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Abstract:  

The understanding that the perceptual appearance of the environment can differ in 

several ways from the reality underlies the ability to discriminate appearance from reality. 

Being able to realize when a misperception can lead us to behave in inappropriate ways 

confers an evolutionary advantage and may be a prerequisite to develop a Theory of Mind. 

Understanding that our own perception can differ from reality seems indeed necessary to 

attribute to others perceptions or beliefs different than ours. This appearance-reality 

discrimination ability has recently been demonstrated in great apes but no information is 

currently available regarding this ability in other nonhuman species. In a comparative study, 

we tested Tonkean macaques (Macaca tonkeana), an Old World primate species, and brown 

capuchins (Sapajus apella), a New World primate species. We provided monkeys with two 

experiments using visual illusions of size and quantity to test their ability to discriminate 

appearance from reality, with an experimental setup similar to the one developed by Krachun 

and colleagues (2016) on chimpanzees. A large number of brown capuchins, from different 

ages and both sexes, as well as two Tonkean macaques succeeded in the two experiments. By 

ruling out all alternative explanations (i.e. visual tracking or associative learning), our study 

brings the first evidence that some Old World and New World monkeys are able to 

discriminate appearance from reality. Our results suggest moving the evolutionary apparition 

of this cognitive ability earlier in time. Finally, it suggests that humans could share more 

Theory of Mind components with more nonhuman species than we previously thought. 
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1. Introduction 1 

Perception is an essential first step for animals to gather information about their physical and 2 

social environment. It is necessary for individuals to properly perceive their surroundings in order 3 

to adjust their behaviour and to anticipate environmental changes. Most of the time, perception is 4 

reliable in terms of providing information about the way the world is. However, animals are 5 

confronted every day with situations in which things appear different from what they really are 6 

(Matsuno & Fujita, 2009; Moll & Tomasello, 2012). They can be misled by information they 7 

receive from objects, individuals, actions, or even experiences. These situations, in which things are 8 

not what they appear to be, can result from simple perceptual illusions, as for example when a 9 

straight stick in water looks bent, or mistaking a snake for a tree branch. But being fooled can also 10 

happen in more complex social interactions, such as among human beings when a person 11 

intentionally misleads another through the use of lies or other disguises (Flavell, Flavell, & Green, 12 

1983; Krachun, Lurz, Russell, & Hopkins, 2016). The ability to avoid mistakes in judgement based 13 

on misperception is known as appearance-reality (AR) discrimination. This distinction between 14 

appearance and reality has a large ecological importance. According to Flavell and colleagues 15 

(1986, page 1), it “assumes many forms, arises in many situations and can have serious 16 

consequences for our lives. The relation between appearance and reality figures importantly in 17 

everyday perceptual, conceptual, emotional and social activity – in misperceptions, 18 

misexpectations, misunderstandings, false beliefs, deception, play, fantasy, and so forth”. Thereby, 19 

being able to realize when this misperception can lead us to misconstrue our environment and thus 20 

to behave in inappropriate ways confers an obvious evolutionary advantage (Flavell et al., 1983; 21 

Karg, Schmelz, Call, & Tomasello, 2014; Krachun et al., 2016; Moll & Tomasello, 2012).  22 

The ability to discriminate AR in social context could be considered as a crucial component of 23 

the human cognitive skill set known as “Theory of Mind” (ToM), i.e. ability to attribute mental 24 

states to oneself and to others, like intentions, beliefs, knowledge or perceptions (Premarck & 25 

Woodruff, 1978). ToM is often described as constituted by different cognitive components such as 26 

the ability to follow the gaze of others, attention-reading, intention-reading, perspective-taking, or 27 

the ability to attribute false-beliefs to others (Call & Tomasello, 2008; Meunier, 2017; Premarck & 28 

Woodruff, 1978). Having this ability appears to be a huge advantage in competition, in cooperation 29 

and even for all forms of communication with conspecifics (Baron-Cohen, 1989). According to 30 

some researchers, understanding others’ minds may require using one’s own experiences. 31 

Attributing mental states to others seems to be more complex than dealing with our own mental 32 

states, so self-understanding is more likely to develop first (Gopnik & Astington, 1988; Krachun, 33 

Call, & Tomasello, 2009; Wellman et al., 2001). Thus, understanding that our own perception could 34 

differ from reality seems necessary to attribute different perceptions than ours. These arguments 35 
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coincide with the idea that AR discrimination may be a prerequisite for the development of a fully 36 

formed ToM. 37 

An AR research program was first introduced to children by Braine & Shanks (1965), and 38 

was then developed deeper by Flavell and his colleagues in the 1980s (1983, 1986, 1987). Their AR 39 

tests merely consisted of presenting ambiguous objects to children and then questioning them about 40 

the appearance and reality of objects (“What does the object look like?”, “What is it really?”). 41 

Experimenters used identity illusions (e.g. rock-sponge test where a sponge is painted to look like a 42 

rock) or modified the properties of objects by using distorting lenses, colour filters or mirrors 43 

(Braine & Shanks, 1965; Flavell, 1993; Flavell et al., 1983; Flavell, Green, Flavell, Watson, & 44 

Campione, 1986; Flavell, Green, Wahl, & Flavell, 1987). Then, an array of studies has flourished 45 

with revised nonverbal tasks to remove unnecessary difficulties of verbal comprehension or word 46 

confusing. These revisited tests have still shown an increase of the AR ability with age. Although 47 

they make some mistakes, three-year-old children (and even some two and a half year old) mainly 48 

succeeded in those tests by distinguishing appearance from reality of objects (e.g. Hansen & 49 

Markman, 2005; Karg et al., 2014; Moll & Tomasello, 2012; Sapp, Kang, & Muir, 2000). The 50 

stepwise effect of age found in understanding AR supports the claims of a considerable cognitive 51 

improvement progressively throughout child development with some abilities developing before 52 

others (Wellman et al., 2001). 53 

Meanwhile, some researchers have focused their interest on the evolutionary roots of this AR 54 

ability by testing nonhuman primates. Our closest relatives no doubt encounter perceptual 55 

ambiguities in their environments and are sensitive to perceptual illusions like humans (Kelley & 56 

Kelley, 2014; Matsuno & Fujita, 2009). However, only a few studies have emerged, mainly 57 

focusing on chimpanzees, and thus our knowledge about nonhuman primates’ understanding of this 58 

phenomenon is still sparse. Chimpanzees have demonstrated strong evidence that they act according 59 

to the actions and perceptions of others (Bräuer, Call, & Tomasello, 2007; Buttelmann, Carpenter, 60 

Call, & Tomasello, 2007; Call & Tomasello, 2008; Hare, Call, & Tomasello, 2001; Krupenye, 61 

Kano, Hirata, Call, & Tomasello, 2016; Meunier, 2017; Tomasello, Call, & Hare, 2003) and they 62 

seem to misrepresent themselves in order to deceive others (e.g. Hare, Call, & Tomasello, 2006; 63 

Hirata & Matsuzawa, 2001; Whiten & Byrne, 1988; Woodruff & Premack, 1979). Recent 64 

systematic studies have also shown that several monkey species tend to perform very much like 65 

great apes in some cognitive tasks and reveal impressive communicative and social abilities (Amici, 66 

Aureli, & Call, 2010; Martin & Santos, 2016; Meunier, 2017; Schmitt, Pankau, & Fischer, 2012). 67 

Great apes and monkeys have also demonstrated that they possess another component of ToM: 68 

visual perspective-taking (Bräuer, Call, & Tomasello, 2007; Bray, Krupenye, & Hare, 2014; 69 

Canteloup, Piraux, Poulin, & Meunier, 2016; Flombaum & Santos, 2005; Hare, Addessi, Call, 70 
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Tomasello, & Visalberghi, 2003; Meunier, 2017; Overduin-de Vries, Spruijt, & Sterck, 2014). This 71 

ability may be positively correlated with performances found in children’s AR tests (Flavell et al., 72 

1986). Thus, investigating AR understanding in nonhuman primates is important to inform us about 73 

their cognitive abilities and on the evolution of human-like ToM. So far, three studies have tested 74 

AR discrimination in nonhuman animals but only in great apes, by adapting classic AR tests used 75 

with children, i.e. presenting subjects with a situation in which an objects’ real and apparent 76 

properties were in conflict. Krachun and her colleagues (2009) carried out the first investigation by 77 

testing chimpanzees with a grape size illusion using distorting lenses: out of the 14 subjects tested, 78 

four of them were successful in the test. The authors have then decided to refine and replicate their 79 

study, in order to investigate the scope and flexibility of chimpanzees’ AR discrimination, this time 80 

testing different kinds of visual illusions: grape size illusion using distorting lenses, quantity of 81 

grapes illusion using a mirror and colour illusion using coloured filters (Krachun et al., 2016). Their 82 

results showed that in the three illusion tests, some chimpanzees were able to adapt their behaviour 83 

by choosing the truly largest food reward, providing the first evidence that chimpanzees seem to 84 

possess the ability to discriminate appearance from reality. Furthermore, Karg and colleagues 85 

(2014) used the same paradigm to test children and great apes on a size illusion too, by occluding 86 

portions of one large and one small food stick. They reached the same conclusion: like children, 87 

gorillas (Gorilla gorilla), bonobos (Pan paniscus), orang-utans (Pongo abelii), and chimpanzees 88 

(Pan troglodytes) succeeded at group level. This comparative study then highlights that all great 89 

apes seem able to discriminate appearance from reality, however, our understanding of AR 90 

discrimination in more phylogenetically distant species is still lacking.   91 

Our study was to investigate whether other nonhuman primates’ species, more 92 

phylogenetically distant to humans than great apes, have the ability to distinguish appearance from 93 

reality. To investigate this, we conducted a comparative study testing both an Old World monkey 94 

species, Tonkean macaque (Macaca tonkeana), and a New World monkey species, brown capuchin 95 

(Sapajus apella). Choosing these species should allow us to go further in evolution than the 96 

common ancestor of great apes (about 15 million years ago) and provide better insights into the 97 

evolutionary roots of AR understanding in primates. If both species appear able to discriminate AR, 98 

it would imply that this ability emerged earlier than, or with, the common ancestor of Sapajus and 99 

Homo (over 35 million years ago). In contrast, if macaques but not capuchins succeed in these AR 100 

tests, it would suggest that this ability emerged with the common ancestor of Macaca and Homo 101 

(over 25 millions years ago). Finally, if capuchins succeed in these experiments but macaques fail, 102 

convergent evolution of this ability could be considered. To be able to reliably compare monkeys’ 103 

performances with those of great apes, we provided monkeys with a procedure very similar to the 104 

one developed by Krachun and colleagues (2016) in their study on chimpanzees. Moreover, to rule 105 
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out all low-level alternative explanations of potential success, we added an additional control 106 

procedure. Several macaques and capuchins species, particularly Tonkean macaques and brown 107 

capuchins, have already demonstrated some complex cognitive abilities of ToM, like gaze 108 

following (e.g. Amici, Visalberghi, & Call, 2009; Tomasello, Call, & Hare, 1998), attentional 109 

reading (e.g. Canteloup, Bovet, & Meunier, 2015; Defolie, Malassis, Serre, & Meunier, 2015), or 110 

perspective-taking ability (e.g. Bray, Krupenye, & Hare, 2014; Flombaum & Santos, 2005; 111 

Overduin-de Vries, Spruijt, & Sterck, 2014; Canteloup et al., 2016; Hare, Addessi, Call, Tomasello, 112 

& Visalberghi, 2003). Thereby, we could expect that these two species might succeed in our AR 113 

understanding experiments. 114 

 115 

2. Materials and methods 116 

2.1. Subjects and experimental conditions 117 

This study was conducted at the Centre de Primatologie de l’Université de Strasbourg, 118 

France. Data was collected from March to June 2018. All subjects of both species were living in 119 

stable social groups. The group of Tonkean macaques (Macaca tonkeana) were composed of 28 120 

individuals (12 females and 16 males) from one to 22 years old, living in a wooded outdoor 121 

enclosure of 3788 m2 with constant access to an indoor room of 20 m2. The group of brown 122 

capuchins (Sapajus apella) were composed of 20 individuals (11 females, 8 males and one non-123 

sexed baby) from one month to 30 years old, living in a wooded outdoor enclosure of 2332 m2 with 124 

constant access to an indoor room of 16.21 m2. All animals were fed and had access to water ad 125 

libitum. Each subject was tested individually by sitting in front of the experimenter at a table, 126 

situation in an experimental room next to their outdoor enclosure. Experimental devices were 127 

displayed on the table and individuals were required to make a choice by pointing to one of them. 128 

These two groups had previously participated in several ethological studies, but they had no 129 

previous experience with AR discrimination tasks. All animals participated in experiments by 130 

entering the experimental room voluntarily and thus accepting to be isolated from the rest of the 131 

group. Thereby, eight Tonkean macaques (seven males and one female; see Table 1) and eleven 132 

brown capuchins (seven males and four females; see Table 1) participated in our experiments. In 133 

addition, this study respected the European ethical standards and regulations (directive 134 

2010/63/EU).  135 

 136 

2.2. Lens experiment 137 

The aim of the lens experiment was to investigate the ability of subjects to recognize when the 138 

size of an object seemed different than it actually is. To produce a size illusion, we used exactly the 139 

same devices as those used in Krachun and colleagues (2016): two identical boxes with distorting 140 
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lenses (magnifying and minimizing) mounted into their front side. A small grape was placed in the 141 

magnifying box just behind the lens to appear larger, and a large grape was placed in the 142 

minimizing box just behind the lens, so it appeared smaller (see Figure 1). The sizes of the small 143 

and large grapes (2x1.5 cm and 2.75x1.75 cm, respectively) were the same in all tests. This 144 

experiment included five successive tests: the preference test, the basic test, the seen tracking test, 145 

the unseen tracking test and the avoid-lens test. Each one of them (except the preference test) was 146 

composed of several sessions containing two or four warmup preference trials followed 147 

immediately by two demo trials and then 12 experimental trials. The individual needed to succeed 148 

in one test in order to move on to the next one, meaning that he had to choose the truly larger grape 149 

significantly more often than 50% chance within the maximum number of sessions allowed. If not, 150 

they were removed from the subsequent experiments. In each test, the position of the large grape 151 

was randomised across trials: it was on the left and right sides an equal number of times per session 152 

and was never in the same position for more than two consecutive trials. We ran a maximum of one 153 

session per individual per half-day, and at least two sessions in each test (except for the preference 154 

test), in order to ensure a familiarisation of subjects with tasks. Unlike the Tonkean macaques, the 155 

brown capuchins were less familiar with the experimental room and could not be isolated from their 156 

group during one whole session. Thus, we decided to test them with half-sessions at a time (two-157 

four warmup preference trials, two demo trials and six trials), with a maximum of two half-sessions 158 

per half-day.  159 

 160 

2.2.1. Preference test 161 

With the preference test, we wanted to test the preference of each subject for larger over 162 

smaller grapes. It was a simple choice test, consisting of a maximum of two sessions of 12 trials 163 

each, between a small and a large grape displayed on the table by the experimenter in front of the 164 

animal. If the subject succeeded within the maximum of the two sessions allowed, we proceeded to 165 

the basic test. Moreover, as a warmup to the testing sessions and to confirm the individual’s 166 

motivation, we ran two preference trials before each following session. If the individual chose the 167 

large grape in both of these trials, we moved on with the session. If the individual chose the large 168 

grape only one time among the two trials, we added two more warmup preference trials and then the 169 

individual had to choose the large grape at least 3/4 trials to proceed to the session. If he did not, the 170 

session was delayed.  171 

 172 

2.2.2. Demo trials 173 

Since these animals had no previous experience with distorting lenses, two demo trials were 174 

carried out to allow them to learn about their effect, just after the warmup preference trials in each 175 
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following session. As the individual was watching, the magnifying and minimizing boxes were 176 

placed side by side in the middle of the table. The small grape was put behind the magnifying lens 177 

and the large grape behind the minimizing lens. This way, the large grape appeared smaller and the 178 

small grape appeared larger. The experimenter then moved boxes forward and apart on the table, so 179 

the subject could make its choice. Once the choice was made, she (the experimenter) removed the 180 

lenses from the boxes several times to demonstrate the transformation of the grapes’ appearance and 181 

show the proprieties of lenses. After this demonstration, she gave the chosen grape to the individual 182 

and discarded the other.  183 

 184 

2.2.3. Basic test 185 

The goal of the basic test was to examine if individuals were able to ignore the deceptive size 186 

appearance of grapes and so if they were capable to choose the truly bigger one. The procedure was 187 

similar to the demo trials except that we did not demonstrate the lenses’ effect, i.e. after the 188 

individual had made his choice, the experimenter removed the lenses of the two boxes, gave the 189 

chosen grape and discarded the other one. If individuals succeeded in this test within a maximum of 190 

eight sessions, they could proceed to the tracking control test.  191 

 192 

2.2.4. Tracking control tests 193 

The tracking control test was carried out in order to rule out the possibility that individuals 194 

succeeded in the basic test by visually tracking the truly large grape. Thus, to ensure that they were 195 

making an AR discrimination, two tracking control tests were added.  196 

 197 

2.2.4.1. Seen tracking test 198 

The purpose of the seen tracking control test was to familiarize individuals with the new 199 

procedure of stacking boxes and was thus a transition to the unseen tracking test. The experimenter 200 

placed the two boxes on the table and baited them with their corresponding grapes, then she stacked 201 

the boxes in the middle of the table. While the subject was still watching, she distributed the boxes 202 

on each side and moved them forward and apart to let the individual choose. The side and top-203 

bottom positions of boxes were randomised across trials. Individuals had up to a maximum of four 204 

sessions to succeed in this test to move on to testing. 205 

 206 

2.2.4.2. Unseen tracking test 207 

The procedure of the unseen tracking test was similar to the seen tracking test: the stacking 208 

and the baiting of the boxes were done in sight of the individuals. But before unstacking the two 209 

boxes and distributing them on left and right sides for the subjects to make their choice, an opaque 210 
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occluder was placed so that the subject could not see where the large grape was placed. Then the 211 

experimenter removed the occluder and moved the boxes forward and apart. In this way, it was 212 

impossible to succeed in this test by visually tracking the large grape. This procedure compels 213 

individuals to remember that the smaller grape that appeared through the lens is truly the large one, 214 

and vice versa. Individuals who passed this test within a maximum of four sessions proceeded to the 215 

avoid-lens control test.  216 

 217 

2.2.5. Avoid-lens control tests 218 

The avoid-lens control test was a final control put in place to rule out the possibility that our 219 

subjects succeeded in all previous tests by learning to identify and avoid the magnifying lens, or by 220 

learning to identify and look for the minimizing lens, or even by merely learning to look for an 221 

apparent specific size of grape and choose it. In Krachun and colleagues’ (2016) study on 222 

chimpanzees, the avoid-lens control test ruled out several potential learnings but their subjects could 223 

still succeed by avoiding the apparent large-sized grape. Thereby, the avoid-lens test n°1 is an 224 

adapted version of their learning control, in order to rule out a supplemental learning alternative 225 

explanation of a success previously mentioned. After this first learning control test, we decided to 226 

carry out the avoid-lens test n°2 which replicates thoroughly the avoid-lens test designed by 227 

Krachun and colleagues (2016), in order to truly compare performances of our subjects with those 228 

of chimpanzees. The avoid-lens test n°2 was carried out even on our subjects that failed the avoid-229 

lens test n°1.  230 

 231 

2.2.5.1. Avoid-lens test n°1 232 

In the avoid-lens test n°1, the experimenter used a magnifying lens and a regular non-233 

distorting lens. The procedure was the same as the unseen tracking test except that the large grape 234 

was placed behind the magnifying lens to make it appear even larger, and the small grape was 235 

placed behind the regular lens (its apparent size corresponding to its real size). In this situation, 236 

subjects had to choose, and not avoid, the magnifying box to obtain the truly larger grape. They also 237 

had to give up on the grape which looked the same size as that which had been correct in previous 238 

trials (i.e. size of the small grape) and choose the other one instead. We gave our subjects a 239 

maximum of four sessions to succeed in this test.  240 

 241 

2.2.5.2. Avoid-lens test n°2 242 

The procedure of the avoid-lens test n°2 was the same as the avoid-lens test n°1 except that 243 

the experimenter used a large grape and an even larger one. The large grape was placed behind the 244 
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regular lens and the even larger grape was placed behind the magnifying lens. Subjects had up to a 245 

maximum of four sessions to succeed in this last test.  246 

 247 

 248 

 249 

 250 

 251 

 252 

 253 

 254 

 255 

 256 

 257 

 258 

 259 

 260 

 261 

2.3. Mirror experiment 262 

The mirror experiment aimed at testing AR discrimination of our subjects with a quantity 263 

illusion. To test this, we used two identical rectangular boxes into which a mirror could be inserted 264 

in the middle (see Figure 1; all devices’ dimensions were exactly the same as in the study of 265 

Krachun and colleagues (2016)). Groups of two or three raisins were placed in each box, in front of 266 

the mirror. In this way, the raisins in the mirror box appeared to double in number. To make the two 267 

boxes completely identical, vertical “collars” were slid down over the middle of each box in order 268 

to obscure the individual’s view of the back section of the boxes and the mirror’s top edge (see 269 

Figure 1). This experiment proceeded similarly as the Lens experiment with the same five 270 

successive tests: the preference test, the basic test, the seen tracking test, the unseen tracking test 271 

and the avoid-mirror test. Each one of them (except the preference test) was composed of several 272 

sessions containing two or four warmup preference trials, two demo trials and 12 trials. The 273 

individual needed to succeed in one test in order to move on to the next one, meaning that he had to 274 

choose the truly larger number of raisins significantly more often than 50% chance within the 275 

maximum number of sessions allowed. If not, they were removed from the subsequent experiments. 276 

The position of the larger number of raisins was randomised across trials: it was on the left and right 277 

side an equal number of times per session and was never in the same position for more than two 278 

consecutive trials. We ran a maximum of one session per subject per half-day for Tonkean 279 

a) Lens experiment b) Mirror experiment

Figure 1 : Experimental devices used in the two experiments to create visual 

illusion of size (a) and of quantity (b). 
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macaques. As for the Lens experiment, we tested brown capuchins with half-sessions at a time 280 

(two-four warmup preference trials, two demo trials and six trials), with a maximum of two half-281 

sessions per half-day. For each species, we ran at least two sessions in each test (except for the 282 

preference test), in order to ensure a familiarisation of subjects with the task. 283 

 284 

2.3.1. Preference test 285 

The preference test was designed to test the preference of each individual for larger over 286 

smaller numbers of raisins. It was a simple choice test in which a small and a large number of 287 

raisins were displayed in the boxes on the table. In the following experimental tests, individuals 288 

encountered the choice between two types of number combinations: 2 vs 3 raisins that appeared like 289 

3 vs 4 raisins due to the mirror. Thus, we carried out two preference tests, each one composed of a 290 

maximum of four sessions of 12 trials: the first test was a choice between 2 vs 3 raisins, and the 291 

second one was a choice between 3 vs 4 raisins. If the subject succeeded in each preference test 292 

within their maximum of four sessions allowed, we proceeded to the basic test. Furthermore, as a 293 

warmup to testing sessions and to confirm the individual’s motivation, we ran two preference trials 294 

before each following testing sessions (the number combination corresponded to how raisins will 295 

appear, i.e. 3 vs 4). If the individual chose the larger number of raisins in both of these trials, we 296 

moved on with the session. If the individual chose the larger number of raisins only one time among 297 

the two trials, we added two more warmup preference trials and then the individual had to choose 298 

the larger number of raisins at least 3/4 trials to proceed to the session. If not, the session was 299 

delayed. 300 

 301 

2.3.2. Demo trials 302 

Since our subjects had no previous experience with mirrors, these demo trials were carried out 303 

to give them the opportunity to learn about their effect, just after the warmup preference trials in 304 

each following session. While the individual was watching, the two boxes were placed side by side 305 

on the table. The two groups of raisins (2 vs 3) were placed in the boxes and the mirror was inserted 306 

into the one containing fewer raisins. In this way, the two raisins appeared as a group of four. The 307 

experimenter then slid the mirror up and down several times to show to the subject how it made 308 

raisins appear to double in number. She then positioned the “collars” on the boxes and moved the 309 

boxes forward and apart on the table. Once the individual had made their choice, she executed a few 310 

actions to show the illusory proprieties of the mirror: removing the “collars” in order to make the 311 

mirror visible again, slowly sliding the mirror up and down at least twice, sweeping the hand 312 

through the non-mirror box to show that it did not contain a mirror, tilting the mirror box forward so 313 

that the individual could see that it was empty at the back, and finally removing the mirror and 314 
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placing it aside. After this demonstration, the chosen raisins were given to the subject and the others 315 

were discarded.  316 

 317 

2.3.3. Basic test 318 

The basic test aimed to examine if our subjects were able to optimize their reward by ignoring 319 

the illusion of a greater number of raisins and by choosing the truly larger group. The procedure 320 

was similar to the demo trials except that we did not demonstrate the effect of the mirror. As the 321 

subject was watching, the boxes were placed side by side on the table, the two groups of raisins (2 322 

vs 3) were positioned in each box, the mirror was inserted into the box containing fewer raisins, 323 

“collars” were slid down over the boxes, and finally the experimenter moved the boxes apart and 324 

forward. After the subject had made its choice, the experimenter removed the “collars”, followed by 325 

the mirror, and finally gave the chosen group of raisins to the subject, discarding the other one. If 326 

the subjects succeeded within a maximum of eight sessions, they could proceed to the tracking 327 

control test. 328 

 329 

2.3.4. Tracking control tests 330 

As in the Lens experiment, the tracking control test was carried out to rule out the possibility 331 

that these animals succeeded in the basic test by visually tracking the larger number of raisins. 332 

Thus, we ran two tracking control tests: the seen tracking test to get them used to the new stacking 333 

procedure and the unseen tracking test.  334 

 335 

2.3.4.1. Seen tracking test 336 

For the seen tracking test, the experimenter first placed the two groups of raisins on the table. 337 

Then, she positioned one box in the middle of the table and inserted the larger number of raisins 338 

(i.e. 3) into it, stacked the other box and baited it with the smaller number of raisins (i.e. 2). While 339 

the individual was still watching, she slid the mirror into the top box followed by the “collar” and 340 

unstacked the boxes to slide the “collar” onto the other box. Finally, she moved the boxes apart and 341 

forward. The side of the box into which the raisins were put in as well as the positioning of the 342 

boxes on the table were randomised across trials. Once the subject had chosen, the “collars” were 343 

removed, followed by the mirror, after which the experimenter gave the chosen group of raisins to 344 

the subject and threw away the other one. Individuals had up to a maximum of four sessions to 345 

succeed in this test. 346 

 347 
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2.3.4.2. Unseen tracking test 348 

The procedure of the unseen tracking test was similar to the seen tracking test: the stacking 349 

and the baiting of the boxes were conducted in sight of the subjects. However, after inserting the 350 

mirror, the experimenter inserted the opaque occluder. In this way, the individual could not see the 351 

unstacking of the boxes, the placement of the “collars” and the positioning of the boxes on each side 352 

of the table. The opaque occluder was then removed and the boxes were pushed forward. Once the 353 

individual had chosen, the actions were carried out exactly the same as the seen tracking test. 354 

Subjects who passed this test within a maximum of four sessions proceeded to the avoid-mirror 355 

control test. 356 

 357 

2.3.5. Avoid-mirror test 358 

The avoid-mirror test was a final control to rule out the possibility that the animals succeeded 359 

in all previous tests by learning to identify and avoid the mirror, or by learning to look for it and to 360 

avoid a specific number configuration of raisins. The experimenter now used a group combination 361 

of 1 vs 2 raisins. The procedure was the same as the unseen tracking test except that the single raisin 362 

was placed into the non-mirror box and the two raisins were placed into the mirror box so that it 363 

looked like a choice between 1 vs 4 raisins. In this situation, individuals had to choose (and not 364 

avoid) the mirror box, and what appeared like four raisins, to obtain the truly larger quantity, of 365 

which had been the incorrect choice throughout all the previous trials. We gave to the subjects a 366 

maximum of four sessions to succeed in this test. 367 

 368 

3. Results 369 

Due to the small number of subjects that progressed to the final tests (and the exclusion of 370 

those which didn't), we first focused on individual performances. In both experiments, the binomial 371 

test was used to test if subjects significantly chose one type of stimulus more than the other (the 372 

larger or the smaller grape in the lens test, the larger or the smaller number of raisins in the mirror 373 

test). To pass a test, each subject had to choose the truly larger grape or the truly larger number of 374 

raisins in at least 10/12 trials in one session (exact binomial test: N=12, p ≤ 0.019) or at least 8/12 375 

trials in each of two consecutive sessions (exact binomial test: N=24, p ≤ 0.038). As we ran at least 376 

two sessions in each test, a subject that obtained a score of 10/12 in the first session still had to 377 

choose the larger food reward at least 8/12 in the second session. If not, the subject had to complete 378 

another session with significant scores to move on to the next test. For subjects showing no 379 

preference for one type of stimulus before the control tests, i.e. in basic test and seen tracking test, a 380 

binomial test was run to compare their number of choices on each side of the setup, to rule out the 381 

possibility of a pointing bias as an explanation of individuals’ failure. Our procedure of progressive 382 
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session generates an increasing probability of false positives. The cumulative type I error 383 

probability for reaching the criterion is already 0.053 in the first session and 0.097 in the second 384 

one. Hence, we tested group performances by combining individual performances corrected for 385 

multiple testing into a collective one, using Fisher’s omnibus test (Quinn & Keough, 2002). To 386 

control for potential experimenter bias, all trials were videotaped and 20% of them was scored by a 387 

second blind coder (contingency coefficient: k=0.97). 388 

 389 

 390 

 391 

3.1. Lens experiment 392 

3.1.1. Tonkean macaques 393 

Eight subjects (seven males and one female; see Table 1) participated in the experiment. All 394 

subjects passed the preference test, three of which passed within the first session. All subjects 395 

passed the basic test in an average of 3.4 sessions, three of which passed in the first session. The 396 

eight subjects also succeeded in the seen tracking test within an average of 2.25 sessions, four of 397 

which passed in the first session. Then all of them passed the unseen tracking control test within an 398 

average of 1.9 sessions, two of which passed in the first session. One individual passed the avoid-399 

lens test n°1, six individuals failed to meet passing criteria, and one individual did not complete the 400 

sessions due to lack of motivations. Concerning the avoid-lens test n°2, only five individuals were 401 

S1 S2 S1 S2 S3 S4 S5 S6 S7 S8 S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4

Abricot M 4, 10 9 11 7 8 8 . . . . . 7 8 9 . 8 9 . . 7 5 8 11 9 10 . .

Anubis M 4, 9 11 . 10 11 . . . . . . 12 10 . . 10 12 . . 4 6 4 8 12 12 . .

Yannick M 8, 4 11 . 12 12 . . . . . . 11 11 . . 9 9 . . 6 5 6 6 8 8 . .

Nereis F 19, 2 12 . 9 9 . . . . . . 10 9 . . 9 9 . . 7 6 8 6

Olli M 7, 3 9 10 9 6 10 . . . . . 8 7 10 . 9 12 . . 6 5 3 5 7 4 4 5

Walt M 10, 4 8 11 9 11 . . . . . . 8 6 9 10 6 8 10 . 5 8 6 7

Olaf M 6, 1 8 11 6 6 7 6 8 6 9 10 11 11 . . 9 12 . . 1 3 2 1 8 6 5 5

Alvin M 5, 1 9 10 4 6 4 7 9 7 10 . 6 7 8 10 12 12 . . 2 0 5

Kiri M 5, 11 10 . 9 9 . . . . . . 6 10 . . 8 10 . . 8 8 . . 10 12 . .

Brugnon M 3, 4 9 9 11 12 . . . . . . 9 11 . . 8 10 . . 12 12 . . 8 10 . .

Willow F 10, 7 11 . 11 10 . . . . . . 11 12 . . 11 11 . . 7 11 . . 10 10 . .

Franklin M 7, 7 12 . 12 12 . . . . . . 10 9 . . 10 8 . . 5 8 12 . 10 10 . .

Balin M 3, 9 8 9 12 10 . . . . . . 10 12 . . 12 12 . . 6 8 6 12 10 12 . .

Popeye M 16, 9 12 . 10 10 . . . . . . 11 12 . . 11 12 . . 4 6 9 9 9 9 . .

Conan M 2, 5 12 . 5 6 7 6 6 7 8 8 10 11 . . 8 12 . . 8 11 . . 11 12 . .

Litchi F 8, 10 7 12 9 10 . . . . . . 11 12 . . 12 12 . . 4 4 7 8 5 6 6 6

Bombers M 3, 10 9 8 5 8 11 . . . . . 7 6 9 10 12 12 . . 2 0 0 1 0 0 1 0

Kinika F 25, 9 12 . 8 7 8 9 . . . . 6 8 5 6 . . . . . . . . . . . .

Capuche F 2, 7 10 . 8 7 5 7 5 6 6 6 . . . . . . . . . . . . . . . .

Tonkean 

macaques

Brown 

capuchins

Species Subjects
Basic test Seen tracking test Unseen tracking test Avoid-lens test n°1 Avoid-lens test n°2Preference test

Sex

Age 

(years, 

months)

Table 1: Number of correct trials (out of 12) in which individuals chose the truly larger grape in 

each session (S) for the Lens experiment. Underlined black scores correspond to the criterion of 

individuals’ success of the test, i.e. choosing the large grape at least 10/12 in one session or 8/12 

in two consecutive sessions.  
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able to tested. Among them, three succeeded within the two first sessions, including two individuals 402 

that had failed the avoid-lens test n°1 (see Table 1). Because of these conflicting performances 403 

between the two avoid-lens tests, we carried out two more sessions with these two individuals with 404 

the procedure of the unseen tracking and both of them failed, with a score of 0/12. At group level, 405 

performances of the Tonkean macaques were above chance in the basic test (Fisher’s omnibus test: 406 

chisq=38.05, df=16, p=0.001), the seen tracking test (Fisher’s omnibus test: chisq=40.71, df=16, 407 

p=0.0006) and the unseen tracking test (Fisher’s omnibus test: chisq=45.76, df=16, p=0.0001). In 408 

contrary, they were not above chance in the avoid-lens test n°1 (Fisher’s omnibus test: chisq=3.95, 409 

df=14, p=0.996) and avoid-lens test n°2 (Fisher’s omnibus test: chisq=17.61, df=10, p=0.062).  410 

 411 

3.1.2. Brown capuchins 412 

Eleven capuchins (seven males and four females; see Table 1) participated in the experiment. All 413 

subjects passed the preference test, seven of which passed within the first session. Ten subjects 414 

succeeded in the basic test in an average of 2.4 sessions, five of which passed in the first session. 415 

One female did not succeed in the basic test, and therefore was removed from subsequent tests. This 416 

female was found a significant left bias in pointing (exact binomial test: N=96, p<0.0001). Out of 417 

these 10 subjects, nine succeeded in the seen tracking test in an average of 1.5 sessions, six of 418 

which passed in the first session. One subject did not succeed in the seen tracking test and was 419 

found a significant left pointing bias (exact binomial test: N=96, p<0.0001). The nine remaining 420 

subjects also succeeded in the unseen tracking test with an average of 1.3 sessions, six of which 421 

passed in the first session. Then, seven capuchins passed the avoid-lens test n°1 in an average of 2.6 422 

sessions, four of which passed within the two first sessions, and the two others failed. In the avoid-423 

lens test n°2, five individuals succeeded in an average of 1.3 sessions, four of which passed in one 424 

session. At group level, performances of the brown capuchins were above chance in all tests 425 

(Fisher’s omnibus test: basic: chisq=52.19, df=22, p=0.0003; seen: chisq=50.91, df=20, p=0.0002; 426 

unseen: chisq=52.83, df=18, p<0.0001; avoid-lens n°1: chisq=36.04, df=18, p=0.007; avoid-lens 427 

n°2: chisq=41.09, df=18, p=0.001). 428 
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 429 

 430 

3.2. Mirror experiment 431 

3.2.1. Tonkean macaques 432 

Only two males Tonkean macaques participated in the experiment, because the others never 433 

came back to the experimental room or were no longer motivated to participate in the study (Table 434 

2). Both individuals passed the two preference tests in a single session. Then, they succeeded in the 435 

basic test in two sessions, and in the seen and the unseen tracking test within maximum three 436 

sessions. Finally, they validated the avoid-mirror test within one session only. At group level, 437 

performances of these Tonkean macaques were above chance in all tests (Fisher’s omnibus test: 438 

basic: chisq=11.74, df=4, p=0.019; seen: chisq=10.54, df=4, p=0.032; unseen: chisq=10.54, df=4, 439 

p=0.032; avoid-mirror: chisq=11.74, df=4, p=0.019). 440 

 441 

3.2.2. Brown capuchins 442 

Six brown capuchins participated in the experiment (five males and one female; Table 2). 443 

These subjects passed the first preference test within a maximum of three sessions, and the second 444 

preference test within a maximum of two sessions. Then, all six succeeded in the basic test within 445 

an average of 2.2 sessions, four of which within two first sessions. Five succeeded in the seen 446 

tracking test in an average of 1.8 sessions, all of which passed within the first two sessions. One 447 

subject did not succeed the seen tracking test and thereby was removed from subsequent tests. This 448 

individual did not have a significant left or right bias in pointing (exact binomial test: N=48, p=0.9). 449 

The remaining five subjects succeeded in the unseen tracking test within an average of 1.8 sessions, 450 

all of which passed within the first two sessions. Finally, they validated the avoid-mirror test in only 451 

one session. At group level, performances of the brown capuchins were above chance in all tests 452 

S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 S5 S6 S7 S8 S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4

Abricot M 4, 10 11 . . . 11 . . . 10 10 . . . . . . 3 8 8 . 9 5 10 . 12 12 . .

Olaf M 6, 1 12 . . . 12 . . . 8 11 . . . . . . 6 10 . . 10 9 . . 11 12 . .

Kiri M 5, 11 7 10 . . 10 . . . 9 9 . . . . . . 9 10 . . 11 9 . . 12 12 . .

Balin M 3, 9 10 . . . 10 . . . 10 5 10 . . . . . 8 10 . . 8 8 . . 11 11 . .

Franklin M 7, 7 10 . . . 11 . . . 10 9 . . . . . . 10 10 . . 9 9 . . 12 11 . .

Popeye M 16, 9 11 . . . 9 11 . . 4 6 8 9 . . . . 8 10 . . 8 9 . . 12 9 . .

Bombers M 3, 10 9 10 . . 10 . . . 8 9 . . . . . . 8 8 . . 8 9 . . 12 11 . .

Litchi F 8, 10 7 9 9 . 10 . . . 10 11 . . . . . . 8 6 7 5 . . . . . . . .

Tonkean 

macaques

Brown 

capuchins

Species Subjects
Basic test Seen tracking test Unseen tracking test Avoid-mirror testPreference test 2vs3 Preference test 3vs4

Sex

Age 

(years, 

months)

Table 2 : Number of correct trials (out of 12) in which individuals have chosen the truly larger 

number of raisins in each session (S). Underlined black scores correspond to the criterion of 

individuals’ success of the test, i.e. choosing the larger number of raisins at least 10/12 in one 

sessions or 8/12 in two consecutive sessions.  
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(Fisher’s omnibus test: basic: chisq=32.09, df=12, p=0.001; seen: chisq=29.35, df=12, p=0.003; 453 

unseen: chisq=29.35, df=10, p=0.001; avoid-mirror: chisq=29.35, df=10, p=0.001). 454 

 455 

 456 

  457 

4. Discussion 458 

This study brings the first evidence that monkeys are able to discriminate appearance from 459 

reality. All our subjects passed the preference tests of both the Lens and Mirror experiments and 460 

thus demonstrated a strong natural preference for larger or higher number of food items, as well as a 461 

good size and quantity discrimination ability. Then, in the Lens experiment, all but two subjects of 462 

each species passed successfully the basic test and the tracking control tests, demonstrating that 463 

they were capable of ignoring the misleading appearance of the magnified grape to choose the truly 464 

bigger one, without being able to visual track the grapes (see Figure 2). Afterwards, the large 465 

number of successful brown capuchins, from different ages and both sexes, in the last learning 466 

control brings strong evidence that they are able to discriminate appearance from reality. In 467 

Tonkean macaques, our results are less clear, with only one individual succeeding in the avoid-lens 468 

control (see Figure 2). Thus, we are unable to say with confidence whether or not this species 469 

possesses appearance-reality discrimination ability. However, our procedure with lenses might have 470 

not allow us to highlight AR discrimination ability in a larger scale in this species and could provide 471 

results underestimating it (see methodological issues discussed below). This is supported by 472 

Figure 2 : Number of subjects of each species who passed each test of the Lens and Mirror experiment 

0

2

4

6

8

10

12

N
u

m
b

er
 o

f 
su

c
ce

ss
fu

l 
in

d
iv

id
u
al

s

Preference test Basic test

Seen tracking test Unseen tracking test

Avoid-lens test n°1 / Avoid-mirror test Avoid-lens test n°2

a) Tonkean macaques b) Brown capuchins

Lens experiment Lens experimentMirror experiment Mirror experiment

N=8
N=5

N=11
N=10

N=9N=2 N=6 N=5



 16

Tonkean macaques’ good performances in the Mirror experiment. Indeed, the two Tonkean 473 

macaques and all but one brown capuchin that were tested in this second experiment passed the 474 

visual tracking and the avoid-mirror tests. By validating all controls, they demonstrated they are 475 

able to discriminate perceived from real quantity.  476 

We found that all except two individuals who were successful in the Mirror experiment had 477 

also succeeded in the Lens experiment. Successes in both of our experiments provides evidence for 478 

a general understanding in our animals, that perceptual appearance of objects can be different in 479 

several ways from reality. Nevertheless, we should approach this conclusion with caution for the 480 

few individuals that needed more than two sessions to succeed. Even by limiting the number of 481 

sessions allowed to reach a success, our and other procedures of progressive sessions generate an 482 

increasing probability of false positives. To account for this multiple testing issue, one option is to 483 

look out group performances. In this respect, brown capuchins succeeded significantly in all tests of 484 

the Lens and Mirror experiments. For Tonkean macaques, their succeeded significantly in all tests 485 

except for the avoid-lens tests n°1 and n°2. These results confirm our inability to conclude of an AR 486 

discrimination ability presence for Tonkean macaques with the Lens experiment. However, we still 487 

able to maintain confidence in our results demonstrating AR discrimination ability in both 488 

experiments for brown capuchins and in the Mirror experiment for Tonkean macaques. In summary, 489 

even if more subjects of both species are necessary to make a reliable conclusion at a species scale, 490 

results of the Mirror experiment confirmed those of the Lens experiment and together suggest that 491 

these monkeys could be able to discriminate appearance from reality.  492 

The ability to discriminate appearance from reality was demonstrated in great apes by 493 

previous studies of Karg and colleagues (2014) and Krachun and colleagues (2009, 2016). Now, our 494 

study suggests the presence of this ability in Tonkean macaques, an Old World monkey species, and 495 

brings strong evidence in brown capuchins, a New World monkey species. Therefore, the 496 

hypothesis of the emergence of AR discrimination ability in a common ancestor dating back to at 497 

least the capuchin monkey genus is conceivable. However, our results certainly need to be 498 

strengthened by further research on more individuals and other species of macaques to make a more 499 

reliable conclusion. Since only two Tonkean macaques were compared to eight brown capuchins in 500 

both experiments, alternative hypotheses of convergent evolution cannot be completely ruled out. 501 

Thus, instead of looking at phylogenetic relatedness only, our interest should go towards the socio-502 

ecological aspects that are characteristic of these species in order to improve our knowledge about 503 

the development of such cognitive abilities during evolution. Indeed, as example, many similarities 504 

were found between genus Sapajus and Pan: long life spans, explorative and manipulative 505 

behaviours, tool using, omnivorous diet, socially complex behaviours such as coalitions and 506 

cooperation and so forth (Visalberghi & McGrew, 1997).  507 
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One of the major aims of this study was to compare performances of monkey species with 508 

those of chimpanzees (Krachun et al., 2016) using a same experimental paradigm. Like 509 

chimpanzees, brown capuchins performed high scores in the two AR experiments and passed each 510 

test within a small amount of sessions. Not all of them succeeded but the proportion of successful 511 

brown capuchins is still greater than observed in chimpanzees. Hence, the performance of brown 512 

capuchins is likely to be comparable to those of chimpanzees in these AR discrimination 513 

experiments. It brings more evidence that monkeys can perform like apes in demanding cognitive 514 

tasks, for example like prerequisite ToM tests, contrary to previous scientists’ common beliefs. 515 

These previous studies that found differences between performances of monkeys and apes in 516 

cognitive tasks, have normally compared apes that are highly habituated to experiments with naive 517 

monkeys (Amici et al., 2010). In addition to using similar standardized paradigm, our study tested 518 

highly habituated monkeys. Thereby, a comparison between our results and those on chimpanzees 519 

appears more reliable and appropriate. 520 

Several recent studies on cognitive abilities comparing different monkey and ape species 521 

found no strong evidence of a difference between their performances (Amici et al., 2010; Meunier, 522 

2017; Schmitt et al., 2012, Tomasello et al., 1998). Instead, Amici and colleagues (2010) revealed a 523 

link in their results between cognitive capacities and social organisation: performances of species 524 

living in systems with fission-fusion dynamics (e.g. chimpanzees, bonobos, orangutans, and spider 525 

monkeys) exceeded those of species living in more stable groups (e.g. long-tailed macaques, 526 

gorillas and capuchin monkeys). Thereby, the type of social organisation seems to impact the 527 

physico-cognitive skills of primates (i.e. spatial memory, quantities, causality, etc.) and may 528 

provide better predictor of performance in some cognitive tasks than phylogenetic relatedness 529 

(Schmitt et al., 2012). This led to the development of the social intelligence hypothesis, which 530 

claims that primate intelligence evolved in response to challenges of living in large and complex 531 

groups (Byrne & Bates, 2010; MacLean et al., 2012; Schmitt et al., 2012). However, both for 532 

Tonkean macaques and brown capuchins, this explanation does not apply because they are not 533 

living in fission-fusion dynamics but instead in stable female-bonded groups with comparable social 534 

complexity, and are described as socially tolerant (Hare et al., 2003). These other social features 535 

could then interfere in their cognitive abilities’ development. Thus, as socio-ecological conditions 536 

might better explain the presence of some cognitive abilities, instead of comparing monkeys and 537 

apes, we should focus on comparison between particular species. Studying with the same paradigm 538 

other nonhuman primates either closely related or presenting different social organisations (e.g. 539 

lemurs, white-faced capuchins, or long-tailed macaques) should provide insights about the origin of 540 

this ability and could help to clarify the social intelligence hypothesis (Byrne & Bates, 2010; 541 

Humphrey 1976; MacLean et al., 2012; Schmitt et al., 2012).   542 
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The positive results in both experiments could be explained by several alternative 543 

mechanisms of learning. First of all, an association learning between large or big food item and 544 

negative outcome could be a possibility. However, it seems to be an unlikely explanation because 545 

our successful subjects have chosen the item that appeared larger or bigger in the avoid tests, and 546 

they continued to choose the bigger or larger amount of items in each warm up preference trials 547 

before each session. Secondly, some might argue that successful individuals could have done 548 

reverse contingency learning, i.e. choose the smaller food item to obtain the larger one. However, 549 

this assumption is highly unlikely for the following reasons. First, the avoid control test clearly 550 

rules out this possibility. In fact, to validate this control, subjects needed to choose the apparent 551 

bigger or larger food item to obtain the truly bigger or larger one, and not the apparent smaller one 552 

as in previous tests. Second, several studies have already demonstrated that this type of contingency 553 

learning for both size and quantity of items is really difficult for these species, even for great apes, 554 

and require hundreds of trials to succeed in it (Anderson, Hattori, & Fujita, 2008; Boysen, Berntson, 555 

& Mukobi, 2001; Krachun et al., 2009; Vlamings, Uher, & Call, 2006). 556 

In the Lens experiment, a few subjects did not succeed in different tests. First, a significant 557 

left pointing bias can explain the failure of two brown capuchins, one in the basic and the other one 558 

in the seen tracking test. The fact that this bias was not present in the initial conditions might 559 

indicate they do not understand the situation in the follow-up conditions and thus could also suggest 560 

that a more ecological procedure may have been necessary for these individuals for AR 561 

discrimination to be revealed. Second, Tonkean macaques and brown capuchins seem to have failed 562 

the Lens experiment in the last learning control because they have performed learning strategies 563 

based on different stimuli. Two Tonkean macaques and one brown capuchin obtained really low 564 

scores, demonstrating a significant preference for the truly smaller grape. This could be explained 565 

by a learning process to avoid the magnifying lens or to choose the grape that appeared with the size 566 

of the small one through the lenses. The other five unsuccessful Tonkean macaques and one brown 567 

capuchin obtained medium scores, which reflect a learning to choose the minimizing lens or the 568 

grape that appeared with the size of the bigger one through the lenses. Because neither the 569 

minimizing lens nor the grape appearing the size of the bigger one through lenses were no more 570 

available in this control, individuals could not anymore use these stimuli to succeed and so they 571 

chose randomly. Moreover, these individuals who failed the test still choose preferentially the 572 

bigger grape in warmup preference trials before each session, suggesting their failure was not due to 573 

a change of preference to smaller grapes.  574 

In order to compare performances with those of chimpanzees, we carried out a second avoid-575 

lens test at the end of the Lens experiment using exactly the same procedure as Krachun and 576 

colleagues in their study of 2016. Tonkean macaques’ results obtained in the avoid-lens test n°2 are 577 
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quite inconsistent with those of avoid-lens test n°1. In fact, one individual succeeded in both but 578 

two individuals that failed avoid-lens test n°1 then succeeded in the avoid-lens test n°2, within one 579 

or two sessions only. For these two subjects, we carried out one more session with the unseen test 580 

procedure, in order to check whether by changing again sizes and lenses used, they will succeed (as 581 

before in the same unseen tracking test) and thus demonstrate a truly understanding of the illusion 582 

phenomena. However, both of them drastically failed by never choosing the truly larger grape in 583 

this session. These results highlight a learning strategy they must have developed during the four 584 

sessions of the avoid-lens test n°1. Because avoid-lens test n°2 was carried out after, individuals had 585 

the possibility to learn the new rule (larger grape placed behind magnifying lens). In addition, the 586 

only subject that passed the first avoid-lens control test needed four sessions to succeed in this last 587 

control. His result should be interpreted with caution because he could have also learned, faster than 588 

the others, i.e. within only three sessions. Surprisingly, the other Tonkean macaques and brown 589 

capuchins that have failed did not realise this potential quick learning: they both failed the avoid-590 

lens n°1 and the avoid-lens n°2. A comparison between avoid-lens n°1 performances of Tonkean 591 

macaques and brown capuchins with avoid-lens test performances of chimpanzees in the study of 592 

Krachun and colleagues (2016) seems thus more reliable. 593 

Instead of an absence of AR discrimination, individuals’ failure could be interpreted by other 594 

explanations corresponding to methodological issues like too many experimenter’s manipulations or 595 

isolation from their social group. Our test procedure could have required too much concentration, 596 

motivation and short-term memory for these animals, difficulties faced by Krachun and colleagues 597 

(2016) in their study on chimpanzees. Notably, poor performances of Tonkean macaques (poor 598 

success ratio, higher means of sessions to succeed in each test) compared to brown capuchins and 599 

chimpanzees may support this assumption: as we carried out half-sessions for brown capuchins, 600 

they had twice as many demo trials as Tonkean macaques and chimpanzees, hence more 601 

opportunities to understand the effects of stimuli illusion. Moreover, all brown capuchins came to 602 

the experimental room at least once per day, whereas with some Tonkean macaques, several days 603 

sometimes separated two successive sessions because they did not come back in the experimental 604 

room regularly. Because of those delays, Tonkean macaques might have faced memory challenges 605 

about the impact of illusion. Our results could thus underestimate their AR discrimination ability. 606 

Given the pointing bias of some brown capuchins and the large failure of Tonkean macaques 607 

in the Lens experiment, ecological relevance of our paradigm has to be questioned. The better 608 

success ratio in the Mirror experiment could be due to the applied illusion. The mirror effect indeed 609 

creates a false presence of two raisins, which do not exist in reality. Whereas lens is modifying 610 

properties of grapes that already exist, it does not create new food items. Thereby, it is maybe easier 611 

to understand the effect of a mirror than the subtle modification of existent items created by lenses. 612 
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One alternative paradigm to test size illusion understanding could be the one developed by Karg 613 

and colleagues (2014). In their comparative study between great apes and children on AR 614 

discrimination, they created a size illusion using completion illusion, i.e. part of an object is 615 

partially occluding by another, in order to inverse size relation. As Tonkean macaques and brown 616 

capuchins are semi-arboreal primates, they might more regularly face size illusion challenges by 617 

completion illusion because of the dense vegetation in the canopy rather than by distortion.  618 

Further research using different complementary types of illusion, e.g. colour or auditory 619 

illusions, could now bring more information about the scope of the AR understanding of these 620 

species. Another notable result is that several capuchins of various ages succeeded. Thus, AR 621 

discrimination ability seems to appear early in the development of brown capuchins. Further 622 

experiences on even younger individuals will be helpful to determine if the development of AR 623 

discrimination occurs around the same development stage as for human children and with the same 624 

developmental pattern (e.g. Hansen & Markman, 2005; Karg et al., 2014; Moll & Tomasello, 2012). 625 

To conclude, our results support those of apes, demonstrating that this AR discrimination 626 

ability is not unique to great apes. As we have now demonstrated that even some monkey species 627 

seem to possess this understanding, it seems these abilities are perhaps more evolutionary ancestral 628 

than previously thought. More research on different monkey species with similar standardized 629 

procedure is now more than ever necessary to better understand evolution of our remarkable social 630 

cognition. 631 
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