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Abstract 

Eyes of portraits are perceived to follow you around as you walk past. This effect is called 

the “Mona Lisa effect” and it encompasses that picture slant has no effect on the perception 

of eye-contact. The Mona Lisa effect is usually explained by compensation mechanisms with 

which observers mentally compensate for effects of slant. A competing view, which we will 

refer to as the two-stage process holds that the effect of slant on the perception of eye-contact 

is below threshold for slants less than 22° and that compensation mechanisms only occur for 

much larger slants. We investigated the effect of slant of a 2D portrait on the perception of 

eye-contact. For that purpose we measured the region of eye-contact (REC) for slants ranging 

from -60° to 60° in steps of 20°. We found that the horizontal position of the REC increased 

with slant with a small but significant gain of about 1% for slants between -40° and 40°. The 

gain decreased for the largest slants of -60° and 60°. There was no effect of slant on the 

vertical position, nor did the size of the REC change significantly with slant. These findings 

are inconsistent with compensation models, which would predict a constant, negligible gain. 

Nor can they be explained by the two-stage process, which would predict a decrease in gain 

for slants above 22° and below -22°. To explain our results we made a model that predicts the 

perceived eye-turn based on the effect of foreshortening due to image slant on the relative 

position of the pupil within the eye. Our model nicely predicts the shift of the REC including 

the non-linear change in gain. This implies that the effects of foreshortening are not 

compensated for at all, but that they are perceived as a shift in gaze-direction.  
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Introduction 

An increasing number of applications are being developed that facilitate video 

communication. Most of them do not support eye-contact. Whether eye-contact is supported 

depends largely on the hardware used. The reason is that in order to have eye-contact during 

mediated video communication, one should always look at the camera. It is commonly 

assumed that conversations are negatively affected by the lack of eye-contact, because eye-

contact adds nonverbal communicative signals as well as the feeling of social presence. A lot 

of software applications are developed using different methods for enabling mediated eye-

contact. These methods assume that, if the looker, the person that is being presented on the 

screen, is focusing on the recording camera, the eye-contact problem is solved. However, 

eye-contact may be influenced by the angle the screen is being viewed from. 

 

Video Communication Applications 

Research in solving the eye-contact problem in video communication are plenty, ranging 

from complex and demanding software solutions using a three dimensional model of the 

looker’s face to bulky hardware solutions using semi-transparent mirrors.  

 

history of video communication. 

As far back as 1938 commercial video-communication systems were available. In 1938 a 

system developed by Georg Oskar Schubert was used to communicate between a few mayor 

cities in Germany (Banneitz & Leithäuser, 1937). Unfortunately due to the Second World 

War this was never a success. The next commercially available means of video-

communication was the PICTUREPHONE® Stokes (1969). The PICTUREPHONE® is a box 

fitted with a camera and a cathode ray tube display. Stokes (1969) already noted that the 
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distance between the camera and the display should be kept as small as possible to enable 

eye-contact between communicators. The camera should be positioned within 4.5 degrees 

horizontally and 5.5 degrees vertically from the focus point of the communicator. To take 

advantage of the smaller height than width of the screen and because of the average location 

of the eyes of the ‘looker’ at about 40% from the top of the screen, Stokes (1969) 

recommended the camera to be placed above the screen. Even now, most applications still 

recommend placing the camera on top of the screen as the only means for eye-contact. 

A recent increase of video-communication occurred during the rise of the World Wide 

Web. As of yet most of the applications do not support eye-contact. The popularization of 

video-communication did stir the scientific community in developing eye-contact enabling 

methods for current video-communication applications, using hardware oriented solutions, 

and software oriented methods or a combination of both. 

 

semi-transparent mirror hardware solution. 

The semi-transparent mirror solution mediates eye-contact for video communication using 

semi-transparent mirror. The communication is established using a video/audio link. On both 

sides of the communication channel two set-ups are constructed as presented in Figure 1. The 

image of the observer is reflected by the mirror to the camera situated in the side of the box. 

The camera can be moved in such a way that the visual axis of the observer when looking at 

the looker is exactly aimed at the camera lens. The image from the ‘looker’ as presented on 

the screen passes through the semitransparent mirror reaching the observer directly. Thus, the 

setup simulates a virtual camera located in the plane of the screen at exactly the same location 

as the displayed eyes of the looker. 
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Figure 1.Top view of semi-transparent mirror setup. 

 

software solution. 

Software applications enabling eye-contact are developed using different methods. Many 

of them boil down to the principal idea of generating an intermediate camera image out of 

two or more separate ones. With one camera placed above the screen and one below, it is 

possible to create an intermediate image looking straight at the observer. 

For example, Yang and Zang (2004) have developed a method using a personalized 3D 

model to make an estimation of the face orientation. This information, combined with the 

detection of feature points within the face of both camera images, is then used to calculate the 

intermediate image. The advantage of this approach is that, given a proper model, the 

intermediate image can be calculated for every arbitrary camera location. The drawback of 

this approach is that it is rather demanding on the system. A similar method is also used by 

Gemmel, Toyama, Zitnick, Kang and Seitz (2000).  

Funahashi, Fujiwara and Koshimizu (2007) have developed a less complex solution 

involving only one camera. In their application the eyes of the observer are detected and a 

new iris position is calculated. A normative eye model is used to determine the iris location 

within the sclera of the original image. The location of the camera relative to the screen is 
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used to determine the new iris within the sclera. This solution is not that demanding on the 

system and in addition conventional hardware for video-communication is used. The 

disadvantage of this solution is that the location of the camera should be fixed and the quality 

of the new corrected image is not optimal. But above all, the face orientation of the ‘looker’ 

is not directed at the observer, because the face orientation is not corrected. This results in the 

perception of a distrustful and disapproving expression (Gemmel et al., 2000). 

 

Social Relevance of Eye-Contact 

Eye-contact is important during communication. The mediation of eye-contact has some 

important effects on the observer’s perception of the looker. Eye-contact results in a better 

information recall of the conversation (Fullwood & Doherty-Sneddon, 2006). Hood, Macrae, 

Cole-Davies and Dias (2003) found that eye-contact has a positive effect on the recognition 

of faces previously encountered during a conversation. fMRI results from George, Driver and 

Dolan (2001) support this finding. They found an increase in excitement of regions believed 

to handle face recognition. Mason, Tatkow and Macrae (2005) showed a dependence of 

likeability and attractiveness on eye-contact. The likeability and attractiveness increase when 

the looker engages in eye-contact during a conversation, whereas, the likeability and 

attractiveness both decrease when the looker avoids eye-contact during a conversation. These 

results show the importance of eye-contact; it has an effect on observer’s perception of the 

looker.  

 

Physical Characteristics of Eye-Contact 

Eye-contact depends on the perceived gaze direction. There are two important 

determinants of the perceived gaze direction. Perceived gaze direction is the combined results 
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of the perception of eye turn (λ) and head orientation (κ) (Langton, Watt & Bruce, 2000; 

Wollaston, 1824; Gibson & Pick, 1963). According to Todorović (2006) these two 

perceptions produce the ‘observer-related gaze direction’ (γ) as follows: 

 

γ = κ + λ           (1) 

 

According to this, γ is the gaze direction of the looker as perceived by the observer. Eye 

turn is judged by the location of the pupil within the sclera, or ‘white of the eye’. If λ = 0 then 

the observer related gaze direction (γ) is equal to the perceived head orientation (κ). In theory 

the perception of eye-turn is independent of the perceived head orientation and observer 

location. Head orientation is judged in relation with the observer location; if κ = 0 then the 

head is oriented towards the observer. 

A good example to explain the model is the famous Mona Lisa painting of Leonardo da 

Vinci (1506) (see Figure 2, left panel). The woman in the portrait has a head orientation of, 

say, κ = 20°. She has eye-contact with the observer, let’s assume she looks straight at the 

observer, right between his/her eyes, thus the perceived gaze direction is by definition γ = 0. 

This means that the amount of eye turn is λ = γ - κ = 0 - 20° = -20°.  

Different image features are responsible for the perception of head orientation and the 

perception of eye-turn, which in turn determine the perceived gaze-direction. Head 

orientation (κ) is mainly determined by the placement of nose and eyes, Gemmel et al. 

(2000). The placement of the eyes within the face is a cue for the perception of head 

orientation. This is illustrated in the middle panel of Figure 2, where a modified version of 

the original Mona Lisa is shown with the eyes and nose moved slightly to the right. Because 

the eyes and nose are now placed more to the right, the orientation is also perceived more to 
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the right. Since the eye orientation is un-altered, the perceived gaze is also more to the right, 

consistent with Todorivić’s formula.  

The perception of eye turn (λ) depends on the location of the iris within the sclera (Anstis, 

Mayhew, & Morley, 1969;  Gibson & Pick, 1963). If the location of the iris is changed the 

eye turn will be perceived differently and therefore the observed gaze direction will also 

change. An example is illustrated in the right panel of Figure 2. The location of the iris within 

the sclera is exactly opposite of the original. As a result the perception of eye turn will be, 

say, 20° instead of -20°. Then the gaze direction (γ) = κ + λ = 20° + 20° = 40°. Thus the 

woman will be perceived to look to the left of the observer. 

 

Figure 2. Leonardo da Vinci's original Mona Lisa (left panel), with modified head 

orientation (middle panel) and with modified eye-turn (right panel). 
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For the perception of eye-contact the observed gaze direction is used to determine where 

the looker is looking at. It turns out eye-contact is perceived not just for one specific direction 

of the looker’s focus, but for a range of gaze-directions. This corresponds to a certain region 

on the observers face, the so-called ‘region of eye-contact’ or REC (see Figure 3). Chen 

(2002) determined this region by letting observers determine the point where eye-contact is 

lost. He did this by randomly presenting movie clips of faces with different gaze-directions to 

his participants and asked whether they had eye-contact or not. This resulted in a REC that 

extended about 1° from the midpoint between the observer’s eyes in all but the downward 

direction, for which it extended 10°. 

Geometrically, the size of this region scales with the distance of the observer to the looker, 

see Figure 3. Knight, Langmeyer and Lundgren (1973) and Gamer and Hecht’s (2007) found 

that the REC increased with distance between the looker and observer.  

 

Figure 3. 'Region of eye-contact’ or REC which is defined by the gaze directions of the 

looker, that are perceived by the observer as eye-contact. 

 

Perception of a Slanted Picture 

When viewing pictures from an angle, the retinal image is deformed with a perspective 

transformation. The human perceptual system deals effectively with these slanted pictures. 

Deformations in the retinal image caused by slanted pictures have little effect on the 

perceptual judgments. Plenty examples show the remarkable capabilities of our visual 
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system. For example, Leonardo da Vinci’s Mona Lisa, as discussed above, nicely 

demonstrates the perception of eye-contact in portraits. But a more referenced example of the 

independence of the perceived perspective on the point of view is the recruitment poster, 

Leete (1915), where Lord Kitchener is depicted looking and pointing straight at the observer. 

The remarkable effect of following the observer with the eyes and finger (‘Mona Lisa effect’, 

Todorović, 2006) has since been replicated for the recruitment for different regimes and 

doctrines, e.g. United States (Uncle Sam), Russia’s White and, later, Red army, Germany’s 

SS and more. Two-dimensional portraits are a linear perspective representation of a real 

scene. The retinal image of the portrait is affected by the vantage point of the observer. Only 

if the eye is located at the projection center, will the retinal image coincide with the retinal 

image of the real scene. For all other situations the retinal image differs from the original by a 

perspective transformation.  

Goldstein (1987) noticed that for pictorial pointing directions next to the observer the 

perception of the orientation of the pointing device changed with slant. No effect of slant on 

the perception of the orientation is measured when the pictorial pointing direction is directed 

towards the observer. 

What is so remarkable about this lack of effect is that the transformations in the retinal 

image due to the slant are non-linear. The effect of the perspective transformations due to the 

slant on the retinal image is called Foreshortening. In order to induce the original 

frontoparallel, i.e. 0° rotation, image foreshortening is to be nullified. For a slanted two-

dimensional picture surface the effect is that image height becomes taller for parts that rotate 

towards the observer and image height becomes less for parts that rotate away from the 

observer. Furthermore, foreshortening decreases the width of the picture. But, the width 

decreases less for parts that rotate towards the observer, than for parts rotated away from the 

observer (see Figure 4). This is a non-linear effect of foreshortening. 
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Figure 4. Frontoparallel presentation of a pattern (left) and the same pattern transformed 

as if slanted 45° at 65 cm (right). 

  

How does the human brain handle the kind of perspective transformation induced by 

slant? Two alternative theories exist. Firstly, Rosinsky, Mulholland, Degelman and Farber 

(1981), show that slanted two-dimensional representations of linear perspectives are 

perceived correctly if there are cues about the magnitude of slant. If these cues are absent the 

observer perceives a deformed two-dimensional picture. If present, the observer mentally 

compensates for perspective distortions of images on the observer’s retina. This process is 

referred to as the compensation process (Perkins, 1973; Hagen, 1976; Wallach & Marshall, 

1986; Cutting, 1986, as cited in Koenderink, van Doorn, Kappers, & Todd, 2004). Secondly, 

Busey, Brady and Cutting (1990) believe that observers simply ignore the slant and related 

perspective distortions on the retina, because the effect on image features is deemed below 

threshold for slants up to 22°. Their assumption is based on the finding that participants do 

not notice the deformations due to perspective transformations on the portrait for these slants. 

In Busey et al.’s (1990) words, “they are simply not in need of compensation” (p.10). For 

larger slants, people do notice the deformations and then mentally compensate for the effects 

of slant. We refer to this process as the two-stage process. This implies that, observers when 

presented with slanted two-dimensional pictures of faces will not notice facial distortions 

caused by foreshortening. When viewing photographs, people tend to decrease the angle from 
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the principal ray to within the 22° range. Within this 22° area, compensation is unnecessary, 

for larger angles compensatory mechanisms are in effect. 

 

Characteristics of the Human Eye 

When doing perceptual research on eye-contact using animated stimuli, a lot of care needs 

to be taken to make the stimuli as anatomically correct as possible. Especially the simulated 

gaze direction should be as close to a real human’s gaze as possible. One property often 

overlooked: is the alignment of the gaze direction. A lot of eye models for animation 

purposes assume that the optical axis of the human eye determines gaze-direction. However, 

there are two different axes through the pupil of the eye, (1) the optical axis, which intersects 

the eyeball right though the center of the eye-ball and the pupil center (2) the visual axis, 

which intersects the eyeball from the fovea to the pupil center, see Figure 5.  

 

Figure 5. The visual axis and the optical axis of the human eye. “Angle alpha” (α) is the 

difference in angle between the two axes. 

 

The fovea is the region on the retina on the human eye with the highest concentration of 

cones. The target of focus is projected onto this region, because the resolution of the object is 
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then as high as possible. The apparent difference between the two axes is that the eyes will be 

more converged towards the nose if the optical axis is used to simulate the gaze direction, 

than when the visual axis is used to determine gaze direction. In other words the model would 

appear to squint, as in the case for most animation models. The angular difference between 

the visual and optical axes is expressed in “angle alpha” and is about 5° (Walsh and 

Charman, 1988), but differences occur between participants. Figure 6 shows three pairs of 

eyes, all gazing at a target at 1.25m at a 5° horizontal angle. The top picture shows a set of 

eyes with the optical axis directed at the target. The bottom picture shows a set of eyes with 

the visual axis directed at the target. Comparing both with a set of real human eyes (the 

middle picture) it is clear that the visual axis should be used for modeling gaze direction. 

 

Figure 6. Comparison between gazing at a 5° horizontally eccentric target using the 

animated optical axis (top), animated visual axis (bottom) and real human eyes (middle). 
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Research Question 

According to the Mona Lisa effect the slant of a portrait or picture should not have an 

effect on the perception of eye-contact. So, when we rotate a picture portraying the looker 

initially looking straight at the observer, the observer remains perceiving eye-contact. Thus, 

the center of the region of eye-contact, or CREC, will remain the same for different slants of 

that portrait. Thus, the effect of slant on the CREC on the horizontal axis can be used as a 

means to test the Mona Lisa effect. If an effect is found the Mona Lisa effect is violated and 

foreshortening is not fully compensated 

For a slant of zero degrees the location of the CREC on the horizontal axis should be 

directed right between the eyes of the observer. 

 

According to Chen’s (2002) “snap-to-contact” theory, people will bias their perception 

towards eye-contact when uncertain. Chen (2002) measures a decrease in sensitivity for eye-

contact in the down direction. He explains the sensitivity decrease by the lack of cues for 

gaze direction in the down direction compared to other directions. The sensitivity for eye-

contact on the horizontal axis is higher, because a rotation of the eyes on the horizontal axis 

causes a clear change in the region of the sclera around the iris. The same is true for the up 

direction; the size of the sclera below the iris becomes more visible. For the down direction 

the cues are not as apparent; the upper eye-lid tends to move over the eye blocking directional 

cues such as iris location and the sclera dimensions. According to Chen (2002) the snap-to-

contact theory might also underlie his finding that the region of eye-contact (REC) increases 

for lower picture qualities. Because for low resolutions the gaze-direction is harder to 

estimate, causing uncertainty for their perception of eye-contact, and thus observers tend to 

“snap” to the perception of eye-contact 
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Slant might also increase the uncertainty people have when judging eye-contact. As Busey 

et al. (1990) mention, people prefer to look at a picture that is slanted less than 22°, because 

for these minimal slants the perspective transformations on the retinal image are small and 

allow the observer to interpret the scene correctly. According to Busey et al. (1990), the 

preference for small slants is caused by the unsatisfactory performance of the visual system to 

cope with large slants. Observers might therefore experience some uncertainty in their 

percept of slanted pictures, just like they do for the perception of pictures that have a lower 

quality.  

In other words we expect the REC to increase in size with the increase of slant. We also 

expect, just like Chen (2002), the REC to show insensitivity for eye-contact in the down 

direction. 
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Method 

 

Participants 

A total of 15 participants participated in the experiment. Participants were recruited from 

the University as well as from acquaintances of the experimenter. The mean age of the 

participants was 31.8 (SD = 11.15), ranging between 23 and 58. Ten participants were male 

and five female.  Participants were given €7.- as a compensation for their efforts. All 

participants had a vision of at least 0.8 for one eye based on the Landolt C test, nine of whom 

had their vision corrected to normal. 

 

Apparatus 

A naturally looking 3D model of a female head was used (see Figure 7) to generate the 

stimuli. All stimuli were created with the 3-D software ‘DAZ 3D’. Care was taken to make 

the simulated gaze-direction as natural as possible by using the visual axis to model the gaze 

direction. For every gaze direction a frame was rendered resulting in a total of 400 frames. A 

program was written that calculated the correct perspective transformations for the current 

condition and presented it on a TFT Screen. An icon in the top part of the screen was 

presented to symbolically instruct the task at hand. 
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Figure 7. Example stimulus showing the 3D model slanted with 20 degrees. The task icon 

is shown at the top and instructs the subject to move the eyes up towards eye-contact 

(centering task) until eye-contact is gained. This results in the down boundary of the region of 

eye-contact. 

 

Participants watched images displayed on a 19” TFT screen. They had to place their heads 

in a chin and forehead rest, see Figure 8. The chin and forehead rest is positioned in such a 

way that the distance from the screen to the subject is 125cm and the orientation of the screen 

is frontoparallel. The eyes of the participants were at the same height as the eyes of the 

looker. The eyes of the looker are positioned vertically in the middle of the screen. The TFT 

screen was rotated to “portrait mode” to support the presentation off life size stimuli. 

Participants are equipped with a keyboard, which functions as the interface and enables the 

subject to adapt the gaze-direction of the animated figure.  
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Figure 8. Experimental Setup. 

Tasks 

There were two tasks, the centering and de-centering task.  

In the de-centering task participants were asked to navigate the eyes of the looker away 

from the center in one of four directions: up, down, left or right. They were able to rotate the 

eyes with the arrow keys. Participants were asked to find the first eye-orientation where eye-

contact with the looker was lost. 

In the centering task participants were asked to navigate the eyes from a maximum eye-

rotation of 10° towards the center rotation of 0°. The maximum eye-rotation could be in four 

directions: up, down, left or right. Participants were asked to find the first eye-orientation 

where eye-contact with the looker was established. 

 

Design 

A mixed design was used with four within and one between subjects independent variable. 

Slant was varied in seven steps, -60° to 60° with steps of 20°. For a negative slant the 

stimulus is rotated clockwise around the vertical axis, and vice versa (see Figure 9). 
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Figure 9. Slant variations. 

 

The eye orientation could be varied either horizontally or vertically. The task could be 

either the centering or de-centering task, see above. The boundary location was chosen 

randomly. It determines which boundary of the REC participants should look for. There is 

one between-subjects variable: In order to prevent a bias due to the asymmetry of the image, 

a variable was added. The stimulus was mirrored about the y-axis for seven participants. For 

eight participants the stimulus was not mirrored. Each condition was repeated three times. In 

total this results in 7(slant) * 2(axis) * 2(method) * 2(startpoint) * 3(repetitions) = 168 trials 

for each participant.  

 

Procedure 

Before the experiment participants were tested using a Landolt-C test. If the Landolt-C 

scores met the minimum requirements (visus >= 0.8) participants were asked to sit down in 

front of the TFT-Screen and were given a sheet with the instructions for the experiment. 

Participants were asked to study the instructions and start with the practice trials when ready. 

Participants were asked to adjust the chair to a comfortable height and to rest their chin on the 

chinrest and forehead against the headrest. The practice trials were guided by the 
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experimenter, allowing the participants to ask for clarifications. The experimenter stressed 

that the task is to detect the boundaries of the region of eye-contact, rather than the center of 

the region of eye-contact. Participants were told that there is no time limit for the experiment 

and that they are allowed to take extra breaks if deemed necessary. After the practice trials 

the experiment started. In each trial the participant adjusted the eye orientation of the looker 

according to instruction. When satisfied the enter key was pressed and the next trail was 

presented. After every 30 trials a 60 seconds break was included: a pop-up dialog screen 

appeared and instructed the participant to relax and give their eyes some rest. This procedure 

repeated until all 168 trials were completed. 

Data Analysis 

 

Figure 10. On the top panel a hypothetical diagram is shown of the probability that an 

observer experiences eye-contact as a function of gaze direction. The bottom panel shows the 
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Region of Eye-Contact for a slant of zero degrees for the centering task, de-centering task and 

for both tasks together (bottom).  

 

From the experiment we obtain two different measures for the boundary of the REC for 

the animated model in degrees. Points gathered by the two different tasks on define the REC 

(see radar plot in Figure 10). Each boundary point of the region of eye-contact (REC) 

corresponds to a certain simulated gaze direction. The REC is defined as the area 

encompassed by these boundary points.  

Figure 10 also shows the hypothetical probability of perceiving eye-contact on the 

horizontal axis as a function of gaze direction. The distance between the de-centering points 

is the width of the REC for the de-centering task. The distance between the centering points 

is the width of the REC for the centering task. For every slant two widths of the REC are 

measured. One is the width of the REC for the de-centering task and one is the width of the 

REC for the centering task. Theoretically, the width of the REC, the average of both tasks, is 

the distance between the 50% intersection points. However this depends on the precise 

distribution. We therefore use the arithmetic mean. Unless stated otherwise the arithmetic 

mean of these two REC’s is used (see “width of the REC” in Figure 10).  

The CREC is the center of the REC. The horizontal location of the CREC lies exactly 

between the two points defining the width of the REC (see Figure 10 “center of REC”). The 

vertical location of the CREC lies exactly between the two points defining the height of the 

REC. We mainly expect a change in the horizontal component of the CREC due to the 

rotation of the stimulus about the vertical axis. We will therefore focus on the horizontal 

component of the CREC.  

CREC tells us where the observer thinks the looker should look in order to have perfect 

eye-contact. If the CREC is negative eye contact is experienced when the eyes of the looker 
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are rotated towards the left. This means that the participants would perceive the looker to be 

looking to the right if there was no eye-rotation. In order to correct for this deviation 

observers rotate the eyes of the looker to the left. Thus, the CREC reflects the compensation 

for the effect of slant on the perceived gaze direction is minus one times the adjusted gaze 

direction. Therefore we will from now on use the negative of the measured CREC and REC 

because it gives us more intuitive data. 

 

Slant foreshortens images and it is useful to look in more detail to the effect foreshortening 

has on certain features within the face. An important feature in the face that is influenced by 

foreshortening is the location of the iris within the sclera, because the location of the iris is an 

indicator for gaze direction. Foreshortening, thus, might affect the CREC. In order to check if 

a relation can be explained by the effect of foreshortening on the CREC, a model is devised 

that predicts the perceived gaze direction depending on the slant of the portrait.  

The model that predicts the CREC from the slant of the stimulus consists of two parts; the 

first part calculates the sclera-ratio depending on the degrees of slant; the second part 

calculates the perceived eye-turn using the sclera-ratio as an input, see Figure 11. 

 

 

 

 

 

The first part calculates the foreshortening effect on the location of the pupil or iris within 

the sclera which results in a ratio of the center side (c) of the eye compared to the outer side 

(o). The natural logarithm (ln) is used to let the ratio vary between minus one and one, with 

equal shares resulting in zero, see formula 2:  

Figure 11. Schematic flow chart of the steps executed to derive the estimated CREC

from the slant of the stimulus. 

CREC sclera-ratio slant perspective 
transformations 

geometrical 
calculations 
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sclera-ratio = ln((c1 + o2 ) / (c2 + o1)       (2) 

 

The distances o and c for a slanted portrait are calculated according to Figure 12. 

The second part calculates the actual eye-turn in three-dimensional space needed to 

achieve the same sclera-ratio in a portrait rotated with zero degrees. The radius of the eyeball 

is used to relate the movement of the iris depending on a certain eye-turn in degrees; the eye-

ball is simplified as being spherical, which should not be problematic for small eye-

movements. The parts combined form a model that predicts the expected CREC for a certain 

slant that can be explained by the perception of eye-turn due to foreshortening. 

 

                  

 

Figure 12. Sclera-ratio as calculated from the slant in degrees. 

  

We fitted the model with a third order polynomial, y = - 1.15E-2x + 5.462E-10x3. The 

polynomial fits the model rather well (R-squarred > .999).  
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Results 

The REC is defined as the region between the four boundary points (see section Data 

Analysis).  Figure 13 shows the locations of the boundaries of the REC for the centering task, 

de-centering task, and the average of both tasks as well as the calculated CREC’s. 

 

 

Figure 13. In the top row the horizontal (left) and vertical (right) boundaries for the REC 

are plotted for each slant for de centering and de-centering task. In the bottom row the 

horizontal (left) and vertical (right) CREC is plotted for each slant along with the average 

eye-rotation for the REC’s boundaries.  
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Figure 14. The region of eye-contact (REC) as defined by the boundary-data, shifts 

horizontally due to the slant. The REC for a slant of 0° (solid line) is compared with the REC 

for slants of -40° (dotted line) and 40° (dashed line). 

 

First we investigated the effect of slant on the center of the region of eye-contact (CREC) 

on the horizontal axis; the CREC is evaluated separately for the horizontal and the vertical 

axis (see the Data Analysis section).  

The CREC gives an indication of the symmetry of the data. The perception of eye-contact 

should be centered round zero degrees of adjusted gaze-direction in the horizontal orientation 

for a slant of zero. Thus, the CREC should be zero for a slant of zero degrees in case of 

perfect symmetry. The difference of the CREC from zero (M = .086, SD = .515) was tested 

using a one-sample t-test. We found no significant difference (t(29) = -.910, p = .371) 

showing that there was no significant asymmetry. The CREC for all other slants did 

significantly deviate from zero (see Figure 15). 
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Figure 15. The mean horizontal CREC with its standard error is shown as a function of 

image slant. Polynomial fit (solid curve) and the linear fit (dashed line) are plotted on top of 

the CREC data.  

 

In order to analyze the inter-subject variability we fitted a linear model trough the data of 

each subject. The slope and intercept of these linear fits are normally distributed among 

participants (see Figure 16). The Shapiro-Wilk test for normality show no deviation from 

normality for the slope (W = .908, p = .125) and intercept (W = .961, p = .704) for the 

horizontal CREC. 
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Figure 16. The top row shows the fitted individual intercepts for the horizontal CREC 

(left) and the resulting Q-Q Plot (right). The bottom row shows the fitted individual slopes for 

the horizontal CREC (left) and the resulting Q-Q Plot (right). 

 

Individual horizontal CREC data is normally distributed. The horizontal CREC is fitted 

with a linear model. The linear fit is a good fit for our data, adj. R2 = .903. The resulting 

linear relation between the slant and the CREC is shown in Figure 15. 

According to the two-stage process systematic errors in gaze perception go unnoticed 

below slants of 22°, beyond which they may be compensated for. This would lead to a non-

linear relation between CREC and image slant. Therefore we fitted a third order polynomial. 
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We find that the horizontal CREC data can be fitted by y = 0.0191 x - 2.893E-6 x3 (see 

Figure 15). 

The adjusted R-squared of the polynomial fit is higher than the adjusted R-squared for the 

linear model, adj. R2 = .994 compared to adj. R2 = .903 for the linear fit. An ANOVA for 

Model Fits was significant for the polynomial fit (F(3, 3) = 332.24, p < .001), thus the 

interdependence of the horizontal CREC and image slant is well described by the polynomial 

fit.  

In a similar way we obtained the results for the vertical CREC. Figure 17 shows the 

polynomial and linear fits for the relation between CREC and slant. 

 

Figure 17. CREC as a function of image slant for the vertical orientation. Insignificant 

polynomial fit (solid curve) and insignificant linear fit (dashed line). 

 

The individual estimator variables for the linear fits were tested for normality using the 

Shapiro-Wilk test. The slope of the vertical CREC was distributed normally (W = .905, p = 

.115) as well as the intercept (W = .954, p = .592), see Figure 18.  
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Figure 18. The top row shows the  fitted individual slopes for the vertical CREC (left) and 

the resulting Q-Q Plot (right). The bottom row shows the fitted individual intercepts for the 

vertical CREC (left) and the resulting Q-Q Plot (right). 

 

For the vertical CREC we found no significant slope for the linear fits (t(5) = 0.670, p  = 

.533), but the intercept was significant (t(5) = -7.26, p > .001). The intercept for the linear fit 

is -.392. The same was found for the polynomial fit. All estimator variables were not 

significant, except for the intercept (t(3) = -7.097, p = 0.005). The intercept for the 

polynomial fit is -.496. This means that the CREC for the vertical axis lies below zero for all 

slants. 
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In order to check the dependence of the total area of the region of eye-contact (REC) on 

the slant, the REC was calculated by multiplying the distance between the boundary points on 

the horizontal (width of REC) and vertical (height of REC) axis (see the Data Analysis 

section). We then calculated a repeated measure ANOVA. The REC turned out not to be 

dependent on the slant (F(6, 419) = .617, p = .717), neither is the width of the REC (F(6, 209) 

= .301, p = .936), nor the height of the REC (F(6,209) = .243, p = .962).  

 

The sclera-ratio polynomial (see end of the Data Analysis section) when compared to the 

CREC data explains the variance of the CREC between slants well. An ANOVA for the 

CREC shows that the variance between slants is significantly explained by the sclera-ratio 

model (F(3,3) = 12.137, p = .035) (see Figure 19). 

 

Figure 19. Sclera-ratio model polynomial, y = -1.15E-2 x + 5.462E-10 x3, plotted with 

means and error bars of the enquired CREC data. 
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Discussion & Conclusion 

 

Change in center of the region of eye-contact (CREC) due to slant 

As expected we found that the center of the region of eye-contact (CREC) is not different 

from zero for a slant of zero degrees: when the portrait is shown in frontoparallel with zero 

eye-turn, the person depicted appears to look directly at the observer. This shows that our set-

up was symmetrical.  

According to Goldstein (1987) the perception of the orientation of anything pointing 

directly at the observer (e.g. eyes, finger, arrow) is not influenced by the slant. Current 

reseach shows a clear, though, small effect of the slant on the perception of eye-contact. 

Though, the deviation from zero cannot be explained by the geometrical rotation of the 

portrait in space.  

We measured that for the rotation of an image plane of a portrait, the CREC changes with 

one percent of the slant rotation. The Mona Lisa effect would predict no change of the CREC 

with the change of a slant of the image plane. Thus, our results seem to suggest that the Mona 

Lisa effect is not as straight forward as might have been expected; the change in slant does 

have an effect on the perception of eye-contact. We found that with an increase in slant the 

horizontal CREC increases: the CREC data can be fitted with a linear model. For the vertical 

CREC no effect of the slant is measured on the vertical location of the CREC. 

 

Sclera-ratio model 

In order to investigate the role of the pictorial cues for eye-turn we devised a sclera-ratio 

model. The sclera-ratio model relates the CREC to the effect of foreshortening. We find that 

the iris position within the eye predicts the CREC rather well. Thus, observers seem to 
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perceive the eye-turn to vary with slant due to effects of foreshortening on the location of the 

iris within the eye. For our stimuli this means that the eye-turn is perceived to change with 

one percent of the stimulus rotation. There still seem to be systematic differences between 

our model and the data, but that will be left for further study. 

 

Region of Eye-Contact 

We found that the region of eye-contact (REC) does not change significantly with 

different slants of the portrait. Thus, according to Chen’s (2002) snap-to-contact theory the 

participants do not feel more uncertain about the perceived eye-direction when the portrait is 

slanted. Thus, observers feel that their means for perceiving eye-contact are not degraded by 

the perspective transforms that are caused by the rotation of the portrait of the looker. 

The size of the REC for a slant of zero degrees causes the small change in CREC for 

different slants to always fall within its region. This results in a new explanation for the Mona 

Lisa effect; contrary to prior belief (Todorović, 2006) the perception of eye-contact is 

affected by the slant, but the gaze-shift resulting from rotated portrait is small enough to keep 

the gaze perception within the regions of eye-contact perception. 

The width of the REC is similar as the width found by Gamer and Hecht (2007). Averaged 

over all their experiments they found a width of the REC ranging between 6.32 and 9.34 

degrees. We found an average width of the REC for both tasks of about 6.8 degrees. 

We found the REC to be smaller for the centering task. But, even for the centering task the 

REC is not as small as the 2° width of the REC Chen (2002) found. A possible cause might 

be the distance from the screen, which is 2.4 m in Chen (2002) compared to 1.25 m in the 

current experiment. This suggests, in agreement with Gamer and Hecht (2007), that the REC 

does not scale linearly with distance. 
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In Chen (2002) participants are much less sensitive in the down direction. In our 

experiment the size of the REC is similar in all directions. Our vertical CREC did show a 

deviation from zero, possibly resulting from the correction for a slight insensitivity in the 

down direction. But this is much smaller than the insensitivity Chen (2002) measured. The 

type of stimulus might have an influence on this aspect of the REC. Chen (2002) used looped 

videos of real human lookers on a low resolution display, whereas the current experiment 

uses a high resolution stationary image of a face. According to Chen (2002) the insensitivity 

in the down direction might be due to the lack of cues for the perception of gaze direction. 

For all directions the location of the iris within the eye changes with a change of eye-turn. 

These changes are very clear for all directions except for the down direction. When the looker 

is looking further down an increasing part of the eye is blocked by the upper eyelid, blocking 

cues for the perception of eye-turn. Our figure has wide open eyes and cues remain clearly 

visible for all simulated eye-turns.  

 

Video Communication 

For video communication, results from this experiment show that software applications 

already supporting eye-contact do not have to change their software or hardware to support 

eye-contact as long as changes in CREC due to slant are all kept within the REC. Then, 

changes in gaze direction due to slant won’t affect the perception of eye-contact. But, the 

REC changes with the quality of the stimuli and the distance to the looker. This might cause 

the REC to decrease in size to such an extent that it causes the CREC to be located outside 

the boundaries. Further research is needed to define the variables that have an effect on the 

REC, and to define the size of the REC for different circumstances. 
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Compensation Process versus Two-Stage Process 

The compensation process prescribes that the perspective transformations on the retinal 

image that are due to the slant of the picture plane are compensated mentally to form an 

estimation of the frontoparallel retinal image. For the perception of eye-contact one would 

expect the slant to have no influence on the perception of eye-contact, consistent with the 

Mona Lisa effect. We found that the slant does have an effect on the perception of eye-

contact. Apparently perspective transformations due to the slant are not compensated at least 

not entirely. The movement of the iris due to foreshortening affects the perception of eye-

contact. Thus, at least the non-linear effects of foreshortening are not compensated. 

The two-stage process states that image deformations are not always detected for slants 

lower than 44° and never for slants lower than 22°. When deformations are detected a 

compensation mechanism may occur effectively nullifying the perspective transformations on 

the retina. Thus, for the perception of eye-contact in slanted portraits above 44° of rotation, 

one would expect the perspective transformations (e.g. foreshortening effect) to have no 

effect on eye-contact. Such a dual process would entail a non-linear relation as has been 

observed experimentally. One would expect the non-linearity to occur right after a slant of 

22°.  

We fitted our CREC data with a third order polynomial to test these theories. The third 

order polynomial, just like the linear fit, shows an effect of slant on the perception of eye-

contact. This opposes the compensation process, because the compensation should rid the 

perception of any foreshortening effects. The polynomial fit also shows a significant third 

order effect, which accounts for a peak and valley, as expected according to the two-stage 

process. The location of the peak and valley, though, is not entirely on the expected location. 

Instead of the peak and valley at about -32° and 32°, respectively, we found them to lie at 

about -45° and 45°. This suggests the two-stage theory might not explain our data.  
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We have reason to suspect the valley and peak to be due to some artefact; we found that 

the CREC for the vertical axis is also different for both 60° slants, and analogous to the 

horizontal CREC, it also deviates towards 0° (see Figure 15 and Figure 17). Possibly, for 

extreme slants cues for gaze direction are degraded. Observers might therefore rely on other 

cues to make their judgment. They might use the time a button on the keyboard is normally 

pressed to move the eyes to the asked boundary. This would cause the CREC to move 

towards zero because the distances of the boundaries to the origin would be more equal. 

Though, the degradation of the cues for eye-contact would mean that the size of the REC also 

increases for these extreme slants, because then, according to Chen’s (2002) snap-to-contact 

theory, uncertainty about their perception would also increase. We did not find an increase of 

the REC for extreme slants. 

It is not clear what kind of perceptual mechanism is used if observers compensate for the 

slant. Observer might only compensate for linear effects of slant on the retinal image. In this 

case, ratio differences remain. Thus, it might be possible that observers ineffectively 

compensate for the effects of perspective transformations on the retinal image. 

The two-stage process is grounded in the idea that observers prefer to view an image from 

a small angle, e.g. below 22°. Observers prefer small angles because then effects of 

perspective transformation would be kept low enough to allow no-compensation on the 

retinal image for a correct interpretation. In this view, observers would prefer not to use a 

compensation mechanism, because it is not very efficient. If we combine these premises of 

the two-stage process, with Chen’s (2002) snap-to-contact theory, we would expect the REC 

to increase for extreme slants. Observers do not trust their compensation mechanisms, so 

when used it should increase their uncertainty of their eye-gaze perception resulting in a 

bigger REC. Again, this is not what we find. The size of the REC does not significantly 

depend on image slant. 
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Conclusion 

We found a small but significant effect of the slant of a portrait on the perception of eye-

contact the gain of which decreases for slants larger than 40°. This is hard to explain with 

straightforward compensation processes. However, this also does not match what would be 

expected according to the two-stage process. Although, the two-stage process does predict a 

reduction in gain for large slants, the reduction occurred at much larger slants than would be 

expected  

 We successfully devised a sclera-ratio model that predicts the CREC based on the effect 

of foreshortening due to slant on the relative location of the iris within the sclera. This model 

assumes that judgments of eye-contact are directly based on the sclera-ratio without any 

compensation for the effects of image slant. Thus, it seems that the perception of eye contact 

is based on image features like the sclera-ratio, which are largely dependent of the effects of 

foreshortening 

This result has some implications for video communication applications supporting eye-

contact. If the plane displaying the two-dimensional representation of the looker is looked at 

by the observer from an angle, eye-contact might be lost. This all depends on the 

displacement of the CREC due to the slant, and the size of the REC for a zero degrees slant. 

As long as the slanted CREC lies within the zero degrees REC, eye-contact is maintained, 

otherwise eye-contact is lost. Because the zero degrees REC is rather large compared to the 

displacement of the CREC due to slant, eye-contact will be maintained independent of slant 

for most applications. Complications might occur when the zero degrees REC is relatively 

small and the effects of foreshortening are relatively large, as for a short observer-portrait 

distance. 
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