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Abstract 

Domestic dogs play many vital roles in human lives; however, relatively little is known 

about how they perceive the world visually. Given dogs’ recent popularity as a subject in 

cognitive and behavioural studies, it is important to understand how they visually interpret the 

world around them. One way to evaluate perception is to assess illusion susceptibility; 

specifically, how visual information is processed, interpreted and modified post-retinally. While 

illusion susceptibility has been used across a variety of species to comparatively assess the 

similarities and differences in visual processing and perception, this relatively novel 

methodological approach has only recently been adapted to evaluate perception in domestic 

dogs. Here, we present a comprehensive overview of the findings from studies that have 

evaluated domestic dogs’ illusion susceptibility, highlighting the relevance of these results for 

those studying illusion susceptibility in animals as well as canine behaviour and cognition. More 

specifically, the ultimate goal of this review is to answer the questions: 1) Are dogs susceptible 

to visual illusions? 2) If so, are they susceptible to illusions in a way that parallels humans and/or 

other animals? 3) Are findings, within dogs, consistent and if not, how might these be interpreted 

and explained?  

 

 

 

 

 

 

 



 3

 

Introduction 

To make sense of the external world, organisms organize incoming sensations into 

meaningful information (Haber & Hershenson, 1973). Information that is received via the eyes, 

more specifically the retina, is not only registered but can also be processed by the brain for 

further interpretation (Gregory, 2015). It has been proposed that susceptibility to geometric 

illusions is indicative that the brain adapts retinal information based on preconceptions (Gregory, 

1970). These corrections are typically helpful and adaptive, yet, illusions result when corrections 

are made in contexts in which they are unnecessary or inappropriate.  

Geometric illusions have been proposed to comprise four distinct types (Gregory, 1997): 

ambiguous, distorting, fiction, and paradox. Ambiguous illusions are those in which an object or 

picture can be perceived in multiple ways. Examples include the Necker cube (Necker, 1832) 

and the Rabbit-Duck illusion (Jastrow, 1899). Paradox illusions represent figures that are 

paradoxical or impossible, such as the Penrose Triangle (Penrose & Penrose, 1958) and the 

Shepard Elephant (Shepard, 1990). While ambiguous and paradox illusions are theoretically 

valuable, they are complex and difficult to evaluate comparatively across non-verbal species. 

Therefore, this review will focus specifically on distorting and fiction illusions, as research to 

date has been conducted on these kinds of illusions in non-human animals (Table 1). Distorting 

illusions represent figural distortions that invoke misperception related to size, length, or 

curvature of figure. Well-known examples of distorting illusions include the Müller-Lyer 

(Müller-Lyer, 1889), the Café Wall (Gregory & Heard, 1979), and Ebbinghaus-Titchener 

(Titchener, 1901) illusions (Table 1). Finally, there are fiction illusions, in which figures are 

perceived when they are physically not present, and are generally invoked by misperception of 
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brightness, like the Kanizsa triangle (Kanizsa, 1955) (Table 1). It is important to also emphasize 

that illusions can not only vary in type but also in the physical characteristic driving the illusory 

effect. Distorting illusions can be characterized by misrepresentations of size, or length, or 

position.
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Table 1 
 
Depiction, description, and theoretical explanations (explaining human susceptibility) of the illusions discussed in this article 

Illusion Illusion 
Type 

Physical 
Characteristic 

Human Theory Theoretical Explanation 

Ebbinghaus-
Titchener 

 

 

Distorting Size Contour interaction theory 
(Jaeger, 1978) 

The inducer circles that are close to the target perceptually attract 
while the inducer circles that are further away from the target 
perceptually repel, which results in the target stimuli being perceived 
as different sizes. 

  Size contrast theory (Coren 
& Enns, 1993) 
 

The perceived size of the target is influenced by how it contrasts with 
nearby inducers. The small inducers result in an overestimation of the 
target, while the large inducers cause an underestimation of the target. 

   Inappropriate constancy 
scaling theory (Gregory, 
1963) 

The inducer circles surrounding the target are perceived as depth cues 
where none exist, which results in the two target circles being 
perceived at different distances, and therefore as different sizes. 

   Assimilation theory 
(Pressey, 1971) 

The inducer circles are grouped with their respective target circle, 
perceptually rescaling the target circles to be more like the inducers. 

   Angular size contrast theory 
(McCready, 1985) 

Eye position is altered by depth cues, causing misperception of the 
apparent distance of the inducer circles, which make the target appear 
different in size.  

Delboeuf 
 

 

Distorting Size Contour-interaction theory 
(Jaeger & Lorden, 1980) 

The inducer circle contours that are close to the target perceptually 
attract while the contours of inducer targets that are further away 
perceptually repel, which results in the target stimuli being perceived 
as different sizes. 

   Assimilation theory 
(Pressey, 1971) 

The inducer circles are grouped with their respective target circle, 
perceptually rescaling the target circles to be more like the inducers. 
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Müller-Lyer 

 
 

Distorting Size Inappropriate constancy 
scaling theory (Gregory, 
1997) 

The converging arrows associated with the lines induce depth cues, 
which results in the two target lines being perceived at different 
distances, and therefore as different sizes. The line with the inward 
facing arrow heads (line on top) is perceived as being longer. 

   Conflicting Cues (Day, 
Vickers, & Smith, 1989) 

The arrows are perceived as being a part of the line length, and thus, 
they are assimilated with features of the line itself, resulting in the 
lines being perceived as different lengths. 
 

   Confusion Theory (Sekuler 
& Erlebacher, 1971) 

The length of each line is influenced by the arrow’s inter-tip distance, 
in other words, the distance between the tips of the arrowheads at 
opposite ends on a line. As the inward-pointing arrowheads have 
large inter-tip distance this results in a “stretched-out” perception of 
the line length. As the outward-pointing arrowheads have small inter-
tip distances, this results in a “compressed” perception of the line 
length. Together, this results in the lines being perceived as if they are 
different lengths. 
 

Ponzo 
 

 

Distorting Depth Inappropriate constancy 
scaling theory (Gregory, 
1963) 

The converging inducer lines induce depth cues, which results in the 
two target lines being perceived as if they are at different distances, 
and therefore as different sizes. 

  Integration field-theory 
(Pressey & Epp, 1992) 

The converging inducer lines provoke attentional demands to the 
space between the two target lines, which induces the target lines to 
be perceived as perceptually different.  

   Tilt constancy theory 
(Prinzmetal & Beck, 2001) 

 

Perception of size depends on the interpretation of the location of the 
end points of the converging lines. The interpretation of the location 
causes a misperception of size between the two targets. 
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Illusory 
Contours 

 

Fiction Brightness Theory of amodal 
completion (Kanizsa, 1955) 

The incomplete figure results in the emergence of a visual percept, 
which induces the perception of an illusory object superimposed on 
the gaps in the inducers. 
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In addition to classifying illusions based on their type, various theories have been 

proposed to explain susceptibility to geometric illusions (Coren & Enns, 1993; Gregory, 1963; 

Jaeger, 1978; Jaeger & Lorden, 1980; Kanizsa, 1955; Pressey, 1971). Some theories are illusion 

specific and only explain human susceptibility to a single illusion. Other theories are more all-

encompassing and provide an explanation for multiple illusions, generally within the same 

classification. Regardless of the theory, it is often emphasized that susceptibility is largely driven 

by perceptual style. Global and local processing characterize two ways in which an individual 

may experience and interact with their surroundings (Navon, 1977). Humans tend to process 

stimuli globally, meaning that figures are integrated and perceived as a whole structure. Local 

processors, in contrast, emphasize individual local components within a stimulus and perceive 

them independently from one another (de Fockert, Davidoff, Fagot, Parron, & Goldstein, 2007). 

Illusion susceptibility is thought to rely on the perception of multiple components within a visual 

array. For example, the prevalence rate of susceptibility in humans increases in populations with 

global processing preference (e.g. Berry, 1968; Berry, 1971; Dawson, 1967; Witkin, 1967), and 

decreases in populations with local processing preference (e.g. Dakin & Frith, 2005; de Fockert 

et al., 2007; Happé, Frith, & Briskman, 2001; Happé, 1996). 

During hierarchical stimulus processing, global and local information can both be 

processed by an individual, regardless of whether that individual exhibits a global or local 

precedence. For example, when presented with a Navon figure in which a large recognizable 

letter or shape is created using multiple copies of a different smaller letter or shape, human 

observers generally identify the larger shape first, at a global level (Navon, 1977). Yet, when 

explicitly instructed to focus their attention to the smaller letters or shapes, humans can still 

accomplish the local task, but are slower to identify the stimuli (Navon, 1981a, 1981b). These 
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findings suggest that while stimuli are processed at both the global and local level, global 

processing takes precedence in humans. In fact, illusions such as the Ebbinghaus-Titchener and 

Müller-Lyer illusions require the perceptual integration of local elements into a global context 

(Choplin & Medin, 1999; Coren & Enns, 1993; Coren & Miller, 1974). In other words, both 

global and local elements must be processed in order to perceive the illusions.  

Recently, there has been increased interest and broader study of illusions across species 

as a novel method to explore visual perception in non-human animals (hereafter animals). The 

illusions evaluated in animals largely focus on distorting and fiction illusions as ambiguous and 

paradox illusions are extremely difficult to assess in non-verbal species. However, creating 

comparable paradigms of distorting and fiction illusions that can be used to assess illusion 

susceptibility in non-verbal species, allows for a unique tool that might reveal similarities and 

differences underlying the psychological and cognitive processes of perception (Feng, 

Chouinard, Howell, & Bennett, 2017; Kelley & Kelley, 2014). More specifically, this novel 

method allows for a creative opportunity to evaluate whether illusion susceptibility is uniquely 

human, or it is also present in animals. If it is the latter, one can further evaluate whether the 

illusory perception is distorted in the same or in a different manner between humans and animals. 

The answers to these kinds of questions can further our understanding of how animals perceive 

the world, shedding light onto various evolutionary and environmental influences of visual 

perception. This, in turn, might help clarify the mechanisms underlying perceptual processing 

both within and across species as, to date, research evaluating animal susceptibility to visual 

illusions has yielded intriguing results that indicate clear differences at both the species and 

individual levels (for detailed reviews see Feng et al., 2017; Kelley & Kelley, 2014).  



 10

While a large body of human illusion research exists, many of the theories and proposed 

mechanisms only explain human-like susceptibility to illusions. Even within humans, it is 

difficult to extend common theoretical explanations across different illusions as they might vary 

in the physical characteristic driving the illusion (e.g. size, depth and brightness) (Axelrod, 

Schwarzkopf, Gilaie-Dotan, & Rees, 2017). Few studies have evaluated theoretical similarities 

across illusions (Carbon, 2014) and many of the theories described to explain human 

susceptibility may not appropriately explain animal illusion susceptibility. This is because 

currently available theories have only been created to identify human-like susceptibility. In other 

words, if an animal fails to demonstrate illusion susceptibility, or demonstrates susceptibility that 

is contrary, or reversed, to what is observed in humans, very few, if any, theories can adequately 

explain that result. Given these constraints, it is difficult to apply human-based theoretical 

accounts to animals, especially in instances where illusion susceptibility differs. 

 As current theories are generally limited to explaining human-like susceptibility, animal 

illusion susceptibility typically invokes discussion of perceptual style of global and local 

processing. Human-like susceptibility of geometric illusions has generally been associated with a 

processing preference of globally viewing stimuli, in other words, viewing multiple parts of a 

single stimulus as an entire entity. Conversely, null susceptibility (demonstrating no 

susceptibility) and reversed susceptibility (demonstrating susceptibility opposite to that observed 

in humans) have frequently been used indicators for a preference for local processing – in other 

words, viewing individual components within a stimulus independently of one another. Within 

this framework, species that demonstrate human-like susceptibility are primarily classified as 

global processors, while species that show null or reversed susceptibility are classified as local 

processors (Kelley & Kelley, 2014). The existence of these perceptual styles likely stems from 
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differences in evolutionary pressures as susceptibility can be advantageous for survival, mating, 

and food competition (Feng et al., 2017; Kelley & Kelley, 2014). For example, Great Bowerbird 

males create mating illusions, in which females are presented with a forced-perspective illusion 

when viewing a male’s bower court (Kelley & Endler, 2012). It seems reasonable, given the 

ways in which an animal interacts within an environment (i.e. how they live, travel, eat, hunt, 

etc.), that certain perceptual styles may be more adaptive within certain ecological contexts 

(Feng et al., 2017; Kelley & Kelley, 2014). 

Recently, animal illusion research has attempted to assess the visual perception of 

domestic dogs. This is perhaps unsurprising as canine research has boomed since the late 1990s 

(e.g. Bensky, Gosling, & Sinn, 2013). However, the state of literature regarding the fundamental 

components of dog vision (e.g. visual acuity measures, flicker fusion sensitivities, brightness and 

colour perception) is incomplete (for an extensive and up to date review of vision and perception 

in dogs please see Byosiere, Chouinard, Howell, & Bennett, 2017) and few studies have 

evaluated how dogs visually perceive and interpret their environment (Byosiere, Chouinard, et 

al., 2017). Basic parameters of canine visual ability have been reported, yet they most often stem 

from older studies, employing small sample sizes, in which modern technologies (e.g. computer 

monitors, touchscreens) and methodologies were not utilized. Moreover, given the vast intra-

specific variation observed in dogs (Byosiere, Chouinard, et al., 2017; Miller & Murphy, 1995), 

morphological differences in terms of body size, height, facial structure, and eye placement may 

all affect the way dogs process visual stimuli (Byosiere, Chouinard, et al., 2017; Gácsi, 

McGreevy, Kara, & Miklósi, 2009; McGreevy, Grassi, & Harman, 2004; Roberts, McGreevy, & 

Valenzuela, 2010). As approximately three-quarters of canine experiments investigating 

cognition use visually-based paradigms (Bensky et al., 2013), it is of the utmost importance that 
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additional attention is drawn to evaluating visual perception in dogs, as well as adapting 

paradigms accordingly to fit species-specific perceptual preferences.  

For these reasons, dogs represent a unique subject in which to begin evaluating visual 

illusion susceptibility. Not only do they occupy a niche role in human society, but they also 

represent species in which a more complete theory of visual processing is needed (Byosiere, 

Chouinard, et al., 2017). The paucity of dog visual processing and perception research makes it 

difficult to evaluate how dogs visually perceive their physical environment and to what extent 

their perception of the external world is similar to, or different from, humans and other animals. 

While this may represent a challenge in interpreting findings of illusion susceptibility, it can also 

be seen as a benefit. Findings can be used to evaluate trends in illusion susceptibility which can 

be used to refine future research to develop a more complete theory of dog visual processing and 

illusion susceptibility. Future studies should consider measuring canine visual abilities in order 

to utilize these measurements when interpreting their main results. An increased understanding 

of dog visual perception is likely to not only further our knowledge of how dogs see the world, 

but also help researchers create more appropriate experimental paradigms, and indirectly 

improve the many ways in which dogs interact with humans.  

To date, canine susceptibility to geometric visual illusions has been evaluated across five 

different types of illusions: the Ebbinghaus-Titchener, Delboeuf, Ponzo, Müller-Lyer and the 

illusory contour Ehrenstein illusions (Byosiere, Chouinard, Howell, & Bennett, 2019; Byosiere, 

Feng, Rutter, et al., 2017; Byosiere et al., 2016; Byosiere et al., 2018; Keep, Zulch, & Wilkinson, 

2018; Miletto Petrazzini, Bisazza, & Agrillo, 2016) (Table 2). Depictions of these illusions, as 

well as the theoretical explanations that have been proposed to explain human-like susceptibility, 

are presented in Tables 1 and 2. The aim of this article is to summarize canine illusion 
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susceptibility research to date, as well as address the broader implications for understanding dog 

perception. More specifically, we will answer the following questions: 1) Are dogs susceptible to 

visual illusions? 2) If so, are they susceptible to illusions in a way that is similar to humans and 

other species? 3) What patterns emerge when evaluating dog illusion susceptibility that might 

explain the variation in currently published findings?  

 

Table 1 

Depiction of the stimuli, description of the study, and they type of susceptibility observed in the available 
literature evaluating canine susceptibility to geometric illusions 

Illusion  Illusion 
Type 

Citation # of 
Subjects 

Type of 
susceptibility  

Stimuli 

Classic 
Ebbinghaus-

Titchener 

Distorting Byosiere 
et al. 
(2016) 

7 Reversed 

 
Illusory-
Contour 

Ebbinghaus-
Titchener 

 Byosiere 
et al. 
(2016) 

5 Reversed 

 
Delbeouf Distorting Byosiere 

et al. 
(2016) 

8 Null 

 
  Miletto 

Petrazzini 
et al. 
(2016) 

13 Null 
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Müller-Lyer Distorting Keep et al. 
(2018) 

7 Human-like* 

 
Grid-Inducer 

Ponzo 
w/Circle 
Targets 

Distorting Byosiere, 
Feng, 
Rutter, et 
al. (2017) 

8 Human-like* and 
Null (when re-tested) 

 
Grid-Inducer 

Ponzo 
w/Rectangle 

Targets 

 Byosiere, 
Feng, 
Rutter, et 
al. (2017) 

6 Null 

 
Classic 

Converging 
Lines Ponzo 

presented 
Horiztonally 

 Byosiere, 
Feng, 
Rutter, et 
al. (2017) 

7 Null 

 
Classic 

Converging 
Lines Ponzo 

Presented 
Vertically 

 Byosiere 
et al. 
(2018) 

6 Null  
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Ehrenstein 
Illusory 
Contour 

Fiction Byosiere 
et al. 
(2019) 

6 Human-like* 

 
Note: While all stimuli presented for the Ebbinghaus-Titchener, Delboeuf, Müller-Lyer, and Ponzo illusion 
are identical in size, humans percieve the stimulus on the right (or for the vertically presented Ponzo illusion, 
the stimulus on top) as larger. Reversed susceptibility suggests a preference for selecting the stimulus on the 
left (or for the vertically presented Ponzo illusion, the stimulus on bottom). Null susceptibility indicates at 
chance performance in which no prefernce for either stimulus (left or right, or top or bottom) is indicated. For 
the Ehrenstein illusory contour illusion, both stimuli (left and right) represent illusory figures, therefore 
illusion susceptibility is determined by evlauating if dogs could generalize a previously learned size 
discrimination rule to the amodal figures. Asterisks (*) denote an alternative methodological confound that 
may explain the results. This is further expanded upon within the each illusions relevant section in the article.  

 

Ebbinghaus-Titchener and Delboeuf Illusions 

 The Ebbinghaus-Titchener illusion represents a geometric illusion in which two identically 

sized target circles are presented with surrounding inducer circles that are differently sized and 

spaced (Parrish, 2019). In humans, larger inducer circles tend to result in an underestimation of 

the target circle’s size, whereas smaller inducer circles tend to result in an overestimation of the 

target circle’s size (See Tables 1 and 2 for depictions). Similar to the Ebbinghaus-Titchener 

illusion, The Delboeuf illusion is also a geometric illusion in which two identically sized target 

circles are presented with surrounding rings that vary in their distance and size from their 

respective targets (Parrish, 2020). In humans, larger and more distant rings tend to result in an 

underestimation of the target circle’s size, whereas the smaller and closer ring tends to result in 

an overestimation of the target circle’s size (See Tables 1 and 2 for depictions).  

 Many theories have been proposed to explain susceptibility to the Ebbinghaus-Titchener 

and Delboeuf size illusions in humans. While some of the most commonly presented theories are 

presented in Table 1, perhaps the three most prevalent theories are contour interaction theory 
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(Jaeger, 1978), size contrast theory (Coren & Enns, 1993), and inappropriate constancy scaling 

theory (Gregory, 1963). Contour interaction theory (Jaeger, 1978) posits that the inducer circles 

that are close to the target perceptually attract while the inducer circles that are further away 

from the target perceptually repel (Table 1). Size contrast theory proposes that a size difference 

is perceived because of how each target stimulus contrasts with the nearby inducers. In other 

words, the small inducers contrast with the target stimulus invoking an overestimation of its size, 

while the large inducers invoke an underestimation (Coren & Enns, 1993). Inappropriate 

constancy scaling theory (Gregory, 1963) suggests the inducer circles surrounding the target are 

perceived as depth cues which result in the two target circles being perceived at different 

distances, and therefore as different sizes. Regardless, all three theories explain why the target 

stimulus surrounded by small inducers results in an overestimation of the target, while the large 

inducers result in an underestimation of the target.  

 Byosiere et al. (2016) published one of the first studies to assess illusion susceptibility in 

dogs, evaluating canine perception of two presentations of the Ebbinghaus-Titchener illusion, a 

classic version and an illusory-contour version, and one presentation of the Delboeuf illusion 

(Table 2). In a two-choice size discrimination task, dogs were trained to select either the larger or 

smaller of two simultaneously presented circles on a computer screen. In this way, various 

interpretations could be made about canine illusion susceptibility. When presented with two 

identically sized stimuli embedded within an illusory context, a subject can demonstrate a 

preference for selecting one stimulus, the other stimulus, or no preference at all (selecting at 

chance). If dogs demonstrate a preference for selecting one stimulus (generally performing above 

levels expected by chance), and this stimulus is what humans perceive as being larger due to the 

effect of the illusion, this would suggest dogs are also susceptible to the illusory effects in a 
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human-like manner. The opposite is also possible. In other words, as there are two stimuli 

present, dogs could demonstrate illusion susceptibility, preferring the other stimulus (generally 

performing at levels below chance), selecting the stimulus humans generally perceive as being 

smaller. This would suggest dogs are susceptible to the illusion, however in a manner that is 

contrary, or reversed, to what is observed in humans. If no preference is observed, and dog’s 

select each equally (demonstrating chance performance) this would suggest they perceive the 

stimuli as being identically sized. Therefore, this chance performance would indicate the dogs 

did not demonstrate any type of susceptibility (also termed null susceptibility) to the illusion.  

 As many animal species to date had demonstrated human-like susceptibility to both the 

Ebbinghaus-Titchener and Delboeuf illusions (Feng et al., 2017; Kelley & Kelley, 2014), it was 

predicted that dogs would demonstrate human-like susceptibility. Human-like susceptibility to 

the Ebbinghaus-Titchener illusion has been observed in a bottlenose dolphin (Murayama, Usui, 

Takeda, Kato, & Maejima, 2012), bantam chickens (Salva, Rugani, Cavazzana, Regolin, & 

Vallortigara, 2013), redtail splitfin fish (Sovrano, Albertazzi, & Salva, 2014), and damselfish 

(Fuss & Schluessel, 2017). Human-like susceptibility to the Delboeuf illusion has been found in 

chimpanzees (Parrish & Beran, 2014), rhesus macaques (Parrish, Brosnan, & Beran, 2015), 

damselfish (Fuss & Schluessel, 2017) and cats (Szenczi, Velázquez-López, Urrutia, Hudson, & 

Bánszegi, 2019). However, this prediction was not supported. Dogs, as a group, demonstrated 

reversed susceptibility compared to humans when presented with both the classic and illusory 

contour versions of the Ebbinghaus-Titchener illusion (Table 2). Dogs selected the stimulus 

humans perceive as being smaller, as the larger stimulus. Individually, while all subjects 

performed significantly above chance on the control conditions, demonstrating an ability to 

successfully learn a size discrimination task, the majority of dogs (7 out of 7 in the first 



 18

presentation of the Ebbinghaus-Titchener illusion and 3 out of 5 in the second Ebbinghaus-

Titchener illusion) demonstrated significantly below chance performance, indicative of reversed 

susceptibility.  

 In this study, as the overall size of the stimulus selected by dogs was larger than the 

stimulus generally selected by humans, additional controls were necessary to identify whether 

this result, in fact, represented reversed illusion susceptibility. Additional control assessments 

were presented in which the overall size of the stimuli was manipulated to ascertain whether 

dogs were selecting a stimulus based on the size of the target (i.e. the centre circle) or the 

stimulus as a whole (i.e. the centre circle as well as the surrounding inducer circles). The results 

from these additional controls confirmed that subjects were not selecting based on the overall 

size of the stimulus (i.e. the centre circle including the surrounding inducer circles). Instead, 

subjects were selecting a stimulus based on the perceived size of the target (i.e. centre circle). 

These findings provide support for the conclusion that dogs demonstrate reversed illusion 

susceptibility based on the perceived size of the target when presented with the Ebbinghaus-

Titchener illusion.  

 Dogs in this study were also presented with the Delboeuf illusion, once again using a 

trained two-choice discrimination paradigm with on-screen presented stimuli. As a group, no 

susceptibility to the illusion was observed (Byosiere et al., 2016). In other words, dogs 

performed at chance, selecting each stimulus equally. While all eight dogs demonstrated above 

chance performance on control conditions, suggesting they were able to learn a size 

discrimination task successfully, six subjects performed at chance when presented with the 

Delboeuf illusion, indicative of null susceptibility, and two demonstrated significantly below 

chance performance, indicative of reversed susceptibility. The null susceptibility observed when 
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presented with the Delboeuf illusion is perhaps not surprising, as the illusory effect of this 

illusion has been found to be much weaker compared to the Ebbinghaus-Titchener in the same 

human participants (Sherman & Chouinard, 2016).  

 The Delboeuf illusion findings in the trained discrimination task described in Byosiere et 

al. (2016) are consistent with a behavioural assessment evaluating illusion susceptibility in dogs 

(Miletto Petrazzini et al., 2016). Miletto Petrazzini et al. (2016) adapted a spontaneous-choice 

task from Parrish and Beran (2014) in which the behaviour of untrained canine subjects was 

observed. In this paradigm, it is assumed that subjects will demonstrate a natural tendency to 

maximize rewards and select the larger of two quantities of food (Table 2). Thirteen dogs were 

given the choice to select between differently sized portions of food on identically sized plates in 

two types of control conditions. In test conditions, dogs were presented equal quantities of food 

on differently sized plates. Dogs, as a group, demonstrated above chance performance on control 

conditions, indicating a preference for the larger quantity of food. However, as a group, dogs 

performed at chance when presented with the illusion, suggesting they were not susceptible to 

the Delboeuf illusion.  

 However, it is important to note that in this study, individually, no dog performed 

significantly above chance on both control conditions, and only six of the thirteen subjects 

performed significantly above chance on one of the two control conditions. Moreover, seven 

subjects failed to perform above chance on any of the two control conditions. These findings 

regarding the control performance suggest that dogs, as individuals, failed to reliably select the 

larger portion of food and therefore the results in the illusion condition must be interpreted with 

caution. While the findings observed in the spontaneous-choice paradigm parallel those observed 

in a trained two-choice discrimination paradigm (Byosiere et al., 2016), the findings are limited 
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by the levels of  individual success on control conditions (for a detailed account of limitations in 

spontaneous choice tasks see Santacà, Regaiolli, Miletto Petrazzini, Spiezio, & Agrillo, 2017). It 

also suggests that care should be taken when using a spontaneous choice paradigm as results in 

the test condition, when the illusion is presented, are largely uninterpretable if poor performance 

in the controls trials is observed. 

 Taken together, the reversed susceptibility to the Ebbinghaus-Titchener illusions, and the 

null susceptibility when presented with the Delboeuf illusions suggest that dogs perceive illusory 

stimuli differently from humans. However, it is important to note that variation in susceptibility 

to these specific illusions has been observed both within and between species. A bottlenose 

dolphin (Murayama et al., 2012), bantam chickens (Salva et al., 2013), redtail splitfin fish 

(Sovrano et al., 2014), and damselfish (Fuss & Schluessel, 2017) have all demonstrated human-

like susceptibility to the Ebbinghaus-Titchener illusion. Homing pigeons (Nakamura, Watanabe, 

& Fujita, 2008), and bantam chickens (Nakamura, Watanabe, & Fujita, 2014) have demonstrated 

reversed susceptibility, and baboons (Parron & Fagot, 2007), and gray bamboo sharks (Fuss & 

Schluessel, 2017) have demonstrated null susceptibility to the Ebbinghaus-Titchener illusion. 

This species variation is also present in assessments of the Delboeuf illusion. While chimpanzees 

(Parrish & Beran, 2014), rhesus macaques (Parrish et al., 2015), damselfish (Fuss & Schluessel, 

2017) and possibly cats (Szenczi et al., 2019) have demonstrated human-like susceptibility to the 

illusion, ring-tailed lemurs (Santacà et al., 2017) and gray bamboo sharks (Fuss & Schluessel, 

2017) have demonstrated null susceptibility. Feng et al. (2017) provide a more detailed review of 

these findings.  

 While susceptibility to the Ebbinghaus-Titchener and Delboeuf size illusions in humans is 

often explained by contour interaction theory (Jaeger, 1978), this theory cannot explain reversed 
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and null susceptibility (Table 1). Therefore, the best theoretical explanation currently available is 

assimilation theory (Pressey, 1971), which conforms to the Gestalt law of similarity, in which 

items or objects with similar visual characteristics (e.g. shape, size, colour, texture) are grouped 

together (Koffka, 1935). Interestingly, humans tend to process stimuli as assimilators when their 

visual acuity is poor (Masson, Dodd, & Enns, 2009). It is possible that the reversed and null 

findings are by-products of limitations in canine visual acuity. While various studies do report 

that canine visual acuity is worse than humans (Byosiere, Chouinard, et al., 2017; Miller & 

Murphy, 1995), this explanation may not completely address the variation as recent research in 

dogs (including subjects whose illusion susceptibility was evaluated) suggest that canine visual 

acuity is better than what has previously reported (Graham et al., 2018; Lind, Milton, Andersson, 

Jensen, & Roth, 2017). Additional research should be conducted to confirm these conclusions. 

 Regardless of the theories underlying reversed and null illusion susceptibility, there are 

other ways in which these findings can be interpreted. The null or reversed susceptibility to these 

illusions in animals has typically been explained by a preference for local processing (Nakamura 

et al., 2008, 2014).  When applied and extended to the studies evaluating canine illusion 

susceptibility, these results suggest that dogs preferentially process visual stimuli locally, rather 

than globally. In other words, when presented with the illusions, emphasis is drawn to the 

individual components presented in the scene, rather than the perceptual grouping of elements. 

Originally, this explanation in dogs was reported to be unlikely as the only processing 

precedence study conducted on dogs observed a general preference for the global processing of 

stimuli (Mongillo, Pitteri, Sambugaro, Carnier, & Marinelli, 2016). However, this general 

preference was not statistically significant, and more recent research suggests that there is 

evidence for a local processing preference in dogs (Kanizsár et al., 2018).  
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Müller-Lyer Illusion 

Since Byosiere et al. (2016) and Miletto Petrazzini et al. (2016) published the first studies 

evaluating illusion susceptibility in dogs with the Ebbinghaus-Titchener and Delboeuf illusions, 

additional assessments of canine illusion susceptibility have been conducted in other illusions. 

The Müller-Lyer illusion (Day & Knuth, 1981; Müller-Lyer, 1889), like the Ebbinghaus-

Titchener and Delboeuf, represents a size distorting geometric visual illusion. The illusion is 

frequently presented as two equally sized (in width and length) arrow-like lines (Table 1). One 

line is depicted with inward facing arrows (> <) placed at either end, while the other line is 

depicted with outward facing arrows (< >) at either end. The illusory effect is produced when 

these arrow-like lines are presented simultaneously, whereby the stimulus with inward facing 

arrows is perceived as being longer by humans when compared to the stimulus with outward 

pointing arrows, which is perceived as being shorter (See Tables 1 and 2 for depictions).  

Various theories have been proposed to explain susceptibility to the Müller-Lyer illusion. 

Three prevalent theories include the inappropriate size constancy scaling theory (Gregory, 1997), 

conflicting cues theory (Day et al., 1989), and confusion theory (Sekuler & Erlebacher, 1971). 

Inappropriate size constancy scaling theory (Gregory, 1997) can be used to explain human-like 

susceptibility to the illusion (Table 1). More specifically, the line with the inward facing arrow 

heads is perceived as being longer due to a misapplication of perceptual depth cues which result 

in it being visually processed as being further away. An alternative explanation is the conflicting 

cues theory in which the arrow heads are perceived as a part of the line length, and thus, the 

assimilation of the line with features of the inward facing arrows is perceived as having a longer 

overall shape (Day et al., 1989) (Table 1). Lastly, confusion theory has also been proposed to 

explain susceptibility to the illusion. Sekuler and Erlebacher (1971) proposed that the distance 
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between the relevant arrowheads’ inter-tips, defined as the distance between the tips of the 

arrowheads at opposite ends of each line, influences perception of the line length (Table 1). As 

the inward-pointing arrowheads have large inter-tip distance this results in a “stretched-out” 

perception of the line length. Conversely, the outward-pointing arrowheads have small inter-tip 

distances, which results in a “compressed” perception of the line length. Together, this results in 

the lines being perceived as if they are different lengths. 

Using a two-alternative forced choice procedure, Keep et al. (2018) has evaluated canine 

illusion susceptibility in the only study to evaluate the Müller-Lyer illusion in dogs. Across three 

experiments, seven dogs were evaluated in their perception of line length differences in various 

control and illusion conditions presented on a touchscreen (Table 2). Consistent with other two-

choice discrimination studies (including those presented above by Byosiere and colleagues), 

some subjects were trained to select the longer line, and others were trained to select the shorter 

line. Substantial controls were required when evaluating the Müller-Lyer illusion, just as the 

Ebbinghaus-Titchener illusion, as it can be difficult to differentiate if a subject is susceptible to 

the illusion or simply making a selection based on the overall figure size (Feng et al., 2017). 

Therefore, Keep et al. (2018) conducted multiple experiments to evaluate this possible confound.  

In Experiment 1, the authors observed that dogs were successful at discriminating line 

lengths of different sizes while also controlling for surface area, suggesting that dogs could be 

trained to discriminate between line lengths. Experiments 2 and 3 evaluated canine susceptibility 

to the Müller-Lyer illusion, as well as multiple control presentations. The difference between the 

experiments was one of illusory context, more specifically, in how far apart two-choice 

discrimination stimuli were presented. The results for Experiments 2 and 3 suggest that dogs 

were susceptible to the Müller-Lyer illusion, meaning that dogs viewed one arrow-like line as 
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longer than the other even though they were equal in length. However, further analysis of the 

controls indicated that while human-like susceptibility was observed, dogs used features 

regarding the overall size of the stimulus, rather than the illusion itself when selecting a stimulus. 

In other words, dogs utilized the global size of the stimulus, rather than focusing on the line 

length when making their choices. Therefore, the human-like susceptibility observed is most 

likely a result of the size discrimination training rather than a representation of human-like 

illusion susceptibility.  

To date, various assessments of the Müller-Lyer illusion have been conducted in animal 

species, including mammals, birds, fish, and insects (for detailed reviews see Byosiere, Feng, 

Chouinard, Howell, & Bennett, 2017; Feng et al., 2017; Kelley & Kelley, 2014). Most animal 

species, including ring-tailed doves (Warden & Baar, 1929), homing pigeons (Malott, Malott, & 

Pokrzywinski, 1967; Nakamura, Fujita, Ushitani, & Miyata, 2006; Nakamura, Watanabe, & 

Fujita, 2009), capuchin monkeys (Suganuma, Pessoa, Monge-Fuentes, Castro, & Tavares, 2007), 

an African grey parrot (Pepperberg, Vicinay, & Cavanagh, 2008), rhesus macaques (Tudusciuc 

& Nieder, 2010), and red-tail splitfin fish (Sovrano, Da Pos, & Albertazzi, 2016) have 

demonstrated human-like susceptibility to the Müller-Lyer illusion. The only species that has not 

demonstrated human-like susceptibility is the gray bamboo shark (Fuss, Bleckmann, & 

Schluessel, 2014), which demonstrated null susceptibility to the illusion. Therefore, it may be 

possible that future research investigating canine susceptibility of the illusion could further 

support the human-like susceptibility Keep et al. (2018) observed. However, the dog’s 

preferences to select a stimulus based on overall size make it difficult to interpret these findings 

and provide a theoretical explanation.  
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What is interpretable is presenting these results within the perspective of other 

comparable canine studies. The observed human-like susceptibility when presented with the 

Müller-Lyer illusion, is not consistent with the Ebbinghaus–Titchener illusion findings in which 

dogs demonstrated reversed susceptibility to both the illusory-contour and classic versions of the 

illusion (Byosiere et al., 2016). Nor are these findings in line with the null findings of the two 

Delboeuf illusion studies (Byosiere, Feng, Rutter, et al., 2017; Byosiere et al., 2016; Byosiere et 

al., 2018; Miletto Petrazzini et al., 2016). However, it is important to note that these results are 

confounded by the possibility of overall size preference. This variation between geometric 

illusions that all distort on the physical characteristic of size, may be due to a variety of reasons. 

Perhaps dogs are susceptible to certain illusions but not others. Illusions do vary in effect, 

therefore, dogs may be less sensitive to the size difference induced by the Müller-Lyer illusion 

and Delboeuf distorting illusions as they might be weaker in illusory effect than the Ebbinghaus–

Titchener illusion (Sherman & Chouinard, 2016). Alternatively, animal species with poor visual 

acuity, compared to humans, may not be capable of perceiving minute differences between the 

stimuli (Byosiere et al., 2018). While this explanation is unlikely given that dogs across these 

various experiments performed significantly above chance on training stimuli, it certainly 

remains a possibility in other studies examining illusions in animals that did not account for this 

possibility. In moving forward, additional research is needed to evaluate the possibility of 

confounds related to strength of illusory effect and visual acuity.  

Ponzo Illusion 

Recently, several studies have evaluated canine illusion susceptibility when presented 

with the Ponzo illusion. Like the Ebbinghaus-Titchener, Delboeuf, and Müller-Lyer illusions, the 

Ponzo illusion represents a geometric illusion, but if differs in physical characteristic.  
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The Ponzo illusion is a geometric illusion in which a target line or shape is perceptually 

misperceived in terms of its length, size, and/or parallelism due to the presence of other 

background/foreground features presented. Most often, the illusion is depicted as two equally 

sized, stacked, horizontal parallel lines presented within the frame of another set of converging 

lines. The converging lines act as inducers which result in the illusion so that the top line (closest 

to the apex of the converging lines) is overestimated while the bottom line is underestimated.  

Unlike the other distorting illusions, which emerge due to size related cues, the 

theoretical mechanisms proposed to explain the Ponzo illusion invoke depth and linear 

perspective cues (Table 1). Three prevalent theories include the inappropriate constancy scaling 

theory (Gregory, 1963), integration field-theory (Pressey & Epp, 1992), and tilt constancy theory 

(Prinzmetal & Beck, 2001) (Table 1). Inappropriate constancy scaling theory (Gregory, 1963) is 

generally used to explain susceptibility to this illusion in humans (Table 1). This explanation 

suggests that two identically sized targets are perceived to be different in size due to the 

placement of converging inducer lines which invoke the perception of depth and linear 

perspective. Integration field-theory (Pressey & Epp, 1992) has also been proposed to explain 

this illusion, suggesting that converging inducer lines produce attentional demands to the space 

in between, which results in misperception of the target lines. Finally, tilt constancy theory 

(Prinzmetal & Beck, 2001) suggests that the perception of the target’s size depends on how the 

end points of the converging lines are interpreted. In other words, the perceived location of the 

converging lines produces a misperceived size difference between the two targets (Table 1). 

 In two published studies evaluating six to eight dogs, Byosiere, Feng, Rutter, et al. (2017) 

and Byosiere et al. (2018) investigated canine susceptibility to the Ponzo illusion across a variety 

of different illusory contexts/presentations (Table 2). In the first study, dog illusion susceptibility 
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to the Ponzo illusion was evaluated across four experiments, comparing three novel illusory 

presentations and one re-test (Byosiere, Feng, Rutter, et al., 2017). Dog illusion susceptibility 

was evaluated across ‘grid inducer’ and ‘converging lines’ contexts (see Table 2 for depictions), 

which previously have been observed to induce illusion susceptibility (Jackson & Shaw, 2000). 

As all animals assessed, rhesus macaques (Bayne & Davis, 1983; Fujita, 1996), carneaux 

pigeons (Fujita, Blough, & Blough, 1991), horses (Timney & Keil, 1996), baboons (Barbet & 

Fagot, 2002), Sprague-dawley rats (Nakagawa, 2002), and chimpanzees (Imura, Tomonaga, & 

Yagi, 2008), have demonstrated human-like susceptibility to the Ponzo illusion (Barbet & Fagot, 

2002; Bayne & Davis, 1983; Fujita, 1996, 1997; Fujita et al., 1991; Imura et al., 2008; 

Nakagawa, 2002; Timney & Keil, 1996), it was expected that dogs would also demonstrate 

human-like susceptibility to the illusion.  

Once again, using a trained-two choice discrimination paradigm, with on-screen 

presented stimuli, dogs were first presented with a ‘grid inducer’ presentation (with target 

circles) of the Ponzo illusion (Table 2). When presented with this configuration, dogs 

demonstrated an equivocal result. As a group, significant human-like susceptibility to the Ponzo 

illusion was observed, however, performance was low at only 56% and appeared to be largely 

driven by a small and consistent standard deviation. This finding suggested that dogs, as a group, 

were selecting the stimulus humans perceive as larger 56% of the time, and the alternative 

stimulus (demonstrative of reversed susceptibility) 44% of the time. As this result was not 

particularly robust, individual performance for each subject was assessed. Upon further 

investigation, is was observed that no individual dog performed significantly above chance when 

presented with the illusion, indicating null susceptibility. To clarify this equivocal result, a re-test 

of this presentation was conducted. When re-tested, no significant group effect was observed. 
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Therefore, it is possible that the original significant finding observed was reflective of a Type 1 

error.  

However, another possibility that may have explained the variation in performance 

between the original ‘grid inducer’ presentation with circle target stimuli, and the re-test is 

familiarity. The extent to which familiarity with an illusion might affect future perception and 

susceptibility of the illusion is currently unknown in dogs. To ascertain whether the familiarity of 

the presentation reduced the illusory effect in the re-test, a second ‘grid inducer’ presentation 

was presented, but with novel target stimuli (rectangles instead of circles) (Table 2). When 

presented with the ‘grid inducer’ presentation with the rectangle stimuli, once again, dogs, as a 

group, responded to the illusory stimuli at chance, demonstrating null susceptibility to the Ponzo 

illusion.  

It is important to note that while the ‘grid inducer’ context has been observed to evoke 

illusion susceptibility in non-human animal species (e.g. Imura et al., 2008), it is not the ‘classic’ 

presentation of the Ponzo illusion. Given that inappropriate constancy scaling theory (Gregory, 

1963) highlights the importance of linear perspective cues, it was deemed relevant to evaluate 

whether the more typical presentation of the Ponzo illusion would produce illusion susceptibility 

in dogs. Therefore, a classic presentation of a ‘converging lines’ context was presented, in a 

horizontal fashion, to the canine subjects (Table 2). Consistent with the other Ponzo illusion 

findings, the dogs, as a group, performed at chance, providing a lack of convincing evidence for 

discernible susceptibility to the Ponzo illusion in dogs, and converging on the result of null 

susceptibility.   

To further explore dogs’ susceptibility to the Ponzo illusion, a follow-up study was 

conducted to evaluate whether changing the orientation of stimuli might produce a stronger 
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illusory response (Byosiere et al., 2018). In this presentation, the ‘converging line’ stimuli were 

re-positioned 90 degrees to create a vertical display (Table 2). It was expected that, if the 

findings observed in the horizonal converging lines context were demonstrative of weak 

susceptibility, the dogs would perform significantly above chance in a human-like manner, when 

presented with a vertical presentation of the illusion. Moreover, the consistent lack of 

susceptibility to the Ponzo illusions might be demonstrative of a canine inability to perceive 

illusions based on small perceptual (not actual) differences in between the size of the target 

stimuli. It has been hypothesized that to be susceptible to illusions, subjects must be able to 

perceive a minimum size difference between stimuli (for a discussion of methodological issues 

in regards to discrimination abilities in primates see Agrillo, Parrish, & Beran, 2014; Santacà et 

al., 2017). Humans, on average, perceive an 18% size difference between illusory stimuli 

(Chouinard, Unwin, Landry, & Sperandio, 2016), however, an equivalent metric in dogs is 

unknown. Thus, certain unknown limitations, such as poor visual acuity, may have affected 

canine illusion susceptibility. This is unlikely, given the significant reversed susceptibility 

observed when dogs were presented with the Ebbinghaus-Titchener illusions in Byosiere et al. 

(2016), but it remains a possibility.  

When presented with the ‘converging line’ stimuli, re-positioned 90 degrees to create a 

vertical display, group performance was generally higher than the performance observed in 

horizontal presentations reported in Byosiere, Feng, Rutter, et al. (2017). However, the findings 

at the group level were still not significant, suggesting, again, that dogs did not demonstrate 

susceptibility to the Ponzo illusion, indicative of null susceptibility (Byosiere et al., 2018). This 

collection of experiments converges on the conclusion that dogs do not demonstrate 

susceptibility to the Ponzo illusion. However, it is possible that dogs may demonstrate 
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susceptibility to the Ponzo illusion when stimuli are further enhanced with additional linear 

perspective cues. Future research could present the Ponzo illusion embedded within pictorial 

stimuli as has been done with horses (Timney & Keil, 1996) and rhesus macaques (Fujita, 1996), 

as the addition of pictorial cues have been found to strengthen the illusion in humans (Fujita, 

1996; Yildiz, Sperandio, Kettle, & Chouinard, 2019). 

Of interest is the variation in performance amongst individuals when presented with the 

Ponzo illusion. Some subjects consistently performed above chance, demonstrating human-like 

susceptibility, on the illusion condition across multiple experiments. However, other subjects 

performed variably across the presentations, sometimes demonstrating reversed susceptibility, 

and sometimes demonstrating human-like susceptibility. Therefore, canine susceptibility towards 

illusions might be flexible, varying within subjects across presentational contexts and, perhaps, 

even over time. Additional research is needed to evaluate whether alternative confounds, such as 

attentional focus to the task, might affect performance. Alternatively, it may also suggest that the 

two-choice discrimination paradigm is not suitable for appropriately assessing dog illusion 

susceptibility. At present, these findings suggest that, like humans (Coren & Porac, 1987), within 

species differences at the individual level are present, specifically in terms of the degree and 

direction of susceptibility. It is, therefore, important that individual subject performance be 

evaluated, in addition to group performance, as it is possible that the extent to which dogs are 

susceptible to visual illusions varies as it does in humans. 

While the results from the Ebbinghaus-Titchener illusions provide support for 

assimilation theory, the null susceptibility to the Ponzo illusion does not allow for such 

interpretation. This is because no current theory is available to explain null susceptibility to the 

Ponzo illusion. However, what is clear is that the null susceptibility observed is not due to poor 
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visual acuity. When size discrimination thresholds in these subjects were evaluated, all dogs 

could successfully discriminate between circle stimuli varying in size by 20%. Most dogs were 

capable of perceiving 15% size differences and half of the dogs were capable of perceiving 10% 

size differences (Byosiere et al., 2018). These findings indicate that dogs can perceive the 

minimum size difference (i.e. approximately 18%) required in humans to perceive the Ponzo 

illusion (Chouinard et al., 2016). Thus, the null susceptibility observed is not an artefact of a 

physiological inability. Thus, it is now necessary to continue to exhaust all potential confounds 

before confident conclusions about canine susceptibility and the underlying theoretical 

mechanisms regarding the Ponzo illusion can be made. 

 

Illusory Contour Illusions 

 The results presented thus far, regarding canine illusion susceptibility, suggest that 

perception of geometric distorting illusions differs from what has previously been observed in 

humans and other animals. The null, and/or reversed susceptibility observed across the 

Ebbinghaus-Titchener, Delboeuf, Müller-Lyer, and Ponzo illusions indicate that more research is 

needed to further understand the underlying mechanisms of illusion susceptibility in dogs and the 

indirect effects these may have on how dogs perceive their environment. Therefore, it is 

important to begin to evaluate canine perception of different types of illusions.  

Unlike the distorting illusions represented above (i.e. the Ebbinghaus-Titchener, 

Delboeuf, Müller-Lyer and Ponzo), illusory contour illusions are fiction illusions (Gregory, 

1968). The illusion is produced when individuals recognize and complete figures or shapes that 

are missing connective contours (see Table 1)  (Kanizsa, 1974; Schumann, 1900). The theory of 

amodal completion (Kanizsa, 1955), is the result of a visual experience where an individual 
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perceives superimposed edges due to brightness, colour or texture boundary even though a 

physical counterpart is not present (Table 1). The most well-studied example of illusory contours 

is the Kanizsa (1955) figure, which has been well-studied in animals. To date, chimpanzees 

(Fagot & Tomonaga, 2001), rhesus macaques (Zimmermann, 1962), cats (Bravo, Blake, & 

Morrison, 1988), mice (Kanizsa, Renzi, Conte, Compostela, & Guerani, 1993), barn owls 

(Nieder & Wagner, 1999), bamboo sharks (Fuss et al., 2014), redtail splitfin fish (Sovrano & 

Bisazza, 2009), and goldfish (Wyzisk & Neumeyer, 2007) have all demonstrated human-like 

perception of the figure.  

While illusory contour susceptibility has not yet been evaluated in dogs, preliminary 

evidence was indirectly presented in Byosiere et al. (2016). The illusory contour version of the 

Ebbinghaus-Titchener illusion, in which no physical connective contours of the target stimulus 

were present, might be considered to represent a fiction illusion. When presented with this 

configuration, dogs demonstrated little difficulty generalizing their size discrimination rule to the 

illusory contour-like stimuli. This suggests that dogs might interpret the fictitious boundaries 

similarly to humans and other animals (Bravo et al., 1988; Fagot & Tomonaga, 2001; Fuss et al., 

2014; Kanizsa et al., 1993; Nieder & Wagner, 1999; Sovrano & Bisazza, 2009; Wyzisk & 

Neumeyer, 2007; Zimmermann, 1962). However, as illusory contour perception was not directly 

investigated, and susceptibility to the configuration presented has not been extensively studied in 

humans, additional support is needed to further investigate how dogs might perceive possible 

fiction illusions.  

 To extend these results to a different type of illusion, Byosiere et al. (2019) evaluated 

canine susceptibility to fiction illusion, specifically the Ehrenstein illusory figure (Table 2). To 

date, susceptibility to this illusion has not yet been studied in animals, however given the 
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preliminary results presented above, it was deemed necessary to further investigate this 

particularly illusory configuration. The methods utilized were largely similar to the other studies 

presented in this article, however, the predictions were varied. When evaluating distorting 

illusions (like the Ebbinghaus-Titchener, Delboeuf, Müller-Lyer, and Ponzo), a trained size 

discrimination paradigm allows for evaluating misperception of identically sized objects. 

However, when evaluating illusory contours, a different question must be asked. Namely, do 

dogs perceive a figural object when none is physically present? 

Six dogs were presented with on-screen presented stimuli in a two-choice size 

discrimination task. Multiple controls, to rule out possible confounds, and a test of illusion 

susceptibility were utilized to evaluate the question “can dogs generalize a previously learned 

size discrimination rule to stimuli that have no physical contours?” It was predicted that, if dogs 

were susceptible to illusory contours (i.e. stimuli with subjective contours),  they would 

generalize a previously learned size discrimination rule to the illusory stimuli and perform at 

similar rates to when viewing stimuli with physical contours (for additional description and 

depiction of the control stimuli please see Byosiere et al., 2019). The first control, the ring 

control, aimed to evaluate whether dogs could generalize a previously learned size 

discrimination rule of larger or smaller solid circle stimulus to hollow circles, in other words, 

rings. The second control, the overall size control, allowed the researchers to investigate whether 

dogs were selecting a stimulus based on total overall size of the stimulus. Finally, the third 

control, the ray length control, evaluated whether dogs were selecting a stimulus based on the 

overall length of the rays protruding from the illusion. When presented with the illusion, two 

illusory stimuli were offered, depicting a large and small illusory contour illusion (Table 2).  

As a group, the dogs performed significantly above chance in all control conditions, 



 34

suggesting they were selecting all control stimuli based on the target circle and not the overall 

size of the stimulus and length of the rays protruding from the stimulus. However, when 

presented with the Ehrenstein illusory contour figure, dogs demonstrated an equivocal result. As 

a group, they performed significantly above chance, indicating susceptibility of the Ehrenstein 

illusory contour illusion, yet performance (percentage of correct choices) was low and variable 

(59.2% ± 21.1). While no significant difference was observed between group performance across 

the control conditions, a significant difference was observed between one control (the ring 

control) and the test condition in which the illusion was presented. This finding suggests that at a 

group level, while dogs may be demonstrating perception of illusory contours, perception might 

be more variable or weaker than physically seeing physical contours (in the form of a ring). 

Thus, the results provide some, albeit weak, evidence that dogs might perceive illusory contours. 

What is interesting is that, individually, most subjects failed to demonstrate susceptibility to the 

illusion. Only two subjects, Baxter and Cricket, appeared to perceptually complete the figures. 

Both these subjects were trained to identify the smaller stimulus, while all other subjects were 

trained to identify the larger. One explanation for this difference could be that the illusory effect 

is stronger in the smaller stimulus in the Ehrenstein illusory contour illusion. However, further 

investigation is needed to support this claim.   

 The equivocal findings indicate that some dogs might perceive the figural fragments of 

illusory contours in a manner consistent with humans as well as other species like chimpanzees 

(Fagot & Tomonaga, 2001), rhesus macaques (Zimmermann, 1962), cats (Bravo et al., 1988), 

mice (Kanizsa et al., 1993), barn owls (Nieder & Wagner, 1999), bamboo sharks (Fuss et al., 

2014), redtail splitfin fish (Sovrano & Bisazza, 2009), and goldfish (Wyzisk & Neumeyer, 2007). 

Further assessment, using alternative illusory contour illusions, is required to clarify these 
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findings and identify features (e.g. strength of illusory effect) that might explain the individual 

differences observed between dogs. Until then, it is difficult to attempt to address the 

mechanistic theory responsible for their performance. However, this finding is intriguing as it 

represents one of few instances in which illusion susceptibility in dogs might parallel human 

perception. 

Conclusions 

 The studies described above provide a foundational investigation into the subject of 

illusion susceptibility within a single species, domestic dogs, and contribute to various 

theoretical debates. The research reported represents a necessary building block, which can be 

refined and advanced upon in future research to develop a more complete theory of dog visual 

processing and illusion susceptibility.  

  By analysing canine perception of these illusions in a structured context, interesting 

patterns come to light. When presented with distorting illusions, that produce misperception due 

to size and depth, dogs appear to differ from humans regarding their perception. Moreover, the 

results are variable depending on the illusion presented. In the case of the Ebbinghaus-Titchener 

illusion, perceptually distorted by size, dogs tend to demonstrate reversed susceptibility 

compared to humans (Byosiere et al., 2016). However, in other size distorting illusions like the 

Delboeuf illusion and Müller-Lyer, dogs fail to demonstrate any type of susceptibility (Byosiere 

et al., 2016; Keep et al., 2018; Miletto Petrazzini et al., 2016). This may be due to the weaker 

effects of these illusions or perhaps methodological confounds related to overall size. When 

presented with another type of distorting illusion, however, one that varies in physical 

characteristics and distorts based on depth, dogs appeared to demonstrate null susceptibility 

(Byosiere, Feng, Rutter, et al., 2017; Byosiere et al., 2018). Across many illusory presentations 
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of the Ponzo illusion, dogs only once demonstrated significant human-like susceptibility, in 

which group performance was practically at chance. In all other instances, chance performance 

indicative of null susceptibility was observed. Taken together, these findings across distorting 

illusions, regardless of physical characteristic, (e.g. size, depth) suggest that dogs do not visually 

perceive these illusions like humans. While only a single study has evaluated canine illusion 

susceptibility to a non-distorting illusion, the equivocal findings regarding canine perception of 

the Ehrenstein illusory contour illusion make it difficult to interpret broader theoretical 

implications (Byosiere et al., 2019). The possibility of human-like susceptibility to the 

Ehrenstein illusion promotes further discussion of what this parallel to human perception might 

mean in the context of the divergence observed in other studies evaluating distorting illusions.  

 How do we reconcile these conflicting findings? While it is difficult to ascertain whether 

the inter-specific differences observed stem from differences in visual abilities or processing 

styles, the studies presented in this review provide substantial evidence that dogs perceive 

illusions differently than humans. The human literature has proposed that visual processing 

should not be considered to be a singular construct (Chouinard, Noulty, Sperandio, & Landry, 

2013; Chouinard et al., 2016), but instead should be identified as an umbrella term in which 

various independent mechanisms are involved. For example, in humans, a preference for global 

precedence is generally more common than local precedence. However, cultural (e.g. de Fockert 

et al., 2007) and psychological (e.g. Chouinard et al., 2013; Chouinard et al., 2016; King, 

Hodgekins, Chouinard, Chouinard, & Sperandio, 2017) effects have been observed to elicit 

variations in perceptual style. Moreover, these individual differences have been associated with 

illusion susceptibility. Specifically, increased global processing preferences have been linked to 

increased illusion susceptibility (e.g. Berry, 1968; Berry, 1971; Dawson, 1967; Witkin, 1967) 
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and increased local processing preferences have been linked to decreased illusion susceptibility 

(e.g. Dakin & Frith, 2005; de Fockert et al., 2007; Happé et al., 2001; Happé, 1996). Given these 

observations, performance on a single task, or illusion, may inaccurately depict a species’ 

preferential processing style. To adequately evaluate perceptual style it is necessary to conduct 

multiple assessments, such as a variety of illusions, and gauge convergence amongst the findings 

(Chouinard et al., 2013; Chouinard et al., 2016). Under this interpretation, visual processing 

tasks, such as the different illusion assessments presented here, might be expected to yield 

different results. Given that illusions vary in type and physical characteristics, it is not 

unexpected that different underlying mechanisms are involved.  

 In adopting this approach, three non-illusion studies have also evaluated canine perceptual 

processing preferences (albeit, for some, indirectly). Two studies have evaluated global-local 

precedence using a Navon’s task (Mongillo et al., 2016; Pitteri, Mongillo, Carnier, & Marinelli, 

2014), while another assessed motion perception (Kanizsár et al., 2018). The two studies that 

specifically evaluated global-local precedence in dogs suggest dogs may process stimuli 

globally, however, these two studies used the same sample of subjects, and while a global 

processing preference in dogs was identified, this trend was not significant (Mongillo et al., 

2016; Pitteri et al., 2014). In the study of motion perception, it was reported that dogs locally 

integrate elements (Kanizsár et al., 2018).  

 These studies, taken together with the studies of illusion susceptibility presented in this 

article, suggest that visual style represents a spectrum, and dogs (as well as other animals) may 

simply be less efficient in grouping visual stimuli compared to humans (Deruelle & Fagot, 1998; 

Fagot & Deruelle, 1997; Spinozzi, De Lillo, & Truppa, 2003). The general lack of illusion 

susceptibility and the reversed susceptibility observed in dogs, lend support to the conclusion 
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that dogs are ‘local processors’ with perceptual cognitive styles favouring a local processing 

precedence over a global one. This conclusion provides an important framework for future 

studies evaluating visual perception in dogs and other animals. As many of the studies presented 

here incorrectly predicted significant human-like susceptibility based on other animals’ 

perception of the illusion, it is of the utmost importance that foundational visual assessments are 

referred to when creating, designing, and comparatively evaluating visual perceptual and 

cognitive tasks in dogs both at the group and individual level. Moreover, these findings also 

emphasize the importance for such considerations in other animals. 

 While the primary purpose of this article was to aggregate and evaluate patterns 

regarding visual illusion susceptibility in dogs, indirect practical applications to these findings 

also exist. While canine cognition research has become increasingly popular (for a review see 

Bensky et al., 2013), the majority of these studies have been conducted visually (Byosiere, 

Chouinard, et al., 2017). This is problematic as little research on the canine visual system is 

available making it impossible to evaluate whether the visual paradigms used are appropriate for 

the species. The findings presented in this article highlight that dogs may see the world in a 

manner quite different from humans, and therefore emphasize the need for such factors to be 

taken into consideration when evaluating cognition in dogs (Pongrácz, Ujvári, Faragó, Miklósi, 

& Péter, 2017). By employing species-appropriate methods, in visual perceptual tasks, 

researchers can more accurately understand how humans’ best friends “see” the world. Examples 

of some species-appropriate methods include but are not limited to 1) using the dog’s primary 

sensory modality, scent, in addition to using vision; 2) evaluating a dog’s ability to discriminate 

between visual stimuli as a preliminary control, using subject behaviour and not simply software 

(e.g. DogVision as presented in Pongrácz et al., 2017), before conducting complex assessments 
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that might require assumptions about canine perception 3) considering the ecology and behaviour 

of dogs when evaluating the suitability of testing paradigms that evaluate visual perception as 

alterative confounds (e.g. inhibitory control, behavioural flexibility) may affect performance 

(e.g. utilizing spontaneous choice tasks as discussed above). 

 The broader theoretical implications of this research are substantial. By evaluating 

susceptibility across multiple illusory displays, it is possible to interpret similarities and 

differences underlying perceptual processing, indirectly yielding a comprehensive account of 

perceptual and psychophysical mechanisms, which can be compared and contrasted across 

species (Kelley & Kelley, 2014). While current theories proposed to explain human 

susceptibility cannot adequately explain the findings observed in dogs (and possibly other 

animals), they are not flawed in their explanation of human perception. Thus, in order to 

comparatively assess similarities and differences, additional theories are needed to explain the 

susceptibility observed in dogs and other animals, particularly if the underlying mechanisms 

used differ from those observed in humans. With additional studies of illusion susceptibility in 

animals, new theories can be developed and existing theories from the human literature can be 

further tested beyond what is possible in a human population (Feng et al., 2017). It is important 

that future research into illusion susceptibility begin this process, to construct optimal and 

inclusive theories for comparative illusion susceptibility. 
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