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Nonhuman primates, differently from humans, are less proficient at processing global properties of visual
compound stimuli. It has been suggested that humans preferentially process stimuli globally because this
enables a more economical encoding of the stimuli. In this study we assessed the role of short-term
memory (STM) in global/local processing by presenting tufted capuchin monkeys with Navon-type
hierarchical figures in both simultaneous and delayed matching-to-sample tasks. Capuchins’ ability to
discriminate hierarchical stimuli was evaluated as a function of increasing delay intervals (0.0, 0.5, 1.0,
2.0 and 3.0 sec) between the disappearance of the sample and the presentation of the comparison stimuli.
The results showed that recognition accuracy for local features was above chance level with delays of up
to 3.0 sec, as previously reported when capuchins were faced with nonhierarchical stimuli. By contrast,
the recognition of global configurations was above chance level in simultaneous, 0.0 and 0.5 sec delay
conditions but not at delay intervals of 1.0 sec or longer. These findings indicate that capuchins’
propensity to process the local properties of visual stimuli can be observed when a delay is interposed
between the presentation of sample and comparison stimuli and was not reversed by increasing the delay.
Moreover, our results show that capuchins’ local propensity was not reversed by increasing stimulus size.
Overall, our study confirms crucial differences between human and nonhuman primates and adds new
insights into the comparative research on visual grouping functions of these species.
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(1977) found that adult humans were faster at identifying global
shapes than local features and proposed that the global properties
of a visual object are processed first, followed by an analysis of
local constituents (Navon, 1977, 1981). This hypothesis, called the
‘global precedence hypothesis,’ has been widely confirmed in the
human literature (e.g., Kimchi, 1992, 1998; Kimchi & Palmer,
1982; Lamb, Robertson, & Knight, 1990). Nevertheless, global
preference seems to decrease with the increase of either stimulus
size (Kinchla & Wolfe, 1979; Lamb & Robertson, 1988) or the
distance between the elements composing the global configuration
(Martin, 1979).
Comparative research on global/local processing of hierarchical
stimuli has been conducted on a number of nonhuman species
including fish (Truppa, Sovrano, Spinozzi, & Bisazza, 2010), birds
(pigeons: Cavoto & Cook, 2001; Fremouw, Herbranson, & Shimp,
1998, 2002; Goto, Wills, & Lea, 2004; domestic chicks: Chiandetti, Pecchia, Patt, & Vallortigara, 2014), and mammals (domestic
dogs: Pitteri, Mongillo, Carnier, & Marinelli, 2014; primates:
Deruelle & Fagot, 1998; Fagot & Deruelle, 1997; Fagot & Tomonaga, 1999; Hopkins & Washburn, 2002; Neiworth, Gleichman, Olinick, & Lamp, 2006; Spinozzi, De Lillo, & Truppa, 2003;
Tanaka & Fujita, 2000; Tanaka, Onoe, Tsukada, & Fujita, 2001).
Notably, differences found in global/local processing between
human and nonhuman primates raised intriguing questions because

To visually identify objects and segregate them from the background, we must be able to group their component elements into a
coherent perceptual whole (Kimchi, Beherman, & Olson, 2003).
Many studies on visual grouping are focused on the ability to
process hierarchical stimuli, that is, small (local) shapes arranged
to form large (global) shapes. By using these stimuli, Navon
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of similarities in neuroanatomical correlates of visual functions in
these species.
An unresolved problem in visual cognition is the reason why the
well-established advantage shown by humans in the processing of
global properties of visual patterns is not present in other primates
species which nevertheless share very similar visual systems (e.g.,
Fobes & King, 1982; Kremers, 2005; Ungerleider & Mishkin,
1982). Whereas humans are faster at identifying the global configuration compared to the local elements, monkey species, in
most cases, process the local components of hierarchical patterns
more proficiently than their global structure (capuchins: De Lillo,
Spinozzi, Palumbo, & Giustino, 2011; De Lillo, Palumbo, Spinozzi, & Giustino, 2012; Spinozzi et al., 2003; Spinozzi, De Lillo,
& Salvi, 2006; baboons: Deruelle & Fagot, 1998; Fagot & Deruelle, 1997; macaques: Hopkins & Washburn, 2002; for different
results see Neiworth et al., 2006; Tanaka & Fujita, 2000; Tanaka
et al., 2001). On the other hand, chimpanzees, in contrast with
monkeys, do not always process the local features of the compound patterns better than their global shape (Fagot & Tomonaga,
1999; Hopkins & Washburn, 2002). This possible relationship
between phylogenetic distance from humans and the emergence of
a clear global advantage could be of significant interest for the
explanation of human cognitive evolution. According to some
authors, these results can reflect a greater difficulty of monkeys
compared with humans in grouping the local elements into a
coherent whole rather than a local advantage per se (Fagot &
Barbet, 2006). Nevertheless, in contrast with humans, capuchin
monkeys process at a higher level of accuracy the local levels of
hierarchical visual stimuli that are specifically designed to require
grouping at both levels of stimulus structure (De Lillo et al., 2012).
Also, results showing that monkeys can be resistant to visual
illusions requiring the processing of the relationship between parts
of a visual image have been put in relation to their local mode of
processing. Conversely, a global mode of processing makes humans sensitive to these illusions (Parron & Fagot, 2007).
It has been claimed that the tendency of humans to process the
global level of stimulus structure first, supports the efficient and
economic storage of information (Navon, 1977). This notion
would be consistent with the proposal that human cognition strives
to achieve the simplest form of stimulus coding (Chater, 1996,
1997). The fact that monkeys, with whom humans share several
homologous brain areas, do not seem to show the same tendency
raises important theoretical issues regarding when and why datareducing cognitive mechanisms started to emerge in primate cognitive evolution.
The sensitivity of monkeys to properties of visual stimuli that
can potentially be exploited by data-reducing cognitive mechanisms, such as the degree of redundancy of their structure, is
debatable. Early studies have failed to show an ability to detect
redundancy in visual stimuli in macaques (Schrier, Povar, &
Schrier, 1979). More recent studies, however, show that capuchin
monkeys can be sensitive to the redundancy of visual patterns (De
Lillo et al., 2012).
It seems that higher processes in monkeys’ visual cognition are
involved in determining their preference for processing the local
details of visual stimuli. In fact, it is possible to reverse the local
advantage of capuchin monkey by inducing subjects to attend the
global level of visual stimuli (De Lillo et al., 2011). The inversion
of the local advantage determined by directing the attention of
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capuchin monkeys to global properties of the stimuli, however, is
attributable to changes that negatively affect the quality of processing of local details of stimuli, whereas the quality of processing of their global shape remains unaffected by manipulations of
attention bias. Thus, it has proved difficult to find the conditions
that may ameliorate the ability of monkeys to efficiently process
global properties of hierarchical visual stimuli.
Yet, to determine whether genuine differences exist in datareducing cognitive devices of different primate species it is important to be able to rule out that under appropriate circumstances
monkeys can show the same degree of data reduction abilities
shown by humans, and possibly chimpanzees. In fact, it is possible
that monkeys would deploy data reducing strategies in visual
cognition when provided with enough incentive to do so.
Comparative studies so far have used forms of matching-tosample (MTS) in which participants are required to choose which
of two comparison stimuli resembles most closely a stimulus
presented as sample without any delays interposed between the
presentation of the sample and the comparison stimuli (either
simultaneous MTS or 0-delay MTS; e.g., De Lillo et al., 2011,
2012; Fagot & Deruelle, 1997; Hopkins & Washburn, 2002; Spinozzi et al., 2003, 2006). In simultaneous matching-to-sample
(SMTS), the sample stimulus remains on the screen when the
comparison stimuli are presented. In 0-delay matching-to-sample
(DMTS), the sample stimulus disappears simultaneously with
the presentation of the comparison stimuli. With these types of
MTS, participants may not need to encode the stimuli in capacity
bound memory stores (i.e., short- and long-term memory stores)
because the stimuli can be available either perceptually or as part
of large capacity sensory (iconic) memory (Averbach & Coriell,
1961; Neisser, 1967; Sperling, 1960). Therefore, the incentive for
an economic encoding of global configurations, rather than disconnected features, would be minimal. There is also a second
reason for predicting that global processing could be facilitated in
delayed MTS. Influential approaches to visual perception (Milner
& Goodale, 2006) suggest that the dorsal cortical visual system has
the function of connecting sensory and motor information to allow
rapid and efficient actions toward perceived objects. Such system
would rely on egocentric coordinates that provide accurate information regarding the position of the observer and the object that
needs to be acted upon but would not encode relationships between
parts of a visual scene. Processing within the dorsal visual stream
operates on a rapid timescale supporting actions performed within
2.0 sec of the appearance of visual objects. Experiments that have
compared fast actions directed to objects in the visual field and
pantomimed action performed after visual objects have disappeared for 2.0 sec have shown striking differences in patterns of
results. Only pantomimed actions, such as grasping for visual
objects, are sensitive to visual illusions that require the processing
of the relationships between different parts of the visual scene.
Thus grip aperture, when attempting to grasp visual objects presented within contexts known to illusorily affect their perceived
size, is only distorted when a delay of 2.0 sec is imposed between
object presentation and motor response (Aglioti, DeSouza, &
Goodale, 1995; Goodale, Jakobson, & Keillor, 1994; Milner &
Goodale, 2008). These results are interpreted as indicating an
involvement of the ventral visual system that allows the perception
of the relations of stimulus parts, only for arbitrary and/or delayed
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responses to visual stimuli (Aglioti et al., 1995; Milner & Goodale,
2008).
Most experiments of global/local processing in capuchin monkeys so far have involved immediate responses to visual stimuli,
often consisting in displacing three panels depicting the stimuli in
a Wisconsin General Test Apparatus (WGTA; see Spinozzi et al.,
2003; De Lillo et al., 2011). It is therefore possible that this method
for presenting stimuli and collecting responses induced the subjects to rely mostly on the dorsal visual system that is not best
suited to process the relationship between parts of a visual image.
Imposing a delay between stimulus presentation and response may,
by contrast, force the subjects to recruit ventral visual functions
more sensitive to relational processing. In fact, the dorsal system,
that is likely to be less sensitive to relational properties of visual
input given its reliance on egocentric coordinates, supports actions
performed toward visual objects within fractions of seconds.
Hence, delayed responses (typically of 2 seconds, see Milner &
Goodale, 2006) toward objects that are no longer visually available
are used to ensure that the response is informed by a visual
representation of the stimulus created by ventral stream processing. As the ventral stream relies on allocentric coordinates it is
better suited to compute the relationship between different parts of
a visual image.
Thus, it is possible that delayed MTS could provide an incentive
to integrate parts in wholes and tap the visual system most suitable
for doing so. Testing capuchin monkeys with delayed MTS is
therefore important to determine the constraints under which the
local advantage in monkeys could be reversed.
Recently, Truppa, De Simone, Piano Mortari, and De Lillo
(2014) using a computerized procedure demonstrated that, although the introduction of very brief time intervals (up to 3.0 sec)
in delayed matching-to-sample tasks did not prevent capuchin
monkeys’ ability to solve the task with nonhierarchical visual
stimuli, it can affect recognition performance. Specifically (a) the
simple disappearance of the sample and the introduction of a delay
of 0.5 sec did not affect capuchins’ recognition of the stimuli, (b)
a delay interval of 1.0 sec produced a significant increase in
response time but still did not affect recognition accuracy, and (c)
delays of 2.0 and 3.0 sec determined a significant increase in
response time and a reduction in recognition accuracy. These
results indicate that shorter or longer delays around 2 sec produce
nonlinear effects on MTS performance in capuchin monkeys,
which could be an expression of different types of processing. To
evaluate how delays affect global/local processing in capuchin
monkeys, in the present study we tested their ability to match
hierarchical stimuli on the basis of global shapes or local features
when (a) the sample stimulus was always available on the screen
until subjects made a choice (SMTS), (b) the sample disappeared
with no delay in the presentation of the comparison stimuli (0delay MTS), or (c) different delays (0.5, 1.0, 2.0 and 3.0 sec)
between the disappearance of the sample and the availability of the
comparison stimuli were introduced (DMTS). If local elements are
better preserved than global configuration independently of delay
length, this could suggest a substantially different mode of encoding visual information in monkeys and humans. By contrast, if the
local preference of capuchins could be reversed by increasing the
need for efficient memory storage and/or by requiring the engagement of a different visual processing system this would suggest a

more similar mode of processing in humans and monkeys than
suggested by previous studies.
Taking advantage of a computerized procedure, which allowed
a highly controlled presentation of the stimuli, we also assessed
whether or not the local advantage of capuchins could be affected
by stimulus size and order of presentation of global and local trials.
Stimulus size was manipulated because early studies with humans
suggested that it can affect the global precedence effect in humans
(Kinchla & Wolfe, 1979). The role of stimulus size has been
considered confounded with effects related to the eccentricity of
the stimuli in humans (Navon & Norman, 1983) and previously
proved to be unable to reverse the local advantage typically shown
by capuchin monkeys (Spinozzi et al., 2006), as well as the global
advantage shown by fish (Truppa et al., 2010). Nevertheless, it was
considered important to assess its role in a paradigm that involved
delayed MTS. The order of presentation of global and local trials
was manipulated because effects of the context of trials in which
MTS occurs sometimes can affect performance (Truppa et al.,
2014) and, to our knowledge, the effect of context provided by the
order of presentation has not been assessed on capuchin monkeys
before. Thus, it was considered important to assess the effects of
this additional variable here.

Method
Subjects
Subjects were four tufted capuchin monkeys (Sapajus1 spp.),
two males (Robot and Sandokan) and two females (Roberta and
Rucola). All subjects were adults (age: 11–25 years old) born in
captivity and hosted at the Primate Center of the Institute of
Cognitive Sciences and Technologies, CNR, Rome, Italy. They
lived in three groups, each housed in an indoor-outdoor enclosure
(indoor: 5 m2 ⫻ 2.5 m high; outdoor: 40 –130 m2 ⫻ 3 m high). The
monkeys were individually tested in an adjacent experimental cage
(0.76 m long ⫻ 1.70 m wide ⫻ 0.73 m high), that they could
access through a sliding door. Each subject was separated from the
group just before the daily testing session solely for the purpose of
testing. The testing occurred between 10:30 a.m. and 4:00 p.m.
Water was freely available at all times. Fresh fruit, vegetables, and
monkey chow were provided in the afternoon after testing.
All monkeys were already familiar with the matching-to-sample
procedure because they had been tested with a touchscreen based
apparatus in tasks involving abstract concept acquisition and STM
effects (Truppa et al., 2014; Truppa, Garofoli, et al., 2010; Truppa,
Piano Mortari, Garofoli, Privitera, & Visalberghi, 2011). However,
subjects had never been tested with Navon-type hierarchical figures before.
1
On the basis of recent data, it has been proposed that capuchin monkey
species, traditionally identified as belonging to a single genus (Cebus), can
be grouped instead in two distinct genera: (a) the robust (tufted) forms have
been referred to the genus Sapajus, and (b) the gracile (untufted) forms
have been retained in the genus Cebus (Lynch Alfaro, Boubli, et al., 2012;
Lynch Alfaro, De Souza Silva, & Rylands, 2012). Tufted capuchin monkeys hosted at the Primate Center of the CNR are derived from individuals
of different provenience and are considered to be unknown combinations
of species of the genus Sapajus.
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Ethical Note
The research protocol used in this study was approved by the
Italian Health Ministry (Central Direction for the Veterinary Service, approvals n. 11/2011-C to V. Truppa). Housing conditions
and experimental procedures were in full accordance with European law on humane care and use of laboratory animals and
complied with the recommendations of the Weatherall Report
(Weatherall, 2006). To increase three-dimensional space available
to the animals, indoor enclosures were furnished with perches and
ropes and outdoor enclosures were furnished with logs, branches,
and ropes. Moreover, the presence of natural substrates, including
woodchips on the ground, served to promote the monkeys’ exploratory behaviors. All subjects were habituated to the experimental
cage, the experimental routine and the experimenters.
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frame, out of sight of the subject. Moreover, an additional LCD
monitor was placed at the back of the touchscreen to allow the
experimenter to see the progress of the session so as to remove the
apparatus at the end of the session. The touchscreen, food dispenser and additional LCD monitor were mounted on the top shelf
of a trolley (81 cm long ⫻ 45 cm wide ⫻ 80 cm high), whereas the
PC was on the bottom shelf.
The apparatus was placed 15 cm from the grid of the experimental cage within the arm’s reach of the subject. The grid was
made of horizontal metal bars (0.5 cm thick) that were separated
by 4.5 cm.
A camcorder (Sony Handycam DCR-SR37) was positioned
approximately 70 cm from the touchscreen monitor in order to
record video images which included both the screen display and a
back view of the monkey. This allowed the experimenters to
videotape the subject’s behavior during testing.

Apparatus
The computerized workstation consisted of a PC (Model AMD
Athlon 1200) connected to a 19⬙ touchscreen (Model E96f ⫹ SB,
CRT, ViewSonic) and an automatic food dispenser (Model
ENV-203– 45, MED Associates, Inc. Georgia, VT; Figure 1A).
When the monkey provided the correct response, the food dispenser delivered a 45-mg banana-flavored pellet (TestDiet, Richmond, IN) into a Plexiglas feeding cup (10 cm wide ⫻ 5 cm
deep ⫻ 3.5 cm high) located 16 cm below the touchscreen, in the
center. E-Prime software (Psychology Software Tools, Inc.) was
used for the presentation of the stimuli, the recording of the
subject’s response and the activation of the food dispenser.
A wooden frame (48 cm wide ⫻ 64 cm high ⫻ 30 cm deep)
with a central aperture (36 cm wide ⫻ 26 cm high) surrounded the
touchscreen. The food dispenser was placed behind the wooden

Stimuli
Two stimulus sets, each of 16 compound forms, were used
(Figure 1B). Each set included large circles, squares, rhombi, or
letter Xs made up of smaller circles, squares, rhombi, or letter Xs.
We label these stimuli as Cc, Cs, Cr, Cx, Ss, Sc, Sr, Sx, Rr, Rc, Rs,
Rx, Xx, Xc, Xs, and Xr, indicating with the first letter the global
shape and with the second one the local shape (e.g., Cs refers to a
large circle made of small squares). Moreover, each set included
four consistent figures (Cc, Ss, Rr, and Xx), where global and local
shapes were the same and 12 inconsistent figures (Cs, Cr, Cx, Sc,
Sr, Sx, Rc, Rs, Rx, Xc, Xs, and Xr), in which global and local
shapes were different. Each stimulus consisted of 12 white elements, however the size of both local elements and global configurations varied between the two stimulus sets. The Set A included

Figure 1. (A) Experimental apparatus and stimuli presentation in the Simultaneous matching-to-sample
condition (redrawn from Truppa et al., 2014); (B) Set of stimuli used in the experiment. See the online article
for the color version of this figure.
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0.50 cm ⫻ 0.50 cm (i.e., 1.91° of visual angle) local elements
spatially arranged to form 4 cm ⫻ 4 cm (i.e., 14.93° of visual
angle) global shapes. The distance between two adjacent elements
was 0.66 cm (i.e., 2.52° of visual angle). The Set B included 0.25
cm ⫻ 0.25 cm (i.e., 0.95° of visual angle) local elements spatially
arranged to form 2 cm ⫻ 2 cm (i.e., 7.59° of visual angle) global
shapes. The distance between two adjacent elements was 0.33 cm
(i.e., 1.26° of visual angle). The sizes of the stimuli included in Set
A and B mimicked conditions used with capuchin monkeys by
Spinozzi et al. (2003). These authors used 4 cm ⫻ 4 cm hierarchical stimuli (same size of our Set A), which at the beginning of
the trials were presented at a distance of 30 cm (i.e., 7.59° of visual
angle, a condition we replicated by using Set B) and then moved
within the monkey’s reach at a distance of 15 cm (i.e., 14.9° of
visual angle, a condition we replicated by using Set A).
Stimuli were all presented within a black background (6.5 cm ⫻
6.5 cm, i.e., 23.4° of visual angle). They were created using
Microsoft PowerPoint and were transformed into bitmap images
for stimulus presentation on the computer screen.

Procedure
An MTS task was used, in which three stimuli, the sample
stimulus (SS), the matching - rewarded - stimulus (S⫹), and the
nonmatching stimulus (S⫺), were presented on the computer
screen. At the beginning of each trial, SS was automatically
generated on the upper half of the screen, in the center. Then, after
the subject touched the sample stimulus one time, S⫹ and S⫺
were displayed simultaneously 4 cm below the sample, to the right
and left, at a distance of 5 cm apart (Figure 1A). The initial touch
to the sample ensured that the monkey was paying attention to the
sample stimulus at the beginning of each trial. Depending on the
experimental condition, the sample could either remain present
when the comparison stimuli appeared (SMTS) or disappear immediately after that the subject touched it (DMTS). In the DMTS
different delay intervals were interposed between the disappearance of the sample and the appearance of the comparison stimuli
(0.0, 0.5, 1.0, 2.0, 3.0 sec). The right/left position of S⫹ and S⫺
was randomly determined for each trial. The subject had to indicate its choice by touching one of the comparison stimuli on the
screen (see supplemental videos: S1, S2, S3, and S4); the computer
automatically recorded the choice and the Response Time (RT) to
make the choice. If S⫹ was chosen, a food pellet was dispensed.
If S⫺ was selected, no pellet was dispensed. The display disappeared immediately after a response was recorded. A correct
response was followed by a 5-s intertrial interval (ITI), whereas an
incorrect response was followed by both a 10-s time-out (TO) and
a 5-s ITI. During the experimental trials and the ITI, the screen was
light gray; during the TO, the screen was green.

and could have stimulus Cr presented as S⫺. In the Local condition, S⫹ was identical to the sample and S⫺ differed from the
sample only for the shape of its local elements. In this case, a trial
featuring stimulus Rr as the sample would have stimulus Rr
presented as S⫹ and could have stimulus Rs presented as S⫺.
Each subject received twenty-four 48-trial sessions (12 for each
stimulus set), one session a day for a total of 1152 trials. Overall,
each type of stimulus (n ⫽ 16) was presented as sample for a total
of 6 trials for each level of processing (n ⫽ 2: global, local) in each
matching condition (n ⫽ 6: simultaneous, 0.0, 0.5, 1.0, 2.0, 3.0
sec). For each stimulus set: (a) six sessions (intermixed global/
local session) included 24 Global trials and 24 Local trials presented in a pseudorandom order, with the only constraint that trials
of the same condition (global or local) were presented no more
than two times consecutively; (b) three sessions (blocked global
sessions) included 48 Global trials; and (c) three sessions (blocked
local sessions) included 48 Local trials. All sessions included five
8-trial blocks with different delays (0.0, 0.5, 1.0, 2.0, 3.0 sec) and
one 8-trial block of simultaneous MTS. Trials of the six conditions
were randomly intermixed within each session. The three types of
session (intermixed global and local, blocked global, blocked
local) were alternated according to an order of presentation which
was different for each subject.

Data Analyses
The percentage of correct responses and the mean RT were used
for the analyses. RT was measured as the time between the
appearance of the comparison stimuli and the subject’s choice (i.e.,
the touch of a comparison stimulus). Only RTs for correct choices
were included in the analyses. The videos of the experimental
sessions were used to detect instances where the subject turned
away from the screen during a trial, thus spuriously affecting the
length of the delay interval between the appearance of the comparison stimuli and the subjects’ response. All trials were such
instances were detected were removed from those analyses.
Because the Kolmogorov–Smirnov test showed that the distribution of data did not deviate from normality, we used parametric
statistics to compare the accuracy scores and response times between different conditions. For each test variable, a one-sample t
test was used to compare the observed percentage of correct
responses of capuchins with the percentage expected by chance
(i.e., 50%). Repeated measures ANOVAs were used to compare
different conditions both in terms of percentage of correct responses and mean RTs. Finally, post hoc tests (Tukey, HSD test)
for multiple comparisons were used to further analyze significant
effects revealed by the ANOVAs. Statistical significance was set at
p ⱕ .05.

Results
Experimental Design
All monkeys were tested with stimuli of Set A (larger stimuli)
first and then with stimuli of Set B (smaller stimuli). For each
stimulus set, the monkeys were faced with two different matching
conditions. In the Global condition, S⫹ was identical to the sample
and S⫺ differed from the sample only at its global level. For
example, a trial of the global condition featuring stimulus Rr (see
Figure 1B) as the sample would have stimulus Rr presented as S⫹

The analyses of the videos revealed that in 249 trials (5.4% of
all trials) subjects were not looking at the screen when the comparison stimuli appeared (Rucola ⫽ 100, Sandokan ⫽ 37, Robot ⫽
41, Roberta ⫽ 71). In the simultaneous and 0-delay conditions this
was a very rare event, which occurred only 8 and 10 times,
respectively. However, this happened more frequently with the
increasing of the length of the delay (Spearman correlation, r ⫽
.94, N ⫽ 6, p ⫽ .005). Moreover, this happened with a similar
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frequency in the local [M ⫽ 18.2, 95% CI (9.12, 27.38)], and
global trials [M ⫽ 15.5, 95% CI (4.44, 26.56)], [paired t test:
t(3) ⫽ 1.36, p ⫽ .266] of the blocked sessions. This latter analysis
was only carried out for the blocked sessions. In fact, it would have
been meaningless in the intermixed sessions. This is because in the
intermixed sessions, the subjects did not have any information
regarding whether the trial pertained to the local or global condition in the interval between the presentation of the sample and the
comparison stimuli.
The trials in which subjects were not looking at the screen when
the comparison stimuli appeared featured an uncontrolled increase
of the scheduled interval, therefore they were not subjected to any
further analysis.

Accuracy
Table 1 reports the results of one-sample t tests for the local and
global trials in each matching condition (SMTS, 0.0, 0.5, 1.0, 2.0,
3.0 sec delayed). In the local trials, capuchins’ percentage of
correct responses was significantly above the level of chance
(50%) in all different conditions. By contrast, in the global trials
the percentage of responses was above chance level only in the
SMTS condition, the 0-delay MTS condition and when the delay
was 0.5 sec. Longer delays induced chance-level performance (see
Figure 2).
An ANOVA was carried out on the percentage of correct
responses with delay condition (simultaneous, 0.0, 0.5, 1.0, 2.0,
3.0 sec delayed), level of processing (global, local), stimulus size
(larger, smaller), stimulus consistency (consistent, inconsistent),
and trial order (global and local intermixed, global and local
blocked) as repeated measures. The analysis revealed a significant
main effect of the delay condition, F(5, 15) ⫽ 6.1, p ⫽ .003, p2 ⫽
.670, and significant interactions between: (a) delay condition and
trial order, F(5, 15) ⫽ 4.4, p ⫽ .011, p2 ⫽ .595, (b) level of
processing and trial order, F(1, 3) ⫽ 50.5, p ⫽ .006, p2 ⫽ .944, and
(c) level of processing and stimulus size, F(1, 3) ⫽ 26.5, p ⫽ .014,
p2 ⫽ .898. No other significant main effects or interactions were
found (all ps ⬎ .058).
Post hoc analyses (Tukey, HSD test) for the interaction between
delay condition and trial order indicated that accuracy in different
delay conditions varied according to the order of presentation of
global and local trials (see Figure 3). When global and local trials
were presented in blocked sessions the mean percentage of correct
responses observed in simultaneous [M ⫽ 67.53%, 95% CI (57.71,
77.36)], 0.0 sec [M ⫽ 66.23%, 95% CI (45.55, 86.92)], 0.5 sec
[M ⫽ 65.71%, 95% CI (54.93, 76.49)], 1.0 sec [M ⫽ 67.27%, 95%
CI (55.21, 79.34)] and 2.0 sec [M ⫽ 60.10%, 95% CI (40.37,
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79.77)] delay conditions did not differ from each other. Capuchin’
accuracy in simultaneous, 0.0, 0.5 and 1.0 sec delay conditions was
significantly higher than that of the 3.0 sec delay condition [M ⫽
55.06%, 95% CI (38.72, 71.40)], (all ps ⬍ .028); moreover the
percentage of correct responses observed in the 2.0 and 3.0 sec
delay conditions did not differ. When global and local trials were
intermixed in the same session the mean percentage of correct
responses observed in the simultaneous [M ⫽ 71.35%, 95% CI
(62.13, 80.58)], 0.0 sec [M ⫽ 72.65%, 95% CI (60.37, 84.94)] and
0.5 sec [M ⫽ 70.31%, 95% CI (62.02, 78.60)] delay conditions did
not differ from each other. By contrast, the percentage of correct
responses recorded in all these conditions was significantly higher
than that observed in the 1.0 sec [M ⫽ 58.59%, 95% CI (47.48,
69.70)], 2.0 sec [M ⫽ 61.20%, 95% CI (44.38, 78.01)] and 3.0 sec
[M ⫽ 58.33%, 95% CI (49.88, 66.78)] delay conditions, (all ps ⬍
.040). Finally, the level of response accuracy of the 1.0, 2.0 and 3.0
sec delay conditions did not differ from each other. The interaction
is most likely explained by the fact that MTS performance in the
blocked condition seems to deteriorate at 2 sec delay. By contrast,
in the intermixed condition a deterioration of MTS performance
starts to occur at 1 sec interval.
Post hoc analyses for the interaction between level of processing
and trial order indicated that the level of accuracy was significantly
higher in local than global trials irrespectively of whether the two
types of trials were intermixed [local: M ⫽ 74.22%, 95% CI
(56.54, 91.89); global: M ⫽ 56.60%, 95% CI (51.39, 61.80); p ⫽
.0007] or blocked [local: M ⫽ 68.79%, 95% CI (48.26, 89.32);
global: M ⫽ 58.51%, 95% CI (48.39, 68.62); p ⫽ .002] (see Figure
4). Moreover, whereas in local trials the percentage of correct
responses was significantly higher when the two types of stimuli
were intermixed than when they were blocked (p ⫽ .015), in
global trials there was no difference between the two types of
presentation order (p ⫽ .215).
Finally, post hoc analyses for the interaction between level of
processing and stimulus size indicated that, although the level of
accuracy was always higher in local than global trials, this advantage was significant with larger stimuli [local: M ⫽ 75.35%, 95%
CI (61.27, 89.43); global: M ⫽ 53.50%, 95% CI (46.25, 60.75);
p ⫽ .006] but not with smaller stimuli [local: M ⫽ 67.66%, 95%
CI (42.48, 92.84); global: M ⫽ 61.60%, 95% CI (52.63, 70.57);
p ⫽ .188] (see Figure 5). Moreover, the mean percentage of correct
responses in local trials with larger stimuli did not differ from that
of local trials with smaller stimuli (p ⫽ .109). Likewise, the
accuracy in global trials with larger stimuli did not differ with that
observed in global trials with smaller stimuli (p ⫽ .096).

Table 1
One-Sample t tests, Means, and Confidence Intervals for Local and Global Trials as a Function of Delay conditions
Trial
SMTS
0.0 sec
0.5 sec
1.0 sec
2.0 sec
3.0 sec
Note.

Local
t(3)
t(3)
t(3)
t(3)
t(3)
t(3)

⫽
⫽
⫽
⫽
⫽
⫽

5.31,
9.78,
5.90,
7.82,
4.01,
4.78,

p
p
p
p
p
p

ⴝ
ⴝ
ⴝ
ⴝ
ⴝ
ⴝ

.013;
.002;
.010;
.004;
.028;
.017;

M
M
M
M
M
M

⫽
⫽
⫽
⫽
⫽
⫽

77.13%,
74.98%,
76.60%,
73.12%,
64.96%,
63.22%,

Global
95%
95%
95%
95%
95%
95%

Values in bold denote significant tests (p ⬍ .05).

CI
CI
CI
CI
CI
CI

(60.86,
(66.85,
(62.27,
(63.71,
(53.08,
(54.41,

93.39)
83.10)
90.93)
82.52)
76.83)
72.02)

t(3)
t(3)
t(3)
t(3)
t(3)
t(3)

⫽
⫽
⫽
⫽
⫽
⫽

3.49,
9.79,
4.89,
1.61,
1.71,
0.21,

p
p
p
p
p
p

ⴝ
ⴝ
ⴝ
⫽
⫽
⫽

.040; M ⫽ 61.72%, 95% CI (51.02, 72.41)
.002; M ⫽ 63.96%, 95% CI (59.43, 68.50)
.016; M ⫽ 59.26%, 95% CI (53.24, 65.29)
.206; M ⫽ 52.79%, 95% CI (47.28, 58.30)
.186; M ⫽ 56.96%, 95% CI (44.00, 69.92)
.847; M ⫽ 51.16%, 95% CI (33.61, 68.71)
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Figure 2. Mean percentage of correct responses performed by the monkeys in the Local and Global trials as
a function of the different matching conditions (Simultaneous, 0.0, 0.5, 1.0, 2.0, 3.0 sec delay; One-sample t test:
ⴱ
p ⬍ .05, ⴱⴱ p ⬍ .01, ⴱⴱⴱ p ⬍ .001). Error bars represent 95% confidence interval.

Response Time
An ANOVA was carried out on the RT for correct responses
with delay (simultaneous, 0.0, 0.5, 1.0, 2.0, 3.0 sec delay), level of
processing (global, local), stimulus size (larger, smaller), stimulus
consistency (consistent, inconsistent), and trial order (intermixed,
blocked) as repeated measures factors. A significant main effect of
delay was found, F(5, 15) ⫽ 7.6, p ⫽ .0009, p2 ⫽ .718. No other
significant main effects or interactions were found (all ps ⬎ .076).
Post hoc comparisons on the main effect of delay revealed
that the mean RT of the Simultaneous condition [M ⫽ 1324.43
msec, 95% CI (830.26, 1818.60)] did not differ from the 0.0
[M ⫽ 1237.59 msec, 95% CI (703.93, 1771.24), p ⫽ .747], 0.5
[M ⫽ 1416.71 msec, 95% CI (885.90, 1947.52), p ⫽ .699], 1.0
[M ⫽ 1489.50 msec, 95% CI (1023.78, 1955.23), p ⫽ .160] and
2.0 [M ⫽ 1523.61 msec, 95% CI (1065.48, 1981.73), p ⫽ .063]
sec conditions but it was significantly shorter than in the 3.0 sec
delay condition [M ⫽ 1560.79 msec, 95% CI (1087.59,
2033.99), p ⫽ .021]. The mean RT in the 0.0 sec condition was
significantly shorter than in the 1.0 (p ⫽ .013), 2.0 (p ⫽ .005)
and 3.0 (p ⫽ .002) sec of delay. Finally, the RT for the 0.5, 1.0,
2.0 and 3.0 sec delay conditions did not significantly differ
from each other (all ps ⬎ .268).

Discussion
This study demonstrated that capuchins monkeys are able to discriminate hierarchical figures in delayed matching-to-sample tasks
when short delays are introduced, however, when they have to match
the global configuration of the stimuli their MTS ability is compromised by delays of 1.0 sec or longer. In more detail, we used an MTS
condition in which the sample was available on the screen during the
entire trial (SMTS) and five conditions in which the sample disappeared and the comparison stimuli appeared after 0.0, 0.5, 1.0, 2.0 or
3.0 sec (DMTS). We found that capuchins’ matching accuracy for
local features was above chance level in conditions of up to 3.0 sec
delay. Accuracy for global configurations was less robust. It was
above chance level only in simultaneous, 0.0 and 0.5 sec delay
conditions. These findings suggest that capuchin monkeys could have
a more accurate short-term retention of the local features of visual
patterns than their global configurations. The extent to which this is
attributable to a less effective encoding of global information or to a
more rapid decay of information pertaining to the global level of
stimulus structure in this species would need to be determined with
further investigations.
We did not find a significant Level of processing ⫻ Delay
interaction. In fact, increasing the delay induced a decrement in
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Figure 3. Mean percentage of correct responses performed by the monkeys in the simultaneous and the five
delay (0.0, 0.5, 1.0, 2.0, 3.0 sec) conditions as a function of the order of trials. Error bars represent 95%
confidence interval.

accuracy level in both local and global trials. In particular, in the
global trials it decreased to chance level when the delay was of 1.0
second or more. This happened contrary to the expectation that
increasing delays could have provided an incentive to retain the
global structure of the stimuli that allegedly supports a more
economic storage of information (Navon, 1977). The local advantage in capuchin monkeys persists also for delay durations above
2.0 sec that have been shown to induce visual illusions and the
processing of relationships between parts (Milner & Goodale,
2006). This suggests that the local advantage observed in simultaneous and zero-delay conditions in capuchin monkeys cannot be
explained by a selective engagement of the dorsal visual system
induced by fast responding to stimuli that are perceptually available when acting upon them. Of particular relevance for this study
are previous data by Truppa et al. (2014) showing that, when
matching conditions identical to those of the present study were
presented using nonhierarchical stimuli, capuchins were able to
solve the task with up to 3 sec delay. Therefore, it seems that the
encoding or the retention of the global properties of visual patterns
is particularly vulnerable in capuchin monkeys. Capuchins can
process the global aspects of stimuli, as shown here and in previous studies (De Lillo et al., 2011, 2012; Spinozzi et al., 2003,
2006). However, the results of this study show that global information is either encoded less accurately or deteriorates more

rapidly in memory than local information. We cannot disambiguate these different scenarios in the present study. Nevertheless, it
would be an interesting issue to address in further research.
The procedure we adopted in this study left the monkeys free to
devote as much time as they wanted to the visual inspection of the
sample. In fact, (a) in our SMTS condition the sample remained on
the screen until the subject chose one of the comparison stimuli,
and (b) in our DMTS conditions, the sample remained on the
screen until the subject touched it. It has been shown that increasing the duration of the sample presentation in MTS tasks does not
improve monkeys’ performance (D’Amato & Worsham, 1972)
unless the subjects are required to repeatedly touch the sample
stimulus before making a choice (Katz, Wright, & Bachevalier,
2002). Therefore, it would be of interest to assess in future studies
whether by adopting the same procedure of Katz et al. (2002) it is
possible to improve capuchins’ MTS performance, especially
when a more demanding condition, such as the processing of
global properties, is required.
The order of presentation of the global and local trials differently affected capuchins’ accuracy as a function of the delay
condition (simultaneous, 0.0, 0.5, 1.0, 2.0 and 3.0 sec delay).
When global and local trials were presented in blocked sessions
the accuracy in simultaneous, 0.0, 0.5, 1.0 and 2.0 sec delay
conditions did not differ from each other, whereas accuracy in 0.0,
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Figure 4. Mean percentage of correct responses performed by the monkeys in the Local and Global trials as
a function of the order of trials. Error bars represent 95% confidence interval.

0.5 and 1.0 sec delay conditions was significantly higher than
those in the 3.0 sec delay condition; moreover level of response
accuracy of the 2.0 and 3.0 sec delay conditions did not differ.
Differently, when global and local trials were intermixed in the
same session the mean percentage of correct responses observed in
simultaneous, 0.0 and 0.5 sec delay conditions did not differ from
each other, whereas the accuracy level in all these conditions was
significantly above the accuracy level observed with 1.0, 2.0 and
3.0 sec delays; moreover, the level of response accuracy of the 1.0,
2.0 and 3.0 sec delay conditions did not differ from each other.
Overall, our findings indicated that blocked sessions induced a
similar trend to that observed by Truppa et al. (2014) in capuchins
tested with nonhierarchical stimuli. In that study, the response
accuracy did not decrease for intervals up to 1.0 sec and a deterioration of performance occurred at the 2.0 sec interval. By contrast, in intermixed sessions, the drop in accuracy occurred earlier.
In fact, response accuracy in the intermixed sessions remained at
similar level for intervals up to 0.5 sec and a drop in performance
was observed at 1 sec interval. This may have been attributable to
the potential requirement of having to repeatedly shift attention
between the two levels of stimulus structure in the intermixed
sessions.
Moreover, the order of presentation of the global and local trials
in the experimental sessions (intermixed or blocked) affected capuchins’ response accuracy in a different way depending on the

level of processing (global or local). Whereas in global trials there
was no difference between the two types of presentation, counterintuitively, in local trials the percentage of correct responses was
significantly higher when global and local trials were intermixed
than when they were blocked. In the present study, six intermixed
sessions including 50% global trials and 50% local trials were
alternated with six blocked sessions, three involving 100% global
trials and three involving 100% local trials. Thus, the percentages
of the two different types of trials varied always in an unpredictable way across experimental sessions. The reason why these
variations affected local but not global response accuracy remains
an unexplained phenomenon. Different results emerged when the
proportion of trials requiring global and local processing are varied
systematically to induce attentional biases. Using a simultaneous
matching-to-sample task with the same monkey species, De Lillo
et al. (2011) demonstrated that systematic variations of the proportion of global and local trials could reverse capuchins’ preference. These authors showed a local advantage in the local bias
condition (i.e., 85.7% local trials, 14.3% global trials) but a global
advantage in the global bias condition (i.e., 85.7% global trials,
14.3% local trials). In the study by De Lillo et al. (2011), in fact,
capuchins received a total of 16 experimental sessions with global
bias and local bias conditions that were regularly alternated every
4 sessions.
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Figure 5. Mean percentage of correct responses performed by the monkeys in the Global and Local trials as
a function of the stimulus size. Error bars represent 95% confidence interval.

The larger version of the stimuli used in this study (i.e., Set A)
subtended 14.9° of visual angle whereas the smaller version (i.e.,
Set B) subtended 7.59° of visual angle. Whereas the level of
accuracy was significantly higher in local than global trials with
larger stimuli, the opposite pattern was not found with smaller
stimuli. Specifically, by halving the size of our larger stimuli, the
local preference of capuchin monkeys decreased but was not
reversed. Effects ascribable to stimulus size have been also found
in the human visual cognition literature. Studies in humans demonstrated that manipulations of stimulus size can reverse the global
advantage (Kinchla & Wolfe, 1979; Lamb & Robertson, 1988).
For example, Kinchla and Wolfe (1979) varying the stimulus from
4.8° to 22.1° of visual angle, found that human subjects had a
global preference for patterns subtending less than 6° to 9° of
visual angle, but a local preference for larger patterns. Thus,
whereas in humans there is evidence that the stimulus size can
produce a reversal of the global advantage, capuchins’ strong local
advantage shown with larger stimuli was decreased but was not
reversed by a reduction of stimulus size. This result indicates that
variations of stimulus size do not seem to be sufficiently powerful
to produce a global advantage in this monkey species, at least
within the range of size variation considered in this study. Moreover, our results corroborate findings from other studies in nonhuman species which did not find a reversal of local (Spinozzi et
al., 2006) or global (Truppa, Sovrano, et al., 2010) preference,

albeit with methodological procedures that did not allow to precisely control the visual angle subtended by the stimulus during the
course of the trials. For example, in the study by Spinozzi et al.
(2006) capuchin monkeys at the beginning of each trial viewed the
stimuli mounted on a panel from approximately 30 cm, then the
panel was brought closer to the cage (about 15 cm), within reach
of the monkey’s arm. Similarly, the experimental procedure adopted by Truppa, Sovrano, et al. (2010) to test fish did not allow
a strict control of the distance between the subject and the stimuli
to discriminate since the fish was free to swim inside the experimental apparatus and to explore the stimuli visually from different
distances before making a choice.
Finally, when RTs were considered, a significant main effect of
the delay condition emerged indicating that, when the sample
disappeared from the screen, the increase of the delay intervals led
to significantly longer RTs, especially when 1.0, 2.0, and 3.0 sec
of delay were introduced. This suggests that the increase in RT in
DMTS can be indicative of an increased difficulty of retrieval
processes when the memory trace starts to decay. Such a significant increase of the response time for delay intervals equal or
longer than 1.0 sec has also been documented in capuchins
(Truppa et al., 2014) and baboons (Rodriguez, Zürcher, Bartlett,
Nathanielsza, & Nijlanda, 2011) when brief delay intervals and
nonhierarchical stimuli were used in DMTS tasks.
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Overall, our findings indicate that the local advantage in capuchins is a very robust phenomenon and that it persists even when
a delay is imposed between the presentation of the sample and the
comparison stimuli. Thus, this study provides important additional
information regarding the way in which monkeys encode global
and local visual information in short-term visual memory. We
hope that this evidence will encourage further detailed investigations on both attention and visual memory storage mechanisms in
primate as well as other taxonomic groups. Future studies in
human and nonhuman species would need to characterize the
effect of memory load on the processing of global and local level
of the hierarchical patterns, when both short- and long-memory
systems are involved.
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