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1. The Delboeuf illusion  

In the illusion named after Delboeuf (1865, 1892, 1893), two concentric circles appear to 

attract each other in the sense that the larger one seems to shrink slightly as a function of 

the diameter of the smaller one while the smaller circular line appears to expand 

(assimilation). Keeping the diameter of one circle (the target) constant and varying the other 

one (the inducing circle), the intensity of the illusion is usually plotted versus the so called 

framing ratio (diameter of the inducing circle divided by the target´s diameter). The apparent 

size of the target shrinks for framing ratios FR<1. For FR>1 it first approaches a maximum, 

but then shrinks again (contrast effect). Oyama (1962) shows a brightness contrast effect for 

the Delboeuf illusion. Jaeger and Lorden (1980) draw the conclusion that size detector rather 

than contour interactions are responsible for this illusion. Roberts, Harries, and Yates (2005) 

claim a partial relationship between the Delboeuf and the Ebbinghaus illusion. Hamburger, 

Hansen, and Gegenfurtner (2007) found that the illusion does not change under isoluminant 

conditions. Daneyko, Zavagno, and Zanuttini (2011) examined lightness effects. In contrast 

to several other illusions (eg, Müller-Lyer), the Delboeuf illusion seems not to occur in the 

haptic modality (Gentaz and Hatwell, 2004).  

It was the purpose of this work to investigate the apparent size of the target circle over a 

fairly wide range of the framing ratio (the inducing circle being either larger or smaller than 

the target) and to find an algebraic expression suitable to describe the intensity of the 

illusion as a function of the framing ratio. 

 

2. Experiment 

The diameter d of the target circle was held constant, while the size D of the inducing circle 

was varied from approximately one third of d up to more than four times the target´s 

diameter.    

2.1 Subjects. There were 11 healthy volunteers, aged between 40 and 65. Sight was 

corrected to normal. All of them were naive.  

2.2 Stimuli. The target was a red circular line on white background (outer diameter d), while 

a black circular line (D) served as the inducing circle. On a DIN A4 printout d was 27.0mm 

while the outer diameter D of the inducing circle was varied between 10.1 and 121.3mm, 

corresponding to framing ratios (FR = D/d) between 0.37 and 4.49. In total, 28 

transparencies were presented. Two of them showed the target without the inducing circle. 

Examples are given in Fig. 1. Both circular lines were 1.1 mm wide. As standards, seven full 

black circles, arranged horizontally, were shown below the stimulus, their diameters being 

32.3, 30.2, 28.3, 27.0, 25.7, 24.3, and 22.8 mm, respectively.  

2.3 Procedure. The transparencies were projected by a beamer. Each of them was magnified 

linearly by a factor of 6.5 and was shown for 7 seconds, followed by a blank of 3 seconds.  
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The participants were seated in three rows, at a distance of 3.60, 5.10, and 6.50 meters from 

the screen. From a distance of 5.10 meters, the diameter d of the target circle subtended an 

angle of 1.97 degrees arc. The participants indicated the perceived size of the target by 

choosing one of the seven full black standard circles.  
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Fig. 1a. One of the 
transparencies. Framing 
ratio is 4.49 (ratio of the 
outer diameters). Standard 

circle 4 matches the 
target. 
 
 
 
 
 
 
 
 
Fig. 1b (below). 
Three stimuli with framing 
ratios of 0.78, 1.29, and 
0.37   (from left to right). 

 

 

                                                                                                                                               
 
 

 

 

2.3 Evaluation. In total, there were 280 data obtained (in six out of the 286 observations 

subjects could not decide for a particular standard circle). The data were averaged and 

divided by the perceived size d0 of the target presented without inducing circle (average of 

52 observations).  

2.5 Results. From two transparencies it was found that the target circle without context (the 

inducing circular line) appeared smaller than its true size (25.0 1.3 mm instead of 27.0mm, 

with reference to a DIN A4 printout). This apparent size is called d0. Obviously, the apparent 

size of an isolated red circular line differs from that of a full black circle with the same 

diameter seen within the context of the other standard circles.  In Fig. 2, the perceived size 
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of the target (standardized to d0) is plotted as a function of the framing ratio. The illusion 

peaks around a framing ratio of about 1.4, where its intensity amounts to about 10% of d0.  
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Function fitted: 

y=  (1-P1*(1-x)*exp(-P2 

*abs(1-x)))*P3*x^(-n)  

Parameters obtained: 

  

P1= 0.422(57)  

P2= 2.29(31)  

P3= 1.0387(37)  

n =  0.0584(64)  

 

Chi^2/DoF= 0.00026 

R^2 =  0.89937 

 

 

Fig. 2.  Perceived size of the target circle (standardized to d0, its apparent size without context) as a function of 

the framing ratio. For framing ratios just below and above 1, assimilation leads to an apparent decrease or 

increase of the target circle, respectively. For very large x-values the size constancy effect causes apparent 

shrinking.  

 

For FR<1, assimilation causes an apparent shrinking of the target. After the maximum the 

illusion decreases again. For D being a multiple of d, the apparent size of the target becomes 

even smaller than d0. An algebraic function (next chapter) has been fitted to the values. 

Parameters obtained from the fitting procedure are given in the column to the right in Fig. 2. 

 

3. The algebraic function 

The conceptual model is based on the following assumptions: 

- To low order of approximation, the perceived size of the target circle increases or 

decreases in proportion to D-d, ie, the difference between the diameters of the 

target and the context circle.  

- The assimilation effect of the inducing circle exerted on the target decreases 

exponentially with increasing values |D-d|. 

- For D being a multiple of d, size constancy causes a shrinking of the apparent size of 

the target.  
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1. With x being the framing ratio D/d, (1-x) equals (d-D)/d, which is proportional to the gap 

between the circular lines. This expression is included into the first term: To low order of 

approximation, the apparent deviation of the target from its perceived size without context 

(=d0) can be written as -P1*(1-x). This holds approximately within a range of the framing 

ratio between 0.6 and 1.3.  

2. For larger and smaller framing ratios a deviation from this proportionality is observed. This 

is described by the exponential decay function exp[-P2*abs(1-x)].  

3. For large framing ratios x>>1, size constancy is assumed to contribute to the effect. Size 

constancy means that a small object appears somewhat enlarged in comparison to its retinal 

image while the size of a large object will be reduced. This effect is described by the power 

term P3*x^(-n), n being the size constancy parameter which can take any value between 0 

and 1. For n=0, the perceived size of the context circle will be in proportion to its true size 

which means that, in turn, the apparent size of the target will stay constant, as it physically 

does. n=1 means that the inducing circle will be perceived as being constant in diameter, 

irrespective of its true size. As a consequence, with growing D of the inducing circle, the 

target circle will become apparently smaller. Collecting the terms one obtains an algebraic 

expression which approximates the experimental values within the range of observation: 

                                 y(x)/d0 = [1-P1*(1-x)*exp(-P2*abs(1-x))]*P3*x^(-n). 

  

 

Discussion 

In case the target and the inducing circle are of similar size, assimilation seems to play the 

major role. To a certain degree, the apparent size of the target follows the size of the 

inducing circle. With increasing difference of the circles´ diameters, this particular contextual 

relationship seems to fade away. However, for large inducing circles, size constancy seems 

to contribute to the illusion, reducing the apparent size of both circles simultaneously. For 

an extremely small as well as an extremely large inducing circle (D<<d) its influence on the 

perceived size of the target is expected to disappear gradually. Theoretically, there are even 

three values of the framing ratio where the apparent size of the target is expected to match 

d0: At FR=0, where there is no inducing circular line any more, at FR=1 or D=d (target and 

inducing circle overlap) and for FR approaching infinity, where only the target is left within 

the visual field.  
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