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•  Previous studies suggest a predominant role for co-circularity in: 
1. Contour detection (Achtman et al., 2003)  
2. Glass pattern detection (Wilson & Wilkinson, 1998; Wilson et al., 1997) and  
3. Texture detection (Motoyoshi & Kingdom, 2010). 

•  Co-circularity is an important feature in natural scenes (e.g. Elder & Goldberg, 2002) and 
points of maximum curvature are crucial for object recognition (Attneave, 1954; Biederman, 
1987) and shape discrimination (Loffler et al., 2003). 

•  Short arcs are perceived as flatter than long arcs of the same, a phenomenon termed the “Arc-
size Illusion” (Virsu, 1971, Virsu & Weintraub, 1971). 

Imagining Circles 
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① Introduction 

② Aims 
180˚

22.5˚ 36˚ 45˚

60˚ 90˚ 115˚ 135˚

225˚ 270˚ 360˚

!

③ Methods 

To investigate subjects’ ability to interpolate a circle and to judge its centre-point, 
using circular segments of varying arc lengths.  

④ Experiment 1 
Subjects (N=4) positioned a randomly located test dot to the perceived centre-point 
of an arc of varying angular extent.  

⑤ Experiment 2 

⑥ Experiment 3 

⑧ Discussion 

•  Three psychophysical experiments were carried out: 
1. Estimation of the centre-point of a circle  
2. Adjusting two arcs to form a circle 
3. Interpolating a circle’s circumference 

STIMULI 
•  Circular segments of varying angular extents:   

Experiment 1: θ = 22.5˚- 270˚                
Experiments 2 & 3: θ = 22.5˚ - 135˚ 

•  Different radii (1˚, 2˚ & 3˚) 
•  D4 cross-sectional luminance profile; 8 c/deg 
•  Contrast was ramped down at the boundaries 
•  The arc length was randomly varied by 10% in 

each trial 
PROCEDURE 
•  Method of Adjustment 
•  Subjects moved a white circular test dot (5 

Pixels / 0.093˚) (Exps. 1 & 3) or one of the arcs 
(Exp. 2) by pressing keys on a numeric keypad.  

•  All conditions were randomly interleaved. 
•  Each stimulus was tested 20 times; 2 

repetitions. 
•  Viewing distance: 120 cm  

⑦ Results Summary 

gunnar.schmidtmann@mcgill.ca 

Subjects were asked to align two opposing arcs to form a circle.  
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Subjects (N = 3) were presented with two opposite arcs of a circle and asked to 
position a dot between them to form a circle.  

RESULTS 
•  Estimation biases, here and throughout, are expressed as the 

proportion (%) of the actual radius of the arc. 
•  Centre-points are positioned further away from the actual centre-

point for all tested radii. 
•  The bias typically decreases with increasing angular extent. 
•  Accurate estimations (dashed line) are reached for arcs of 60˚. 
•  Interestingly, for arcs between 90˚ and 135˚ subjects consistently 

underestimate the radius of the circle. 
•  Subjects reach close to optimal performance for arcs between 

180˚ - 270˚. 
•  The results do not show a strong dependence on radius. 
•  The overall trend of overestimating the radius for short arcs may in 

part be explained by the Arc-size Illusion (Virsu, 1971), which is 
superimposed in the plot showing the average data (grey lines).   

RESULTS 
•  Consistent estimation bias to position the two arcs too far apart.  
•  The bias decreases with increasing angular extent. 
•  Accurate estimations are reached for arcs beyond 90˚. 
•  Results show a dependence on the radius of the arcs, where the 

bias decreases with increasing radius. 
•  Results qualitatively follow the trend predicted by the Arc-size 

Illusion (Virsu, 1971), 
 but significantly exceed this prediction by a factor of between 3 

– 4.5 (depending on radius of the arc). 
•  This is shown by the grey lines superimposed in the plot showing 

the average data.   

RESULTS 
•  Subjects position the test dot outside the actual circle’s path.   
•  The bias decreases with increasing angular extent. 
•  Accurate estimations are reached for arcs beyond 115˚. 
•  No pronounced dependence on the radius of the arcs. 
•  Results are very well accounted for by the error measured for the Arc-size 

Illusion (Virsu, 1971) (grey lines in each plot). 
POSSIBLE STRATEGY 
•  Subjects may perform a bisection of the distance between the two arcs 

(diameter) to compute the radius of the circle. 
•  This estimated radius is then vertically added at the midpoint between the 

two arcs in order to estimate the position of the missing arc segment. 
•  The estimation bias is caused by the Arc-size Illusion. 

Similarities between experiments 
1. Overestimation of the radius for short arcs in Experiment 1. 
2. Overestimation of the distance between two opposing arcs to form a circle in 

Experiment 2. 
3. Overestimation in the interpolation of a circle composed of two opposing arcs.   

•  The extent of overestimation decreases with increasing arc length in all experiments. 
Differences between experiments 
•  The estimation biases are in the same range for Experiments 1 & 3 and are well 

accounted for by the Arc-size Illusion (Virsu, 1971), whereas the bias exceeds the 
prediction of the Arc-size Illusion in Experiment 2.  

•  The errors we make in interpolating circles from fragments are partly caused by the 
perceptual tendency to perceive short arcs as flatter than longer ones, i.e. to 
underestimate the curvature. 

Remarks 
•  We have no reasonable explanation, why subjects consistently underestimate the radius 

for arcs between 90˚ and 135˚ in Experiment 1. 
•  Shorter arcs may be perceived as having less curvature than longer arcs of the same radius 

because of a tendency to compute curvature in a scale-invariant manner. As shown 
below, curves with different radii but identical angular extent tend to be perceived as 
having the same curvature. 

  


