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We examine capuchin monkeys’ ability to match visual stimuli after brief delays.
0.5 s intervals do not affect either response accuracy or response time.
1.0 s intervals do not affect response accuracy but increase response time.
2.0 and 3.0 s intervals decrease response accuracy and increase response time.
Effects consistent with those ascribed to iconic memory in humans.
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a b s t r a c t
Traditionally, studies of delayed matching-to-sample (DMTS) tasks in nonhuman species have focused
on the assessment of the limits of the retrieval of information stored in short- and long-term memory
systems. However, it is still unclear if visual recognition in these tasks is affected by very brief delay
intervals, which are typically used to study rapidly decaying types of visual memory. This study aimed
at evaluating if tufted capuchin monkeys’ ability to recognise visual stimuli in a DMTS task is affected
by (i) the disappearance of the sample stimulus and (ii) the introduction of delay intervals (0.5, 1.0, 2.0
and 3.0 s) between the disappearance of the sample and the presentation of the comparison stimuli. The
results demonstrated that the simple disappearance of the sample and the introduction of a delay of
0.5 s did not affect capuchins’ performance either in terms of accuracy or response time. A delay interval
of 1.0 s produced a signiﬁcant increase in response time but still did not affect recognition accuracy. By
contrast, delays of 2.0 and 3.0 s determined a signiﬁcant increase in response time and a reduction in
recognition accuracy. These ﬁndings indicate the existence in capuchin monkeys of processes enabling
a very accurate retention of stimulus features within time frames comparable to those reported for
humans’ sensory memory (0.5–1.0 s). The extent to which such processes can be considered analogous
to the sensory memory processes observed in human visual cognition is discussed.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
Nonhuman primates are widely used as animal models of
human memory in cognitive neuroscience (e.g. [1]). To assess the
plausibility of such models it is important to gather as much
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information as possible concerning similarities and difference
among memory processes in nonhuman primates in relation to the
vast literature on human memory. Moreover, the assessment of the
similarity of memory processes in a variety of species at different
taxonomic distance from humans can provide important information concerning the evolution of human memory.
Atkinson and Shiffrin [2] proposed a Multistore Model of Memory including three separate memory stores: the Sensory Memory,
the Short Term Memory (STM) and the Long Term Memory (LTM).
In this model, each store has a different duration, capacity and
mode of encoding. For example, the visual system possesses sensory memory for stimuli features such as size, shape, colour and
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location. It has been argued that the temporary permanence of
information that enters the sensory store allows the visual system to select which aspects of the input should be elaborated
by further memory processing before it is eliminated from this
preliminary store [3]. Despite the ubiquity of this sensory store
in models of visual processing, the relationship between sensory
memory processes and the subsequent short-term elaboration of
visual information is still to be fully understood. For example, it is
not clear which visual memory tasks are supported by long-lasting
sensory memory processes or by early short-term memory processes [4]. Moreover, little is known about how these very early
stages of memory processing work in other species.
Two main questions led the study of memory processes and
contributed to the formulation of the Multistore Model of Memory: (1) how long information can be retained by each store?, and
(2) how much information can be retained by each store? Most
research, especially on nonhuman species, has traditionally been
directed to the former issue and has focused on the duration of
the memory traces with particular attention to short-term memory processes. Methodological differences between the memory
tests used with human and animals contribute to the difﬁculty of
direct comparisons of memory processes across species. memory
decay processes in humans are assessed by both recall and recognition tasks, whereas several tasks used with nonhuman species are
based on recognition. In fact, nonhuman subjects’ visual memory
is usually assessed training animals to recognise familiar stimuli
after delay intervals. As a consequence, in these tasks the stimulus
which has to be identiﬁed is always available to the subject during
the memory test. Notwithstanding this, both in human and nonhuman subjects, short-term memory processes have been shown
to maintain memory traces for time intervals which may vary from
few seconds to several minutes according to the type of tasks
and stimuli presented (humans [5]; capuchins [6,7]; macaques [8];
baboons [9]; chicks [10]; crows [11]; pigeons [12]).
Systematic studies using comparable procedures to evaluate
short-term memory in human and nonhuman subjects are rare (e.g.
[13–18]). For example, Weinstein [17] using an identical DMTS task
found similar performance in rhesus monkeys and three years old
children with delay intervals of 5, 10 and 15 s. Similarly, in a recent
study by Chelonis and colleagues [15] it has been found that the
forgetting rates of rhesus monkeys and children up to 7 years old
are similar.
It is reasonable to expect that species with visual systems similar to that of humans, such as nonhuman primate species, should be
sensitive to manipulations affecting memory within the time frame
typical of human sensory memory. Previous studies regarding persistence of sensory processes in monkey species evaluated if by
reducing ambient illumination to a very low level immediately after
stimulus presentation can preserve after-images as cues for subsequent stimulus recognition [19–22]. However, conﬂicting results
emerged when the level of illumination was manipulated during the delay-interval [19–22]. For example, D’Amato and O’Neill
[19] found that a delay-interval presented in darkness facilitated
capuchin monkeys’ matching performance. On the contrary, King
and Clawson [20] found that squirrel monkeys tested on a delayedresponse task performed better when the delay interval was lighted
than when it was darkened. Finally, McDowell and Lynn Brown [22]
reported that rhesus monkeys’ performance in a delay-response
task could improve either under darkness or regular room illumination during the delay interval depending on both training and
test conditions.
Comparative studies on the ability to recognise previously
observed visual patterns have often employed variations of the
matching-to-sample (MTS) task (e.g. [23–33]). In this task, two or
more comparison stimuli are presented and participants choose
which of them resembles most closely a stimulus presented as
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sample. In the simultaneous MTS (SMTS) the sample stimulus
remains visible when the comparison stimuli appear. In the delayed
matching-to-sample (DMTS), the sample stimulus disappears at the
same time as the presentation of the comparison stimuli (0-delay
MTS) or a variable time delay can be imposed between the disappearance of the sample and the presentation of the comparison
stimuli. When no delays are imposed between the presentation of
the sample and the comparison stimuli (either SMTS or 0-delay
MTS) participants are not required to code the stimuli in capacity
bound memory stores since they would always be available perceptually either as physical stimuli (SMTS) or possibly as part of
sensory memory (0-delay MTS). By contrast, when a longer delay is
introduced between the disappearance of the sample and the presentation of the comparison stimuli (DMTS), the recognition of the
matching stimulus is likely to rely on the memory representation
of the sample and can prove more or less demanding as a function
of the delay length.
Because DMTS tasks are suitable for testing a variety of species,
they can provide important insight into the mechanisms of visual
cognition by allowing meaningful interspecies comparisons. Previous studies using DMTS tasks in nonhuman species have focused
mainly on the assessment of the limits of the retrieval of information stored in short- and long-term memory systems. The results
of these DMTS studies show that animals of different species (e.g.
[6,7,34] capuchin monkeys; [8,35] macaques; [9] baboons; [11]
crows; [12,27] pigeons; see also [35–37] for reviews on this topic)
are able to perform correct stimulus matching even, in some cases,
with delays of several minutes interposed between the offset of
the sample and the presentation of the comparison stimuli. However, these works were especially aimed at identifying the length
of time intervals which cause recognition accuracy to fall to chance
level. More subtle effects of brief delay intervals, which do not
completely disrupt response accuracy, have received less attention.
Hence, the rapid deterioration of performance that often characterise the decline of accuracy at very short delays, still deserves a
thorough analysis. An effect of the manipulation of the length of
very brief intervals would highlight the role of a rapidly decaying
type of visual memory in pattern recognition and, as such, it would
be important to assess.
The present study aimed at evaluating if visual stimuli discrimination in matching-to-sample tasks involves processes facilitating
recognition in time frames comparable to those ascribed to sensory
memory in humans. In particular, we carried out two experiments
to evaluated the effect of (i) the disappearance of the sample
stimulus (Experiment 1: SMTS vs. 0-delay MTS), and (ii) the introduction of delay intervals between the disappearance of the sample
and the presentation of the comparison stimuli (Experiment 2:
0-delay vs. 0.5, 1.0, 2.0 and 3.0 s of delay). On the basis of the
above considerations, we predicted that the sample stimulus disappearance should impair the matching performance only at delays
above 0.5 s. In fact, if memory mechanisms with timing similar
to those reported for sensory memory in humans also pertain to
monkeys, the introduction of delays beyond 0.5–1.0 s should result
in a decrease of response accuracy and/or response time, since
at these intervals memory processes should be beyond the time
frame of operation of these early storage systems that in humans
retain a detailed image of the stimuli. A further suggestion that
capuchin monkeys may be equipped with separate storage systems roughly equivalent to human sensory and short-term stores
would be provided by the observation that the consequences of
increasing delays within time windows corresponding to different
hypothesised subsystems are qualitatively different. By contrast,
results suggesting a continuous function of the effects of delays on
MTS performance would be indicative of a single type of processing
which operates at a wide range of delay timings. We also aimed to
assess whether or not this was the case by considering together
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the effects of the range of delays featured across the two experiments.
2. Experiment 1. Effect of the disappearance of the sample
stimulus
In Experiment 1, we assessed the effect of the presence/absence
of the sample stimulus during the discrimination between the two
comparison stimuli by comparing a Simultaneous MTS with a 0delay MTS condition. Thus, we compared a condition that required
perception only, without any need to retain a trace of the stimulus,
with a condition that required a longer lasting internal retention of
the stimulus to produce accurate responses, albeit within the timeframe of perceptual after effects and sensory memory, as reported
in humans.
2.1. Methods
2.1.1. Subjects
The subjects were ﬁve tufted capuchins (Sapajus spp.1 ), two
males (Sandokan and Robot) and three females (Pippi, Roberta
and Rucola). All subjects were adults (age range: 11–30 years)
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).
Capuchins 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. No physical constraints or attachments were imposed
on subjects while viewing the stimulus presentation. 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 Simultaneous MTS
procedure because they had been tested with a touchscreen based
apparatus in tasks involving categorisation of visual stimuli and
abstract concept acquisition [30,40]. Moreover, one monkey, Pippi,
had been previously trained on tasks involving visual pattern discrimination (e.g. [41,42]). However, subjects had never been tested
with a Delayed MTS procedure before.
2.1.2. Ethical note
The research protocol for this study was approved by the Italian Health Ministry (Central Direction for the Veterinary Service,
approval n. 11/2011-C). Housing conditions and experimental procedures were performed in full accordance with the European law
on humane care and use of laboratory animals and complied with
the recommendations of the Weatherall report (the use of nonhuman primates in research). 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
monkeys’ exploratory behaviours. All subjects were familiar with
the experimental cage, the experimental routine and the experimenters.

1
Recent data have revealed that capuchin monkeys, traditionally identiﬁed as the
single genus Cebus, are two genera: (i) the robust (tufted) forms are now classiﬁed as
the genus Sapajus, and (ii) the gracile (untufted) forms retained as the genus Cebus
[38,39]. Tufted capuchin monkeys host at the Primate Center of the CNR derived from
animals of different provenience and are considered as unknown combinations of
species of the genus Sapajus.

2.1.3. Apparatus
The computerised testing station 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) (Fig. 1). E-Prime software (Psychology Software Tools, Inc.) was used for the presentation of the
stimuli and the recording of the subject’s response. When the monkey provided the correct response, the food dispenser delivered
a 45-mg banana-ﬂavoured pellet (TestDiet, Richmond, IN, USA)
into a Plexiglas feeding cup (10 cm wide × 5 cm deep × 3.5 cm high)
located 16 cm below the touchscreen in the centre.
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 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 us to monitor the subject’s
behaviour during testing.
2.1.4. Stimuli
The stimulus set comprised 192 stimuli (examples of the stimuli
are shown in Fig. 2). Each stimulus consisted of a white pattern
(3 cm × 3 cm, i.e. 11.3◦ of visual angle) presented on a black background (6.5 cm × 6.5 cm, i.e. 23.4◦ of visual angle). All stimuli were
constructed using cliparts and were converted into bitmaps before
presentation on the computer screen.
2.1.5. Procedure
A matching-to-sample (MTS) task was adopted, in which three
stimuli, the sample (SS) and the two comparison stimuli, the
matching stimulus (S+), which was rewarded if selected, and the
non-matching stimulus (S−), were presented on the computer
screen. At the beginning of each trial, the sample stimulus appeared
on the upper half of the screen, in the centre. Then, after the subject touched the sample stimulus, the two comparison stimuli were
displayed simultaneously 4 cm below the sample, to the right and
left, at a distance of 5 cm apart (Fig. 1). In order to ensure that the
monkeys attended the sample stimulus, the subject was required
to touch the sample at the beginning of each trial. Then, according to the experimental condition, the sample remained on the
screen during the presentation of the comparison stimuli (simultaneous MTS, see Fig. 1) or disappeared immediately after the subject
had touched it (0-delay MTS). In both conditions, the comparison
stimuli were produced without any delay when the subject touched
the sample. The right/left positions of S+ and S− were randomly
determined in each trial. The subject had to indicate its choice by
touching one of the comparison stimuli on the screen; the computer
automatically recorded the choice and the Response Time (RT). If
the comparison stimulus was chosen correctly (S+), a food pellet
was dispensed. If the incorrect stimulus (S−) was selected, no pellet was dispensed. A blank screen replaces the display immediately
after the response of the subject. A correct response was followed
by a 5-s inter-trial interval (ITI), whereas an incorrect response was
followed by both a 10-s time-out (TO) and a 5-s ITI. During the
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Fig. 1. Experimental apparatus and stimuli presentation in the Simultaneous matching-to-sample condition.

experimental trials and the ITI, the screen was light grey; during
the TO, the screen was green.
2.1.6. Experimental design
Experiment 1 included 16 48-trial sessions. In each session, half
of the trials were of the simultaneous MTS condition and half of
the trials were of the 0-delay MTS condition. Trials of the two conditions were randomly intermixed within each session. Within a
session the same 24 pairs of stimuli were presented in both simultaneous and 0-delay conditions.
2.1.7. Data analyses
Both accuracy and the RT were used for the analyses. Accuracy was measured as the percentage of correct responses. 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 RT for correct choices were included in the analyses.
All the experimental sessions were videotaped. The videos were
used to detect instances where the subject turned away from the
screen/task during a trial, thus spuriously affecting the length of the
delay interval between the appearance of the comparison stimuli
and the subjects’ response. All instances detected were removed
from data analyses. One observer (VT) scored all videos and another
observer (RS) scored independently a random selection of 20% of
the videos (total 768 trials) to calculate inter-observer reliability.
There was a perfect agreement between the two observers (Cohen’s
Kappa = 1.0).
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. Statistical signiﬁcance was set at
p ≤ 0.05.
2.2. Results
The analyses of the videos of Experiment 1 revealed that there
were no trials in which subjects turned away from the screen/task
during the presentation of the stimuli.

Accuracy. All subjects achieved 70% or a higher percentage of correct responses in both the simultaneous and the
0-delay condition [binomial z scores: Sandokan, sim = 87.3%, 0del = 91.4%; Roberta, sim = 85.7%, 0-del = 87.3%; Rucola, sim = 91.4%,
0-del = 91.7%; Pippi, sim = 81.5%, 0-del = 78.1%; Robot, sim = 75.0%,
0-del = 72.4%, all ps < .000003]. Moreover, all subjects showed
a performance that was signiﬁcantly above the 50% level of
chance performance in both the Simultaneous and the 0-delay
MTS conditions from the very ﬁrst testing session [binomial z
scores: Sandokan, sim = 79.2% (p < .0008), 0-del = 83.3% (p < .0008);
Roberta, sim = 95.8% (p < .0008), 0-del = 87.5% (p < .0008); Rucola,
sim = 91.7% (p < .0008), 0-del = 83.3% (p < .0008); Pippi, sim = 83.33%
(p < .0008), 0-del = 75.0% (p = .0008); Robot, sim = 87.5% (p < .0008),
0-del = 79.17% (p < .0008)].
Overall, across all testing sessions, capuchins’ percentage of
correct responses was signiﬁcantly above the level of chance
both in the Simultaneous [mean = 84.17%, SE = 2.79, one-sample ttest: t (4) = 12.26, p = 0.0002] and the 0-delay MTS [mean = 84.17%,
SE = 3.83, one-sample t-test: t (4) = 8.93, p = 0.0009] conditions.
Moreover, the mean percentage of correct responses did not vary
signiﬁcantly between the Simultaneous MTS and the 0-delay MTS
[paired t-test: t (4) = .001, p = 0.999, (Cohen’s d = 0.0; 95% CI for d:
−1.24, 1.24)], (see Fig. 3a).
Response time. The mean percentage of response time, as
reported for accuracy measure, did not vary between the Simultaneous MTS (mean = 1157.37 ms, SE = 87.56) and the 0-delay MTS
(mean = 1123.61 ms, SE = 97.81), [paired samples t-test: t (4) = 1.55,
p = 0.197 (Cohen’s d = 0.69; 95% CI for d: −0.64, 1.89)], (see Fig. 3b).

3. Experiment 2. Effect of short delay intervals
Experiment 2 aimed at evaluating the effect of the introduction
of delay intervals between the disappearance of the sample and the
presentation of the comparison stimuli. We compared the 0-delay
condition with conditions with 0.5, 1.0, 2.0 and 3.0 s of delay, that
is, to conditions in which the memory requirement of the task is
minimal. In this experiment, we tested the following hypotheses.
The ﬁrst is that capuchin monkeys may possess memory processes
operating within a timescale of human sensory memory and that
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single storage systems encompassing the range of delays tested in
this study.
3.1. Methods
3.1.1. Subjects, apparatus and stimuli
Subjects, apparatus and stimuli were the same as those used in
Experiment 1.
3.1.2. Procedure
The general procedure was the same as that used in the 0-delay
condition of Experiment 1. However, in Experiment 2, four further
different delay intervals were interposed between the disappearance of the sample and the appearance of the comparison stimuli:
0.5, 1.0, 2.0, 3.0 s.
3.1.3. Experimental design
Experiment 2 included ﬁve 90-trial sessions of the delayed MTS
condition. In each session there were ﬁve 18-trial blocks with different delays (0.0, 0.5, 1.0, 2.0, 3.0 s). Trials of the ﬁve conditions were
randomly intermixed within each session. To avoid the frequent
repetition of the same stimuli, different stimuli were presented in
different blocks of trials with a given delay. However, each stimulus
was systematically presented in a different delay across sessions.
3.1.4. Data analyses
As in Experiment 1, both the accuracy and RT for correct
responses were used for the analyses. All the experimental sessions were videotaped to assess if the subject turned away from
the screen/task during the trials. One observer (VT) scored all videos
and another observer (RS) scored independently a random selection of 20% of the videos (total 450 trials) to calculate inter-observer
reliability. There was an excellent agreement between the two
observers (Cohen’s Kappa = 0.88).
As in Experiment 1, the Kolmogorov–Smirnov test showed that
the group data did not differ from a normal distribution. Thus,
we used parametric statistics to compare the accuracy and RT
observed in the different conditions. Statistical signiﬁcance was set
at p ≤ 0.05.
3.2. Results

Fig. 2. Examples of the stimuli used in Experiments 1 and 2.

preserve an accurate representation of incoming visual information. If that was the case we should have observed a selective
impairment of matching performance at delays beyond 0.5–1.0,
which is the time resolution of human sensory memory. The second
is that, if separate memory mechanisms, with a different time resolution, operate within the range of intervals tested in this study,
we should expect a pattern of signiﬁcant effects of the increase of
the delay indicative of a step function. For example we should be
able to detect the point in time where accurate memory processes
operating at very short time frames and possibly akin to human
sensory memory give way to a less detailed representation of the
stimulus in short-term memory reﬂected in a signiﬁcant decrease
of performance at that point. Conversely, a more continuous pattern of deterioration of the memory trace reﬂected in a signiﬁcant
decrease in performance at different delay points would be more
consistent with the gradual decay of the memory trace within a

The analyses of the videos of Experiment 2 revealed that
in 136 trials (6.0% of all trials) subjects were not looking at
the screen when the comparison stimuli appeared (Rucola = 44,
Sandokan = 34, Robot = 34, Pippi = 22, Roberta = 2). In the 0-delay
condition this was an extremely rare event, which occurred in two
subjects for only one time (Pippi, N = 1 and Rucola, N = 1). However,
this happened more frequently with the increasing of the length of
the delay, (Pearson correlation, r = .99, N = 5, p = 0.0003). Moreover,
the mean number of trials in which monkeys looked away or moved
away from the screen differed signiﬁcantly across delay intervals
[F(4,16) = 7.83, p = 0.0011, 2p = .662, 95% CI for 2p : 0.01, 0.76]. Post
hoc analyses (Tukey, HSD test) showed that subjects failed to maintain their attention on the task signiﬁcantly more often in the 3-s
delay condition than in the 0-s (p = 0.001) and 0.5-s (p = 0.006) conditions, and that they failed more often in the 2-s than in the 0-s
condition (p = 0.029).
Because these trials featured an uncontrolled increase of the
scheduled interval, which made them impossible to interpret, they
were not subjected to any further analysis.
Accuracy. Each individual showed a level of performance which
was signiﬁcantly above the 50% chance level, in all ﬁve delay conditions (binomial z scores: all ps < 0.05), with the only exception of the
oldest subject, Pippi, who showed a chance level of performance in
the 2 and 3 s delay conditions.
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Experiment 1

% of c orrec t res pons es (m ean)

(a) E xperiment
1 - Ac c urac y
(a) Accuracy
100,0
90,0

***

***
**

S imultaneous

0-delay

80,0
70,0
60,0
50,0
40,0
30,0
20,0
10,0
0,0

C ondion

(b) E x periment 1 - R es pons e me

R es pons eme m s ec (m ean)

(b) Response time

1400,0
1200,0
1000,0
800,0
600,0
400,0
200,0
0,0

S imultaneous

0-delay
C ondion

Fig. 3. Experiment 1: (a) Percentage of correct responses (mean ± SE) performed by the monkeys the SMTS and 0-delay MTS conditions (One-sample t-test: ***p < 0.001); (b)
Response time of correct responses (mean ± SE) recorded the SMTS and 0-delay MTS conditions.

Overall, the percentage of correct responses for the group of
monkeys was signiﬁcantly above the level of chance in all the
ﬁve conditions [one-sample t-tests: 0.0 s, mean = 79.44%, SE = 3.47,
t (4) = 8.47, p = 0.001; 0.5 s, mean = 73.15%, SE = 5.78, t (4) = 4.00,
p = 0.016; 1.0 s, mean = 68.39%, SE = 4.98, t (4) = 3.69, p = 0.021; 2.0 s,
mean = 63.63%, SE = 3.66, t (4) = 3.72, p = 0.020; 3.0 s, mean = 67.59%,
SE = 5.47, t (4) = 3.22, p = 0.032], (see Fig. 4).
To assess if capuchins’ matching accuracy was affected by the
length of delay intervals and/or by practice effects across sessions,

an ANOVA was carried out on the percentage of correct responses
with MTS conditions (0.0, 0.5, 1.0, 2.0, 3.0 s delayed) and different
sessions (s1, s2, s3, s4, s5) as repeated measures. A signiﬁcant main
effect of delay condition [F(4,16) = 4.93, p = 0.009, 2p = .552, 95% CI
for 2p : 0.06, 0.68] was found. Post hoc comparisons revealed that
the mean percentage of correct responses observed in the 0-delay
condition was signiﬁcantly higher than that of the 2 (p = 0.006) and
3 (p = 0.049) sec delay conditions but did not differ from the level
of response accuracy of the 0.5 (p = 0.501) and 1.0 (p = 0.073) sec

% of c orrec t res pons es (m ean)

E x periment 2 - Ac c urac y
100,0
90,0

***

80,0

*

70,0

*

*

*

2.0

3.0

60,0
50,0
40,0
30,0
20,0
10,0
0,0

0.0

0.5

1.0
De la y interva l

Fig. 4. Experiment 2: Percentage of correct responses (mean ± SE) performed by the monkeys in the ﬁve delay conditions (One-sample t-test: *p < 0.05; ***p < 0.001).
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E x periment 2 - R es pons e me
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Fig. 5. Experiment 2: Response time of correct responses (mean ± SE) recorded in the ﬁve delay conditions.

delay conditions. No other signiﬁcant main effect or interaction was
found.
Response time. An ANOVA for repeated measures was carried
out to assess if RT for correct responses differed between delay
conditions (0.0, 0.5, 1.0, 2.0, 3.0 s delay) and testing sessions (s1,
s2, s3, s4, s5). A signiﬁcant main effect of MTS condition was found
[0.0 s mean = 1201.38 ms, SE = 131.29; 0.5 s mean = 1346.11 ms,
1.0 s
mean = 1354.37 ms,
SE = 113.12;
2.0 s
SE = 123.80;
mean = 1428.23 ms, SE = 81.04; 3.0 s mean = 1480.02 ms, SE = 99.03;
F(4,16) = 9.45, p = 0.0004, 2p = .702, 95% CI for 2p : 0.27, 0.79, see
Fig. 5]. Post hoc comparisons revealed that the mean response
time is signiﬁcantly lower in the 0-delay condition than in the 1.0
(p = 0.042), 2.0 (p = 0.002) and 3.0 (p = 0.0003) sec of delay, whereas
it did not differ from the 0.5 s condition, even though p value
approaches the signiﬁcance (p = 0.058). No other signiﬁcant main
effect or interaction was found.
Experiment 1 vs. Experiment 2. A comparison between 0-delay
conditions of Experiment 1 and 2 revealed a degree of accuracy
signiﬁcantly higher in Experiment 1 than Experiment 2 [t (4) = 4.29,
p = 0.013, (Cohen’s d = 1.91; 95% CI for d: 0.28, 3.18)], whereas no difference was found in response time between the two experiments
[t (4) = 1.54, p = 0.199, (Cohen’s d = 0.69; 95% CI for d: −0.65, 1.89)].
4. Discussion
The present study demonstrated that capuchins had the same
response accuracy in both Simultaneous (84.17%) and 0-delay
(84.17%) conditions (Experiment 1). This performance is well
above chance level and is consistent with the accuracy levels
observed in other studies that have used comparable computerised
matching-to-sample tasks with two comparison stimuli and no
delay intervals (e.g., capuchins: 81.94% [43] and 78.2% [30]; gorillas and orangutans: 79.98% [44]). Thus, our ﬁndings indicate that
capuchins solved these two matching conditions in an undifferentiated way. The mere disappearance of the sample stimulus from
the screen, without the introduction of any delay interval before
the presentation of the comparison stimuli, did not affect their
response accuracy. Similarly, sample stimulus disappearance did
not affect subjects’ response time.
This ﬁnding is also consistent with previous studies indicating
that monkeys seem to have a spontaneous tendency to visually
inspect the sample stimulus for very short time intervals and
increasing the time of permanence of a stimulus on the screen does
not improve subjects’ discrimination performance [45] unless that
they are required to actively manipulate the stimulus, for example
by repeatedly touching it before making a choice [46].

When we introduced short delay intervals in the MTS task we
found that: (i) a delay of 0.5 s between the sample offset and the
choice stimuli onset did not affect capuchins’ ability to match visual
patterns, (ii) a delay interval of 1.0 s produced a signiﬁcant increase
in response time but did not affect recognition accuracy, and (iii)
delays of 2 and 3 s determined a signiﬁcant increase in response
time and a reduction in recognition accuracy (Experiment 2: 0delay vs. 0.5, 1.0, 2.0, 3.0 s delay). However, no further deterioration
of performance was observed when the interval was increased from
2 to 3 s, even if this difference in the length of the delay was the same
as that produced an effect at shorter delays.
Overall, these ﬁndings suggest the existence in nonhuman primates of separate memory mechanisms which facilitate visual
recognition in time frames of less that one second and which are
similar to those of human sensory memory [4,47–49]. The MTS
paradigm as featured in this study does not enable us to assess
whether the characteristic of this type of memory in capuchins
resembles that of humans in terms of capacity but our results would
not be inconsistent with such a possibility. This speciﬁc issue could
be addressed in further studies using partial recall in monkeys. This
is however beyond the scope of this paper and its implementation with monkeys housed in the semi-natural setting conditions as
those in our centre may prove challenging. Nevertheless, our results
provide important information regarding the visual cognition of
nonhuman primates.
There are still controversies surrounding the characterisation
of the physiological bases of very early stages of visual memory
processing in nonhuman primates. Recent neurophysiological data
on nonhuman primates suggest that speciﬁc cortical areas support
activities which occur in concomitance with the stimulus removal.
Findings on cynomolgus macaques revealed that lesions of inferotemporal cortical area – TE – severely impair performance on
recognition memory tasks even at delays as short as 0.5 s and 1.0 s
[23,50]. The impairment of recognition at short delays suggests
that the monkeys in the TE lesion group could not perceive, attend
to, or process the visual stimuli adequately. Moreover, this difﬁculty seems to be speciﬁc to the visual modality, because the same
monkeys had a normal performance on a recognition memory task
in the tactual modality [50]. Furthermore, recent bio-imaging studies in human adults suggest that tasks involving iconic memory
in our species are associated with persistent activation in higherorder visual areas such as the occipito-temporal cortex, particularly
the lateral-occipital complex – LOC – [51,52].
Moreover, our ﬁndings suggest a recognition system that allows
a high degree of accuracy for delays up to 1.0 s, albeit with increased
response times. At 0.5 s of delay capuchins’ response time did not
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differ from 0.0 s of delay (i.e., any delay), whereas at 1.0 s of delay,
as well as at 2.0 and 3.0 s, their response time is signiﬁcantly longer
than at 0.0 s. This ﬁnding is consistent with data obtained with
baboons, which demonstrates that these Old World monkeys are
able to solve a DMTS task with the same accuracy at 0.0 and 1.0 s
delay, although at 1.0 s delay baboons showed longer response time
[9]. 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 but has not deteriorated to a degree that would
affect accuracy.
We cannot exclude that increasing the familiarity with the task
may improve the response accuracy and/or the reduction of the
response time in the delayed conditions. However, the lack of differences in performance across the ﬁve sessions of Experiment
2 indicates that learning effects did not intervene for any condition during the entire data collection. Moreover, the absence
of difference between Simultaneous and 0-delay MTS conditions
in Experiment 1, suggests that the simple introduction of a nonfamiliar condition does not necessarily lead to a performance
decline. Moreover, an alleged novelty effect of the delayed conditions would not explain why different delay intervals should affect
subjects’ performance to a different degree. For all these reasons,
we believe that the variation in MTS behaviour observed in the different delay conditions should rather be attributed speciﬁcally to
underlying variations in the visual processing of the stimuli.
Another observation regarding the behaviour of our subjects
that deserves a comment is the tendency of capuchins to turn
away from the screen/task during a trial when the delay interval
increased. This was probably due to the fact that individuals were
dealing with delayed MTS conditions for the ﬁrst time and, thus,
had not previously learnt to tolerate a delay before the appearance of the choice stimuli. In this case, this effect should disappear
with increased familiarity with the task. Alternatively, considering
that we use very short delay intervals, this ﬁnding could suggest
that capuchins’ attention to the task is relatively vulnerable. This
possibility would be consistent with the observation that capuchin
monkeys frequently direct their visual attention to the surroundings even while they are engaging in a problem solving task, and
even when they are tested singly in a familiar and safe context [53].
A counterintuitive ﬁnding, in relation to possible learning effects
in DMTS, is the higher percentage of correct responses observed in
the 0-delay condition of Experiment 1 compared to the same condition of Experiment 2. It could be due to an effect of the type of
trials intermixed with the 0-delay trials in the two experiments.
In Experiment 1, 0-delay trials were intermixed with trials of a
less demanding, condition (i.e. SMTS), with which the monkeys
were already familiar from their experience in previous studies
[30,40]. By contrast, 0-delay trials were intermixed with unfamiliar, more demanding, conditions (i.e. DMTS with 0.5, 1.0, 2.0
and 3.0 s delay) in Experiment 2. This ﬁnding suggests that the
context in which a particular condition is presented could affect
subjects’ performance. The sensitivity of capuchin monkeys to the
context provided by different type of trials presented within a testing session has been documented in experiments featuring MTS of
hierarchical visual patterns [54]. In the present study, such sensitivity could be explained by a deleterious effect, on the motivation
of the subjects, induced by frustration caused by the higher error
rate in the trials interspersed with the 0-delay trials in Experiment
2. It is also possible that the decrease in accuracy in the 0-delay
trials in Experiment 2 is due to the need to allocate more cognitive
resources to the more demanding trials with which they were interspersed. This would have had a detrimental effect on the amount
of attentional resources left for the processing of the 0-delay trials
in Experiment 2.
Finally, the observation that our oldest subject, Pippi, a 30
years old female, exhibited the lowest level of response accuracy
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in all conditions, with particular difﬁculties emerging in 2.0 and
3.0 s delay conditions also deserves a comment. This ﬁnding is
consistent with data on both humans and nonhuman primates
in relation to ageing (e.g. [55,56]). For example, studies carried
out on rhesus monkeys indicate a selective impairment in older
subjects in delayed-response tasks requiring short-term memory [55,57]. Moreover, the difference observed between old and
young monkeys could not be reduced by providing the monkeys
with extensive training on the task [57]. In elderly humans, and
most severely in those affected by Alzheimer’s disease, DMTS tasks
revealed a similar delay-dependent impairment [56,58]. In some
cases, patients with dementia failed to solve even 0-dealy DMTS
tasks [59]. Thus, our ﬁndings indicate that nonhuman primate models could be informative in relation to age-related cognitive deﬁcits
in both healthy and pathological human ageing.
Overall, these results conﬁrm that delayed matching-to-sample
procedures afford reliable measures that provide important information regarding cognitive processing in memory and perception.
Furthermore, our ﬁndings highlight that capuchin monkeys show a
certain degree of similarity with humans at the level of visual coding addressed in this study. The comparison of primate species with
a different degree of phylogenetic distance from humans can potentially provide information about the evolution of human visual
cognition. In particular, our ﬁndings on capuchin monkeys, which
shared a common ancestor with humans until 35 million years ago,
suggest that mechanisms supporting the brief storage of detailed
visual information in aid of recognition may have emerged relatively early during the evolutionary history of primate species.
This evidence only represents a starting point for our understanding of the early visual memory storage mechanisms in monkeys.
Nevertheless we hope that it will encourage further detailed investigations on this topic. Future studies in nonhuman species would
need to reﬁne experimental procedures to characterise the visual
memory decay not only as a function of amount of time the information can be retained, but also as a function of quantity of information
that can be stored in different stages of the memory process.
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