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Abstract 

The goal of this study was to investigate the effect of light level and facial emotional expressions 

on the perception of eye contact. An experiment with within-subjects design was conducted in 

which participants performed a forced-choice task having to indicate whether an avatar shown on 

a screen was looking directly at him or her, to the left or to the right. Three different light levels, 

four different facial expressions (neutral, happy, fear and angry) and nine different gaze 

directions (-8, -6, -4, -2, 0, 2, 4, 6, 8 degrees) were used in the experiment. The data was 

analysed by performing mixed effects logistic regression. The main finding is that a reduced 

light level results in a smaller slope of the logistic fit; a direct gaze cue is more often missed and 

the (more) averted gaze cues are more often seen as direct. Furthermore, the data suggests that 

the width of the cone of direct gaze increases with decreased visibility, indicating a bias towards 

direct gaze. Limited effects of facial expression on the perception of eye contact were found, 

where the influence of facial expression seems to become larger when the gaze cue’s visibility 

decreases.  
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Investigating the Effects of Light Level and Facial Expression on the Perception of Eye Contact 

Perceiving where another person is looking is something you do automatically in almost 

every social activity. When being in conversation with another person, gaze cues can provide 

information, regulate the interaction, express intimacy, exercise social control, and facilitate 

(communicational) goal setting (Gamer & Hecht, 2007; Hietanen, Leppänen, Peltola, Linna-aho, 

& Ruuhiala, 2008). More generally, the gaze direction signals the direction or object of his or her 

attention. This can be a strong signal of one’s intentions and future actions (Mareschal, Calder, 

Dadds, & Clifford, 2013). For example, in the context of traffic and pedestrians, the gaze 

direction might be a cue for the walking direction (Elders, 2018).  

Since gaze cues are of high social importance, there already has been done considerable 

research on the perception of gaze direction and eye contact. This report will focus on the 

perception of eye contact, which occurs when someone looks at or in the direction of the eyes of 

another person. More specifically, the focus is on how reduced light levels and specific 

emotional facial expressions influence the perception of eye contact.  

 

Literature Review 

Cone of direct gaze 

Whether a gaze cue is perceived as eye contact can be influenced by a lot of factors. The 

most obvious factor is the perceived gaze direction as seen by the ‘location’ of the pupil and iris 

in the eye. Anstis, Mayhew and Morley (1969) name this iris eccentricity: the relative position of 

the irises within the portion of the sclera visible through the eye openings of the looker. Gamer 

and Hecht (2007) have proposed the metaphor of a cone of gaze to specify the range of gaze 

directions that are perceived as ‘direct gaze’ (i.e. eye contact) by another person. This range of 
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gaze directions is much larger than one would expect based on the accuracy with which people 

can distinguish gaze directions. In other words, the width of the gaze cone is much larger than it 

needs to be with respect to the observer’s visual acuity. As explained by Gamer and Hecht 

(2007), the cone metaphor includes two important aspects: 1) the cone metaphor defines a sector 

in space whose origin is the interpupillary point and 2) the absolute width of the sector of space 

that is covered by the gaze widens with distance.  

In their experiments they did find that the width of the gaze cone, only when expressed in 

metric values, increases with looker-observer distance. This would be in line with the notion that 

observers tend to assume mutual gaze when in doubt or when visual information is reduced. 

Mareschal, Calder and Clifford (2013) tested this directly by applying a Bayesian framework to 

gaze. Evidence for a prior ‘that gaze is directed at you’ was found which had a larger influence 

when noise was added to the signal.  

Another finding by Gamer and Hecht (2017) was that the looker’s head orientation 

influenced the direction of the gaze cone in the opposite direction of the head orientation. They 

explain this effect due to the shift of the pupil out of the centre of the visible part of the eyeball. 

This explanation is based on a similar finding and explanation by Anstis et al. (1969), who stated 

that iris eccentricity is the predominant role in the determination of gaze direction. However, 

some studies have found that the head orientation influenced the perception of eye gaze in the 

same direction of the head, as people often move their head in the same direction of where they 

are looking at. The Wollaston effect, already shown in 1824, is a clear demonstration of this: 

Portraits with equal iris eccentricities but different head orientations are perceived to gaze in 

different directions, where the gaze cone’s direction is moved in the same direction as the head 

orientation (Todorović, 2006). More detailed and other explanations on how head orientation 



LIGHT LEVEL AND FACIAL EXPRESSION ON PERCEPTION OF EYE CONTACT 7 

 

impact perceived gaze directions are given by Langton, Honeyman and Tessler (2004), Otsuka, 

Mareschal, Calder and Clifford (2014) and Todorović (2006).  

Measuring the cone of gaze 

Gamer and Hecht (2007) measured the cone of gaze by letting participants perform two 

tasks: a centring task and a decentring task. In a couple of their experiments a 2D virtual head 

was used in which the eyes could be adjusted to change the gaze cue in the horizontal direction. 

In the centring task, the participant was asked to adjust the eyes such that it gazed directly at 

him- or herself. Subsequently, the direction of the gaze cone was calculated as the average of all 

adjustments of the centring task. In the decentring task, participants rotated the eyes either to the 

left or to the right until the virtual head subjectively stopped gazing at the observer. The width of 

the gaze cone was measured by computing the angular difference between the left and right 

boundaries obtained from the decentring task. They found a width of the gaze cone between 4° 

and 9° depending on the stimulus and the observer’s distance from the looker.  

Other studies (Ewbank, Jennings, & Calder, 2009; Stoyanova, Ewbank, & Calder, 2010) 

have used another method, where participants had to judge whether gaze cues were direct, 

averted to the left or averted to the right. Different gaze cue deviations were tested. The resulting 

data could be used to obtain the gaze cone width. First, logistic functions were fitted to the 

proportion of ‘left’ and ‘right’ responses. The function for ‘direct’ responses was calculated by 

subtracting the other functions from 1. This results in three likelihood functions for responding 

left, direct and right for the different gaze deviations. From these, the categorical boundaries can 

be inferred: the crossover points of the direct and left and the direct and right. The width of the 

gaze cone is the difference between the two crossover points.  
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Besides fitting the data to logistic functions, Mareschal, Calder, Dadds, et al. (2013) also 

developed a psychophysical model that accounts for gaze categorization using changes in 

observers’ uncertainty. This model assumes that the observer’s sensory representation of a given 

gaze direction has a Gaussian probability distribution centred on that actual direction, with a 

standard deviation that represents the uncertainty associated with the estimate. As such, the 

probability of a direct response is the area under the Gaussian that fell within the category 

boundaries. This model has three free parameters: 1) the peak that corresponds to the midpoint 

between the category boundaries and represents the gaze direction most judged to be direct, 2) 

the width of direct judgments which is the distance between the categorical boundaries and 3) the 

standard deviation which represents the uncertainty associated with the estimate and reflects both 

the internal and external noise. This way, they could show how different manipulations of the 

stimuli resulted in changes in the specific parameters. Two manipulations were applied to the 

stimuli: adding noise to the eyes and removing the head (i.e. only showing the eyes). The 

addition of noise to the eyes lead to a decrease in the number of direct responses to a direct gaze 

stimulus by the observer but an increase in direct responses to averted gaze stimuli. However, it 

did not lead to a significantly different width or peak. It did increase the standard deviation of the 

sensory gaussian representation, indicating increased uncertainty. The eyes-only condition 

narrowed the cone of direct gaze, indicating cue combination of head orientation and gaze cue. 

As the stimuli only contained direct head orientations in this experiment, the head orientation 

being present is a cue for direct gaze, leading to a wider gaze cone.  

Other studies, for example Lobmaier and Perrett (2011) and Rimmele and Lobmaier 

(2012), have investigated the perception of eye contact where participants made a forced-choice 

‘yes/no’ judgment of whether the head was perceived to be looking at him/her or not. This was 
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done for different gaze deviations. Gaze deviations to the left and right are often coupled 

together, and this way a proportion of yes/no responses per deviation can be gathered. From this 

data, the boundary of the gaze cone is the gaze deviation where the proportion of yes/no 

responses is 50/50. These studies (Lobmaier & Perrett, 2011; Rimmele & Lobmaier, 2012) 

investigated the effect of facial expression on the perception of eye contact and the findings will 

be discussed later in this report.  

Factors influencing perceived eye contact 

As is explained in the previous sections, the straightforward perceptual cues that can 

result in eye contact are the eyes itself (i.e. iris eccentricity, amount of visible sclera) and head 

orientation. When these cues are uncertain (e.g. when interpersonal distance is increased), there 

seems to be a bias that the gaze is directed at you. However, some less direct factors have also 

been found to influence the perception of eye contact. 

In one of the experiments of Gamer and Hecht (2007) a situational cue was found to 

influence the cone of gaze. Specifically, a second ‘distractor head’ who was gazing directly to 

the participant was added to the scenery which resulted in participants positioning the gaze of the 

relevant head closer toward themselves. Another study found that a gaze is more likely to be 

perceived as direct when it is accompanied by an auditory presentation of one’s own name 

(Stoyanova et al., 2010). The explanation given for this effect is that the sound of your own name 

shares similar communicative intent and often co-occurs with direct gaze. There also has been 

quite some research how facial emotional expression and gaze cues can influence each other’s 

perception. This will be subsequently discussed.  

The effect of gaze direction on the perception of facial emotional expressions. The 

main hypothesis discussed regarding the effect of perceived gaze direction on the processing of 
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facial expressions is the approach-avoidance hypothesis. This hypothesis states that both gaze 

direction and facial expressions share informational value as signals of approach or avoidance. 

Both direct gaze and approach-oriented emotions (e.g. anger and joy) signal approach while 

averted gaze and avoidance-oriented emotions (e.g. fear and sadness) would signal avoidance. 

Hietanen et al. (2008) have provided evidence that eye contact and gaze aversion between two 

persons influence the neural mechanisms regulating basic motivational-emotional responses and 

differentially activate the motivational approach-avoidance brain systems. Adams and Kleck 

(2003, 2005) have performed two studies in which they investigated the shared signal 

hypothesis: when the gaze direction shares the same signal (i.e. either approach or avoidance) as 

the facial expression, the processing of facial expressions is facilitated and enhanced. In their 

first study (Adams & Kleck, 2003), they found that anger and joy expressions were more quickly 

labelled when presented with direct than averted gaze, whereas fear and sadness expressions 

were more quickly labelled when presented with averted than with direct gaze. In their second 

study (Adams & Kleck, 2005), they found that the perception of approach-oriented emotions 

(anger and joy) were enhanced (i.e. rated to be perceived as more angry or joyful) when 

displayed with direct gaze. Similarly, perception of fear and neutral faces were enhanced when 

displayed with averted gaze.  

According to Ewbank, Jennings and Calder (2009), subsequent research has found 

consistently the same effect of direct gaze on the perception of angry faces. However, the effects 

found of averted gaze on fearful faces have been less consistent, where some found no effect at 

all or even found the opposite; a fearful expression being enhanced by direct gaze. Another study 

(Johnson & Cuijpers, 2019) investigated which gaze directions are associated with a particular 

emotion as expressed by a NAO robot. Participants were asked to choose the yaw (-45, 0, 45) 
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and pitch (30, 0, -20) of the robot’s head so that the NAO robot seemed to experience a particular 

emotion (anger, disgust, fear, happiness, sadness, and surprise). Their findings were not in line 

with the approach-avoidance hypothesis, as the participants expected an averted head position 

for all the six emotions. More specifically, the robot was expected to look straight down when it 

is angry or sad, to look straight up when it is surprised or happy, and to look down and to its 

right when it is afraid.  

The effect of facial expression on the perception of eye contact. The approach-

avoidance hypothesis does not only predict enhanced and/or facilitated processing of facial 

expressions when eye gaze shares the same signal, but also an enhanced and/or facilitated 

processing of eye gaze when the facial expression shares the same signal. This resulted in several 

studies exploring this notion.   

Lobmaier, Tiddeman and Perrett (2008) investigated whether faces with angry and happy 

expressions are more likely to be perceived to have a direct gaze while faces with fearful 

expressions are more likely to be perceived to have an averted gaze. Participants viewed 3D 

models of faces (on a 2D screen) and performed a forced yes-or-no task having to indicate 

whether the face is looking at them or not. The faces differed on facial expression (happy, 

neutral, angry and fearful) and on ‘view’ (horizontal rotation of the 3D model or head 

orientation). The 3D model as a whole was rotated, meaning that the gaze direction of the eyes 

itself was not manipulated and the eyes were always gazing ‘straight ahead’ relative to the head. 

The results showed that 1) happy faces evoked more eye-contact responses than did all other 

emotions (including angry faces), 2) angry faces evoked more eye-contact responses than did 

fearful and neutral faces and 3) no effect of fearful faces was found. The authors explain their 

findings as a result of both the approach-avoidance hypothesis and the self-referential positivity 
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bias. The self-referential positivity bias entails that interpreting others’ happiness as being 

directed at oneself (i.e. a smiling face is looking at you) is beneficial for the preservation of self-

esteem.  

However, in a later study (Lobmaier & Perrett, 2011) only an effect of a response bias for 

happy faces was found: happy faces elicited most “attending-to-me” answers with respect to 

neutral, angry and fearful faces. This only provides evidence for a self-referential positivity bias, 

a general preference to associate positive emotions with the self, while associating negative 

emotions to be directed elsewhere.  

Ewbank et al. (2009) performed a study where they investigated whether the facial 

expression affected the width of the cone of (direct) gaze. Participants viewed grayscale 

photographs which were varied on gaze direction, facial expression (neutral, angry and fearful) 

and orientation (inverted face versus upright face). As angry and fearful expressions differ 

regarding the amount of visible iris and sclera, this ‘inverted face’ condition was added. This 

way the facial expression was impaired while the eye information was identical. The 

participant’s task was to indicate whether the gaze direction was direct, averted to the right or 

averted to the left. They found a widening of the cone of gaze for angry faces only in the upright 

face condition, which would mean this effect is the result of the perceived emotional expression 

and not the visibility of the eyes. The number of direct responses for the ‘true’ direct gaze 

condition did not differ between expressions, which would indicate that this effect of angry faces 

is not a systematic bias. In other words, there seems to be an increased tendency to categorize 

ambiguous gaze directions as direct. No effect was found for fearful faces. The authors explain 

the widening of the cone with angry faces as an adaptive response when faced with a signal of 

interpersonal threat. Angry faces only afford danger when their gaze is directed at the observer. 
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In this case, it is more effective to perceive an ambiguous gaze direction from an angry face as 

direct, as a false alarm would be less costly than a miss. On the other hand, fearful faces 

communicate a possible threat in the environment regardless of the gaze direction, which could 

explain why there was no difference found between fearful and neutral faces.  

Adams and Franklin (2009) performed a study where participants had to categorize the 

gaze (averted versus direct) as fast as possible for faces with either an angry expression or a 

fearful expression. Their results were linked to the approach-avoidance hypothesis, where angry 

faces facilitated the processing of direct eye gaze and fearful faces facilitated the processing of 

averted eye gaze (i.e. faster response times). Averted gaze was more quickly identified when 

presented on a fear than an anger display.  

Another line of research has investigated the effects of the trait ‘social anxiety’ on the 

perception of gaze. People with higher levels of social anxiety more often perceive a direct gaze 

as threatening, and have a larger cone of direct gaze (Chen, Nummenmaa, & Hietanen, 2017; 

Schulze, Renneberg, & Lobmaier, 2013). In relation to emotional expressions, people with social 

anxiety have a stronger self-directed perception of other’s gaze especially for negative (angry 

and fearful) and neutral expressions compared to positive ones (Schulze, Lobmaier, Arnold, & 

Renneberg, 2013). However, also in this case there are contradicting results between studies. For 

example, Hu, Gendron, Liu, Zhao and Li (2017) found that a high trait anxiety group had a 

significantly wider cone of direct gaze for angry expressions compared to fearful and neutral 

while the low trait anxiety group had a significantly wider cone of direct gaze for both angry and 

fearful expressions compared to neutral. Put differently, they find that high trait anxiety group 

has a narrower cone of gaze for fearful expressions. Two possible explanations are given where 

1) highly trait anxious individuals do not experience themselves as agentic/powerful and 
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therefore rarely experience other people’s fear directed at themselves and 2) a fearful expression 

indicates a threat in the environment and highly trait anxious individuals may allocate more 

attentional resources to detecting threats. This last explanation is in line with the findings of 

Mathews, Fox, Yiend and Calder (2003), where anxious people were more likely to guide their 

attention towards the gaze direction with fearful faces than with neutral faces.   

Rimmele and Lobmaier (2012) found that increased stress-induced cortisol levels resulted 

in a general bias that another person’s gaze was directed towards themselves, irrespective of the 

facial expression. An evolutionary explanation may also be in place here, where it is adaptive 

under stress to be generally more alert in social situations and interpret the gaze more often as 

direct. Furthermore, a positivity bias was found, both in the stress and no-stress condition. The 

expectation regarding the effect of the emotions was somewhat different, namely that in the 

stress condition a negativity bias would be present: an angry expression poses a greater threat 

and therefore would be more often perceived as gazing directly. However, in this study stress 

was induced by letting participants put their arm in ice-cold water for a certain amount of time. 

Therefore, the ‘danger’ here was not linked directly to the face itself. The authors themselves 

also note that the timing between the stress inducement and measurement could have played a 

role. 

In sum, there are considerable studies that show that the perception of emotional 

expressions and eye gaze influence each other. The approach-avoidance hypothesis has been 

largely examined, where results have been conflicting especially for the avoidance-oriented 

emotions. The research specifically oriented on emotions influencing the perception of gaze cues 

focuses more on alternative explanations such as the self-referential positivity bias and the 

possibility of threat.  
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Both the approach-avoidance hypothesis and the mentioned alternative explanations 

expect a bias towards direct gaze for both angry and happy faces. The bias towards direct gaze 

for happy faces seems to be the most consistent finding, as an effect of angry faces is not always 

found. However, this could be the result of an effect of gender, where the morphology of male 

faces amplifies the emotional signal of an angry face and accordingly alters gaze perception 

(Becker, Kenrick, Neuberg, Blackwell, & Smith, 2007; Slepian, Weisbuch, Adams, & Ambady, 

2011). For fearful faces, the approach-avoidance hypothesis expects a bias towards averted gaze. 

However, the effects of fearful faces on the perception of eye contact have been unclear, where 

most studies found no effect, and different explanations are given. One explanation is that a 

fearful face signals an indirect threat irrespective of gaze direction and therefore might not be 

expected to have an influence on perceived eye contact.  

Furthermore, people with high social anxiety more often perceive a direct gaze as 

threatening and this is linked to a widened cone of direct gaze. Besides that, people with 

increased stress levels are more likely to perceive a gaze cue as direct. Both these findings 

indicate that the potential of threat could be a factor in the perception of eye contact; when the 

cost of missing a direct gaze cue increases, there is a bias towards perceiving the gaze cue as 

direct.  

Lighting and the perception of eye contact 

Research of (street) lighting on the perception of eye contact has been rather limited. 

Lighting is one of the most important features in an environment that affects a pedestrian’s 

perceived safety; it determines the visibility of objects and people in the immediate environment 

(Haans & de Kort, 2012; van Rijswijk & Haans, 2018). There might also exist an intuitive or 

learned association between lighting and safety which would mean that the mere presence of 
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lighting directly affects people’s perception of the safety of an environment (van Rijswijk & 

Haans, 2018).   

Although originally lighting guidelines have been focused on being able to perform facial 

recognition on a distance of 4 meter, recently it has been argued that making accurate judgments 

about the intent of other pedestrians is more important (Fotios, Yang, & Cheal, 2015; Yang & 

Fotios, 2015). More specifically, both the perception of gaze direction and emotional expression 

are important in deciding whether another pedestrian presents a threat (Fotios et al., 2015; Willis, 

Palermo, & Burke, 2011). For example, when it appears that another pedestrian is angry and is 

looking at you, this could be a clear sign of a direct threat. The person’s facial expression 

communicates the pedestrian’s internal state while the gaze direction indicates where this person 

is attending to. For this reason, Fotios et al. (2015) has investigated the effect of different light 

levels on the perception of gaze direction, facial expression and body posture. In their 

experiment, participants had to judge the emotion (anger, fear, happiness or sadness) and gaze 

direction (averted or direct). The gaze direction was manipulated by four combinations of head 

pose and eye gaze: straight (0 degrees) or rotated (30 degrees) head position and direct (0 

degrees) or averted (30 degrees) gaze. Six lighting conditions were used with two types of lamps 

and three light levels (0.01 cd/m2, 0.1 cd/m2, 1 cd/m2). In general, higher luminance and closer 

distances (i.e. larger visual size) leads to higher frequency of correct judgments of both facial 

expression and gaze direction. Their results suggest that for identification of gaze direction, face 

luminance of at least 1.0 cd/m2 are needed to ensure the probability of correct identification is 

above chance level. Furthermore, the lighting levels and the frequencies of correct judgment 

indicated a plateau-escarpment relationship. This means that at a certain low target luminance, 

performance is at chance level and further reductions in luminance do not reduce performance. 
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At a certain high luminance level, a plateau is reached above which increasing luminance gives 

diminishing increase in performance. Between these values (i.e. the escarpment) a change in 

light level can affect performance more considerably. They conclude that results for judgements 

of emotion from facial expression need a minimum luminance of the face of 0.1-1.0 cd/m2 at 4 

m, and a luminance above 1.0 cd/m2 for identification of a face at 10 m.  

Note that the previously described studies of Fotios et al. (2015) and Yang and Fotios 

(2015) used only two gaze directions which were either clearly direct (0 degrees) or averted (30 

degrees).  

Research Question and Hypotheses 

This research aims in further investigating how different lighting levels influence the 

perception of eye contact. More specifically, to what extent does light level change the cone of 

direct gaze? It is hypothesized that a low light level will result in a wider cone of gaze with 

respect to a high light level for two reasons. First, a lower light level results in uncertainty due to 

the eyes being less visible, where gaze perception is less accurate. This increase in uncertainty 

results in a larger influence of the prior of direct gaze. Second, a lower light level could result in 

the environment being perceived as more unsafe (i.e. a higher potential of threat), where it might 

be adaptive to assume eye contact (i.e. a false alarm would be less costly than a miss).  

As the research of emotional expression on gaze perception has conflicting results, a 

second goal is to gain further understanding how these emotional expressions influence the 

perception of eye contact. This study includes the facial expressions happy, angry, fearful and 

neutral. The expectation is that an angry facial expression will result in a wider cone of gaze with 

respect to a neutral facial expression, since an angry face with direct gaze poses a direct threat. 

For the facial expression ‘happy’ it is hypothesized that it has a larger cone of gaze with respect 
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to a neutral facial expression due to the positivity bias. No main effect is expected for the 

emotion ‘fear’. The approach-avoidance hypothesis would indicate a smaller width of the gaze 

cone, as both averted gaze and a fearful emotion would signal ‘avoidance’. However, most 

previous studies did not find an effect of a fearful face on gaze perception with respect to a 

neutral face; only Hu et al. (2017) found a wider cone of gaze for fearful faces only for the low-

trait anxiety group. In the line of reasoning regarding ‘threat’, a fearful face communicates an 

indirect threat. If the gaze direction is linked to the location of the threat, it would be beneficial 

to more accurately perceive the gaze cue which would mean a decreased width of the gaze cone. 

This because in general the width of the gaze cone is much larger than needed based on the 

accuracy with which people can distinguish gaze directions. However, this does not necessarily 

have to be the case as a fearful face could also be the result of a future or past event. 

Consequently, it could be argued that a fearful face signals an indirect threat regardless of the 

gaze direction, and thus does not have an influence on the gaze perception. Here it is 

hypothesized that a fearful face has a decreased width of the gaze cone compared to a neutral 

face in the case of a darker, less safe environment. Because an unsafe environment already gives 

the possibility of a threat, a fearful face could confirm a certain danger and be a cue of the 

location of the threat.  

These hypotheses are tested in an experiment in which participants make a forced-choice 

judgement whether an avatar’s gaze cue is directed at the participant, to the left or to the right. 

The avatar is placed in an environment with different light levels and both the avatar’s facial 

expression and gaze direction are varied across the stimuli.   
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Method 

Design 

The experiment was a 9 x 3 x 4 x 2 factorial within subjects design. The stimuli differed 

on gaze direction (9 levels: -8, -6, -4, -2, 0, 2, 4, 6, 8 degrees), lighting level (3 levels: high, 

middle, low), emotional expression (4 levels: neutral, happy, angry, fear) and avatar (2 levels: 

female, male).  

Participants 

The data consisted of 20 participants. Of these participants, 10 were male and 10 were 

female. The mean age was 27 and ranged from 18 to 64. The participants were recruited via the 

JFS database (J.F. Schouten School for User-System Interaction Research). Most of these 

participants were students at the Technical University of Eindhoven.  

Measurements 

Perceived eye contact. Participants were viewing a screen onto which an environment 

was displayed. An avatar appeared in the middle of the environment and was shown for 500ms. 

Participants performed a forced-choice task in which they had to indicate whether this avatar was 

looking to the left, directly at them or to the right by pressing one of the arrow keys on a 

keyboard. When a response was given, the next stimulus would appear. The full experiment 

consisted of 3 blocks of 144 trials. Each block consisted of a different light level. The order of 

these blocks was counterbalanced across the participants in such a way that 10 participants had 

an increasing light level and 10 participants had a decreasing light level. The order of the stimuli 

within these blocks was randomized. Each unique stimulus was viewed twice (9 gaze directions 

* 4 facial expressions *2 avatars * 2 repeat = 144 trials per block). 
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Perceived safety. After each block, participants rated the environment on perceived 

safety by filling in a questionnaire. This questionnaire consisted of the following items with a 5-

point scale: 1) “How safe or unsafe do you judge this situation?” ranging from safe to unsafe, 2) 

“How uneasy or comfortable do you feel with the idea of having to walk into this situation?” 

ranging from uneasy to comfortable and 3) “To what extent would you normally avoid or not 

avoid a situation like this?” ranging from avoid to not avoid. These items are based on the 

questionnaire used in the study of van Rijswijk and Haans (2018) but were adapted to fit this 

experiment.   

Materials and setting 

Stimuli.  

Avatars. The software DAZ Studio 4.10 was used to create the stimuli. The avatars are 

the Genesis 2 Female and the Genesis 2 Male characters available in DAZ Studio. Both the gaze 

direction and the facial expression were manipulated using this software. At a gaze direction of 0 

degrees, the avatar was looking at a point 400 cm away at eye height. At a gaze direction of 2 

degrees, this point was moved 400*tan(2)=13.97 cm to the right. The other gaze directions were 

manipulated in the same way. The facial expression was manipulated using the software’s built-

in expressions ‘happy’, ‘fear’, and ‘angry’. 

Environment. The environment was a photo taken in daylight with a NIKON D3100 with 

a focal length of 35 mm and a sensor size of 23.1 by 15.4 mm. This corresponds to a field of 

view of the lens of 36.5 degrees.  

Stimuli. The final stimuli were created using the GIMP 2.10.8 software. The avatar was 

placed in the centre of the photo in such a way that the size and height of the avatar were 

estimated to be in perspective. At both sides of the photo, a neutral grey area was added to fit the 
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dimensions of the monitor. Lastly, the resulting image’s light level was manipulated by 

decreasing the exposure and the brightness of the image within the GIMP software. Figure 1 and 

Figure 2 show examples of stimuli where exposure and brightness are not manipulated. The full 

range of facial expressions and gaze directions can be found in Appendix A. 

 

Figure 1. Stimulus of male avatar with a happy facial expression and gaze direction of +6 

degrees. 

 

Setting. The experiment took place at the Usability Lab at the Technical University of 

Eindhoven. Inside this lab, two tables were placed. The participant could sit at one table on 

which a keyboard and a headrest were placed. The headrest was facing the other table on which a 

NEC P463 LCD monitor was standing. The head rest’s height and chair could be adapted such 

that the participant’s eyes would be at the same height as the centre of the screen. The distance 

between the monitor and the head rest was 131 cm, which lead to the photo being viewed at an 

angular size of around 36.5 degrees (equal to the field of view of the camera’s lens). In other 

words, the photo was viewed at the ‘correct’ distance according to Erkelens (2017).  
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The monitor was the main light source in the room. The luminance was measured for the 

different light levels using the Specbos 1201 Spectroradiometer. The light levels high, middle 

and low correspond to a luminance of 40 cd/m2, 0.88 cd/m2 and 0.24 cd/m2 respectively.  

 

Figure 2. Stimulus of female avatar with a fearful facial expression and gaze direction of 0 

degrees. 

 

Procedure 

Each participant was asked to read and fill in a consent form. Then the participant was 

led to the room and took place at a table which was facing the display. The chair and the head 

rest were adapted in height such that the participant’s eyes were at the same height as the centre 

of the screen. The participant was asked to place their head on the head rest during the 

experiment and follow the instructions displayed on the monitor. In case of questions, 

participants could open the door of the room and ask the experiment leader. The experiment 

leader left the room.  
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First, the program explained the task to be performed and indicated the amount of trials. 

Second, participants performed 10 practice trials. The first 5 practice trials were performed in the 

high light level and the last 5 practice trials were performed in the low light level. After this, the 

participant got the chance to ask questions or otherwise continue the experiment. Subsequently, 

the participants performed the forced-choice task in 3 blocks of 144 trials. After each block, the 

participant filled in the perceived safety questionnaire. The full experiment was shown on the 

monitor and responses were given via the keyboard. The experiment took a total of around 30 

minutes.  

At the end of the experiment, participants were thanked and paid €7.50 (€9.50 if they 

came from outside the Technical University of Eindhoven) or they were paid with course credits.  

Statistical analysis 

Perceived safety. The perceived safety data was analysed with a repeated measures 

ANOVA, where perceived safety is the dependent variable and light level as independent 

variable. To compare the perceived safety of the environment between specific light levels, 

Bonferroni corrected pairwise comparisons of means were performed.  

Perceived eye contact: mixed effects logistic regression. The perceived eye contact 

data was analysed with a mixed effects logistic regression. The gaze directions to the left and to 

the right were combined, such that a new variable ‘gaze aversion’ was created including the 

direct gaze direction (0 degrees) and the averted gaze directions (2, 4, 6 and 8 degrees). The 

dependent variable is ‘direct’ where ‘1’ means that a direct response was given and a ‘0’ means 

that either a left or right response was given. The following variables are added as fixed effects 

to the model: gaze aversion, facial expression, light level, Light Level x Gaze Aversion 

interaction, Light Level x Facial Expression interaction and the Light Level x Facial Expression 
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x Gaze Aversion interaction. The gaze aversion variable is added as a continuous variable, and 

facial expression and light level are added as nominal variables. Participant is added as random 

intercept. This way, the model takes into account that some participants are always more or less 

likely to respond ‘direct’. The standard errors are estimated by a clustered sandwich estimator, 

participant being the cluster, meaning that the standard errors allow for intraparticipant 

correlation, relaxing the requirement that the observations are independent (StataCorp, 2015). 

The observations are thus independent across participants, but not necessarily within 

participants, as is the case with repeated measures design.  

Two participants were excluded from the data as their responses did not show the usual 

trend (i.e. the usual trend being small amount of ‘direct’ responses for large gaze aversions and 

high amount of ‘direct’ responses for direct gaze cue) indicating that they did not accurately 

perceive the gaze cues. Other possible influential points were examined by inspecting the 

Pearson and deviance residuals, but no observations were excluded.  

Perceived eye contact: size of gaze cone width per condition. In order to obtain the 

specific size of the gaze cone width per condition, separate mixed effects logistic regressions 

were run. The dependent variable is ‘direct’, gaze aversion is added as continuous predictor 

variable, participants is added as random intercept and variance is calculated using the clustered 

sandwich estimator. Such a logistic regression model was run separately on specific parts of the 

data belonging to the different light levels, and separately for each expression by light level 

combination. The gaze aversion value where the probability of responding direct is 0.5 (i.e. half 

of the gaze cone width) was obtained by dividing the coefficient of the constant by the 

coefficient of the gaze aversion variable. The standard error was estimated by the following 
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formula: [half of the gaze cone width in degrees] * square root of [(SEconstant / constant)2 + 

(SEgaze_aversion / gaze_aversion)2]. 

Perceived eye contact: comparing the male and female avatar. Lastly, the effect of the 

two different avatars on the probability of responding ‘direct’ was analysed. The reason for this 

is that the male’s gaze direction was more difficult to perceive due to smaller eyes and lower 

contrast in the eyes. As a check, it is examined whether this decreased visibility in the male 

avatar has a similar impact as the light level manipulation. It should be noted that the different 

gender and appearance could also have played a role here. The effect of avatar is analysed in two 

ways. First, avatar is added as a factor to the mixed effects logistic regression model. Multiple 

predictors were tested and compared. Only the main effect of avatar and the Avatar x Gaze 

Aversion interaction added to the fit of the data. Other interactions with expression, light and/or 

gender of the participants did not improve the model. This was tested by comparing different 

models and checking the significance of the individual predictors. The different models, i.e. with 

certain interaction effects of avatar excluded or included, were compared by performing 

likelihood ratio tests. The individual predictor’s significance was checked by performing 

contrasts of marginal linear predictions. The size of the gaze cone width per avatar and light 

level combination was also estimated, in the same way as described in the previous section. 

Second, the mixed effects logistic regression model is run with only the male avatar data and 

only the female avatar data.  

Results 

Perceived safety 

In order to check whether a reduced light level leads to a decrease in perceived safety of 

the situation, the responses to the perceived safety items are compared across light levels. The 
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perceived safety value consists of the three perceived safety items (α=0.86). Light level ‘high’ 

has the highest mean perceived safety (M=3.98, SD=0.90), followed by light level ‘middle’ 

(M=3.38, SD=0.94) and light level ‘dark’ (M=2.67, SD=1.16). The one-way repeated measures 

ANOVA showed that there is a significant difference in perceived safety among the different 

light levels (F(2,37)=25.71, p<0.001, η2=0.58). A Greenhouse-Geisser correction was used since 

Mauchly’s test indicated that the assumption of sphericity was violated, χ2(2)=12.01, p<0.01. 

Analysing the effect using Bonferroni corrected pairwise comparisons of means revealed that 

participants rated the low light level significantly lower on safety compared to the high light 

level (Contrast=-1.32, SE=0.32, p<0.001). The other comparisons, ‘middle’ compared to ‘high’ 

(Contrast=-0.60, SE=0.32, p=0.19) and the ‘low’ compared to ‘middle’ (Contrast=-0.72, 

SE=0.32, p=0.09), revealed no significant difference in perceived safety.  

 

Figure 3. Means of perceived safety including 95% confidence intervals.  
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Mixed effects logistic regression model 

To investigate the role of facial expression and light level on the cone of direct gaze, a 

mixed effects logistic regression model is applied with ‘direct’ as dependent variable where ‘1’ 

means that a direct response was given and a ‘0’ means that either a left or a right response was 

given. The overall model is evaluated using a Wald test and a likelihood-ratio test. As the effects 

of facial expression and light level are of particular interest, these tests are also performed with a 

baseline model where only ‘gaze aversion’ is added as predictor variable. The results are 

depicted in Table 1 and show that the added predictors significantly improve the fit of the data, 

for all tests and baselines applied.  

 

Table 1 

Overall model evaluation 

Test  Baseline df χ2 p-value 

Wald test Null model 23 1895.62 <0.001 

Likelihood-ratio 

test 

Null model 23 3033.62 <0.001 

Wald test  Model with ‘gaze aversion’ as 

only predictor variable 

22 73.56 <0.001 

Likelihood-ratio 

test 

Model with ‘gaze aversion’ as 

only predictor variable 

22 73.77 <0.001 

 

Table 2 shows the overall statistics of the individual predictor variables on the probability 

of giving a direct response. As the interaction effect Light Level x Expression x Gaze Aversion 

is included, this implicitly adds the overall Expression x Gaze Aversion interaction to the model. 

All predictor variables, except the main effect of expression and interaction effect Expression x 

Gaze Aversion, have a significant effect. Expression on its own seems not to have an impact on 

the probability of perceiving eye contact. Table 3 shows the individual coefficients of the model.  
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First, the effect of light will be discussed. Subsequently, the effect of expression in 

combination with light level will be discussed. Plots that simply show the proportion of ‘direct’ 

responses per gaze aversion value and over the conditions are depicted in Appendix B.  

 

Table 2 

Effects of predictors: contrasts of marginal linear predictions 

 df χ2 p 

Gaze aversion* 1 167.67 <0.001 

Light level 2 7.84 0.02 

Expression 3 4.18 0.24 

Light Level x Gaze Aversion 2 16.19 <0.001 

Expression x Gaze Aversion 3 1.56 0.67 

Light Level x Expression 6 24.05 <0.001  

Light Level x Expression x Gaze Aversion 6 22.64 <0.001 

*This is a continuous variable, the resulting statistics are therefore from a Wald’s test. 

 

Table 3 

Individual coefficients: light level ‘high’ and expression ‘neutral’ are taken as reference 

Predictor Level Coefficient SE p 

Gaze aversion  -0.616 0.048 <0.001 

     

Light level middle 0.524 0.299 0.08 

 low -0.550 0.366 0.13 

     

Light Level x Gaze 

Aversion 

middle -0.108 0.059 0.07 

 low 0.146 0.069 0.04 

     

Expression fear 0.379 0.209 0.07 

 happy 0.049 0.243 0.84 

 angry 0.399 0.320 0.21 

     

Expression x Light Level fear # middle -1.359 0.368 <0.001 

 fear # low -0.102 0.447 0.82 

 happy # middle -0.264 0.269 0.33 

 happy # low 0.652 0.423 0.12 
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 angry # middle -1.090 0.390 0.01 

 angry # dark -0.366 0.517 0.48 

     

Light Level x Expression 

x 

high # fear -0.098 0.053 0.07 

Gaze Aversion high # happy -0.009 0.038 0.81 

 high # angry -0.127 0.066 0.05 

 middle # fear 0.147 0.057 0.01 

 middle # happy 0.043 0.048 0.37 

 middle # angry 0.117 0.063 0.06 

 low # fear -0.095 0.071 0.18 

 low # happy -0.094 0.052 0.07 

 low # angry -0.002 0.053 0.98 

     

Constant  2.485 0.308 <0.001 

 

 

Light level. Figure 4 shows the predicted probabilities of responding ‘direct’, calculated 

from the logistic model at specific gaze aversion values and light levels and averaged over the 

different expressions. It shows a clear interaction effect of light level by gaze aversion: in lower 

gaze aversion values, the low light level condition decreases the probability of responding 

‘direct’, while at higher gaze aversion values this probability increases. This could be the result 

that with decreasing visibility, the probability of responding ‘direct’ moves closer to chance level 

for all gaze aversion values. This indicates a smaller slope of the logistic fit for the low light 

level, which is tested by contrasts of marginal predictions. The results are shown in Table 4; the 

low light level has a significantly smaller slope compared to the middle and the high light level.  

 

Table 4 

Contrasts of marginal predictions: comparing the slopes between light levels  

Compare Contrast SE  df χ2 p-value Cohen’s d 

Middle vs high 0.03 0.04 1 0.44 0.51 0.16 

Low vs high 0.16 0.05 1 8.80 <0.01 0.70 

Low vs middle 0.13 0.03 1 15.89 <0.001 0.92 
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Table 5 

Discrete change in predicted probability from light level ‘high’ to ‘low’  

Gaze aversion Change SE Odds ratio* 

0 -0.04 0.19 0.61 

2 -0.03 0.03 0.84 

4 0.03 0.04 1.12 

6 0.08 0.04 1.50 

8 0.07 0.03 2.02 

*The odds are x to 1 that low will result in ‘direct’ response compared to high 

 

Figure 4. Predicted probabilities of direct gaze at certain gaze aversion and light level values, 

averaged over the different expressions, including 95% confidence intervals of these predictions. 

 

The gaze aversion value (in degrees) where the probability of responding ‘direct’ is the 

half of the gaze cone width. This is calculated by running a separate logistic regression for each 

light level, adding gaze aversion as predictor variable and participant as random intercept. The 

middle light level has the lowest value (gaze aversion=3.91, SE=0.48), followed by the high light 
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level (gaze aversion=3.99, SE=0.46) and the low light level (gaze aversion=4.23, SE=0.71). Only 

comparisons were done relative to the low light level, as the gaze aversion values of middle 

versus high lie really close to each other and have a different order of size than expected. The 

results are shown in Table 6. These differences were not found to be significant and of small 

effect size.  

 

Table 6 

T-tests: comparing the gaze aversion values where probability = 0.5 

Ha Difference 

(degrees) 

SE 

difference 

df t p-value 

(one-sided) 

Cohen’s d 

Low > high 0.24 0.85 17 0.28 0.40 0.07 

Low > middle 0.32 0.86 17 0.37 0.36 0.09 

 

 

Facial expression. As already mentioned, expression itself does not have an influence on 

the probability of responding ‘direct’ (see Table 2). However, there are significant Expression x 

Light Level and Expression x Light Level x Gaze Aversion interaction effects. First, the Light 

Level x Expression interaction will be discussed, followed by the Light Level x Expression x 

Gaze Aversion interaction. Subsequently, the cone of gaze widths will be analysed in the same 

way as was done for light level only.  

Expression by light level interaction. This expression by light level interaction 

investigates whether there is an overall tendency (i.e. over all measured gaze aversion values) to 

respond ‘direct’ over ‘averted’ at specific light levels and expressions. Of particular interest is 

whether there is a difference between expressions within a specific light level. This was tested by 

performing contrasts of marginal predicted probabilities, showing no significant difference in the 

high light level (χ2(3)=4.38, p=0.22) and the low light level (χ2(3)=7.16, p=0.07). There is a 

significant difference in predicted probabilities between expressions in the middle light level 
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(χ2(3)=13.49, p<0.01). To test the differences in the middle light level, contrasts of predictive 

margins (i.e. comparisons of predicted probabilities) were performed. These results are shown in 

Table 7, indicating only a significant difference between neutral and fear with an odds ratio of 

0.80, meaning that the odds are 0.80 to 1 that a fearful expression yields a direct response 

compared to a neutral expression.  

 

Table 7 

Comparisons of predicted probabilities in the middle light level  

Comparison  

‘a’ vs ‘b’ 

Contrast SE df χ2 p-value  Odds ratio* 

Fear vs neutral -0.06 0.02 1 6.78 0.01 0.80 

Happy vs neutral -0.00 0.02 1 0.06 0.81 0.98 

Angry vs neutral -0.03 0.03 1 1.29 0.26 0.89 

*the odds are X to 1 that expression ‘a’ yields a ‘direct’ response compared to expression ‘b’. 

 

Figure 5 plots the predicted probabilities per light level and per expression, averaged over 

all measured gaze aversions, with their confidence intervals. The differences between 

expressions in predicted probabilities seem also to be present in the low light level, especially 

between fear and happy, however the confidence intervals are even larger, resulting in the 

difference being nonsignificant. The odds ratio of happy vs fear is 1.32, meaning that the odds 

are 1.32 to 1 that happy yields a ‘direct’ response compared to fear.   
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Figure 5. Predicted probability of responding ‘direct’ with their confidence intervals, averaged 

over all measured gaze aversion values. 

 

 

Expression by light level by gaze aversion interaction. The significant Expression x 

Light Level x Gaze Aversion interaction indicates that there is a difference in slopes of the 

logistic fit between certain light levels and expressions. The predicted probabilities of responding 

‘direct’ at particular light levels, gaze aversion values and expressions are depicted in Figure 6. 

In the high light level, there seems to be no difference between expressions. In the middle light 

level, there is only a difference between expressions at the lower gaze aversion values. In the low 

light level, happy and fear appear to have an equal slope, happy always having a higher 

probability compared to fear. Neutral and angry appear to have an equal slope at equal 

probability values.  
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Figure 6. Predicted probability of responding ‘direct’ at specific gaze aversion values, light 

levels and gaze aversion values, including the 95% confidence intervals.  

 

Of particular interest is whether there is a difference in slopes between expressions within 

a particular light level. To test this, contrasts of marginal predictions were performed, showing 

no significant difference in slopes between expressions in the high light level (χ2(3)=5.74, 

p=0.13) and the low light level (χ2(3)=7.42, p=0.06). There is a significant difference between 

slopes in the middle light level (χ2(3)=8.06, p=0.04).  

To further investigate this, contrasts of marginal predictions were performed, and their 

results are depicted in Table 8.  This shows that fear has a significantly smaller slope compared 

to neutral with a medium to large effect size. 
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Table 8 

Comparisons of the predicted slopes of the expressions in the middle light level  

Comparison  Contrast SE df χ2 p-value  Cohen’s d 

Fear vs neutral 0.15 0.05 1 6.56 0.01 0.61 

Happy vs neutral 0.04 0.05 1 0.80 0.37 0.21 

Angry vs neutral 0.12 0.06 1 3.50 0.06 0.44 

 

Gaze aversion values. To compare the width of the cone of gaze between expressions for 

a certain light level, the gaze aversion values where probability of responding direct is 0.5 were 

calculated in the same way as was done for the light level. The results are shown in Figure 7. The 

hypotheses stated a wider cone of gaze for both a happy and an angry expression compared to 

neutral, due to the positivity bias and the influence of threat respectively. A smaller cone of gaze 

for fear was expected only in a low(er) light level condition, as the gaze direction might be a cue 

for a threat’s direction. From Figure 7, it is clear that the calculated standard errors are quite 

large. The differences that stand out are the smaller gaze cone width of fear in the middle light 

level and the larger gaze cone width of happy in the low light level. Following this, t-tests were 

only done between fear and neutral in the middle light level and fear and happy in the low light 

level. Table 9 shows that these differences are not statistically significant, with a small effect 

size. 

 

Table 9 

Comparing the gaze aversion values where probability is 0.5 

Light 

level 

Ha Difference SE 

difference 

df t p-value 

(one-tailed) 

Cohen’s d 

Middle Neutral > fear 0.65 0.85 17 0.77 0.23 0.18 

Low Happy > fear 0.73 1.12 17 0.65 0.27 0.15 
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Figure 7. Gaze aversion values (±SE) where probability of responding direct is 0.5, i.e. the half 

of the gaze cone width in degrees.  

 

In sum, expression on its own did not have an influence on the probability of responding 

‘direct’ in the previously discussed model. However, in the middle and low light level it seemed 

to have some impact. In the middle light level, the fearful expression showed a significant 

reduction both in the amount of ‘direct’ responses in general and in the slope of the logistic 

function. The gaze cone width was also estimated to be smaller than a neutral expression 

(difference of 0.65*2=1.3 degrees), although not significant. In the low light level, the happy 

facial expression showed an indication for an increase in the amount of ‘direct’ responses in 

general, where the estimated gaze cone width was also larger (difference of 0.73*2=1.5 degrees) 

compared to neutral, also not significant due to large standard errors.   
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Comparing the male and female avatar. The two avatars used in this experiment differ 

in appearance and gender. However, the male’s gaze direction was also more difficult to perceive 

due to smaller eyes and lower contrast in the eyes. In this section it will be examined whether the 

decreased visibility of the gaze cue in the male avatar has the same effect as light level and also a 

similar impact on the effect of expression as light level did. It should be kept in mind that the 

different appearance and gender could also play a role here.  

Two checks were performed and will be discussed: 1) adding avatar to the model, 2) 

running the model with only male avatar data and only female avatar data. The individual 

coefficients of these models can be found in Appendix C. 

Adding avatar to the model. As explained in the method section, the predictors that add 

to the fit of the model are the main effect of avatar and the Avatar x Gaze Aversion interaction. 

Figure 8 shows the effects of light level and avatar on the probability of responding ‘direct’. 

Avatar has a similar effect as light: with decreased visibility (i.e. the male avatar) low gaze 

aversion values result in a lower probability while higher gaze aversion values result in a higher 

probability. This figure shows that the effect of avatar is larger than the effect of light level. 

Besides that, it indicates that decreased visibility results in a smaller slope and a larger cone of 

gaze width.   
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Figure 8. Predicted probabilities of responding ‘direct’ with their confidence intervals, averaged 

over all expressions.  

 

Table 10 

Effects of predictors: contrasts of marginal linear predictions 

 df χ2 p 

Gaze aversion* 1 148.53 <0.001 

Light level 2 7.69 0.02 

Expression 3 4.14 0.25 

Light Level x Gaze Aversion 2 15.87 <0.001 

Light Level x Expression 6 23.51 <0.001  

Light Level x Expression x Gaze Aversion 6 22.18 <0.01 

Avatar 1 15.41 <0.001 

Avatar x Gaze Aversion 1 52.66 <0.001 

*This is a continuous variable, the resulting statistics are therefore from a Wald’s test. 

 

The gaze cone widths and the slopes for the different light level by avatar combinations 

are also depicted in Figure 9 and 10; Figure 9 shows the gaze aversion values where probability 

of responding ‘direct’ is 0.5 (i.e. the half of the gaze cone width) and Figure 10 shows the related 
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slopes of these logistic fits together with the standard error. These values are calculated in the 

same way as was done before: by running a separate logistic regression for each light level by 

avatar combination, adding gaze aversion as predictor variable and participant as random 

intercept. It is visible that decreasing visibility leads to a decrease in the size of the slopes and an 

increase in the gaze cone widths. However, the standard errors associated with these estimated 

widths are relatively large. The only exception in this pattern is the gaze cone width between the 

high and middle light level for the female avatar. However, previous analyses showed no 

differences between the high and middle light level, where also in Figure 9 and 10 the results are 

roughly the same.  

 

Figure 9. The half of the gaze cone width in degrees (±SE) per light level and avatar condition.  
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Figure 10. Coefficient of predictor ‘gaze aversion’ (±SE), i.e. slope of the logistic fit, per light 

level and avatar condition.  

 

 

Running the model with only male avatar and only female avatar data. The model is 

run twice: once with only the male avatar data and once with only the female avatar data.  

The results for the female avatar data are shown in Table 11 and Figure 11. The results 

show that there are no (interaction) effects for expression. There seems to be no difference 

between expressions in all the light levels.  
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Table 11 

Female avatar data: effects of predictors (contrasts of marginal predictions) 

 df χ2 p 

Gaze aversion* 1 65.37 <0.001 

Light level 2 3.26 0.20 

Expression 3 2.80 0.42 

Light Level x Gaze Aversion 2 10.01 0.007 

Expression x Gaze Aversion 3 2.02 0.57 

Light Level x Expression 6 8.65 0.19 

Light Level x Expression x Gaze Aversion 6 9.80 0.13 

*This is a continuous variable, the resulting statistics are therefore from a Wald’s test. 

 

Figure 11. Predicted probabilities of responding ‘direct’ when running the model with only the 

female data.  

 

Table 12 and Figure 12 show the results for the male avatar data. Figure 12 shows 

roughly the same results as when all the data was used, however the differences between 

expressions seem to be somewhat larger. 
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Table 12 

Male avatar data: effects of predictors (contrasts of marginal predictions) 

 df χ2 p 

Gaze aversion* 1 97.11 <0.001 

Light level 2 6.66 0.04 

Expression 3 8.51 0.04 

Light Level x Gaze Aversion 2 11.04 <0.01 

Expression x Gaze Aversion 3 3.85 0.28 

Light Level x Expression 6 22.28 <0.01 

Light Level x Expression x Gaze Aversion 6 19.37 <0.01 

*This is a continuous variable, the resulting statistics are therefore from a Wald’s test. 

 

Figure 12. Predicted probabilities of direct gaze when running the model with only the male 

avatar data, with their confidence intervals.  
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probability of responding ‘direct’ over most gaze aversion values while fear has a lower 

predicted probability of responding ‘direct’ over most gaze aversion values. This indicates a 

wider cone of gaze for happy and a smaller cone of gaze for fear. By comparing the predicted 

probabilities, averaged over light levels and gaze aversion values, it shows a significant main 

effect of happy compared to fear with an odds ratio of 0.76, meaning that the odds are 0.76 to 1 

that a fearful expression yields a direct response compared to a happy expression (see Table 13).  

 

 
Figure 13. Predicted probabilities of direct gaze at specific gaze aversion values and expression 

levels, averaged over the light conditions, with their confidence intervals.  
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Table 13 

Comparing the (average) predicted probabilities between expressions for only the male avatar 

data 

Compare 

‘a’ vs ‘b’ 

Difference SE  df χ2 p-value Odds ratio* 

Fear vs neutral -0.03 0.02 1 2.75 0.10 0.89 

Happy vs neutral 0.04 0.02 1 3.10 0.05 1.17 

Angry vs neutral 0.00 0.01 1 0.04 0.85 1.01 

Fear vs happy -0.07 0.02 1 8.42 <0.01 0.76 

*the odds are X to 1 that expression ‘a’ yields a ‘direct’ response compared to expression ‘b’. 

 

 

Discussion 

In this study, the effects of light level and facial expression on the perception of eye 

contact were investigated. The metaphor cone of direct gaze as proposed by Gamer & Hecht 

(2007) is used to analyse these effects. The cone of direct gaze is the range of gaze directions 

that are perceived as direct gaze or eye contact by another person. The results and the 

implications of the effects of light level and facial expression will be discussed in detail 

respectively.  

Light level 

A low(er) light level was expected to decrease the visibility of the gaze cue and at the 

same time decrease the perceived safety of the situation, where the cost of missing a direct gaze 

cue increases and consequently it would be ‘safer’ to assume eye contact than missing this 

important social cue. Although the results provide evidence for increased uncertainty and suggest 

a bias towards direct gaze, there are certain limitations in this study that restrict finding out the 

role that ‘potential of threat’ or ‘feelings of unsafety’ has played.  

The low light level showed differences in the responses compared to the middle and high 

light level; there is a significant decrease in the slope of the logistic fit where low gaze aversion 
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values lead to a reduced probability of direct gaze and higher gaze aversion values lead to a 

higher probability of direct gaze. A logical explanation would be that the decreased visibility 

moves the responses towards chance level. When the gaze cue is not visible at all, participants 

would simply guess and the probability of responding ‘direct’ is expected to be 0.33 for all gaze 

aversion values (one third of the response options: direct, left or right). When guessing whether 

the gaze is direct versus averted, this probability of direct gaze is expected at a value of 0.50. If 

there is only a movement to chance level, it is expected that all predicted probabilities above 

chance level in the high light level decrease while all predicted probabilities under chance level 

increase. This does not seem to be the case, as this ‘crossing point’ is estimated at a probability 

of around 0.65. This is an indication that there is both a movement to chance level and a bias of 

responding ‘direct’ with a lower light level. The reduced visibility of the gaze cue in the male 

avatar compared to the female avatar showed the same pattern, where the ‘crossing point’ is even 

around a probability of 0.70. This bias towards direct gaze would be in line with the evidence for 

a prior of direct gaze which was found in the study of Mareschal, Calder, & Clifford (2013) 

when noise was added to the stimuli.   

Logically, this leads to higher estimated gaze cone widths when the visibility of the gaze 

cue is lower. Comparing the light levels showed that the width of the cone of direct gaze for the 

low light level was estimated to be larger (8.46 degrees) than that of the middle (7.82 degrees) 

and high light level (7.98 degrees). However, the large standard errors associated with these 

estimations lead to these differences being nonsignificant. This analysis alone provides very 

limited evidence that a difference in light level considerably affects the width of the cone of 

gaze. However, the effects of both light level and avatar combined do suggest a pattern that 

decreased visibility results in an increase of the gaze cone widths.   
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The impact of avatar on the probability of direct gaze is very similar to that of light level, 

and therefore it is likely that this is the result of the difference in visibility of the gaze cues. 

However, some caution should be taken as the avatar also differs on gender and appearance 

which could potentially influence the perception of eye contact. For example, Kloth, Altmann 

and Schweinberger (2011) have found evidence that facial attractiveness biases the perception of 

eye contact.  

The reduced visibility in the male avatar together with reduced visibility due to a 

decreasing light level show a trend where the slopes of the logistic fit decrease and the estimated 

gaze cone widths increase. The current findings are mostly in line with those in the study of 

Mareschal, Calder, Dadds, et al. (2013), where adding noise to the stimuli showed 1) a decrease 

in direct responses for direct gaze cues and an increase in direct responses for averted gaze cues 

and 2) a significant increase of the standard deviation that represents the uncertainty of the 

perceived gaze direction and 3) no significant difference between the widths of the gaze cones. 

The decrease of the slopes in the current study probably represents an increase in the variability 

of the responses, as a maximum variability of responses would mean estimated probabilities at 

chance level for each gaze aversion value where the slope of a logistic fit is 0. Therefore, the 

current results seem to mostly reflect an increase of uncertainty. However, in comparison to 

Mareschal, Calder, Dadds, et al. (2013), this study does suggest an increase in the width of the 

cone of gaze when uncertainty of the gaze cue is larger, indicating a bias towards direct gaze.  

There were no differences found between the high and middle light level. Fotios et al. 

(2015) found an indication for a plateau-escarpment relationship, where accuracy of gaze 

perception is only considerably affected between certain light level values. It could be that the 
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visibility of the gaze cues was not impacted considerably in the middle light level for there to be 

an effect.  

The low light level was rated significantly lower on perceived safety compared to the 

high light level. It was hypothesized that this reduced safety in a low(er) light level would also 

result in a bias towards direct gaze. However, since the differences between the avatars showed 

the same and even larger effects as light level did on the responses, it is unlikely that the 

decrease in perceived safety has played a role here. This study has some limitations regarding 

this concept; the results cannot distinguish between ‘safety’ and ‘visibility’. Future studies could 

apply a different method in which this is possible. For example, you could design a 2 x 2 study 

where there is both an unsafe and a safe environment and the gaze cues have high visibility 

versus low visibility (e.g. by differences in the size and contrast of the eyes). Besides lighting, 

the perceived safety of an environment is impacted by prospect, concealment and entrapment 

(van Rijswijk & Haans, 2018), and therefore the environments can be ‘manipulated’ in perceived 

safety without affecting the visibility of the gaze cues. This way, it could be detected whether 

feelings of unsafety or potential of threat play a role in the perception of eye contact and to 

which extent. Besides that, it could be argued that rating the environment as less safe is different 

from actual feelings of unsafety that could potentially affect the perception judgments. However, 

it is unclear from this study whether this is the case. To prevent this, one might use more realistic 

settings by going into the environment or with the use of virtual reality, where the environment 

could still largely be controlled.  

Facial expression 

The differences between the facial expressions were not as evident as expected; no main 

effect on the probability of perceiving direct gaze was found. However, when looking into the 
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different conditions, some differences between facial expressions were found in the middle and 

low light level, where these differences seem to be mostly present in the male avatar data. 

Applying the model to only the male avatar data did show a significant main effect of 

expression, showing at the least significant higher estimated probabilities of direct gaze for a 

happy expression compared to a fearful expression. A possible explanation for these findings is 

that facial expression as a cue for gaze direction is especially important when the uncertainty of 

the gaze cue itself is high (enough). As already mentioned, both the male avatar compared to the 

female avatar and the reduced light levels showed effects of increased uncertainty. When the 

gaze cue is clearly visible, as might be the case for the female avatar, the facial expression might 

not be used as a cue to determine the gaze’s direction, or to a very minimal extent. On the other 

hand, when the gaze cue’s uncertainty increases, the facial expression as a cue becomes 

relatively more important. The facial expression’s visibility seems not to be affected 

considerably by the reduced light levels, as the differences between emotions are primarily 

present in the lower light levels. Fotios et al. (2015) also found that the accuracy of the 

perception of facial expression is affected at lower light levels and/or larger interpersonal 

distances in comparison to the perception of gaze cues. Compared to previous studies, it might 

be that the gaze cue was ‘too easily’ to perceive, due to the use of avatars, which have relatively 

larger eyes than humans, and/or the size of the avatar as displayed on the monitor. 

Another possible explanation of differences between facial expressions in the male avatar 

but not in the female avatar, might be the facial expressions themselves. For example, a previous 

study (Slepian et al., 2011) showed that the morphology of a male face versus a female face 

amplifies or constrains certain emotional signals and therefore only a bias towards direct gaze for 

an angry expression was found in male faces. Although no difference between an angry and 
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neutral face was found in this study, it could be that the faces of the avatars and their facial 

expressions might convey slightly different emotional signals.  

The results and the implications of the happy, fearful and angry expression on the 

perception of eye contact will be discussed in more detail respectively.  

Happy. A bias towards direct gaze for a happy facial expression was only found in the 

male avatar, which is not fully in line with previous studies (Lobmaier & Perrett, 2011; 

Lobmaier et al., 2008; Rimmele & Lobmaier, 2012) that quite consistently found evidence for a 

positivity bias. Possible explanations for this were already given in the previous paragraphs.  

This positivity bias entails that associating a happy face with the self is beneficial for the 

preservation of one’s self-esteem. In the male avatar data, the happy facial expression had the 

highest estimated probabilities of responding ‘direct’ compared to the other facial expressions 

over most gaze aversion values. In contrary to the effect of light level, the slope of the logistic fit 

seems to be unaffected and thus showing an overall bias of responding ‘direct’, indicating a 

wider cone of direct gaze.  

Fear. In the middle light level, an effect of a fearful face was found; it showed lower 

predicted probabilities of direct gaze compared to the other expressions. A fearful face was 

expected to have a smaller cone of gaze compared to a neutral face, only in a low(er) light level. 

The reasoning was that a fearful face might indicate the direction of a threat, and that this is 

especially plausible when the environment is being perceived as unsafe. Subsequently, it would 

be beneficial to accurately perceive the gaze direction and find out the direction of the threat. 

The effect showed a decrease in the probability of responding ‘direct’ for the low gaze aversion 

values, where this difference decreases as the gaze aversion increases. This could be because 

large gaze aversion values are already to a large degree accurately perceived to be averted in the 
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middle light level. However, the probability of direct gaze for the direct gaze cue did also 

decrease, indicating a general bias towards averted gaze rather than ‘increased accuracy’. These 

effects are associated with a smaller width of the cone of gaze, although no strong claims can be 

made about this due to the relatively large standard errors. On the one hand, the middle light 

level did not show a difference compared to the high light level on visibility, but did show a 

decrease in perceived safety, making it more likely that this effect is due to a decrease in 

perceived safety. On the other hand, this effect was not found in the low light level, where the 

situation was rated to be perceived as least safe. The low light level only shows lower predicted 

probabilities of direct gaze for a fearful expression for the larger gaze aversion values. The 

fearful expression does go together with slightly wider eyes, where the low light level might not 

impact the visibility as much as it is easier to perceive the gaze cues. Simply looking at the 

proportion of ‘direct’ responses of the light levels per facial expression (see Figure 21 in 

Appendix B), does suggest that the low light level does not have the same impact with the fearful 

expression as the others. Still, the inconsistency of this effect makes the current explanation of 

the effect in the middle light level less reliable. Running the model on only the male avatar data 

does show reduced probabilities of direct gaze for a fearful face compared to the other 

expressions over almost all gaze aversion values, when averaged over all light levels. This 

probably reflects the reduced probabilities for a fearful face of the middle and low light level 

together. Previous studies (Ewbank et al., 2009; Hu et al., 2017; Lobmaier & Perrett, 2011; 

Lobmaier et al., 2008; Slepian et al., 2011) have found conflicting evidence on the effect of a 

fearful face on gaze perception, where some found no effect, some a reduced cone of direct gaze 

or even an increased cone of direct gaze. This study has provided very limited evidence that a 

fearful face provides a bias of averted gaze only when there is a potential of threat. Further 
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research is required to find out whether the effect of a fearful expression on the perception of eye 

contact really is influenced by the perceived safety of the situation or the potential of threat.  

Angry. No clear differences were found between an angry and a neutral facial 

expression. It was expected that an angry facial expression would result in a wider cone of gaze 

as an angry face with direct gaze poses a direct threat, making it ‘safer’ to misidentify the person 

as a threat than missing this threat. The findings are not in line with most of the studies that 

investigated this effect, who did find a bias towards direct gaze and/or a wider cone of gaze for 

an angry face (Ewbank et al., 2009; Hu et al., 2017; Slepian et al., 2011). However, some studies 

do not find such an effect, where for example Lobmaier and Perrett (2011) were not able to 

replicate a bias towards direct gaze for angry faces that was found in an earlier study (Lobmaier 

et al., 2008). As already mentioned, gender could moderate the effect of an angry face due to 

morphological differences in faces (Slepian et al., 2011). It could be that there is a bias towards 

direct gaze for a male face, but this study simply has not enough data (where the gaze cue’s 

visibility was ‘low enough’) to find this effect.  

Limitations 

The gaze direction was manipulated by focusing both eyes on the same point in space. In 

reality, the pupils of the left and right eye are not directed to the same point in space, but there is 

a difference of a couple degrees between the left and right eye. As this manipulation is not fully 

in line with reality, this could have influenced the perception and subsequently given some errors 

or a larger variability in the responses.  

The results show that the difference in visibility due to the avatar’s eyes has a larger 

effect on the cone of direct gaze than reducing the light level in the current study. First, this 

shows the importance of using a representative sample in order to find robust effects of light 
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level and facial expression on the perception of eye contact. Furthermore, this study is limited in 

terms of reality, as light level is manipulated by showing ‘darkened’ images on the screen and 

the use of avatars instead of real faces. Therefore, this study does not provide specific luminance 

values where the perception of eye contact is or is not considerably impacted, which eventually 

could be used for formulating lighting guidelines. Future studies could investigate this by using a 

more realistic setting and a more representative sample (i.e. use of different faces in the stimuli 

set). For example, Fotios et al. (2015) and Yang and Fotios (2015) used photographs of real faces 

and a non-self-luminous screen (i.e. screen that needs ambient light to show the image and does 

not use an internal light source), where the lighting is manipulated throughout the environment 

and not only on the screen.  

Conclusion 

This study has provided evidence that a reduced light level increases the gaze cue’s 

uncertainty which leads to a reduced accuracy of the perception of eye contact, where direct gaze 

cues are more often perceived as averted while (more) averted gaze cues are more often 

perceived as direct. The patterns of a reducing slope of the logistic fit and an increasing cone of 

gaze width suggest both a ‘movement to chance level’ and a bias towards direct gaze when the 

gaze cue’s visibility decreases. Furthermore, the current results suggest that the facial emotional 

expression especially influences the perception of eye contact when the gaze cue’s visibility is 

impacted.  
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Appendices 

Appendix A: Stimuli 

 
Figure 14. Stimulus of male character, neutral expression, gaze direction of 0 degrees, with no 

exposure of brightness manipulation applied.  

 

 
Figure 15. Stimulus of female character, neutral expression, gaze direction of 0 degrees, with no 

exposure or brightness manipulation applied.  
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Figure 16. Facial expressions of each character at a gaze direction of 0 degrees.   

 

 

 

 
Figure 17. Neutral facial expression with a gaze direction of -8, -6, -4, -2 degrees from left to 

right.  
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Figure 18. Neutral facial expression with a gaze direction of 2, 4, 6, 8 degrees from left to right.  
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Appendix B: Plotting the proportion of ‘direct’ responses  

Figure 19. The proportion of ‘direct’ responses per light level and gaze aversion value, 

connected by lines.  

Figure 20. The proportion of ‘direct’ responses per facial expression and gaze aversion value, 

connected by lines.  
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Figure 21. The proportion of ‘direct’ responses per gaze aversion value per light level by facial 

expression, connected by lines.  

Figure 22. The proportion of ‘direct’ responses per gaze aversion value per facial expression by 

light level, connected by lines.  
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Appendix C: Coefficients tables 

Table 14 

Individual coefficients of the model including gender and gender by gaze aversion interaction 

effect: light level ‘high’ and expression ‘neutral’ are taken as reference. 

Predictor Level Coefficient SE p 

Gaze aversion  -0.805 0.066 <0.001 

     

Light level middle 0.535 0.307 0.081 

 low -0.566 0.375 0.132 

     

Light level # gaze aversion middle -0.111 0.060 0.066 

 low 0.151 0.072 0.035 

     

Expression fear 0.387 0.215 0.072 

 happy 0.0497 0.249 0.842 

 angry 0.406 0.328 0.215 

     

Expression # light level fear # middle -1.390 0.380 <0.001 

 fear # low -0.101 0.458 0.825 

 happy # middle -0.270 0.276 0.329 

 happy # low 0.667 0.434 0.125 

 angry # middle -1.113 0.401 0.006 

 angry # dark -0.372 0.530 0.482 

     

Light level # expression # high # fear -0.100 0.054 0.067 

gaze aversion high # happy -0.009 0.039 0.810 

 high # angry -0.130 0.068 0.055 

 middle # fear 0.150 0.059 0.011 

 middle # happy 0.044 0.049 0.373 

 middle # angry 0.120 0.064 0.062 

 low # fear -0.099 0.073 0.175 

 low # happy -0.096 0.054 0.077 

 low # angry -0.002 0.055 0.978 

     

Gender male -0.760 0.194 <0.001 

     

Gender # gaze aversion male 0.306 0.042 <0.001 

     

Constant  2.974 0.372 <0.001 
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Table 15 

Individual coefficients when running the model with only male avatar data: light level ‘high’ and 

expression ‘neutral’ are taken as reference. 

Predictor Level Coefficient SE p 

Gaze aversion  -0.485 0.049 <0.001 

     

Light level middle 0.858 0.527 0.103 

 low -0.703 0.441 0.111 

     

Light level # gaze aversion middle -0.141 0.089 0.112 

 low 0.169 0.077 0.029 

     

Expression fear 0.210 0.297 0.479 

 happy 0.315 0.393 0.422 

 angry 0.827 0.509 0.104 

     

Expression # light level fear # middle -1.481 0.502 0.003 

 fear # low 0.371 0.549 0.500 

 happy # middle -0.465 0.554 0.402 

 happy # low 0.918 0.634 0.147 

 angry # middle -1.481 0.682 0.030 

 angry # dark -0.484 0.612 0.429 

     

Light level # expression # high # fear -0.048 0.060 0.421 

gaze aversion high # happy -0.0386 0.065 0.554 

 high # angry -0.176 0.090 0.051 

 middle # fear 0.172 0.064 0.007 

 middle # happy 0.054 0.748 0.471 

 middle # angry 0.099 0.072 0.170 

 low # fear -0.133 0.073 0.068 

 low # happy -0.175 0.076 0.021 

 low # angry -0.038 0.060 0.527 

     

Constant  2.061 0.402 <0.001 
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Table 16 

Individual coefficients when running the model with only female avatar data: light level ‘high’ 

and expression ‘neutral’ are taken as reference. 

Predictor Level Coefficient SE p 

Gaze aversion  -0.825 0.102 <0.001 

     

Light level middle 0.203 0.518 0.695 

 low -0.366 0.641 0.568 

     

Light level # gaze aversion middle -0.091 0.104 0.386 

 low 0.123 0.129 0.342 

     

Expression fear 0.875 0.592 0.139 

 happy -0.269 0.472 0.568 

 angry -0.039 0.532 0.942 

     

Expression # light level fear # middle -1.623 0.752 0.030 

 fear # low -0.988 0.876 0.259 

 happy # middle 0.108 0.698 0.877 

 happy # low 0.279 0.714 0.696 

 angry # middle -0.806 0.619 0.193 

 angry # dark -0.352 0.756 0.641 

     

Light level # expression # high # fear -0.241 0.138 0.082 

gaze aversion high # happy 0.024 0.089 0.784 

 high # angry -0.091 0.118 0.440 

 middle # fear 0.145 0.120 0.230 

 middle # happy -0.015 0.124 0.903 

 middle # angry 0.168 0.128 0.188 

 low # fear -0.050 0.136 0.712 

 low # happy 0.023 0.089 0.795 

 low # angry 0.053 0.096 0.580 

     

Constant  3.186 0.483 <0.001 

 

 


	title page
	Report_pdf.pdf

