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Abstract

Classical experiments using hierarchical stimuli to investigate the ability of capuchin mon-

keys to integrate visual information based on global or local clues reported findings suggest-

ing a behavioral preference for local information of the image. Many experiments using

mosaics have been conducted with capuchin monkeys to identify some of their perceptual

phenotypes. As the identification of an image in a mosaic demands the integration of ele-

ments that share some visual features, we evaluated the discrimination of shapes presented

in solid and mosaic stimuli in capuchin monkeys. Shape discrimination performance was

tested in 2 male adult capuchin monkeys in an experimental chamber with a touchscreen

video monitor, in three experiments: (i) evaluation of global and local processing using hier-

archical stimuli; (ii) evaluation of target detection using simple discrimination procedures;

(iii) evaluation of shape discrimination using simple discrimination and delayed matching-to-

sample procedures. We observed that both monkeys had preferences for local processing

when tested by hierarchical stimuli. Additionally, detection performance for solid and mosaic

targets was highly significant, but for shape discrimination tasks we found significant perfor-

mance when using solid figures, non-significant performance when using circle and square

shapes in mosaic stimuli, and significant performance when using Letter X and Number 8

shapes in mosaic stimuli. Our results are suggestive that the monkeys respond to local con-

trast and partly to global contrast in mosaic stimuli.

Introduction

Research on perceptual grouping has extensively examined two levels of hierarchical process-

ing, centering on the relative primacy of global features versus local features within a scene [1–
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6]. Global processing involves integrating various elements into a coherent whole, while local

processing concentrates on the finer details of a prominent object or situation [7, 8].

In his research, Navon8 examined the role of global and local cues in the perceptual organi-

zation of images in humans, utilizing hierarchical stimuli where larger global shapes, often let-

ters, were formed by smaller local elements. These global and local shapes could either be

identical (consistent stimulus) or differ (inconsistent stimulus). His findings demonstrated

that human perception exhibited a global advantage or precedence, meaning that individuals

tended to perceive the overall global structure before discerning the specific local elements

constituting the scene. Examples of hierarchical stimuli are shown in the Fig 1.

Numerous studies exploring perceptual grouping processes with visual stimuli reveal varia-

tions in the precedence of global or local cues across different species, including humans [9–

11], chimpanzees [3, 11, 12], baboons [10], rhesus monkeys [12], cotton top tamarins [13], and

capuchin monkeys [6, 9, 14]. In the context of platyrrhine monkeys, investigations into global

and local processing have predominantly focused on capuchin monkeys [1, 5, 6, 9, 14–19]. Sev-

eral of these experiments utilized matching-to-sample (MTS) procedures, and their outcomes

consistently demonstrated an advantage for local level of hierarchical processing [1, 14, 16, 18,

19].

Fig 1. Hierarchical and mosaic stimulus. Hierarchical stimuli have identical and different global and local clues that

can be used for visual processing. Mosaic stimuli is composed of non-overlapping elements and a subgroup of the

mosaic elements shares some feature (in the case of the figure the shared feature is the chromaticity) that creates an

illusory target over a background.

https://doi.org/10.1371/journal.pone.0303562.g001
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In recent years, researchers have conducted studies to investigate the chromatic discrimina-

tion abilities of platyrrhine monkeys using a stimulus named pseudoisochromatic [20, 21],

which is formed by a set of non-overlapped individual elements arranged as a mosaic of circu-

lar patches. A subgroup of these elements shared the same color shaping a visual target over

the remained elements that had different color compared to the target in region of the stimulus

named background. Although there is no overlapping in the different elements from target of

the mosaic, there is a construction of illusory object because the similarity of colors they share

(Fig 1). For instance, studies have been conducted with squirrel monkeys (Saimiri spp.: [22]),

capuchin monkeys (Sapajus spp.: [20,21]), and howler monkeys (Alouatta spp.: [23]) using

mosaics which the target is an illusory square. In these experiments, the subjects’ successful

performance necessitates identifying the chromatic target irrespective of its shape. It remains

unclear whether non-human primates select the target by its identification as global object or

by detecting a region of the mosaic with different color from the other parts of the mosaic.

The present study aimed to extend the question of preference for global versus local pro-

cessing in capuchin monkeys by using mosaic stimuli. We assumed that the perception of the

target in mosaic stimuli would represent the end product of global processing and that shape

discrimination would be an appropriate method to investigate the emergence of the illusory

target from mosaics. The absence of shape discrimination favored the hypothesis of a prefer-

ence for local processing in these monkeys. For that, we examined both local and global pro-

cessing through hierarchical stimuli as a control experiment, as well as target detection

involving solid and mosaic stimuli.

Methods

Subjects

Two adult male capuchin monkeys (Sapajus spp.), namely Tico and Raul, were involved in the

study (Fig 2A and 2B). Both monkeys possessed significant prior experience with simple dis-

crimination and matching-to-sample procedures, like those utilized in the present research

[20, 24–28]. Moreover, Tico had previously participated in experiments focused on tool use

[29]. For the record, the subjects were genetically and behaviorally identified as dichromat

deuteranopes, as established by previous research [20].

They were housed in nursery cages along with one or two other Sapajus in an open area at

the Experimental School for Primates, which is located at the Federal University of Pará. Tico

shared his living space with another male monkey in a glass-enclosed housing measuring

45.09 m2. This glass enclosure lacked visual barriers and a roof, and it was situated next to an

Fig 2. Subjects Tico (A) and Raul (B), and experimental chamber (C).

https://doi.org/10.1371/journal.pone.0303562.g002
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identical enclosure that housed two other monkeys. The two enclosures were separated by a

glass wall and had partial coverage to protect the primates from direct sunlight. Raul resided

with two other monkeys in a metal nursery that measured 3.00 m x 2.50 m x 2.50 m (height x

width x length). The nursery rested on a cement floor and provided partial coverage against

direct sunlight. All enclosures were equipped with drinking water fountains featuring auto-

matic spouts. The primates’ diet consisted of a special ration for primates from Quimtia (Nuvi-

lab neotropical primates, extruded food), which was distributed twice a day, once in the early

morning and once in the late afternoon. Additionally, the animals received a meal at 3:00 pm

daily, consisting of fruits, eggs (three times a week), and vegetables. Before the experiments the

subject were kept at a certain percentage of free-feeding weight. The Experimental School for

Primates holds an operating license (LO N˚ 12493/2021) that categorizes it as a scientific

breeding ground for research purposes. This license was issued by the local environmental

agency (SEMAS—Secretaria Estadual de Meio Ambiente e Sustentabilidade [State Secretariat

for the Environment and Sustainability]), which is responsible for inspecting environmental

management activities. Furthermore, the experimental procedures conducted on the primates

received approval from the Ethics Committee on Animal Use of the Federal University of Pará

(CEUA/UFPA), with protocol number #4629251121.

Apparatus

For the purpose of data collection, we utilized an experimental chamber measuring 0.60 m x

0.60 m x 0.60 m. This chamber was equipped with a 15-inch color LCD monitor (Elo Sys-

tems1, 18 inches) with a surface acoustic wave touchscreen-type device that could be accessed

through a rectangular opening (0.26 m long x 0.20 m high) in the front wall of the chamber

(refer to Fig 2C). The control of the experimental sessions, the pellet dispenser, and the record-

ing of the monkey’s responses were managed by a home-made software programmed in C++.

The pellet dispenser was triggered upon the occurrence of correct choices, releasing pellets

into a tray positioned on the opposite side of the screen. Positioned just above the corners of

the touchscreen, two small red lamps would illuminate upon a correct response. Additionally,

it facilitated the generation of scheduled sessions, recorded response data, and generated a

comprehensive report encompassing details such as the date, time, subject, and task

performance.

Experimental procedures

To explore the impact of perceptual global and local processing on the shape discrimination

capabilities of capuchin monkeys using a mosaic design, we carried out a series of three experi-

ments: (i) evaluating the capuchins’ proficiency in processing the global and local attributes of

hierarchical visual stimuli as outlined in Spinozzi et al. [18] (ii) appraising target detection

through both solid and mosaic stimuli; and (iii) discerning shape discrimination utilizing sti-

muli presented in mosaic design as well as solid stimuli. Each subject performed one session

(48 trials) per day.

We wrote a routine in Python language to calculate the statistical significance of the sub-

ject’s performance in each experiment by calculating the binomial probability, which was the

probability to reach x or more successful decisions in n repeated trials in an experiment with z

possible decisions and success probability in a single trial of p equal to 1/z (Eqs 1 and 2). We

considered as significant number of hits in the experiment when the binomial probability was

smaller than 0.05.

bp ¼ nCx � px � ð1 � pÞn� x ðEq1Þ
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nCx ¼
ðn!Þ

x! � ðn � xÞ!
ðEq2Þ

To facilitate the comprehension, we chose to describe the methods of each experiment fol-

lowed by its results.

Experiment 1. Global and local processing evaluation

Stimuli. In the context of a delayed matching-to-sample task, we employed four hierarchi-

cal stimuli reminiscent of those utilized by Spinozzi et al. [18]. These stimuli comprised config-

urations spanning 4.9˚ of visual angle, each encompassing 8 individual circles or squares (each

with a diameter or side measuring 0.95˚), as illustrated in Fig 3. Depending on the interplay

between shapes at the global and local levels, a stimulus was designated as either "Consistent"

(characterized by congruent global and local shapes) or "Inconsistent" (marked by incongruent

global and local shapes).

Procedure. Four distinct configurations of delayed matching-to-sample training were

executed, encompassing: (1) the global condition with consistent trials, (2) the global condi-

tion with inconsistent trials, (3) the local condition with consistent trials, and (4) the local

condition with inconsistent trials, all of which are depicted in Fig 3. The animals were

exposed to five sessions with global configuration trials and another five sessions with local

configuration trials. The trials were repeated and there were differential consequences for

success and error. Five sessions with 48 trials had global configurations, in a total of 240 tri-

als, 120 of global consistent and 120 of global inconsistent; the same occurred for the five

sessions of 48 trials having local configuration, 240 total trials, 120 local consistent and 120

local inconsistent.

The two-choice 1-second delayed matching-to-sample procedure was applied. There were

only two possible stimuli. At the initiation of each trial, a sample stimulus appeared on a dark

screen, prompting the monkey to initiate the task by tapping twice on the sample. A correct

response from the monkey prompted a 1-second delay, followed by the presentation of one S+

(equal to the sample) and one S- stimuli (different to the sample) on a dark screen. The trial

concluded upon the monkey’s one tap on any stimulus (S+ or S-). If the monkey’s tap fell

upon the S+, a banana pellet reward was dispensed. The intertrial interval persisted for 6 sec-

onds, during which the monitor screen remained dark. Touches on the dark screen during

this interval held no consequences.

The trial background and other features were identical in the global and local configura-

tions. The experimenter defined the rule related to each configuration trial and rewarded the

animal whenever it followed that rule. In this study, the global trials have different compari-

sons in terms of the global shape, having the same local shapes, so that to choose the correct

comparison, the subject had to look at the global aspect. In trials called local, the comparisons

had identical global shapes and distinct local shapes so that the subject could only choose the

correct one if they were responding based on local shape. The order of stimulus presentation

was randomly chosen by the software in each session. The monkeys were instructed on which

global and local clues to follow using a reward system that favored each condition.

The subjects were exposed to the two conditions sequentially. Firstly, Raul underwent five

sessions of the global condition, while simultaneously Tico engaged in five sessions of the local

condition. Subsequently, Tico underwent five training sessions in the global condition, while

Raul participated in the five training sessions of the local condition. The evaluation of subjects’

performance was based on the accuracy of responses across the five sessions.
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Results of the Experiment 1

Results of the global and local processing evaluation

Table 1 presents the performance data, represented as the percentage of hits (correct responses

out of total trials), exhibited by both subjects during the trials involving global and local pro-

cessing. Notably, we observed that both subjects demonstrated nonsignificant performance

levels in the experiments pertaining to global processing, encompassing both consistent and

inconsistent trials. Conversely, in the experiments related to the local condition, encompassing

Fig 3. Global and local conditions with hierarchical stimuli. Hierarchical stimuli were made up of eight local

elements. Local elements (circles or squares) could be consistent as in A and B or inconsistent as in C and D with the

global shape of the stimulus. The experiment comprised a delayed matching-to-sample test using four different

configurations: global condition and consistent trial, global condition and inconsistent trial, local condition and

consistent trial, and local condition and inconsistent trial are exemplified in the figure. Sample: model to search for in

the next window; S+: correct choice; S-: incorrect choice.

https://doi.org/10.1371/journal.pone.0303562.g003
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both consistent and inconsistent trials, the subjects displayed statistically significant perfor-

mance. These results suggest a preference for local processing in capuchin monkeys.

Experiments 2 and 3: Assessment of stimulus target detection and shape

discrimination

Two sets of experiments were conducted to elucidate the subjects’ capacity for target detection

(Experiment 2) and shape discrimination utilizing both mosaic and solid stimuli (Experiment

3). To achieve this, we employed an identical set of stimuli as delineated below.

Stimuli

Mosaic stimuli were meticulously crafted within the MATLAB programming environment

(R2021a, Mathworks, CA). Each stimulus comprised 1100 circles across four distinct sizes:

0.54, 0.44, 0.32, and 0.22 degrees of visual angle. The spacing between circles was deliberately

randomized with no overlap among them. Conversely, solid stimuli were meticulously fash-

ioned in commercial image editor (Microsoft Paint, Microsoft, Palo Alto, USA). In each set of

stimuli (mosaic and solid sets), a diverse array of six targets—circle, square, X letter, star, musi-

cal keynote, and number eight—was incorporated, along with a background figure. For both

solid and mosaic stimuli, uniform chromaticity (CIE 1976 color space: u’ = 0.219; v’ = 0.48)

was upheld, ensuring high luminance contrast exceeding 90% Weber contrast.

Experiment 2: Target detection

We employed a simple discrimination procedure to assess the capability of capuchin monkeys

in detecting a target (S+) among eight other stimuli (S-) arranged in a 3 x 3 grid. This proce-

dure was conducted employing both solid and mosaic stimuli, as depicted in Fig 4. We per-

formed this evaluation in three stages. The first stage was to evaluate the detection of six

distinct solid target in a session, encompassing 8 trials for each S+ per session. This stage was

completed when the subject reached minimum 90% correct in one session. The order of tar-

gets presentation was randomly chosen in each session.

Subsequently, in the second stage, six simple discrimination sessions were carried out, and

in each session a solid target stimulus was replaced by its correspondent mosaic target stimulus

while retaining the other solid stimuli. In each session, there were 8 trials per target. The order

of stimulus replacement was randomly chosen by the software in each session. Finally, the

third stage involved a final simple discrimination session entailed 8 trials for each target in the

mosaic.

For all stages, a correct response, acknowledged with a banana pellet reward, was defined as

a tap on the S+. Conversely, a tap on any S- was considered an erroneous response, resulting

in no reward release. After the subject response, a dark screen was displayed for 6 seconds

Table 1. Performance for global and local processing from both subjects. The statistical significance was based on probability of success = 0.5, number of trials, and

number of successes. The values represent the number of successes per number of trials.

Test condition Raul p-value Tico p-value

Global condition and consistent trial 69/120 0.06 66/120 0.15

Global condition and inconsistent trial 65/120 0.2 50/120 0.97

Local condition and consistent trial 104/120 <0.001* 107/120 <0.001*
Local condition and inconsistent trial 101/120 <0.001* 102/120 <0.001*

*Significant number of successes.

https://doi.org/10.1371/journal.pone.0303562.t001
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(intertrial interval), followed by the presentation of a new stimulus for a fresh simple discrimi-

nation trial. Notably, touching the dark screen background during the trial presentation or

intertrial interval bore no consequences. The predetermined criteria for completion of the test

encompassed achieving either a 90% accuracy rate in one session or concluding 10 sessions

without reaching the criterion. The same order of sessions was delivered for both animals, and

inside each session the order of stimulus presentation was randomly chosen by the software.

Results of the Experiment 2

Assessment of stimulus target detection

Considering all the stages, Tico carried out 48 trials per solid target stimulus and 16 trials per

mosaic target stimulus, and Raul carried out 72 trials per solid target stimulus and 16 per

mosaic target stimulus. The difference between the number of trials per solid target stimulus

carried out by the subjects occurred because Tico and Raul completed the first stage in 1 and 3

Fig 4. Simple discrimination task for stimulus target detection. The same procedure was carried out using solid (A)

and mosaic (B) stimuli. After the stimulus presentation a touch on the S+ was considered a correct response, and a

pellet was delivered to the animal, a touch on the S- was considered an incorrect response and no reward was released.

The touch on S+ or S- leads to a dark screen of 6 s (intertrial interval) followed by a new stimulus for simple

discrimination trial. (C) Rationale used to guide the trials.

https://doi.org/10.1371/journal.pone.0303562.g004
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sessions, respectively. Table 2 illustrates the performance outcomes of Raul and Tico in the

context of target detection within a simple discrimination task across all the stages. Notably,

both subjects exhibited significant performance levels across both solid and mosaic stimuli,

thereby indicating their adeptness at detecting the target within both design formats.

Experiment 3. Shape simple discrimination

The third experiment implemented a simple discrimination procedure to investigate the dis-

cernment capabilities of capuchin monkeys concerning a stimulus featuring a distinct target (S

+) set apart from eight identical targets (S-) within a 3x3 array, as depicted in Fig 5. This proce-

dure was executed employing either solid or mosaic stimuli. The methodology for assessing

shape discrimination retained the same underlying rationale as applied in the target detection

experiment. Initially, a shape discrimination session employing solely solid stimuli was con-

ducted, encompassing 48 trials with 8 trials per S+. A sequence of shape simple discrimination

sessions ensued until the subject had a minimum performance of 90% correct in one session.

After criterion, one array featured a mosaic design were presented, one by one, with remaining

five arrays retained a solid design until all six mosaics were presented. In case the subject per-

formed 10 consecutive sessions without reach the criterion, the test would be completed. The

order of targets presentation was randomly chosen by the software.

Consistent with the preceding experiment, a tap on the S+ signified a precise response and

merited a banana pellet reward, whereas a tap on the S- signified an erroneous response, resulting

in no reward dispensed. In case of tap occurred on either the S+ or the S-, a dark screen emerged

for 6 seconds (intertrial interval), followed by the commencement of a new shape discrimination

task. Taps on the dark screen during trial presentation or the intertrial interval held no impact.

Another experiment involving the matching-to-sample paradigm was undertaken to assess

shape discrimination capabilities. This procedure aimed to ascertain whether capuchin mon-

keys could successfully match identical shapes presented through solid or mosaic stimuli. Each

session encompassed 54 trials, consisting of 9 trials for each S+. At the initiation of each trial, a

sample stimulus appeared on a dark screen, prompting the monkey to initiate the task by tap-

ping twice on the sample. A correct response from the monkey prompted a 1-second delay,

followed by the presentation of one S+ and two S- stimuli on a dark screen. The trial concluded

upon the monkey’s tap on any stimulus (S+ or S-). If the monkey’s tap upon the S+, a banana

pellet reward was dispensed. The intertrial interval persisted for 6 seconds, during which the

monitor screen remained dark. Again, taps on the dark screen during this interval held no

consequences. The procedural details of this experiment are illustrated in Fig 5. The perfor-

mance criterion for terminating a session was either achieving a 90% accuracy rate or the

Table 2. Performance for target detection from both subjects. The statistical significance was based on probability of success = 0.11, number of trials, and number of

successes. The values represent the number of successes per number of trials.

Raul Tico

Stimulus Solid p-value Mosaic p-value Solid p-value Mosaic p-value

Circle 69/72 <0.001* 16/16 <0.001* 45/48 <0.001* 15/16 <0.001*
Square 67/72 <0.001* 15/16 <0.001* 48/48 <0.001* 15/16 <0.001*

Letter X 68/72 <0.001* 15/16 <0.001* 46/48 <0.001* 16/16 <0.001*
Star 65/72 <0.001* 12/16 <0.001* 45/48 <0.001* 16/16 <0.001*

Musical keynote 68/72 <0.001* 15/16 <0.001* 47/48 <0.001* 14/16 <0.001*
Number 8 60/64 <0.001* 20/24 <0.001* 45/48 <0.001* 16/16 <0.001*

*Significant number of successes.

https://doi.org/10.1371/journal.pone.0303562.t002
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completion of 5 sessions. For all conditions, the order of stimulus presentation was randomly

chosen by the software in each session.

Results of the Experiment 3

Assessment of shape discrimination: Simple discrimination procedure

Presented in Table 3 are the performance outcomes of the subjects in the context of the shape

discrimination test, conducted through a simple discrimination procedure. Raul reached per-

formance criterion (90% correct) before Tico, so the total number of trials with solid stimuli

was lower for Raul (96 trials distributed in 12 sessions) than for Tico (120 trials distributed in

15 sessions). Strikingly, both subjects exhibited superior performance when faced with solid

figures as stimuli, achieving significance across all stimulus targets. Conversely, most of the

mosaic stimuli they had poor performances, excepting Letter X for both subjects and Musical

keynote target for Tico.

Assessment of shape discrimination: Matching-to-sample procedure

Displayed in Table 4 are the subjects’ performance results concerning the shape discrimination

test, as conducted through the delayed matching-to-sample paradigm. Once more, both

Fig 5. Simple discrimination (upper lines) and matching-to-sample (lower lines) procedures used to assess shape

discrimination. The same procedures were carried out using solid and mosaic stimuli.

https://doi.org/10.1371/journal.pone.0303562.g005
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subjects showcased noteworthy performance levels when discerning shapes depicted as solid

figures. Moreover, even when faced with mosaic targets, their capacity for discrimination

remained low for most of the targets, but they have again significant discrimination for Letter

X and Number 8 targets. Notably, during this context, Tico additionally achieved significant

discrimination prowess for the Star shape.

Discussion

The present investigation reveals that the two capuchin monkeys showcased a limited capacity

to consolidate the constituents of mosaic stimuli, displaying a restrained ability to respond

guided by local cues. Intriguingly, these very subjects showcased pronounced proficiency in

local perceptual processing during the assessment involving hierarchical stimuli, a trend that

concurs with findings in the extant literature [5].

Based on the Gestalt principle of similarity, elements sharing attributes such as color,

brightness, contrast, and texture tend to coalesce [30]. In the context of this study, the mosaic

targets’ components possessed luminance similarities. It’s imperative to consider the Gestalt

principle of proximity, which plays a pivotal role in the process of perceptual grouping [30].

Notably, the haphazard arrangement of elements within the mosaic stimulus plays a crucial

role in target appearance, as it incorporates circles with varying luminances, potentially facili-

tating target perception and localization. Nevertheless, mere proximity between circles of the

same luminance failed to ensure successful target shape discrimination. The random spatial

distribution of mosaic elements may have contributed to the incomplete emergence of target

perception by the two capuchin monkeys. Notably, it seems that the pivotal factor governing

Table 3. Performance for simple shape discrimination from both subjects. The statistical significance was based on probability of success = 0.11, number of trials, and

number of successes. The values represent the number of successes per number of trials.

Raul Tico

Stimulus Solid p-value Mosaic p-value Solid p-value Mosaic p-value

Circle 73/96 <0.001* 1/16 0.84 79/120 <0.001* 0/16 1

Square 90/96 <0.001* 4/16 0.09 85/120 <0.001* 0/16 1

Letter X 93/96 <0.001* 9/16 <0.001* 97/120 <0.001* 13/16 <0.001*
Star 92/96 <0.001* 4/16 0.09 99/120 <0.001* 4/16 0.09

Musical keynote 85/96 <0.001* 0/16 1 99/120 <0.001* 5/16 0.02*
Number 8 81/96 <0.001* 6/16 0.055 79/120 <0.001* 6/16 0.055

*Significant number of successes.

https://doi.org/10.1371/journal.pone.0303562.t003

Table 4. Performance for shape discrimination using matching-to-sample procedure from both subjects. The statistical significance was based on probability of suc-

cess = 0.33, number of trials, and number of successes. The values represent the number of successes per number of trials.

Raul Tico

Stimulus Solid p-value Mosaic p-value Solid p-value Mosaic p-value

Circle 44/45 <0.001* 15/45 0.55 44/45 <0.001* 13/45 0.78

Square 42/45 <0.001* 11/45 0.92 45/45 <0.001* 14/45 0.67

Letter X 39/45 <0.001* 30/45 <0.001* 32/45 <0.001* 22/45 0.02*
Star 45/45 <0.001* 45/125 0.29 40/45 <0.001* 56/125 0.004*

Musical keynote 41/45 <0.001* 42/125 0.5 35/45 <0.001* 50/125 0.06

Number 8 43/45 <0.001* 62/125 <0.001* 38/45 <0.001* 76/125 <0.001*

*Significant number of successes.

https://doi.org/10.1371/journal.pone.0303562.t004

PLOS ONE Global and local processing in Capuchin-monkeys

PLOS ONE | https://doi.org/10.1371/journal.pone.0303562 May 29, 2024 11 / 15

https://doi.org/10.1371/journal.pone.0303562.t003
https://doi.org/10.1371/journal.pone.0303562.t004
https://doi.org/10.1371/journal.pone.0303562


shape discrimination for both subjects pertains to the shape of certain objects. Intriguingly,

although all mosaic targets were detected by the subjects, not all were successfully discrimi-

nated based on shape cues, be it in the delayed matching-to-sample task or the simple discrim-

ination procedure. The precise reason behind the subjects’ significant discrimination

performance for certain shapes while struggling with others remains enigmatic. For instance,

both subjects demonstrated poor discrimination skills for rudimentary shapes like circles or

squares. Notably, shapes such as stars and musical keynotes were significantly discriminated

by Tico (musical keynote in the simple discrimination task, and star in the matching-to-sam-

ple procedure), while Raul failed to demonstrate similar aptitude. This disparity suggests that

individual factors could be influencing the ability to discriminate these shapes. Intriguingly,

both subjects showcased significant shape discrimination prowess when confronted with

mosaic targets exhibiting shapes like the Letter X and Number 8 targets. Notably, the shapes of

Number 8 and Letter X utilized in the experiments bear a striking resemblance due to their

antiparallel diagonal line patterns. The authors have no suggestion about why specifically both

targets elicited significant shape discrimination for both animals.

To date, the authors are unaware of any studies in non-human primates equivalent to the

present study that have examined shape discrimination using mosaics. There is at least one

article with humans in which the participant was asked to perform a task in which the shape of

the target seen in the mosaic was compared with targets present in solid stimuli [31] although

shape discrimination was not the focus of the study, which sought to estimate chromatic dis-

crimination thresholds. The closest studies with nonhuman primates that we can relate to our

findings are shape discrimination experiments using Kanizsa illusory shapes [32]. In these

experiments, as in the experiment in our study, it was hypothesized that the emergence of illu-

sory shapes would be due to global processing of the image, and that the animals’ good perfor-

mance in these tasks would be a strong indicator that global processing of the visual scene was

taking place. It should be noted that in these experiments, as in ours, there was variability in

the animals’ performance in recognizing the illusory shapes.

It’s important to note that within the global and local processing hierarchical experiments,

where the stimuli featured uniformly spaced elements composing the target, global perception

did not manifest. The discerned prevalence of local control’s advantage within hierarchical sti-

muli, as revealed in this study, aligns cohesively with analogous findings in capuchin monkeys

from other studies [1, 6, 14, 16, 18, 19], as well as in cotton top tamarins [4].

The present study diverges from earlier research examining the impact of local and global

cues on image perceptual organization, owing to its utilization of mosaic stimuli. Unlike the

hierarchically structured stimuli traditionally employed in such inquiries, mosaic stimuli

introduce a significantly heightened level of complexity and, notably, have never been previ-

ously applied for this specific purpose. While mosaic stimuli have extensively found utility in

appraising the color vision phenotype of non-human primates, their novel application in tasks

necessitating shape discrimination is unprecedented. Mosaic stimuli present a multifaceted

array of variables that can be manipulated within these tests, including the elemental dimen-

sions constituting the mosaic, the spacing separating these elements, and diverse measures of

color and luminance contrast. Therefore, a more comprehensive future investigation, explor-

ing the impact of different stimulus parameters, could provide valuable insights into the

underlying mechanisms of shape perception in capuchin monkeys. In the way these are put, it

turns out to be mostly confounding variables in this study.

Our findings suggest that the monkeys’ responses are influenced by local contrast and, to a

certain extent, by global contrast within the mosaic stimulus. However, it is plausible that addi-

tional manipulations employing mosaic stimuli would be necessary to definitively establish the

potential for monkeys to exhibit more refined global perceptual grouping. An illustrative study
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conducted by Han et al. [33] explored neural grouping mechanisms rooted in proximity and

similarity, leveraging brain event-related potentials (ERPs) as recorded from human partici-

pants. The results of their investigation unveiled that participants exhibited quicker and more

accurate perceptions of grouping based on proximity compared to similarity. The ERP data

revealed a brief latency positivity in the occipital cortex corresponding to proximity and a pro-

longed latency occipitotemporal negativity indicative of similarity. The authors posit the prev-

alence of proximity over similarity in the local element grouping for perceptual shape

perception in humans. However, it remains essential to probe this issue within capuchin mon-

keys, as the existence of analogous mechanisms for perceptual grouping between humans and

capuchins is far from guaranteed.

The congruence in results observed across the two subjects underscores the consistency

between methodologies and outcomes. However, the limitation of a small subject pool in this

study necessitates prudence in drawing comprehensive conclusions. To enhance the robust-

ness of our findings, future investigations could encompass a larger sample size of monkeys,

potentially including females and infants. The need for further exploration into the realm of

visual processing within capuchin monkeys remains evident to fathom the intricacies of their

visual cognition. The present study’s results offer preliminary indications that capuchin mon-

keys potentially discern shapes arising from the grouping of elements by luminance similarity

within mosaics. This insight stands poised to guide forthcoming studies probing perceptual

grouping employing mosaic stimuli. Importantly, such investigations must account for the dis-

tinct sensitivity to proximity and similarity between elements unique to each species.
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29. Delage PEGA, Galvão OF. Generality of learning on tool use setting by a capuchin monkey. Psic Teor e

Pesq. 2010; 26(4): 687–694. https://doi.org/10.1590/S0102-37722010000400012

30. Wagemans J, Elder JH, Kubovy M, Palmer SE, Peterson MA, Singh M, et al. A century of Gestalt psy-

chology in visual perception: I. Perceptual grouping and figure-ground organization. Psychol Bull. 2012;

138(6):1172–1217. https://doi.org/10.1037/a0029333 PMID: 22845751

31. Shin YJ, Park KH, Hwang JM, et al. A novel color vision test for detection of diabetic macular edema.

Invest Ophthalmol Vis Sci. 2014; 55:25–32. https://doi.org/10.1167/iovs.13-11698 PMID: 24222302

32. Feltner KA, Kiorpes L. Global visual processing in macaques studied using Kanizsa illusory shapes. Vis

Neurosci. 2010; 27(3–4):131–138. https://doi.org/10.1017/S0952523810000088 PMID: 20429964

33. Han S, Song Y, Ding Y, Yund EW, Woods DL. Neural substrates for visual perceptual grouping in

humans. Psychophysiology. 2001; 38(6):926–935. https://doi.org/10.1111/1469-8986.3860926 PMID:

12240669

PLOS ONE Global and local processing in Capuchin-monkeys

PLOS ONE | https://doi.org/10.1371/journal.pone.0303562 May 29, 2024 15 / 15

https://doi.org/10.1016/j.bbr.2005.06.043
http://www.ncbi.nlm.nih.gov/pubmed/16169097
https://doi.org/10.1037/com0000018
https://doi.org/10.1037/com0000018
http://www.ncbi.nlm.nih.gov/pubmed/27078080
https://doi.org/10.1371/journal.pone.0062255
https://doi.org/10.1371/journal.pone.0062255
http://www.ncbi.nlm.nih.gov/pubmed/23620819
https://doi.org/10.1007/s00359-019-01342-4
http://www.ncbi.nlm.nih.gov/pubmed/31111183
https://doi.org/10.1017/S0952523806233364
http://www.ncbi.nlm.nih.gov/pubmed/16962014
https://doi.org/10.1186/s12983-021-00421-0
http://www.ncbi.nlm.nih.gov/pubmed/34238318
https://doi.org/10.1007/s40732-014-0035-x
http://www.ncbi.nlm.nih.gov/pubmed/25435596
https://doi.org/10.1007/BF03395507
https://doi.org/10.1002/jeab.599
https://doi.org/10.1002/jeab.599
http://www.ncbi.nlm.nih.gov/pubmed/32307726
https://doi.org/10.1901/jeab.2011.95-387
http://www.ncbi.nlm.nih.gov/pubmed/21547073
https://doi.org/10.1590/S0102-37722010000400012
https://doi.org/10.1037/a0029333
http://www.ncbi.nlm.nih.gov/pubmed/22845751
https://doi.org/10.1167/iovs.13-11698
http://www.ncbi.nlm.nih.gov/pubmed/24222302
https://doi.org/10.1017/S0952523810000088
http://www.ncbi.nlm.nih.gov/pubmed/20429964
https://doi.org/10.1111/1469-8986.3860926
http://www.ncbi.nlm.nih.gov/pubmed/12240669
https://doi.org/10.1371/journal.pone.0303562

