on attentional bias and 

foraging behavior. Even though the results were not statistically significant, there was a pattern 

of differences that emerged between the symptom group and the no symptom group. It is to be 
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expected that with a clinical sample and more variance in scores on the self-report 

questionnaires, even more information about this relationship can be gathered. The long-term 

goal with this applied research on attention should be to gather information about differences 

in allocation of attention in mental disorders to further improve treatment and patients’ lives. 

Eating disorders seem like an important part of this research as the roots of foraging lie in the 

gathering of food for survival – something so vital, but can in some cases become extremely 

dysfunctional. 
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