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Abstract 
Facial expression literature is vast and complex, and detection and processing of expressions 

is affected by both innate and environmental factors. Mental disorders can influence attention 

and previous studies have shown that one of the factors that might maintain an individual’s 

social anxiety is a bias toward threatening facial expressions. Recently, new studies have 

demonstrated how search is constrained by attention using a new task based on how animals 

forage food sources in the wild. Here, a new task based on those foraging models is 

introduced to investigate foraging for facial expressions and whether foraging differs based on 

scores on a screening test for social anxiety. Participants underwent six conditions where they 

searched for two types of targets amongst one type of distractor displayed on a tablet 

computer. The stimuli were 30 faces, each displaying one out of three types of expressions 

(happy, angry and neutral) facing either upright or upside down. The participants’ task was to 

tap, and thus remove, all the faces that displayed one of two types of target expression while 

ignoring the faces that displayed the distractor expression. An attention bias was found with 

inverted faces for participants with high social anxiety scores. Those participants located 

angry faces faster when they were targets and found other target expressions slower when 

angry faces were distractors. This task is an interesting addition to the face expression 

literature but needs to be explored further if definitive conclusions are to be drawn.   
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Introduction 
Imagine standing in a lecture hall, ready to give a presentation. As you look over the crowd 

what do you see? Does anything specific pop out and demand your attention? Certainly a lot 

of things are likely to be attended too, but if you are like most of us anyone displaying an 

angry or threatening facial expression will get your attention and will do so quickly.   

We humans seem to have a certain skill for fast detection of threatening stimuli. This 

topic has been widely studied for decades now, but the results of many of these studies have 

been inconsistent. When detection of various emotional stimuli has been studied among 

adults, numerous results have pointed towards an Anger Superiority Effect, ASE, i.e. faster 

detection of angry or threatening facial expressions than happy or neutral expressions (Calvo, 

Avero, & Lundqvist, 2006; Eastwood, Smilek, & Merikle, 2001). These results support an 

evolutionary account: fast detection of threatening stimuli means you can react to it quicker 

and thus have a greater chance of survival. Thus animals and humans have adapted to quickly 

and efficiently direct attention to potential threats in the environment (Hansen & Hansen, 

1988). However not all researchers and study results agree that the stimuli has to be 

threatening or even that it has to be negative to be given a priority for processing.   

Visual search  

Visual search experiments usually have the participant find or identify targets that are 

different from the other items displayed or point out the absence of a target. In experiments 

utilizing facial expressions, participants look for an angry or happy face among neutral ones. 

While most studies using schematic faces showed ASE (Öhman, Lundqvist, & Esteves, 2001; 

Fox, Lester, Russo, Bowles, Pichler, & Dutton, 2000), results with real faces have varied. 

Some studies that used photographs of real faces reported, similarly to studies using 

schematic faces, superior detection of angry expressions (Fox & Damjanovic, 2006; LoBue, 

2009; Pinkham, Griffin, Baron, Sasson, & Gur, 2010). Others, however, did not show a 

tendency towards faster detection of either angry or happy faces (Williams, Moss, Bradshaw, 

& Mattingly, 2005) while some studies showed the exact opposite of the Anger Superiority 

Effect; that happy facial expressions are detected faster than angry ones, i.e. a Happy 

Superiority Effect (HSE) (Byrne & Eysenck, 2005; Williams et al., 2005; Juth, Lundqvist, 

Karlsson & Öhman, 2005). Becker, Anderson, Mortensen, Neufeld and Neel (2011) suggested 

that the reason we detect happy faces faster is because they are more visually discriminable 

than other facial expressions. Becker and Srinivasan (2014) suggested that the low-level 
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confound of exposed teeth in happy expressions could be the reason for easy detection. 

However these controversial results pose a problem. Some might say that we detect faces that 

display extrema of the emotional scale quicker than neutral and seemingly expressionless 

faces, that humans have a certain bias towards detecting facial expressions that are 

emotionally valenced. The reason being that they evoke something within us and give us a 

clue about what is about to or might happen.   

The arousal balance hypothesis 

In an attempt to explain the contradictory results regarding whether happy or angry 

expressions are detected faster, Lundqvist, Juth, and Öhman (2014) reviewed the existing 

literature on visual search with facial expressions and conducted their own experiments. They 

concluded that the difference between faster detection of happy or angry faces often depended 

on the facial expression database employed. Moreover, they suggested that perhaps not the 

emotional expressions themselves but rather that the level of arousal of said facial expressions 

account for the differences between the faces in different databases. 

Lundqvist et al. used an “arousal balance” index to measure the effect of arousal levels 

on the results of previous studies. The arousal balance was found by calculating “the 

proportion of angry expressions within an experiment that was rated higher in arousal than its 

happy counterpart” (p. 1019). They predicted that if the arousal balance is in favor of angry 

faces, then the study will show ASE, and the opposite will be found if the arousal balance is 

in favor of happy faces. For example if the arousal balance for a database was under 50% the 

predicted outcome would be biased towards detection of happy faces, while the predicted 

outcome for a balance of over 50% would yield a bias towards detection of angry faces. For 

example when Ekman and Friesen (1975) used a database with an arousal balance of 17% the 

predicted outcome, according to the arousal strength hypothesis, was a Happy Superiority 

Effect. When Horstmann and Bauland (2006) used the same database with an arousal balance 

of 100% the predicted outcome was an Anger Superiority Effect. The results of both these 

studies supported the arousal strength hypothesis. In Ekman and Friesen’s study (1976) happy 

faces were detected faster and Horstmann and Bauland (2006) reported that angry faces were 

detected faster. Overall, Lundqvist et.al. (2014) demonstrated that the outcome of the 

experiments they reviewed and reanalyzed, as well as the experiments they conducted 

themselves, were systematically influenced by the arousal factor. The arousal strength 

hypothesis therefore seems to explain why we sometimes detect happy faces faster while at 
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other times the angry ones grab our attention. However, this is not the only controversy 

regarding the detection of facial expression. Another issue in the facial expression literature is 

whether we detect a face as a whole, i.e. holistically, or whether we primarily detect the 

critical features of certain expressions.   

Holistic vs. Feature based processing of emotion 

Different facial expressions have distinguishable features. For example, a “prototypical” 

angry face has furrowed eyebrows and, a “prototypical” happy face has elongated lips that 

slope upwards at the ends. Evidence in the face literature strongly suggest that we process 

faces as a whole rather than by attending to specific features (Tanaka & Farah, 1993). By 

using the face inversion technique, i.e. displaying faces upside down, researchers have tried to 

determine whether faster detection of certain facial expressions relies on holistic processing or 

specific features associated with those said expressions. By inverting the face the holistic 

processing should be affected more than processing of distinctive visual features. Farah, 

Tanaka, and Drain (1995) demonstrated that inverting faces affects the individual features less 

for holistic processing but sensitivity to differences in relative spacing between the features is 

more impaired. If we process faces holistically, inverting them would affect that process and 

the perceived emotional expressions. Several studies have shown poorer recognition of 

emotional facial expressions when faces are inverted (Calder, Young, Keane, & Deane, 2000; 

McKelvie, 1995). However, the results have not been consistent. If facial expressions are 

always processed holistically, one would expect slower reaction times in visual search for 

emotional expressions when the faces are inverted than when they are upright. However, this 

has not always been the case. Some studies showed a detection advantage for upright 

schematic faces that disappeared when faces were inverted, irrespective of expression (Fox et 

al., 2000). These results support the holistic approach to processing of facial expressions in 

visual search. In contrast, other studies showed negligible difference between the detection 

rate of original and inverted faces (Horstmann & Bauland, 2006; Lipp, Price, & Tellegen, 

2009), supporting the feature-based approach.  

Savage and Lipp (2015) conducted several experiments to try to settle the holistic vs. 

feature based approach debate in the detection of facial expressions. They found that 

emotionally valenced facial expressions were detected quicker than neutral ones. Their results 

showed both anger and happy superiority effects that could be explained by the facial 

database used for each experiment. This is consistent with the arousal strength hypothesis 
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proposed by Lundqvist et al. (2014). However, in the six experiments with different methods 

and stimuli, Savage and Lipp found no difference between emotion detection for upright or 

inverted faces. Their results therefore seem to support the hypothesis that the detection of 

emotional expressions in visual search might be driven more by distinct features of certain 

expressions than holistic processing (Savage & Lipp, 2015).  

LoBue (2015) reviewed several multi-component approaches with an aim to show that 

when facial expressions are detected in visual search, both the emotional valence of the facial 

expression and the low-level features of that expression play a role. Using a multi-component 

approach, Frischen, Eastwood and Smilek (2008) came to the conclusion that it is currently 

not feasible to distinguish between which is more responsible for detection of emotionally 

valenced faces - automatic processes or controlled processes.  

Bias and detection based on experience 

Humans seem to have an innate ability for fast detection of emotionally valenced facial 

expressions. However, we also seem to be able to learn it through development. According to 

LoBue and colleagues (LoBue, 2013; LoBue & Rakison, 2013; LoBue, Rakison, & 

DeLoache, 2010) humans acquire certain perceptual biases that emerge with experience. 

Research has shown that early in development, low-level characteristics guide perceptual 

biases for threatening stimuli. Experience later in life can either strengthen or weaken these 

biases. Evidence of these perceptual biases can be seen in 9 to 12-month-old infants when a 

detection advantage emerges for threatening stimuli such as snakes and angry faces. This 

happens without any explicit knowledge of the stimuli or the threat they may pose (LoBue & 

DeLoache, 2009). It is also possible, and quite easy, to use negative and positive experience to 

teach adults to detect a specific stimulus faster. Milders, Sahraie, Logan and Donnellon 

(2006) taught participants, through fear conditioning, to recognize previously neutral faces 

significantly faster than before conditioning and through monetary reward, participant’s 

overall search performance improved in Kristjánsson, Sigurjónsdóttir and Driver’s study 

(2010). In conclusion it seems that both innate factors as well as personal experience affect 

the way emotionally valenced stimuli are processed. Therefore, might individual experience 

be related to how detection and processing of negative facial expressions differ individually?  
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Summary of previous findings 

What can we conclude about detection and processing of facial expressions? Seeing and 

reading faces is something people do everyday and most are quite good at it. Reading 

variations in expressions happens fairly quickly when faces are upright (their natural 

orientation) compared to slower processing (that often happens) when they are inverted 

(Calder et al., 2000; McKelvie, 1995). This suggests that faces are processed holistically 

giving less sway to individual features. Detection happens quite fast when facial stimuli have 

an emotionally valenced expression. This is demonstrated in the anger and happy superiority 

effects (Byrne & Eysenck, 2005; Fox & Damjanovic, 2006; Juth et al., 2005; LoBue, 2009; 

Pinkham et al., 2010; Williams et al., 2005). The ASE is useful for threat detection and the 

HSE facilitates communication. If one expression is more arousing than the other then that 

expression is more likely to be detected faster, according to the arousal balance hypothesis 

(Lundqvist et al., 2014). The learning history of individuals shapes their attentive processes as 

well (LoBue, 2013; LoBue & Rakison, 2013; LoBue, Rakison, & DeLoache, 2010). Some 

people seem to detect negative expressions faster while for others it is the positive ones 

(Byrne & Eysenck, 2005; Calvo, Avero, & Lundqvist, 2006; Eastwood, Smilek, & Merikle, 

2001; Juth et al., 2005; Williams et al., 2005). Detecting threats in the environment is not 

always adaptive, especially if one is constantly on the lookout. Some seem to be more 

inclined to do so being constantly drawn to the negative faces around them. Sometimes this 

inclination towards attending to threatening stimuli in the environment can be indicative of 

social anxiety which is one of the most common anxiety disorders (Magee, Eaton, Wittchen, 

McGonagle & Kessler, 1996).   

Social anxiety disorder 

Social Anxiety Disorder, previously called Social Phobia in DSM IV, is a condition where a 

person experiences fear or anxiety in social situations that is out of proportion to the 

circumstances and causes the person severe distress (American Psychiatric Association, 

2013).  

The reason why some people develop social anxiety is still unclear. The disorder is 

moderately heritable. Lieb et.al (2000) found that children with social anxiety were more 

likely to have parents with the disorder than children without social anxiety. Having socially 

anxious parents also puts children at elevated risk of developing the disorder (Mancini, Van 

Ameringen, Szatmari, Fugere, & Boyle, 1996). Environmental factors also play a part. Social 



12 
 

learning theories suggest that social anxiety is related to a lack of developing adaptive coping 

strategies in challenging social situations and that socially anxious individuals have a history 

of aversive outcomes in social situations (Rapee & Spence, 2004). When people with social 

anxiety are asked if they remember any aversive events in the past that could be connected to 

their anxiety many can link a specific experience to their fears. In Öst and Hugdahl’s (1981) 

study of socially anxious people, 58% reported a direct and traumatic social experience and 

Hofman, Ehlers and Roth (1995) demonstrated higher levels of reported aversive events in the 

past among people with public speaking fears.  

Measuring social anxiety - attentional bias  

Social anxiety is typically measured with self-report questionnaires. Mattick and Clark (1998) 

developed the Social Interaction Anxiety Scale (SIAS) which assesses anxiety towards social 

interactions and the Social Phobia Scale (SPS) which assesses fear of scrutiny by others 

during routine activity (writing, eating and drinking). These scales are often administered 

together. However, there are other characteristics of social anxiety that can be measured 

without a person’s subjective estimate of themselves. Beck, Emery, and Greenberg (1985) 

proposed in their model of social anxiety that people with the disorder show an attentional 

bias towards negative stimuli in the environment. 

A common way to study this attentional bias is using a modified Stroop test. In the 

modified Stroop test participants are asked to name the color of letters that make up words as 

quickly as possible while ignoring the content of those words. When the words represent 

something threatening, for example if the word death was written in yellow, people with 

social anxiety take longer to name the color of that word compared to words representing 

something neutral or non-threatening (Hope, Rapee, Heimberg & Dombeck, 1990). In their 

model Beck et al. (1985) state that attentional bias for negative stimuli in the environment 

could be one of the factors that maintain social anxiety.   

Another way to measure attentional bias involves the probe detection task, developed 

by MacLeod, Mathews and Tata (1986). In this task, two faces are displayed on a screen at 

two different locations. The faces have different expressions, one is threatening and the other 

is neutral. Shortly after the faces have appeared on the screen a probe appears and replaces 

either the threatening face or the neutral face. The speed of detecting a probe following a 

threatening face compared to the neutral one is used as an index of attentional bias to 

threat.  Overall, anxious individuals have been shown to detect probes following threatening 
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faces faster than non-anxious individuals (Byrne & Eysenck, 1995; Eastwood & Smilek, 

2005). High trait anxious individuals have been found to be faster at detecting the probe when 

it replaces a threatening face compared to individuals that are low in trait anxiety (Bradley 

et.al., 1997; MacLeod & Mathews, 1988) and individuals that score high on a social anxiety 

scale have also shown attentional bias toward negative faces compared to individuals that 

score low on a social anxiety scale (Pishyar, Harris, & Menzies, 2004).   

Challenging the bias 

Attention Bias Modification (ABM) is a relatively new and exciting method used in treatment 

for anxiety disorders. The aim with this method is to train participants with anxiety to 

preferentially attend to non-threatening stimuli rather than threatening stimuli, which might be 

maintaining their anxiety. The method has been shown to reduce anxiety symptoms (Bar-

Haim, 2010) and has also shown great promise for people suffering from social anxiety. In 

2009 Schmidt, Richey, Buckner and Timpano used ABM to train 36 participants suffering 

from social anxiety. After 8 hours of ABM training, spread over four weeks, 72% of 

participants no longer met the criteria for a diagnosis of social anxiety compared to only 11% 

of those that did not receive ABM. Four months later 64% of the experimental group did not 

meet the diagnostic criteria, compared to 25% of the comparison group. Similar results were 

found in Amir et al. (2009). Participants who received ABM training showed and reported 

less severe symptoms than those who did not receive the training. 

In their 2015 study on attentional bias modification Sigurjónsdóttir, Sigurðardóttir, 

Björnsson and Kristjánsson pointed out that many of the methods used to assess and treat 

attentional bias might not be optimal for that purpose. They compared the sensitivity of two 

tasks used in assessment and treatment of attentional bias; the dot-probe and the spatial cueing 

paradigms and two tasks used for measuring visual attention; the irrelevant singleton and the 

attentional blink paradigms. The study measured non-clinical observers’ sensitivity to 

differences in processing between threatening and neutral expressions. What Sigurjónsdóttir 

et al. found was that three of the tasks; the dot-probe, irrelevant singleton and spatial cuing 

paradigms, showed little or no sensitivity to differences in processing between facial 

expressions. The Attentional blink however seemed to be particularly sensitive in detecting 

attentional biases. The authors suggest that since the attentional blink paradigm seems to be a 

more powerful assessment of attentional bias and provide more information about the 

temporal dynamics of those biases than the other tasks, it might be better to develop a method 
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based on the attentional blink paradigm to assess and treat people diagnosed with social 

anxiety than using the other methods previously discussed. Sigurjónsdóttir et al. suggest that 

although the results are promising they need to be replicated with a larger sample and that 

people diagnosed with social anxiety should be compared to normal controls. However, the 

attentional blink task might not be sensitive to how this bias occurs in everyday life. Real-life 

visual orienting is often more complex than the commonly-used task of searching for a target 

among uniform distractors. Therefore a noticeable increased interest has been seen for tasks 

that employ search for multiple-targets. In this study a new task designed to study attention 

biases is introduced based on visual foraging.   

Visual foraging 

While visual foraging has been long studied in animals it is a relatively new research topic, in 

humans. In animals, the foraging can be categorized into two patterns depending on the 

visibility of a food source. If food is conspicuous and it is easy for the animal to distinguish 

between various food types, say plants and berries, the animal easily switches between the 

two types, nibbling accordingly. However, if the food source is inconspicuous the animal 

usually finishes one type of food before moving to the other, therefore switching less often 

between food types. These patterns are then typically described by run length, i.e. how often 

an animal switches between stimuli. For the conspicuous patch the runs tend to be short with 

frequent switches. For the more inconspicuous patch the run lengths tend to be long with few 

switches (Dukas & Ellner, 1993; Bond, 1983). In typical visual search, participants are asked 

to locate a single target that is among distractors of variable set-sizes (Treisman, 1988; 

Nakayama & Martini, 2011). However, visual search in daily life is more complicated than 

that. Distractors are seldom uniform and our attention is often divided between a number of 

targets.  

Kristjánsson, Jóhannesson and Thornton (2014) introduced a new method of studying 

visual search in humans in an attempt to make simple visual search in a lab more similar to 

real-life attentional orienting. One of the study’s aim was to gain a better understanding of 

how humans coordinate their search when there are multiple targets of different categories. 

This was done by building a model based on how animals forage for food sources in the wild. 

The task was conducted on a tablet computer and participants needed to locate and touch 40 

targets from 2 different categories amongst distractors. The task proved successful in its 

ability to demonstrate certain similarities between human and animal foraging. Kristjánsson et 
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al. discovered that the two search patterns common in animal foraging also appear in human 

foraging. When targets were conspicuous and “popped out,” participants switched frequently 

between the targets resulting in short run lengths. However, in the conjunction search where 

focused attention was required, participants usually exhausted one target category before 

starting search for the other, resulting in longer run lengths.  

The goals of this study 

This study employed the aforementioned tablet computer foraging task in a new way. Instead 

of using stimuli that consist of different colors and shapes we replaced them with faces 

displaying three different expressions; happy, angry and neutral. Participants answered two 

scales measuring social anxiety; the Social Interaction Anxiety Scale (SIAS) and the Social 

Phobia Scale (SPS) (Mattick & Clark, 1998). The goal of this study was to measure if and 

how foraging of three different facial expressions was in relation to an individual’s score on 

the questionnaires. We also wanted to see if attentional bias for happy or angry expressions 

emerged and whether there was an association between bias for a certain expression and 

scores on the anxiety scales. Since the tablet computer task in this study was a new version of 

an existing task but used the same principles, it was also interesting to see if similar foraging 

patterns appeared here compared to the results of Kristjánsson et al. (2014) study.  
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Method 

Participants 

42 students at the University of Iceland, aged from 21 to 32 years (28 females; M=24,9 years, 

SD=2,68 years, 14 males; M=24,79, SD=2,94) participated in this study. All gave written and 

informed consent. The experiment was reviewed and approved by the Ethics Committee of 

Iceland and the Data Protection Authority of Iceland. All aspects of the experiment conform 

to the ethical guidelines for testing human participants set out by the Declaration of Helsinki.  

Equipment  

The tablet computer task: The stimuli were displayed on an iPad Air. The screen dimensions 

were 20x15 cm with an effective resolution of 2048x1536 pixels. Participants viewed the iPad 

at an approximate viewing distance of 40 cm. The application used to present the stimuli and 

collect responses is a custom application for an iPad written in Swift using Xcode and 

SpriteKit libraries. This application is a derivative of the application used in Kristjánsson et 

al. (2015) study of human foraging. The anxiety lists used were the Social Interaction Anxiety 

Scale (SIAS) and the Social Phobia Scale (SPS) both developed by Mattick and Clark to 

specifically assess social phobia (1998).  

    One component of social communication is interacting with others (Safran, Turk & 

Heimberg, 1998). The SIAS measure generalized social fears regarding social interaction and 

contains 20 items scored from 0 (not at all characteristic or true of me) to 4 (extremely 

characteristic or true of me). The scale has questions such as; ‘When mixing socially, I am 

uncomfortable.’ The scale has been translated to Icelandic and has shown good psychometric 

properties with excellent internal consistency (α > 0.90) (Eggertsdóttir, 2004; Hauksdóttir, 

2005). The scale has also shown good discriminant validity. It differentiates well between 

agoraphobia and simple phobia and has low correlations with scales that measure generalized 

anxiety and symptoms of depression (Mattick & Clark, 1998). 

    The SPS questionnaire is intended to measure anxiety and fear in situations where one 

needs to perform an action in front of other people, such as giving a speech or consuming 

food or drink. The scale has 20 statements scored from 0 (not at all characteristic or true of 

me) to 4 (extremely characteristic or true of me) and has questions such as; ‘I get tense when I 

speak in front of other people.’ The scale has also been translated to Icelandic and has shown 

good psychometric properties with excellent internal consistency (α > 0.90). It has also shown 
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acceptable convergent and discriminant validity. Higher correlations have been found with 

other measures of social anxiety and lower correlations have been found with measures of 

generalized anxiety and symptoms of depression (Eggertsdóttir, 2004; Hauksdóttir, 2005).  

When measuring social anxiety the SIAS and the SPS are often administered together. 

Scores on both scales range from 0-80. On the SIAS the suggested cut off score is 34 and 

higher scores represent greater anxiety in social interactions. On the SPS a suggested cut off 

score is 24 and higher scores represent greater levels of anxiety about being observed (Brown, 

Turovsky, Heimberg, Juster, Brown, Barlow, 1997; Letamendi, Chavira & Stein, 2009; 

Mattick & Clark, 1998).      

Stimuli 

There were three types of facial stimuli; happy, angry and neutral faces that were either 

presented upright or upside-down. The stimuli were chosen from the Karolinska directed 

emotional faces database (KDEF). The set contains 70 individuals, each displaying 7 different 

emotions photographed from 5 different angles (Lundqvist, Flykt & Öhman, 1998). All the 

faces have a specific arousal score (Goeleven, Raedt, Leyman & Verschuere, 2008). For this 

experiment 10 female faces, photographed from the front, were selected for each category of 

emotion. The selection was based on the mean and standard deviation of the arousal score 

being similar for the happy (m = 3,75 sd = 0,28) and angry faces (m = 3,57 sd = 0,27). The 

neutral faces had an overall lower arousal balance so the mean and standard deviation for that 

group of faces was lower than for the angry and happy faces (m = 2,46 sd = 0,12). An 

example of the faces used in the experiment can be seen in figure 1.  

 

 
Figure 1. Example of faces from the KDEF database used in this experiment. The first expression is angry (with 

an arousal score of 3.89), the second one is happy (with an arousal score of 3.56) and the last one is neutral (with 

an arousal score of 2.47).  
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It depended on the condition whether the faces and distractors were displayed facing upright 

or upwards down. It also depended on the condition what two types of expressions were the 

targets and what expression was the distractor. There were 30 stimuli (faces) in each condition 

drawn on a black background. The size of the faces was 64x64 pixels (0.88° visual angle). 

They had a threshold of 38 pixels from the stimulus center. The threshold was set to ensure 

that if participants pressed their finger just outside the stimuli it would still disappear, not 

requiring another press. The items were randomly distributed across a non-visible 6x8 grid 

that was offset from the edge of the screen by 114×110 pixels. The exact position of 

individual items within the grid was jittered by adding a horizontal (+/- 0 - 40 pixels) and 

vertical offset (+/- 0 - 39 pixels)  to create a less uniform appearance. To ensure that the items 

never approached or occluded each other there were gaps between the rows and columns. The 

overall layout and location of the targets and distractors was generated independently on 

every trial.  

Procedure 

The experiments were run in a dark and quiet room. Participants either started with answering 

the anxiety lists or completing the tablet computer task. For the tablet computer task 30 faces 

appeared on the screen and the participant’s task was to tap all the targets as quickly and 

accurately as possible using the index finger of his or her dominant hand. Once tapped, the 

target disappeared. If a participant tapped a distractor the trial ended and a “game over” 

message appeared. Participants then needed to tap the screen to start a new trial. Once all the 

targets had been removed the trial ended. There were six conditions that each participant 

completed 12 trials of (in counterbalanced order). For each condition two emotional 

expressions were the target (20 stimuli in total) and one emotional expression was the 

distractor (10 stimuli in total). The conditions were; ‘h/n,’ (happy and neutral faces were the 

targets and angry faces the distractor) ‘h/a’ (happy and angry faces were the targets and 

neutral faces the distractor) and ‘n/a’ (neutral and angry faces were the targets and happy 

faces the distractor). These conditions all had targets and distractors facing upwards, i.e. the 

three ‘non-flip’ conditions, and the targets and distractors facing upwards down, i.e. the three 

‘flip’ conditions. In the beginning of the tablet computer task all participants completed five 

training trials that were excluded from analysis.  
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Results 

Data from 12 participants in total had to be excluded from the statistical analysis. Data from 9 

participants had to be excluded due to an error in setting the set size. The set size was 

supposed to be fixed at 30 but due to a technical error 9 participants had a set size < 30. 

Therefore the data from those participants was excluded from analysis. Participant nr. 3 did 

not go through all the conditions so data for that participant was also excluded. Data for 

participants’ nr. 13 and 24 had some missing values so they were also excluded from the 

analysis. The data for the remaining 30 participants (24 females, m = 25.4 years sd = 3.2 and 

6 males, m= 26 years, sd = 2.9) was analyzed using R and SPSS. All participants went through 

6 conditions and had to complete at least 12 trials for each, 72 trials in total. To get a clear 

picture of the error distribution and to counteract for any learning effect the first 12 trials were 

used for the analysis. Therefore the total number of trials for each participant (72 trials) 

contained both correct trials and error trials and the proportion of correct trials and error trials 

differed between participants.  

Out of 30 participants, 11 were over the cut-off score (=> 34) on the SIAS and 7 out of 

these 11 were also over the cut-off score (=> 24) on the SPS. Being over the cut-off score on 

one of these lists is a clear indication of social anxiety. To compare the results of participants 

without an indication of social anxiety with the results of participants that have an indication 

of social anxiety the criteria for (an indication of) social anxiety was set as having a score > 

33 on the SIAS. 11 out of 30 participants fulfilled that criteria or 36.7% of the sample (10 

females m = 25.4 years 1 male = 23 years). The scores on the SIAS for those 11 participants 

ranged from 35 - 66 with a mean of 47 and a standard deviation of 9.8.   

Errors                      

An error is defined as tapping a distractor instead of a target. Out of 2601 trials in total 

participants made 441 errors or 16.9% of trials. The distribution of errors can be seen in Table 

1. A mixed effects binomial regression was conducted for errors. There were significant main 

effects of condition (likelihood ratio test χ²(2) = 80.32, p < .001) and flip (likelihood ratio test χ²(1) = 6.33, 

p = 0.012). There was also a significant interaction of condition and flip (likelihood ratio test χ² (2) = 

49.31, p < .001). Both the ‘h/n’ and the ‘h/a’ conditions had more errors when faces were flipped 

(‘h/n’ (flip - non flip) Wald’s z = -2.5, p < .01 (‘h/a’ (flip - non flip) Wald’s z = -6.3, p < .001)). The opposite 

was seen with the ‘n/a’ condition where participants made fewer errors when the faces were 
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flipped compared to when they were facing upright (Wald’s z = 3.3, p < .001). Accuracy scores 

were computed for all conditions based on ‘flip’ and ‘non-flip’ and can be seen in Table 1.   

 
Table 1.  
Distribution of errors based on condition, stimulus type, flip and accuracy. 

Condition Stimulus 
Type 

Error ‘Non - 
Flip’, N 

Error ‘Flip’, 
N

Total 
Error

Accuracy ‘Non - 
flip’  

Accuracy 
‘Flip’ 

‘h/a’ neutral 30 94 124 91.7% 73.9%

‘n/a’ happy 89 53 142 75.3% 85.3%

‘h/n’ angry 72 103 175 80% 71.5%

Number of runs                  

A run is defined as when a target of one type of stimuli is sequentially selected. For example; 

if a participant taps a happy target once and then taps an angry target the run length of the 

happy target taps would be = 1. If the participant taps two happy targets in a row before 

moving on to an angry target the run length of the happy target taps would be = 2. To get a 

closer look at the number of runs completed for each condition with regard to stimulus type a 

mixed regression was conducted for both ‘flip’ and ‘non-flip’ conditions for runs > 0 and 

ANOVA tables were built based on the results. There was a significant main effect of 

condition (F(2,17985) = 65.74, p < .001), and flip (F(2,17985) = 11.26, p < .001). There was also a 

significant interaction of condition and flip (F(2,17985) = 35.55, p < .001). Runs were longer for 

the ‘h/n’ and ‘h/a’ conditions when the faces were flipped than when they were upright (‘h/n’; 

(flip - non-flip) t(17992)  = -8.78, p < .001 (‘h/a’; (flip - non-flip) t(17994) = -15.82, p < .001)). This 

difference was not found for the ‘n/a’ condition (see fig. 2). 
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Figure 2. Run length based on condition, stimulus type and flip. The overall run-length was shorter for the ‘non-
flip’ condition compared to the ‘flip’ condition. The mean number of runs was shorter for the ‘n/a’ condition 
compared to the ‘h/n’ and ‘h/a’ conditions. Longer runs can be seen when faces are flipped for the ‘h/n’ and ‘h/a’ 
conditions but not for the ‘n/a’ condition.  
 
On average, participants made 1.8 runs for both neutral and angry expressions in ‘flip’ and 

‘non-flip’ conditions (this means that participants usually tapped two angry or neutral faces in 

a row before moving on to the other target category). For the ‘h/a’ flip condition the mean run 

for happy targets was 2.8 and the mean for angry targets was 2.7 (this means that participants 

usually tapped around three happy or angry targets in a row before moving on to the other 

target category). See Table 2 for summaries of run length means based on condition, stimulus 

type and flip. 
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Table 2. 
Run length means and standard deviations based on condition, stimulus type and flip.  

Condition Stimulus 
Type 

Run Length ‘Non 
-Flip’ 

Run Length 
‘Flip’ 

Standard deviation 
‘Non - flip’ 

Standard deviation 
‘Flip’ 

‘h/a’ Angry 2.2 2.7 1.6 2.4 

‘n/a’ Angry 1.8 1.8 1.1 1.1 

‘h/n’ Happy 2.2 2.6 1.8 2.4 

‘h/a’ Happy 2.1  2.8 1.6 2.6 

‘h/n’ Neutral 2.2 2.5 1.7 2.1 

‘n/a’ Neutral 1.8 1.8 1.1 1.1 

Time within runs / ‘Time to tap’      

To measure the time it took participants to tap the next target of the same category within 

conditions a mixed regression was conducted and ANOVA tables were built based on the 

results. Here the focus was to see whether it took participants longer to find the next target in 

a run if the target displayed a certain expression and whether the target was flipped or not. 

Run length was set at > 1 to get a clearer picture of the ‘time to tap’. This was done so that 

time within runs was the dependent measure and not the time it took to switch between types 

of targets within a condition, therefore removing ‘switch cost’.   

There were significant main effects of condition (F(2,21219 = 108.1, p < .001), stimulus 

type (F(2,21219 = 54.62, p < .001) and flip (F(1,21219 = 80.37, p < .001). Participants took longer to 

tap targets when the conditions were ‘h/n’ and ‘h/a’ compared to when the condition was ‘n/a’ 

(‘n/a’ - ‘h/n’ Wald’s z = - 11.68, p < .001, (‘n/a’ - ‘h/a’ Wald’s z = -8.95, p < .001)) (see fig. 3).  
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Figure 3. Time within runs based on condition, stimulus type and flip. The ‘time to tap’ depended on the 
condition and the stimulus type. Overall participants were faster at tapping targets when the faces were not 
flipped. When the faces were flipped participants took longer to tap the next target in a run for the ‘h/n’ and ‘h/a’ 
conditions. Participants were faster at tapping targets when the faces in the ‘n/a’ condition were flipped 
compared to when they were facing upright.  
 
There were also significant interaction effects between condition and flip (F(2,21219) = 129,85, p 

< .001) and between stimulus type and flip (F(2,21219) = 55.05, p < .001). It took participants 

longer to tap the next target in a run when the ‘h/n’ and ‘h/a’ conditions were flipped 

compared to when they were not flipped (‘h/n’; (non-flip - flip) t(21227) = -9.8, p < .001 (‘h/a’; (non-flip 

- flip) t(21228) = -11.0, p < .001)). The opposite was true for the ‘n/a’ condition where participants 

were faster to tap the next target in a run when the faces were flipped than when they were 

facing upright (‘n/a’; (non-flip - flip) t(21225) = 2.1, p < .05). 

  When looking at stimulus type in the ‘flip’ and ‘non-flip’ conditions there was little 

difference in ‘time to tap’ when the target displayed a happy expression (see Table 4 for a 

summary of the means and standard deviations). However, when targets were angry and 

neutral the time to tap got longer when the faces were flipped (‘angry’; (non-flip - flip) t(21225)  = -

11.53, p < .001 (‘neutral’; (non-flip - flip) t(21225) = -8.62, p < .001)). As Figure 3 shows, how fast 

participants tapped the next target in ‘flip’ and ‘non-flip’ conditions differed between the 

condition a certain target was in. This interaction between stimulus type and flip could 

therefore be misleading. However, a significant three way interaction of condition, stimulus 

type and flip was not found. Table 3 provides a closer look at the means and standard 

deviations of conditions and stimulus types based on ‘flip’ and ‘non-flip’.   
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Table 3. 
‘Time to tap’ means and standard deviations based on condition, stimulus type and flip. Means and standard 
deviations are displayed in ms. 

Condition Stimulus 
Type 

‘Time to tap’ 
‘Non -Flip’

‘Time to tap’ 
‘Flip’ 

Standard deviation 
‘Non - flip’ 

Standard deviation 
‘Flip’ 

‘h/a’ angry 846 1204 686 1234

‘n/a’ angry 625 614 456 421

‘h/n’ happy 650 654 584 544

‘h/a’ happy 589  603 496 568

‘h/n’ neutral 892 1234 700 1123

‘n/a’ neutral 606 545 518 417

Facial foraging and anxiety 

All previous computations were done again to see whether there was a difference in errors, 

number of runs and time within runs when participants had an indication of social anxiety or 

not. A new variable was made that divided the sample based on participants’ scores on the 

SIAS questionnaire. ‘Low SIAS’ were participants who had a total score of =< 33 and ‘high 

SIAS’ were participants who scored > 33.    

Errors            

To see if the error distribution differed depending on whether participants had an indication of 

social anxiety or not, a mixed effects binomial regression was conducted for errors. 

Distribution of errors for participants with an indication of social anxiety can be seen in Table 

4.  
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Table 4.  

Distribution of errors based condition, stimulus type, flip, anxiety and accuracy scores. 
 
 

 

 

Condition Stimulus 

Type 
Error ‘Non - 

Flip’ N 
Error 

‘Flip’ N 
Total Error 

N               
Accuracy ‘Non - 

flip’ % 
Accuracy 

‘Flip’ % 

 

SIAS 

≤ 33 

‘h/a’ neutral 20 66 86 94.4% 81.7% 

‘n/a’ happy 56 42 98 84.4% 88.3% 
 

‘h/n’ angry 55 71 126 84.7% 80.3% 

 

SIAS 

>33 

‘h/a’ neutral 10 28 38 92.4% 78.8% 

‘n/a’ happy 33 11 44 75% 91.7% 
 

‘h/n’ angry 17 32 49 87.1% 75,8% 

 

There was a significant main effect of condition (likelihood ratio test χ²(2) = 21.26, p < .001) and a 

significant interaction effect of condition and flip (likelihood ratio test χ²(2) = 26.79, p < .001). The 

interaction effect found here was similar to the interaction effect found previously (when not 

factoring for social anxiety). Both the ‘h/n’ and the ‘h/a’ conditions had more errors when the 

faces were flipped (‘h/n’ Wald’s z = -2.8, p < .001, (‘h/a’ Wald’s z = -5.8 p < .001)). The opposite was 

seen with the ‘n/a’ condition where participants made fewer errors when the faces were 

flipped (Wald’s z = 3.8, p < .001). There was also a three way interaction for condition, flip and 

anxiety (likelihood ratio test χ²(2) = 6.52, p < .01). There was an indication that participants who 

scored at the higher end of the SIAS scale made fewer errors in the ‘non-flip’ condition than 

participants who scored at the lower end of the SIAS but the effect was not significant 

(likelihood ratio test χ²(1) = 63.02, p = .082). Distribution of correct and incorrect trials based on 

‘high’ and ‘low’ scores on the SIAS and ‘flip’ and ‘not-flip’ can be seen in Figure 4.  
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Figure 4. Correct and incorrect trial distribution based on ‘high’ and ‘low’ scores on the SIAS and ‘flip’ and ‘not-
flip’. Participants made more errors in the ‘h/n’ and ‘h/a’ conditions when the faces were flipped compared to the 
‘n/a’ condition where the opposite was true.  

Number of runs              

To see if number of runs differed by whether participants had an indication of social anxiety 

or not a mixed regression was conducted for both ‘flip’ and ‘non-flip’ conditions in regards to 

condition, stimulus type and anxiety. ANOVA tables were built based on the results. For 

‘non-flip’ there was a significant main effect of condition (F(2,9612) = 36.7, p < .001). The run 

lengths for the ‘h/n’ and ‘h/a’ conditions were longer than the run length for the ‘n/a’ 

condition (‘n/a’ - ‘h/n’ Wald’s z = -6.68 p < .001) ‘n/a’ - ‘h/a’ Wald’s z = -5.19, p < .001 )) There was also 

a significant interaction effect between condition and anxiety (F(2,9612) = 3.59, p < .05). A 

difference in run lengths can be seen for all conditions, ‘h/n’, ‘h/a’ and ‘n/a’, when 

participants have a ‘low SIAS’ score. The ‘h/n’ condition had shorter runs than the ‘h/a’ 

condition  (‘h/n’ - ‘h/a’ t(34) = 2.44, p < .005) and the ‘n/a’ condition had shorter runs than both 

‘h/n’ and ‘h/a’ condition (‘h/n’ - ‘n/a’ t(33) = 9.49, p < .001  (‘h/a’ - ‘n/a’ t(33) = 7.2, p < .001)). When 

participants have a ‘high SIAS’ score the runs for the ‘n/a’ condition were shorter than for 

‘h/n’ and ‘h/a’ conditions (‘h/n’ - ‘n/a’ t(34) = 9.7, p < .001 (‘h/a’ - ‘n/a’ t(32) = 9.8, p < .001)). However, 

no difference was found between the run lengths of the ‘h/n’ and ‘h/a’ conditions (see fig. 5).   
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Figure 5. Run length for condition, stimulus type and flip based on ‘high’ and ‘low’ scores on the SIAS scale. 
Overall participants had longer run lengths when the faces were flipped. Participants with an indication of social 
anxiety had longer run lengths for conditions ‘h/n’ and ‘h/a’ than participants without an indication of social 
anxiety when the faces were flipped compared to when they were not flipped.  
 
For the ‘flip’ condition significant main effects were found for condition (F(2,8344) = 72.55, p < 

.001) and anxiety (F(2,56) = 7.73, p < .01). Interaction effects were found between condition and 

anxiety (F(2,8345) = 35.47, p < .001). Participants in the ‘low SIAS’ group had shorter run lengths 

for the ‘h/n’ condition compared to the ‘h/a’ condition (‘h/n’ - ‘h/a’ t(8346) = -4.2, p < .001). The 

‘n/a’ condition had shorter run lengths than both ‘h/n’ and ‘h/a’ conditions (‘h/n’ - ‘n/a’ t(8357)  = 

10.8, p < .001 (‘h/a’ - ‘n/a’ t(8353) = 15, p < .001)). Participants that were in the ‘high-SIAS’ category 

had longer run lengths for both the ‘h/n’ and ‘h/a’ conditions but there was no difference 

between the run lengths of the ‘h/n’ and ‘h/a’ conditions (‘h/n’ - ‘n/a’ t(8358)  = 18.7, p < .001 (‘h/a’ 

- ‘n/a’ t(8359) = 20.3, p < .001)) (see Table 5). When the conditions were compared based on ‘low 

SIAS’ and ‘high SIAS’ longer runs could be seen for the ‘high SIAS’ group for ‘h/n’ and ‘h/a’ 

conditions (‘h/n’ t(32) = -3.4, p < .001 (‘h/a’ t(32) = -2.91, p < .01)). A mixed regression was also done 

with flip as a factor to see whether there was an interaction between flip and the other factors. 

ANOVA tables that were built based on the results showed significant interactions between 

anxiety and flip (F(1,17987) = 68.15, p < .001) and condition and flip (F(2,17986) = 28.61, p < .001). 

There was also a significant three way interaction between condition, anxiety and flip 

(F(2,17987) = 16.48, p < .001) Table 5 shows that when the faces were ‘flipped’ participants 

without an indication of social anxiety had mean lengths of 2.4, and 2.2, faces per run in the 

‘happy/neutral’ condition (respectively). However, participants with an indication of social 
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anxiety had mean lengths of 3.2 and 3.1 faces per run in that same condition. Overall, 

participants made longer runs when the faces were flipped (compared to when they were not 

flipped) when they had an indication of social anxiety (‘low SIAS’ - ‘high SIAS’ t(30) = -2.73, p 

<.001). This depended on condition since longer runs were not found for the ‘n/a’ condition as 

was previously mentioned.  

 
Table 5.  
Mean run lengths and standard deviations based on condition, stimulus type, flip and anxiety. 

 

Condition Stimulus 
Type 

Run length 
‘Non-Flip’ 

Standard deviation 
‘Non-Flip’ 

Run length 
‘Flip’  

Standard 
deviation ‘Flip’ 

SIAS 
≤ 33 

‘h/n’ happy 2.2 1.8 2.4 2.1

‘h/n’ neutral 2.2 1.7 2.2 1.9

‘h/a’ angry 2.1 1.5 2.5 2.1

‘h/a’ happy 2.1 1.5 2.6 2.4

‘n/a’ angry 1.8 1.1 1.8 1.1

‘n/a’ neutral 1.8 1.1 1.8 1.1

SIAS 
> 33 

‘h/n’ happy 2.3 1.9 3.2 2.9

‘h/n’ neutral 2.3 1.7 3.1 2.6

‘h/a’ angry 2.3 1.7 3.2 2.8

‘h/a’ happy 2.3 1.8 3.3 3.0

‘n/a’ angry 1.7 1.0 1.8 1.1

‘n/a’ neutral 1.7 1.0 1.8 1.1
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Time within runs / ‘Time to tap’  

To see whether the ‘time to tap’ differed if participants had an indication of anxiety or not a 

mixed regression was conducted for both ‘flip’ and ‘non-flip’ conditions for runs > 1 in 

regards to condition, stimulus type and anxiety. ANOVA tables were built based on the 

results. For ‘non-flip’ there was a significant main effect of condition (F(2,10124) = 82.24, p < 

.001) and stimulus type (F(2,10121) = 36.06, p < .01). There was also a significant interaction 

between stimulus type and anxiety (F(2,10120) = 4.62, p < .01). Participants were faster at finding 

the next happy target in run than the other target in that category. This was independent of 

how participants scored on the SIAS (‘low SIAS’; happy-neutral t(3618) = -7.7, p < .001 (‘high SIAS’; 

happy-neutral t(3618) = -8.8, p < .001 (‘low SIAS’; angry-happy t(3682) = 9.3, p < .001 (‘high SIAS’; angry-

happy t(3682) = 9.5, p < .0001)))). Participants that scored at the higher end of the SIAS were faster 

at detecting neutral faces than angry faces when the faces in the ‘n/a’ condition were not 

flipped (angry - neutral t(2766) = 2.57, p < .01). This effect was not found for the ‘low SIAS’ group 

(see fig. 6).  

For the ‘flip’ condition there was a significant main effect of condition (F(2,11065) = 

297.89, p < .001), stimulus type (F(2,11059) = 100.77, p < .001) and anxiety (F(2,126) = 4.15, p < .05). 

There was also a significant interaction between condition and anxiety (F(2,11064) = 10.43, p < 

.001) and stimulus type and anxiety (F(2,11059) = 11.26, p < .001). Participants were faster at 

detecting happy faces than neutral faces in the ‘h/n’ condition (‘low SIAS’; happy-neutral t(3796) = -

7.7, p < .001 (‘high SIAS’; happy-neutral t(3794) = -8.8, p < .001)). Participants with an indication of 

social anxiety were faster at detecting angry faces compared to neutral faces (neutral; ‘low SIAS’ 

-‘high SIAS’ t(3) = -17 p < .0001) (see fig. 6). There was also a significant three way interaction of 

condition, stimulus type and anxiety (F(2,11059) = 11.02, p < .001). There was an indication that 

participants in the ‘high SIAS’ group took longer finding the next neutral target in the ‘h/n’ 

condition (neutral; ‘low SIAS’ - ‘high SIAS’  t(33)  = 1.9, p = 0.069) and the next angry target in the 

‘n/a’ condition(angry; ‘low SIAS’ - ‘high SIAS’  t(34)  = -1.73, p = 0.093) but the effects were 

insignificant.   
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Figure 6. ‘Time to tap’ based on condition, stimulus type and SIAS scores. Time is displayed in ms. Participants 
were overall faster in tapping the next target in a run in the ‘n/a’ condition compared to the ‘h/n’ and ‘h/a’ 
conditions. When happy faces were targets participants were faster at detecting them than the other target 
category. Participants were longer at detecting neutral and angry faces in conditions ‘h/n’ and ‘h/a’ when the 
faces were flipped than when they were not flipped.  
 
Means and standard deviations of ‘time to tap’ for both ‘non-flip’ and ‘flip’ conditions based 

on scores on the SIAS can be seen in Table 6. The means for the ‘n/a’ condition were the 

shortest for both ‘non-flip’ and ‘flip’ conditions. Score on the SIAS did not seem to matter 

here since tapping the next target in a run was the fastest in the ‘n/a’ condition, independent of 

participants score. 
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Table 6. 
Means and standard deviations of ‘time to tap’ based on condition, stimulus type, flip and anxiety in ms. 

 

Condition Stimulus 
Type 

Run length 
‘Non-Flip’ 

Standard deviation 
‘Non-Flip’ 

Run length 
‘Flip’  

Standard 
deviation ‘Flip’ 

SIAS 
≤ 33 

‘h/n’ happy 703 658 710 642

‘h/n’ neutral 884 762 1107 983

‘h/a’ angry 809 663 1191 1223

‘h/a’ happy 676 614 690 703

‘n/a’ angry 606 466 603 433

‘n/a’ neutral 610 523 564 457

SIAS 
> 33 

‘h/n’ happy 662 575 659 633

‘h/n’ neutral 878 705 1314 1175

‘h/a’ angry 831 622 1146 1012

‘h/a’ happy 646 641 619 643

‘n/a’ angry 585 472 556 437

‘n/a’ neutral 534 447 478 357

 
Mixed regressions for ‘flip’ and ‘non-flip’ were conducted for participants that scored at the 

higher and lower end of the SIAS in an attempt to see whether anxiety played a part in the 

time within runs. ANOVA tables were built based on the results. Both SIAS groups had a 

significant interaction of condition and flip (‘high SIAS’; F(2,8273) = 25.2, p < .001 (‘low SIAS’; 

(F(2,12949) = 23.1, p < .001)).  

For the ‘low SIAS’ group there was a significant difference between ‘non-flip’ and 

‘flip’ for the ‘h/n’ and ‘h/a’ conditions (‘h/n’; non flip - flip t(12948) = -6 p < .0001 (‘h/a’; non flip - flip 

t(12950) = -8.9 p < .0001)). When the faces were flipped participants in the ‘low SIAS’ category 

took longer to find the next target in a run in the ‘h/n’ and the ‘h/a’ conditions. This effect was 

not found for the ‘n/a’ condition. There was a significant difference between all of the 

conditions when the faces were not flipped (‘h/n’ - ‘h/a’; t(12948) = 2.59, p = .0026, (‘h/n’ - ‘n/a’; 

t(12950) = 6.59, p < .001 (‘h/a’ - ‘n/a’; t(12949) =4.17, p < .0001))). However, when the faces were 

flipped there was no difference between ‘h/n’ and ‘h/a’ conditions but a difference between 

the other two combinations (‘h/n’ - ‘h/a’; t(12952) = 13.46, p <.001 (‘h/n’ - ‘n/a’; t(12952) = 13.9, p < 

.0001)). Flipping the faces seemed to get rid of the difference between the ‘h/n’ and ‘h/a’ 

conditions.   
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For the ‘high SIAS’ group there was a significant difference for all conditions when 

the faces were flipped compared to not flipped (‘h/n’; non flip - flip t(8273) = -8.1, p < .001 (‘h/a’; non 

flip - flip t(8273) = -6.4, p < .0001 (‘n/a’: non flip - flip t(8273) = 2.1, p < .05))). Time within runs was 

longer for the ‘h/n’ and ‘h/a’ conditions when the faces were flipped but the opposite was true 

for the ‘n/a’ condition where participants were faster at finding the next target when the faces 

were flipped. When comparing conditions to each other the reverse was true for the ‘h/n’ and 

the ‘h/a’ conditions. Here a significant difference was found when the faces were flipped but 

not when they were facing upright (the opposite was true for the ‘low SIAS’ group). 

Participants took longer in finding the next target in a run when the faces were flipped and the 

condition was ‘h/n’ compared to ‘h/a’ (‘h/n’ - ‘h/a’; t(8273) = 4, p < .001). The time within taps was 

the fastest for the ‘n/a’ condition compared to the other two conditions when the faces were 

flipped and not flipped but the difference was larger when the faces were flipped (non-flip; ‘h/n’ 

- ‘n/a’; t(8273) = 5.8, p < .001 (‘h/a’ - ‘n/a’; t(8274) = 4.1, p < .001 (flip; ‘h/n’ - ‘n/a’; t(8274) = 16.2, p < .001 

(‘h/a’ - ‘n/a’; t(8274) =12.7, p < .000)))). The difference between the two groups on time within runs 

when the conditions were flipped or not can be seen in Figure 7.  

 

 
Figure 7. Time within taps based on condition, flip and whether participants had an indication of social anxiety 
or not. Participants were longer at finding the next target in a tap when the ‘h/n’ and ‘h/a’ conditions were 
flipped but the opposite was true for the ‘n/a’ condition.   
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Discussion  

In this study, the main focus was to see whether a foraging model, based on the tablet 

computer task used in Kristjánsson et al. (2014) study on human foraging, could be used to 

demonstrate how foraging of facial expressions takes place. The unifying characteristic of the 

targets in this study is their facial expression. Two categories of targets for each condition 

among one category of distractors were used, in order to make the search more complex and 

therefore more like everyday experience. Another focus of the study was to see whether 

foraging of facial expressions differs between people who have an indication of social 

anxiety, compared to those who do not have tendencies towards social anxiety. Three 

dependent variables: errors, run lengths and time within runs, were analyzed in an attempt to 

determine this.  

Error rates were quite low (16%) and the same pattern of errors was found for those 

with an indication of social anxiety and those without. Participants made more errors when 

faces turned upside down. This supports previous findings that inverting faces interferes with 

holistic processing renders them more difficult to process (Calder, Young, Keane, & Deane, 

2000; McKelvie, 1995). Interestingly however, this was only true for 2 out of 3 conditions 

with inverted faces. When participants foraged for neutral and angry faces among happy 

distractors they made fewer errors when the faces were upside down. These findings are not 

in line with the holistic processing hypothesis. The findings are rather in line with the feature-

based hypothesis that expressions have different features that are attended to and is supported 

by other studies where inverting faces seemed to make no difference on their detection 

(Horstmann & Bauland, 2006; Lipp et al., 2009).  

It might not be justifiable to compare the run lengths of facial foraging with run 

lengths of foraging for simple stimuli (e.g. simple shapes in Kristjánsson et al. study, 2014) or 

with animal foraging of food sources. In this study there are more variables to consider since 

the stimuli are more complex, with more dissimilarities. The common factor for a certain 

category is their shared emotion. Apart from that the people might look similar, e.g. all 

female, they are nonetheless quite dissimilar. With this in mind there were still some 

similarities between the run length patterns in this study and other studies of human and 

animal foraging. In those studies, shorter run lengths with frequent switches were found when 

targets were conspicuous and longer run lengths were found for inconspicuous targets (Bond, 

1983; Kristjánsson et. al., 2014; Langley, Riley, Bond & Goel, 1995). These longer run 

lengths have been attributed to the search task being more difficult. To focus on one category 
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of targets, before moving on to the next category, is easier and it removes the added task of 

switching between target categories. In this study shorter run lengths were found when the 

faces were upright. 

An interesting finding here was that when the sample was divided based on scores on 

the SIAS scale participants who had an indication of social anxiety had longer runs compared 

to participants without an indication of social anxiety. This difference was only found when 

the faces were inverted and did not appear when they were upright. It is interesting to consider 

why those who appear to be socially anxious complete more runs on average than those who 

do not appear socially anxious. The reason could be related to a strong relationship between 

performance anxiety and a constant fear of being judged by others in individuals with social 

anxiety (American Psychiatric Association, 2013).  

Those who scored higher on the SIAS list tended to make fewer errors. This non-

significant tendency could be related to the aforementioned pressure to do well and a fear of 

being judged. What was also interesting regarding the run lengths was that longer runs were 

not found for inverted targets/faces with neutral and angry expressions. The run length was 

mostly constant, regardless of whether the faces were inverted or not, and the same pattern 

was found regardless of a participant’s score on the SIAS. Could it be easier for participants to 

find neutral and angry faces among happy distractors or is there another reason for this?  

What might explain shorter runs when neutral and angry faces are the distractors in 

that particular condition. When neutral and angry faces were the two target categories, happy 

faces were the distractors. All the happy faces had a very distinguishable feature; a smile with 

teeth. Perhaps it was easier for participants to dismiss the happy faces when searching for 

faces that did not have a wide, toothy grin. In Hansen and Hansen’s study (1988) it took 

participants longer to find an angry face amongst distractors with a neutral expression than it 

took them to find an angry face among happy distractors. Hansen and Hansen even noted in 

their experiment that there is a certain confusability between angry and neutral faces. 

Therefore it can be easy to label a neutral face as slightly hostile when it lacks emotion. In this 

study it might have been easier for participants to categorize neutral and angry faces together 

in one category having more similarities than the combinations angry and happy faces and 

happy and neutral faces. This could then explain the lack of difference in run lengths for the 

neutral/angry condition when the faces were upright and when they were inverted.  

Byrne and Eysenck (1995) had participants find an angry or neutral face in a stimulus 

array of 12 photographed faces and compared the results based on participants’ trait anxiety. 

When targets were happy faces there was no difference in response time for high trait anxious 
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or low trait anxious participants. This same pattern was found here. In this study there was 

little difference in how fast participants found the next happy target, regardless of anxiety and 

whether the faces were inverted or not. Overall, the time it took participants to find the next 

target in a run got longer when targets were inverted. This again supports the notion that 

search gets harder when faces are flipped. What Byrne and Eysenck also found was that high 

trait anxious subjects detected targets slower when the distractor was an angry face.  

This study yielded similar results, but only when the faces were inverted. Here, an 

apparent indication of attention bias can be inferred. Participants in the high SIAS group 

seemed to be more distracted by angry faces. However, when angry faces are targets the high 

SIAS group becomes faster at detecting them compared to the low SIAS group. It seems that 

when participants with an indication of social anxiety have to ignore angry faces they find it 

harder but when angry faces are one of target emotions they facilitate the search, making the 

search quicker and more efficient.  

Overall, this study enforces the notion that detection of facial expressions is not a 

straightforward task. There was some attention bias towards angry facial expressions for 

participants with an indication of social anxiety. However, the fact that this bias was only 

found when the faces were inverted is confusing. Anxiety might be a mediator in the way 

participants complete the task. If threatening expressions are more easily found with anxious 

individuals it also makes sense that they should distract more — as was found here. Having 

longer run lengths when the task gets harder (finding inverted faces) also highlights the fact 

that anxious individuals may be more concerned about their performance and the possibility 

that they could be judged based on that performance.  

The experiment was not without faults. The fact that happy expressions were found so 

easily could be due to teeth. Participants might simply have focused on the most prominent 

feature of that expression when doing the task of selecting or ignoring them. But what is a 

happy expression without a toothy grin? The arousal scores of happy and angry expressions 

were balanced in this study so there was no significant difference between those two 

categories in their ability for arousal. To see if teeth are a deciding factor when searching for 

faces it is possible to incorporate other expressions into the task that also show teeth. The 

disgust expression usually has exposed teeth and by comparing results of the disgust 

expression with the happy expression it might provide a better picture of whether the faster 

response times with happy expressions is because of teeth or said expression.  

It is also hard to infer that someone has social anxiety based on two questionnaires. 

Ideally, it would be better to have both clinically diagnosed socially anxious individuals to 



36 
 

compare with ‘healthy’ individuals. However the tablet computer task should be tuned to 

detect differences before a diagnosed sample is tested. For future research it would be 

interesting to have one target category and one distractor category tested facing upright and 

upside down. That would give a clearer picture of how distracting certain expressions are and 

whether some expressions facilitate search. It might also be interesting to add another 

distractor category, and thus have one target expression among two or three distractor 

expressions. This could give an idea of whether having either positive or negative emotional 

expressions as distractors influences the search when targets are of the same category as the 

distractors or of another category (e.g. happy targets among angry and fearful distractors or 

angry targets among happy and fearful distractors). 

Research has also shown that people with other disorders (e.g. Autistic spectrum 

disorder and ADHD) have difficulty distinguishing and correctly labeling some facial 

expressions (Ashwin, Chapman, Colle, & Baron-Cohen, 2006; Humphreys, Minshew, 

Leonard, & Behrmann, 2007; Uekerman, Kraemer, Abdel - Hamid, Schimmelmann, 

Hebebrand, Daum et.al., 2010; Yill & Lyon, 2007). It would therefore be interesting to see 

how people with those disorders perform facial foraging.  

The tablet computer task used in this experiment is an interesting addition to the facial 

expression literature. Because of its novelty there are still many things to consider when 

inferring any results from it. A large benefit of the task is that it is quite easy to administer 

and participants usually stated that they enjoyed it and it resembled playing games on the 

tablet computer. Research on how humans forage is still a very young topic, and very little 

research on human foraging of facial expressions in particular has been done. If foraging 

patterns differ between those with a particular disorder compared to ‘healthy’ subjects, like it 

seems to do here, it needs be examined further. It should be quite easy to administer new 

variations of this task to participants. If similar and perhaps more distinct patterns emerge in 

future experiments the task might prove useful in distinguishing between people with a 

certain disorder from those who do not have that disorder.  
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