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Abstract
Two experiments employing an identity Matching-To-Sample (MTS) procedure were carried
out to clarify the factors affecting global-local visual processing of capuchin monkeys
(Sapajus spp.) in comparison with humans. In a first experiment we assessed the relative
ability of the two species to discriminate High, Medium or Low spatial frequencies (HSFs,
MSFs, LSFs). Then, in a second experiment we determined if the use of a procedure designed
to induce a bias towards attending given spatial frequencies could produce a top-down or
selection-history modulation of global-local visual processing in capuchins and humans. In
the first experiment, monkeys discriminated better the HSFs. By contrast, humans
discriminated better the MSFs and LSFs. The second experiment showed an effect of SF
processing on global-local processing in both species. However, this effect was confined to
local trials only and occurred under different conditions in the two species. In monkeys it
occurred following a bias towards attending HSFs, whereas in humans it occurred following a
bias towards attending LSFs. These results provide new information about the relative
sensitivity of humans and capuchins to different spatial frequencies in vision. Moreover, they
suggest that global-local visual processing can be modulated in both humans and monkeys by

processes that are not confined to attending one or the other level of stimulus structure.

Keywords: visual perceptual grouping, global-local, spatial frequencies, primates, capuchin

monkeys
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An important issue in the study of visual cognition of humans and other species is the
identification of the factors involved in the processing of the relationship between wholes and
their component parts. In an extremely influential study, Navon (1977) showed that healthy
human adults are faster and more accurate when processing the global rather than the local
level of hierarchical visual stimuli (i.e. compound stimuli where small local shapes or letters
are arranged in larger configurations depicting a global shape or letter).

A large body of literature on humans shows that such a global-advantage is affected
by several stimulus features such as visual angle (Kinchla & Wolfe, 1979), position in the
visual field (Pomerantz, 1983), spatial frequency (Badcock et al., 1990; Hughes et al., 1990;
Lamb & Yund, 1993; 1996), relative size (Amirkhiabani, 1998), Gestalt principles (Han &
Humphreys, 1999; Han et al., 1999; LaGasse, 1993) and some disorders such as autism
(Happé, 1999) and age of the participants (Cassia et al., 2002; De Lillo et al., 2005).

From a comparative standpoint, it is of interest to determine whether or not a global
mode of processing is also typical of species closely related to us, and, by doing so, to attempt
to trace its evolutionary origin. A local advantage has been found in baboons (Papio papio,
Fagot & Deruelle, 1997), macaques (Macaca mulatta, Hopkins & Washburn, 2002) and
capuchin monkeys (Sapajus spp., Spinozzi et al., 2003). Studies carried out on chimpanzees
(Pan troglodytes) showed sometimes a local but also sometimes a global advantage (Fagot &
Tomonaga, 1999; Hopkins & Washburn, 2002) indicating that there may not be a strong bias
towards global or local processing in species taxonomically closer to humans. All together
these findings suggest a possible evolutionary trend in the emergence of the global advantage
in primates. One of the very few findings showing a global advantage in monkey species is
reported in a study on Saguinus oedipus by Neiworth et al. (2006). The study reports that

these monkeys show a global advantage but only when the density of the stimuli was
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manipulated and made very high. Nevertheless, the global advantage disappeared when the
local elements were presented in a less dense condition.

The widely replicated finding that monkeys show a local advantage has attracted a
significant interest in comparative cognition (De Lillo et al., 2005; Fagot & Deruelle, 1997;
Lea et al., 2006; Spinozzi et al., 2003). However, it has proved difficult to identify a key
factor which can explain local advantage in monkeys (Fagot & Deruelle, 1997). Robust
capuchins (Sapajus spp.) are the monkeys whose local advantage has been under scrutiny
most often. These platyrrhine monkeys show a local advantage even when the global level of
hierarchical stimuli subtends the same visual angle of the local level (Spinozzi et al., 2005)
and this advantage extends to short- (Truppa et al., 2016) and long-term memory traces of the
stimuli (Truppa et al., 2017). The local advantage in these monkeys cannot be explained by a
failure to use gestalt principles such as proximity, shape similarity and orientation to group
local elements into coherent wholes; even though each grouping cue may have a different
relative weight in capuchins and humans (Spinozzi et al., 2009). Neither can the local
advantage in capuchins be explained by a deficit in the processing of the spatial relationship
between stimulus parts. Similarly to humans, capuchins are highly sensitive to the spatial
relationships between stimulus parts. Disrupting such relationship in a matching-to-sample
task produces a dramatic decrement of performance in both humans and monkeys (De Lillo et
al., 2007). Moreover, capuchins and humans are similarly sensitive to global properties of
goodness of shape and redundancy of hierarchical visual patterns (De Lillo et al., 2012).

Thus, two decades of research show that capuchins’ local advantage is a very robust
phenomenon and cannot be accounted for by a deficit in the processing of stimulus structure
or Gestalt properties. This suggests that some attentional processes, other than bottom-up
(stimulus driven) forms of control, might be involved in explaining the difference between

humans and monkeys in this domain.
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In humans, processes that modulate global and local processing rely on attention
allocation and have traditionally been considered as top-down. Attentional biases towards one
or the other level of hierarchical stimuli produce a shift from global to local advantage in
humans (Kinchla et al., 1983). Interestingly, this effect does not pertain to humans only. In a
previous study on humans and capuchin monkeys, we manipulated attentional bias to each
level of hierarchical stimulus structure by administering trials in blocks containing a large
proportion of either global or local trials. Monkeys showed a local advantage in the local bias
condition (86% local trials, 14% global trials). By contrast, they displayed a global advantage
in the global bias condition (86% global trials, 14% local trials). Humans exhibited an overall
global dominance in the accuracy scores. However, attention bias towards one or the other
level of the stimuli produced a significant reduction of processing time for the attended level
(De Lillo et al., 2011). These results indicate that attention modulates the processing of
hierarchical stimuli in monkeys too.

Although attention bias, as induced in the experiments described above, cannot be a
bottom-up process, it is worth noting that recent experimental results (Awth et al., 2012;
Failing & Theeuwes, 2018) and theoretical consideration (Theeuwes, 2019; for a discussion in
a comparative context see also Smith & De Lillo, 2022; Washburn & Taglialatela, 2012)
challenge the simple dichotomy top-down/bottom-up of attentional processes. Selection
history (e.g., repeatedly attending particular spatial position as in probability and contextual
priming in foraging or visual search studies) can bias selection processes in a way that is
certainly not bottom-up but, at the same time, does not involve conscious goal-driven
processes. It may well be that similar effects induced by selection-history apply to processing
biases towards one level or other of the structure of hierarchical visual stimuli.

A visual property affecting human global-local processing is the spatial frequency of

the stimulus. Spatial frequency (SF) refers to the number of light intensity changes over space
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in an image (e.g., produced by presenting a dark grating on a light background) and is
measured by cycles per degree (cpd) of visual angle. Global perception typically involves the
processing of LSFs, whereas local perception requires processing HSFs (Robertson, 1996;
Shulman et al., 1986; Shulman & Wilson, 1987). Lamb and Yund (1993) found that filtering
out the LSF content of hierarchical stimuli, increased RTs in the global trials but not in the
local ones, indicating that the LSFs mediate the global advantage in humans. Further studies
have shown that after removing the LSFs from hierarchical stimuli, the global advantage is
reduced (Badcock et al., 1990; Boeschoten et al., 2005; Hughes et al., 1990).

Following the ‘zoom-lens’ model proposed by Eriksen and Yeh (1985), Shulman and
Wilson (1987) suggest that, in humans, sensitivity to particular SFs is controlled by the areal
spread of attention to local or global information. According to this proposal, when attention
is spread more widely there is a loss of sensitivity to HSFs and an increased sensitivity to
LSFs. By contrast, when the spotlight of attention becomes narrower there is a loss of
sensitivity to LSFs and an increased sensitivity to HSFs. In support of this hypothesis Flevaris
et al. (2011) demonstrated that allocating attention to global or local levels of hierarchical
patterns biases the selection of LSFs or HSFs, respectively. The finding supports the idea that
a flexible attentional mechanism links SF processing and global-local processing in humans.

The aim of the present study is to assess if the allocation of attention to high or low
SFs affects global-local processing in capuchin monkeys and humans. Capuchins’ sensitivity
to different SFs in relation to that of humans is not known. Thus, in order to select SFs that
each species was able to discriminate, we carried out a preliminary experiment (Experiment
1) to clarify which one, in a spectrum of low, medium or high SF sine-wave grating patterns,
is discriminated above chance by the two species. To do so, we presented an identity MTS
task with six different SF sine-wave grating patterns ranging from 0.25 cpd to 8.0 cpd of

visual angle. SFs within this range of cpd patterns can be discriminated by humans (De Valois
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& De Valois, 1990). However, very little research has been carried out to highlight potential
differences between human and other primates on their ability to detect particular SFs. A few
studies addressing this issue have been carried out on catarrhine species such as macaques
(De Valois et al., 1974), chimpanzees (Matsuno & Tomonaga, 2006) and orangutans (Adams
et al., 2017), whereas platyrrhines have rarely been assessed (e.g., squirrel monkeys, Merigan,
1976) and there are no data on capuchin monkeys. Therefore, the purpose of Experiment 1
was to identify levels of SFs which can be accurately discriminated by capuchin monkeys and
humans at both the lower and higher end of the SF spectrum. Once identified, the appropriate
SF gratings could then be used in a main experiment (Experiment 2) to bias attention towards
high or low SF. We have previously demonstrated that it is possible to manipulate global-
local processing by biasing attention towards one or other level of stimulus structure in both
humans and capuchins (De Lillo et al., 2011). The purpose of this study (Experiment 2) was
to clarify whether or not biasing attention allocation towards either HSFs or LSFs can also
modulate global and local visual processing in capuchin monkeys and humans. This would
provide further information about the cause of the well-established differences in global-local
processing in humans and monkeys. Our reasoning was that if the preferential level of
processing of hierarchical structure of visual stimuli is mediated by a preferential processing
of particular bands of SF, then it should be affected by manipulations of the number of trials
within a session which require focusing on particular SFs. Therefore, in Experiment 2 we
administered sessions of trials containing many discriminations of either high or low SF
gratings intermixed with a few trials featuring global-local processing to determine if being
repeatedly exposed to particular SFs affected global-local processing in capuchin monkeys

and humans.

Experiment 1
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In this preliminary experiment, we assessed the range of low, medium or high SF that
can be discriminated by capuchin monkeys and humans in order to select the appropriate
gratings to be used in Experiment 2 to produce an attention bias.

Experiment 1a: Monkeys

Method

Standards of openness and transparency

We report how we determined our sample size, all data exclusions (if any), all

manipulations, and all measures in the study.

Participants

The sample size of our monkeys was determined opportunistically, based on the
availability of the monkeys for the period when testing took place. Three adult capuchin
monkeys (Sapajus spp.) participated in this experiment: 1 female (Pippi) and 2 males (Gal
and Rubens) aged 29, 23 and 8 years, respectively. All individuals were captive born and
housed at the Primate Center of the Institute of Cognitive Sciences and Technologies
(1.S.T.C.), National Research Council (C.N.R.), in Rome, Italy. Each monkey lived in a social
group in an indoor-outdoor enclosure (outdoor: 40-130 m? x 3 m high; indoor: 5 m?x 2.5 m
high). The monkeys were tested individually in an experimental cubicle (0.76 m long x 1.70
m wide X 0.73 m high) which they could access through a sliding door from the adjacent
indoor enclosure. Each subject was separated from the group exclusively for the purpose of
testing, just before each daily testing session. The monkeys spontaneously entered into the
indoor enclosure in order to obtain highly preferred food as a rewad for taking part in the test.
They were never food or water deprived. Fresh fruit and vegetables were provided after
testing and water was available ad libitum. All three subjects were already familiar with the
MTS procedure and had been previously tested with hierarchical patterns (De Lillo et al.,

2005, 2011; Spinozzi et al., 2006). In particular, all three subjects had taken part in the study
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by De Lillo et al. (2011), where they were tested with hierchcal stimuli and a similar
procedure to manipulate attention bias. However, they had never been tested with SF gratings
before.

The research protocol for this study was approved by the Italian Health Ministry
Central (Direction for the Veterinary Service, approval n. 11/2011-C). All procedures
complied with APA ethical standards and other applicable national and international
guidelines for the care and use of animals.

Apparatus

The apparatus used with capuchins (see supplementary material, Figure S1) consisted
of a vertical panel (35 cm high x 45 cm wide x 2 cm thick) with two lateral walls (35 cm high
x 35 cm wide x 2 cm thick). It was fixed perpendicularly onto a board (45 cm x 35 cm), which
could be moved forward and backward on a support, mounted on a trolley (55 cm high x 50
cm wide x 50 cm long). The vertical panel had two symmetrical rectangular openings (9 cm
high x 5 cm wide), each 10 cm from the centre. Three polyvinyl-chloride (PVC) lids (11 cm
high x 6 cm wide x 0.3 cm thick) were used for stimulus presentation. Two lids were placed
in front of the rectangular openings of the vertical panel. They could be slid laterally in both
directions along two parallel metal tracks (45 cm long x 1 cm high), which were mounted
horizontally on the panel, 1 cm above and below the openings. The two comparison stimuli
were placed on these two sliding panels. The third lid, on which the sample stimulus (SS) was
placed, was fixed in the centre of the vertical panel, between the two openings and equidistant
from the comparison stimuli.

The apparatus was placed in front of the experimental box behind a transparent
Plexiglas panel (45 cm wide x 40 cm high) mounted on the front wall of the experimental
cubicle. The Plexiglas panel had two symmetrical lateral armholes (15 cm wide x 5.5 cm

high) at the level of the rectangular openings of the apparatus, to allow the monkey to insert
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an arm through one of the two holes and thereby move one of the sliding lids covering the
rectangular openings in order to retrieve a piece of peanut. The rectangular openings of the
apparatus were positioned at the subjects’ eye level. The hands of the experimenter were
always occluded by the apparatus and out of view of the subjects when placing the reward. As
the monkeys were always free to move in the enclosure during every experimental session,
two lateral vertical panels were mounted on the trolley to prevent the monkey from being able
to see the back of the apparatus when moving around the experimental cage.

Stimuli

Figure 1a shows the set of stimuli adopted in Experiment 1 as SS and S+. The
complete stimulus set, including all the non-matching stimuli (S-) is provided in the

supplementary material (Figure S2).

Each stimulus consisted of a sinusoidal grating plus a Gabor-Mask. The stimuli were
obtained by converting a sinusoidal function into an image using the software Mat-
lab.r2010a. The Gabor mask allowed a higher level of contrast in the centre of the grating that
dropped down toward the edge of the pattern. Each grating pattern measured about 4.0 cm x
4.0 cm. Capuchins initially viewed the stimuli from approximately 30 cm and then made their
choice from approximately 15 cm. At these distances the stimuli subtended about 7° and 15°
of visual angle, respectively.

The stimulus set consisted of 6 main SF gratings (0.25 cpd, 0.5 cpd, 1.0 cpd, 2.0 cpd,
4.0 cpd and 8.0 cpd) adopted as SS and correct comparison stimuli (S+) and 12 gratings
derived from the main gratings either adding or removing 30% of the cpd values. These last

stimuli were adopted only as negative comparison stimuli (S-). The entire set of stimuli
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adopted is listed in table 1. This spectrum of cpd patterns has been proved to be detectable by
humans (De Valois & De Valois, 1990) and it falls within the range of SF patterns previously
used in similar experiments (Flevaris et al., 2011; Shulman et al., 1986; Shulman & Wilson,
1987).

The gratings were grouped in LSFs, MSFs and HSFs categories for the purpose of

experimental manipulation, as described in Table 1.

Procedure and Design

An Identity MTS task was adopted. Each matching condition involved one SS, one S+
identical to SS and one S-, which was different from SS. S- was always a sinusoidal grating
obtained by adding or removing 30% of the value in cpd of SS. Figure 1b reports an example
of a trial.

In order to test the monkeys, the apparatus was placed in front of the experimental
cubicle, at a distance of 30 cm. At the beginning of each trial, the experimenter, while
standing behind the trolley in a central position, placed SS at the centre of the panel and the
two comparison stimuli, S+ and S-, on the sliding lids covering the rectangular openings of
the panel. Finally, she placed the reward behind the lid featuring S+. Once the animal showed
a preference by inserting the arm through one of the armholes, the experimenter moved the
panel within the subject’s arm reach, at about 15 cm from the front wall of the experimental
cubicle. The monkey could obtain the reward only if it moved the lid featuring S+. After the
monkey had moved one of the two lids with either hand, the panel was moved away from the
cubicle. Trials were separated by an interval of about 30s, during which the experimenter

recorded the choice and selected stimuli for the next trial.

| 12
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As a precaution measure, the experimenter moved both hands simultaneously behind
the sliding lids when placing the bait. This was done to avoid that particular movements of the
neck or shoulders could provide spurious cues to the animal concerning the location of the
bait. The experimenter was trained to keep her head in a fixed position while looking ahead
once the baiting had occurred and until the subject made a response.

Each monkey performed 8 sessions of 36 trials each; one session a day, for a total of
288 trials. Each daily session included as SS all the 6 main gratings shown in Figure 1a. S-
(SS+30% or SS-30%) appeared in the same proportion in each session. The order of
presentation of each SF main grating was randomized, however, they appeared in equal

number across each session.

Results

Accuracy

The overall mean percentage of correct responses was 67.8% (Pippi: 71.9%, Gal:
63.0%, Rubens: 68.3%). Figure 2a reports the overall mean percentage of correct responses
obtained by the monkeys in each of the six types of SF condition: 0.25 cpd, 0.5 cpd, 1.0 cpd,
2.0 cpd, 4.0 cpd, 8.0 cpd.

One-sample t-tests were conducted to assess whether or not, at the group level, the
mean percentage of correct responses observed for each condition was significantly above the
chance level of 50% correct. The monkeys performed significantly above the chance level
only for the 8 cpd condition [M = 74.0%, t(2) = 15.34, p < .005, d = 8.85, 95%Cl: 17.27-30.37].
A repeated measures ANOVA comparing the accuracy scores obtained on each SF condition
did not reveal a significant difference between the six cpd conditions. Individual data,
together with results of binomial tests, carried out on the frequency of correct responses of
each individual in each of the 6 SF conditions are reported in Table 2. From Table 2 it can be

noted that all subjects performed significantly above chance for the 8 cpd condition. By
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contrast, none of the subjects performed above chance level in the 0.25 cpd condition. The
condition with the lowest SF where at least 2 subjects performed above chance was the 0.5
cpd.

Finally, the relatively high level of accuracy recorded in the 8.0 cpd condition raised
the doubt that monkeys may have used alternative clues to solve the task. Given that the 10.4
cpd patterns consisted of extremely thin bars, they might have been perceived by the monkeys
as a grey pattern. Had this been the case, the trials featuring S- 10.4 cpd pattern could have
resulted in a matching task between a grating versus a grey pattern which would have been
easier to solve than a discrimination comparison between two SF gratings. If this was the
case, we should have observed a higher level of performance in the trials featuring the 10.4
cpd grating as S- in comparison with trials featuring the 5.6 cpd as S-. In order to test this
possibility, a paired-sample t-test was carried out to compare accuracy in the trials featuring
5.6 cpd and the trials featuring 10.4 cpd as S-. This analysis did not reveal any significant
difference between the two non-matching conditions (10.4 cpd = 71.7% vs. 5.6 cpd M =
76.4%) suggesting a genuine proficiency of capuchins in discriminating gratings with SF of
8.0 cpd.

Experiment 1b: Humans

Method

Participants
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The sample of human participants was determined opportunistically. It was considered
inappropriate to have a sample much larger than the monkey sample to make comparisons
meaningful. At the same time, we did not want to miss the opportunity to test a larger number
of people than the three monkeys that were available for the study. Thus, 16 volunteers (8
males and 8 females) from the participant panel of the School of Psychology, University of
Leicester, UK, were given a small participation fee to participate in this experiment.

Apparatus

The experimental set up comprised a Pentium PC with a 17 SVGA monitor with a
resolution of 1024 x 768 pixels. A response box connected with the PC allowed the subjects
to make a choice between two response keys, respectively located on the left and the right of
the response box. The software used to generate stimuli on the computer screen and to collect
the responses of the subjects was developed at the University of Leicester, using E-prime
(Psychology Software Tools Inc.).

Stimuli

The stimuli were the same as those of Experiment 1a (see Figure 1). As for the
monkeys, the visual angle subtended by the stimuli was approximately 7 degrees. The
distance of 30 cm between the computer screen and the participant’s eyes was kept constant
by using a chin rest.

Procedure and Design

The same identity MTS used for Experiment 1a was adopted for Experiment 1b.

S+ was always identical to SS, whereas S- was a sinusoidal grating obtained by the SS
adding or removing 30% of the value in cpd. Each session included all six main grating
patterns (SS) with their relative matching (S+) and non-matching stimuli (S-) and the
sequence was random. Each trial started with the three stimuli appearing at the same level on

the screen. As for Experiment 1a, the SS appeared always at the centre of the screen. The

| 15
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subject’s task was to indicate, by pressing the “L” or the “R” key, respectively located on the
left and right of an array of keys of a response box, which of the two patterns was identical to
the centrally presented pattern. All the three stimuli remained present on the screen until a
response was made, after which a blank screen would appear. Then, to move to the next trial
the subject had to press a different button on the response box.

Each participant performed 48 trials featuring each main SF pattern for a total of 288
SF trials in one session. S- stimuli (SS - 30% or SS + 30%) were in equal number and
appeared randomly.

The PC allowed the recording of accuracy scores and reaction time (RT) with a
precision of 1 msec.

Results

Accuracy

The overall percentage of correct responses across the six SF conditions was 88.65%
(see Figure 2b).

One-sample t-tests revealed that the accuracy level of the humans was significantly
above the chance level of 50% for all the SF conditions [0.25 cpd: t(15) = 26.08, p =.005, d =
6.52; 0.5 cpd: t(15) = 44.39, p = .005, d = 11.1; 1.0 cpd: t(15) = 30.03, p = .005, d = 7.51; 2.0
cpd: t(15) = 30.06; p = .005, d = 7.51; 4.0 cpd: t(15) = 25.69, p =.005, d = 6.42; 8.0 cpd:
t(15) = 20.86, p = .005, d = 5.21].

A repeated measures ANOVA carried out to compare the mean percentages of correct
responses obtained for each SF condition proved significant [F (2.98,44.78) = 6.89, p = .005,
5> = .315]. Please note that, here and below, whenever fractional degrees of freedom are
reported, this is because the Greenhouse-Geisser correction for violation of the sphericity

assumption was applied.
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Paired-sample t-tests were performed as pairwise comparisons and, after applying the
Bonferroni correction for 15 comparisons (a = .0033), revealed that the accuracy level for the
0.25 cpd condition was significantly lower than for the 0.5 cpd (p =.0033), 1.0 cpd (p = .001)
and 2.0 cpd (p = .0033) conditions. Moreover, the accuracy level for the 8.0 cpd condition
was significantly lower than for the 1.0 cpd condition (p = .0033).

In experiment 1a, monkeys proved to process the 8.0 cpd significantly better than the
0.25 cpd. In order to assess the presence of interspecies differences in the processing of these
two SFs, independent sample t-tests were performed on accuracy scores recorded by monkeys
and humans for the 0.25 cpd condition and the 8.0 cpd condition, respectively. They revealed
that the accuracy score recorded for the monkeys in the 0.25 cpd condition was lower than
that recorded for humans [t(17): 3.720, p = .005, d = 2.98, ¢5%Cl: 0.124 — 0.447]. However, no
significant interspecies difference emerged for the 8.0 cpd condition.

Response Times (RT)

The apparatus adopted with humans allowed to record RT. Therefore RT was used as
an additional dependent variable for humans. Only the RTs for correct answers were included
in the data analysis. The median RT for each condition was computed for each subject to
compensate potential effects of extreme values. Figure 3 reports the means of medians and SE
of the RTs recorded for each SF condition. A repeated measures ANOVA carried out on these
values revealed an overall significant difference between conditions [F(2.38,35.65) = 5.06, p
= .01, ny? = .252].

However, after applying the Bonferroni correction for 15 comparisons (o = 0.0033),
none of the paired-sample t-tests revealed a significant difference between the different
conditions.

Figure 3 about here

| 17
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Discussion

The main purpose of this preliminary experiment was to determine which SFs were
appropriate to use in Experiment 2 for each species. Nonetheless, some of the differences
observed between the two species are of interest in themselves, considering the paucity of
information available in the literature. The results of this experiment show interspecies
differences between the processing of Low, Medium and High SFs by humans and capuchin
monkeys.

In humans the performance in all the six SF conditions was above the level expected
by chance, demonstrating that humans can accurately discriminate the range of frequencies
used in our MTS task. However, humans proved more accurate in trials featuring SFs
ranging between 0.5 cpd and 4.0 cpd than conditions with gratings featuring 0.25 cpd and 8.0
cpd.

Capuchins showed a different pattern. In fact, their accuracy was above chance level
only in the 8.0 cpd condition. In addition, their accuracy was higher in trials featuring SS with
gratings of 8.0 cpd, than in trials featuring SS with gratings of 0.25 cpd. This difference seems
to be genuinely due to their ability to discriminate HSF patterns particularly accurately.

The results of the interspecies analysis performed on the accuracy recorded on the 8.0
cpd and 0.25 cpd condition indicate that monkeys process these last frequencies significantly
less accurately than humans, whereas the two species do not differ in their processing of 8.0
cpd. These findings support the conclusion, supported also by within-species analyses, that
monkeys process the 8.0 cpd condition significantly better than the 0.25 cpd condition.

Overall, from the first experiment it emerges that the peak of SF sensitivity is located
around medium SFs in humans and around higher SFs in monkeys. In addition, both species

had more difficulty processing the 0.25 cpd condition.
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Therefore, in Experiment 2 the 8.0 cpd value was selected as the HSF stimulus as it
was processed above chance in monkeys. The 0.5 cpd, value was selected as the LSF stimulus
as two monkeys’ performance was significantly above chance there. The same stimuli were
suitable for use with humans as they matched both above chance level (as they did with all

SFs used in this experiment).

Experiment 2

In a previous study (De Lillo et al., 2011), we showed that it is possible to induce, in
both monkeys and humans, an attention set towards the global or the local level of structure of
hierarchical visual patterns by manipulating the proportion of trials requiring the processing
of one or the other level within a testing session. Such attention bias affects the quality of
processing of the levels of structure of the stimuli and can produce an inversion of the global-
local dominance shown by a given species (De Lillo et al., 2011; Fremouw et al., 1998). The
aim of Experiment 2 was to evaluate whether or not the allocation of attention to HSFs or
LSFs can affect local and global processing in monkeys and humans in a similar way. It was,
therefore important to identify with the previous experiment appropriate values of SF to be
used to in Experiment 2, i.e. the 8.0 cpd and the 0.5 cpd patterns as the HSF and LSF samples,
respectively.

In Experiment 2, we attempted to induce an attention bias towards HSF and LSF,
respectively, by administering 85.7% of trials requiring matching either HSFs or LSFs,
randomly intermixed with a 14.3% of trials requiring, either global or local processing. These
particular percentages were used following the procedure by De Lillo et al. (2011) with
monkeys and previously adopted by Kinchla et al. (1983) with humans and Fremouw et al.
(1998) with pigeons. In the previously mentioned studies, the use of these percentages of

trials has proved to be effective to bias attention towards global or local levels of stimulus
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structure in hierarchical stimuli. Therefore, the same percentages were adopted here. The use
of trials featuring discrimination of SFs in order to bias attention towards global or local
processing, however, has not been attempted before with capuchin monkeys or, to our
knowledge with any other nonhuman animal species. Our reasoning was that if the
preferential processing of one level or the other of the hierarchical structure of visual stimuli
is mediated by a preferential processing of particular bands of SF, then it should be affected
by manipulations of the number of trials within a session which require focusing on particular
SFs. The combination of the two SF bias conditions, HSF and LSF, with the two global-local
conditions, resulted in a total of four conditions: HSFs bias - Global trials condition, HSFs
bias - Local trial condition, LSFs bias - Global trial condition, LSFs bias - Local trial
condition.

Experiment 2a: Monkeys

Method

Participants

Participants were the same as in Experiment 1.

Apparatus

The apparatus was the same as in Experiment 1.

Stimuli

The stimulus set comprised a sub-set of SF patterns and a sub-set of hierarchical
stimuli patterns (see Figure 4a, b).

The first sub-set of SF stimuli comprised the 0.5 cpd pattern as LSF and the 8.0 cpd
pattern as HSF. As in Experiment 1, S+ was identical to SS, whereas S- could include grating
patterns obtained by adding or removing 30% of cpd to/from SS.

The second sub-set comprised hierarchical patterns where a global shape was formed

by the spatial arrangement of smaller geometrical shapes, along the lines described by Navon

| 20
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(1977). The hierarchical stimuli appeared as white shapes on a black background and were
created using Microsoft PowerPoint. The stimulus sub-set comprised eight compound forms
similar to the ones used in previous experiments (De Lillo et al., 2011; Spinozzi et al., 2003;
2005). It included large circles (C), squares (S), rhombi (R), or letter Xs (X) made up of
smaller circles (c), squares (s), rhombi (r), or letter Xs (x). The shape of the global level could
be identical (consistent stimuli) or it could be different (inconsistent stimuli) from the shape
of the local level. The stimuli measured 4.0 x 4.0 cm at global level and had 12 local elements
measuring 0.5 x 0.5 cm. Capuchins initially viewed the stimuli from approximately 30 cm and
then made their choice from approximately 15 cm. At a distance of 30 cm, the stimuli
subtended about 7° of visual angle at global level and 0.9° at local level, whereas at a distance

of 15 cm they subtended about 15° of visual angle at global level and 2° at local level.

Procedure and Design

An identity MTS task was adopted using both SF stimuli and hierarchical patterns.

The matching between the SF stimuli is the same reported in Experiment 1, with the
only difference that the SF patterns adopted here were only the 8.0 cpd as high SF pattern and
0.5 cpd as low SF pattern. The MTS with hierarchical stimuli involved two conditions: in the
global trials, S+ was identical to SS and S- was differed from SS only at the global level; in
the local trials, S+ identical to SS and S- was differed from SS only for local elements.
Examples of one global and of one local trial are presented in Figure 4c.

The procedure adopted resembled closely that adopted by De Lillo et al. (2011). Each
daily session consisted of a sequence of 4 control trials (either global or local), followed by 24

SF trials pseudo-randomly intermixed with either 4 global or 4 local trials. The randomisation
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had as the only constraint that the global-local trials should not appear in the first 7 trials. This
was done to avoid global-local trials appearing in the first positions and before an attention
bias could be developed on the basis of the SF discriminations. To clarify further, as stated
above, each daily session was preceded by a control session of 4 trials comprising either
global or local trials, depending on the type of trials in the session with hierarchical stimuli
that followed. So, a global session was preceded by global control trials and a local session
was preceded by local control trials. Each monkey performed a total of 16 sessions, one
session per day, for a total of 512 trials, which comprised 64 control trials (32 global, 32
local), 384 SF trials (192 HSF, 192 LSF) and 64 global or local trials (32 global, 32 local).

There were three conditions: (1) HSF Bias (Global trials, 85.7% HSF trials and 14.3%
global trials; Local trials, 85.7% HSF trials and 14.3% local trials); (2) LSF Bias (Global
trials, 85.7% LSF trials and 14.3% global trials; Local trials, 85.7% LSF trials and 14.3%
local trials) and (3) CONTROL (Global trials, 100% Global trials; Local trials, 100% Local
trials). The conditions were administered in the following order to all the three subjects: HSF-
Local, HSF-Global, LSF-Local and LSF-Global. As only three subjects were tested, it was not
possible to fully counter balance the order of which monkeys started the experiment.
Similarly, within a total of 16 sessions, it would not have been possible to fully
counterbalance the sequence of presentation of the 4 conditions across sessions. As such,
rather than using an arbitrary subset of possible sequences, it was decided to repeat the same
order 4 times, and it was considered more appropriate to follow the same order with all
subjects. We had no specific reason for using any specific order. However, we ensured that
global and local sessions alternated on consecutive days.

Results

Accuracy for Spatial Frequency Matching Trials
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The overall mean percentage of correct responses for the group of monkeys for high
and low SF trials combined was 71.4%. Table 3 shows the individual percentages of correct
responses for trials involving HSFs and LSFs pattern discrimination registered during the
local and global tasks. The average percentage of the group obtained combining the
performance recorded on SF trials during the global and local condition was 68.1% for the
LSF trials and 74.7% for the HSF trials. One-sample t-tests performed on the percentage of
correct answers obtained combining the performance recorded on the SF trials during the
global and local tasks, revealed that the accuracy level shown by the monkeys was above the
50% level expected by chance in both HSF (global and local) [t(2) = 6.64, p < .05, d = 3.84,
95%Cl: 8.68 — 40.63] and LSF (global and local) [t(2) =5.77, p < .05, d = 3.33, 95%Cl: 4.59 —
31.53] trials. In addition, a paired-sample t-test performed on the accuracy scores recorded
between these 2 conditions, always combined for local and global tasks, did not reveal any
significant difference, demonstrating again that monkeys’ performance in the LSF trials was

as good as in the HSF trials.

Accuracy for Compound Stimuli Matching Trials

The overall mean percentage of correct responses for global and local trials was
70.7%. Table 4 reports the individual percentages of correct responses shown by each
monkey in the local and global trials of the Control, HSFs bias (8.0 cpd), and LSFs bias (0.5

cpd) conditions.
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A bar graph depicting the percentage of correct responses for the group of monkeys
across the different conditions is presented Figure 5a.

A 2 (Level of Processing: Global, Local) x 3 (Condition: Control, HFS, LSF) repeated
measures ANOVA, performed on the percentage of correct responses, did not reveal a
significant main effect for either Level of Processing (local: M = 71.2 %; global: M = 70.1%),
or condition (Control: M = 73.4 %; HSFs: M = 66.7 %; LSFs: M = 71.9 %). Importantly,
however, there was a significant interaction Level of Processing by SF Bias [F (1,2) = 7.611,
p <.05, np? = .792]. None of the post-hocs carried out to interpret the interaction yielded
significant results. Nevertheless, an inspection of Figure 5a suggests that the interaction can
be explained by the reversal of the relative accuracy observed in local and global trials in the
control and LSF bias condition (with higher values for the Local trials, compared to the
Global trials), on the one hand, and the HSF bias condition (with higher values for the Global

trials compared to the Local trials), on the other.

Experiment 2b: Humans

In Experiment 2b we used the same stimuli and design of experiment 2a to test
humans and procedures as similar as possible to those used with monkeys.

Method

Participants

Experiment 2b was carried out on 8 participants among those who took part in
Experiment 1b and were still available to take part in Experiment 2. In order to replicate the
procedure used with monkeys, with half of the human sample the sessions were administrated

exactly in the same order in which they were administrated to the monkeys. Therefore, these 4
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subjects started with the session HSF-Local followed by HSF-Global, then LSF-Local
followed by LSF-Global. The other half of the sample received the opposite order, with the
session LSFs-Global followed by LSF-Local and then the sessions HSF-Global followed by
HSF-Local. In this way, a partial counter balancing of presentation order was achieved.

Apparatus

The experimental set-up was the same as for Experiment 1b.

Stimuli

The stimuli were the same as in Experiment 2a.

Procedure

The same MTS procedure used with monkeys was adopted with humans. However,
each human subject performed 4 alternated sessions per day, instead of one session per day.

Possible undesired adaptation effects were minimised by administering only 4 sessions
per day, each session consisting of one condition (e.g., HSF-Local bias, HSF-Global bias,
LSF-Local bias, LSF-Global bias). The same sequence was repeated for 4 consecutive days.
Each session was separated by a time of approximately one minute and every trial was
followed by a blank screen so that participants had to press a button to move to the next trial.

Results

Accuracy for Spatial Frequency Trials

The overall mean percentage of correct responses on SFs trials (high and low)
recorded by the whole group of humans was high (94.7%). The average percentage of the
group obtained combining the performance recorded on the SF trials during the global and
local condition was 98.6% for the LSF trials and 90.8% for the HSF trials. A one-sample t-
test performed on the percentage of correct answers obtained combining the performance
recorded on the SF trials in the global and local conditions, revealed that the accuracy level

was above the 50% level expected by chance in both LSF [t(7) = 69.91, p <.001, d = 24.7,
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95%Cl: 46.92 — 50.21] and HSF [t(7) = 14.63, p < .001, d = 5.17, 95%Cl: 34.22 — 47.42].
Finally, a paired-sample t-test performed on the percentage of correct answers recorded in the
two conditions demonstrated that humans processed the LSFs significantly better than the
HSFs [t(7) = 2.830, p < .05, d = 12.19, 95%Cl: 14.22 — 1.27].

Response Times for Spatial Frequency Trials

Only the RTs for correct answers were included in the data analysis. The median RT
for each condition was computed for each subject to attenuate potential effects of extreme
values. The average of the group obtained combining the performance recorded on the SF
trials during the Global and Local condition was 1500.8 ms for the HSF trials and 1262.0 ms
for the LSF trials. Paired sample t-test performed on the medians of RTs recorded in the two
conditions did not reveal any significant difference between the speed of processing of the
two different SF trials.

Accuracy for Compound Stimuli Matching Trials

The level of accuracy displayed by human participants was extremely high in both the
global (M =100.0%) and the local (M = 99.7%) trials, making formal statistical comparisons
inappropriate. Hence, the analysis was confined to RTs, as described below.

Response Times for Compound Stimuli Matching Trials

RTs for correct responses only were included in the analysis.

A 2 (Level of Processing: Global, Local) x 3 (Condition: Control, HSF bias, LSF bias)
repeated measures ANOVA was performed on the medians of the RTs data recorded for each
of human participants.

The ANOVA did not reveal any significant effect for Level of Processing and
Condition but revealed a significant interaction between these two factors [F (2, 14) = 3.89, p

< .05, np?= .357]. However, after applying the Bonferroni correction, none of the pairwise
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comparisons carried out using paired-sample t-tests, revealed a significant difference (Figure
5b).

Discussion

The results of Experiment 2 suggest that attending to different grating patterns can
affect global-local processing in both humans and capuchin monkeys. In fact, a significant
interaction between high-low SF processing and global-local processing emerged in both
species. In both species the effect is mostly confined to local trials. There are, however, some
important differences between the two species. In monkeys this effect emerges as a worsening
of performance in the local trials presented as part of the HSFs condition. In humans the
effect emerges as a reduction of RT’s for local trials in the LSFs condition.

To help the interpretation of the above pattern of results, it was of interest to evaluate
the presence of any potential effects caused by perceptual adaptation. It is a well-known
phenomenon that neuron responses to grating patterns drop down along the time of exposure
to the same grating (Blakemore & Campbell, 1969; De Valois & De Valois, 1990). Given our
results, we thought that it was worth considering the possibility that subjects were
experiencing adaptation to specific SFs due to repetitive exposure to several trials featuring
the similar SFs. On the basis of the considerations that follow, we have reasons to believe that
perceptual adaptation did not occur in this study. Our procedure aimed at biasing attention
toward either HSFs or LSFs and not at inducing adaptation to particular SFs, as has been done
in other studies (e.g., Shulman et al., 1986). With a procedure like ours, it is extremely
unlikely that low level perceptual adaptation to SFs could have occurred. Adaptation typically
occurs when gratings of a certain frequency are presented continuously for an extended period
of time. Our testing sessions were relatively short and were presented only once per day to
monkeys and four per day to humans, always alternating HSFs and LSFs. Furthermore, in

humans each trial was separated by consecutive trials using a blank screen, and the
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participants decided when to interrupt the presentation of the blank screen to progress onto the
following trial. Similarly, with the procedure adopted for testing monkeys at least a few
seconds elapsed between each trial to allow the experimenter to slide the images of the stimuli
into the apparatus.

Nevertheless, in order to confidently rule out that perceptual adaptation to either HSFs
or LSFs influenced our results, we looked at how discrimination performance in our subjects
changed with time within each testing session. Our reasoning was that, if perceptual
adaptation developed as participants were exposed to repeated SF trials in the course of a
testing session, then their performance in the SF trials should have decreased as the session
progressed. In order to test this possibility, we divided each session into six blocks (four trials
each) and we averaged, each block across testing sessions. We did so separately for each
condition and we used percentages of correct responses for monkeys and median RTs for
humans.

One-way ANOVAs comparing the six blocks did not show significant differences or
trends across blocks for any condition in monkeys: HSF-global, HSF-local, LSF-global and
LSF-local. This suggests that monkeys’ performance on SF trials remained constant as
exposure to particular SF increased, ruling out that adaptation occurred.

Similarly, one-way ANOVAs carried out on humans’ RTs recorded in SF trials, did
not reveal significant differences across blocks or significant trends for the HSF-global, HSF-
local and LSF-global conditions. Only the ANOVA carried out on humans’ RTs in the HSF-
local condition revealed a significant difference between blocks [F (5, 35) = 2.94, p <.05]
with a significant quadratic component of the trend [F (1, 7) = 9.36, p <.05]. This significant
quadratic component of the trend suggests that RTs decreased and then increased across each
block. This pattern would be inconsistent with the occurrence of adaptation processes which

would instead predict a more linear trend.
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Therefore, considering the procedure adopted together with the results of this last
analysis, it seems extremely unlikely the either of the two species developed an adaptation to

given SFs in the course of testing.

General Discussion

The present study aimed to elucidate the mechanisms responsible for the difference in
global and local visual processing observed between monkeys and humans, whereby humans
typically show a global advantage and several monkey species show a local advantage (Papio
papio, Fagot & Deruelle, 1997; Macaca mulatta, Hopkins & Washburn, 2002; Sapajus spp.,
Spinozzi et al., 2003; but see Neiworth et al., 2006 for different results on Saguinus oedipus),
despite the alleged similarity of their visual system.

In particular, this study builds on the key discovery that monkeys’ local advantage can
be reversed with manipulations affecting their attention bias towards the global level of
hierarchical visual stimuli (De Lillo et al., 2011). Using a similar methodology to that of De
Lillo et al. (2011), we wanted to determine whether or not this effect on global-local
processing is likely to be mediated by selective attention towards SFs of a particular range,
since HSF pertain mostly to local details of visual stimuli and LSF to global configurations.
Before we could use particular SFs as the basis for the main manipulation of Experiment 2,
we had to carry out a preliminary experiment (Experiment 1) in order to determine SF ranges
which were discriminable by both species and thus appropriate to use.

Apart from their practical use for the selection of the appropriate stimuli for
Experiment 2, the results of Experiment 1, provide information regarding which ranges of SF
are processed more accurately by capuchin monkeys and people. It emerged that in an MTS
task monkeys discriminated HSF gratings (8.0 cpd) more accurately than LSF ones. By

contrast, humans performed better in conditions featuring gratings with SF ranging from 0.5
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cpd and 4.0 cpd of visual angle rather than 8.0 cpd and 0.25 cpd. This pattern indicates that
the peak of SF sensitivity is shifted toward medium SFs in humans and toward higher SFs in
monkeys. In addition, both species found the 0.25 cpd condition difficult.

This pattern of interspecies similarities and differences in SF processing between
capuchin monkeys and humans can be relevant for the interpretation of their well-documented
differences in global vs local dominance. Because global perception typically requires LSF
processing, whereas local perception requires HSF processing (Robertson, 1996; Shulman et
al., 1986; Shulman & Wilson 1987) it is possible that their ability to discriminate between SF
may affect their global-local processing styles.

Nonetheless, the results of Experiment 2 provide further support for the notion that
context and higher level non-perceptual processes affect global-local processing in both
species. In Experiment 2, we investigated if non stimulus-driven modulation of global-local
processing can be achieved by manipulating the frequency of exposure to HSF or LSF trials,
respectively.

A significant interaction emerged between exposure to SF of a given range and global-
local processing of hierarchical stimuli, in both species. Nevertheless, this interaction was in
both cases in an unexpected direction. Monkeys performed at a lower level of accuracy in the
local trials when interspersed with HSF trials within the same testing session, while humans
performed faster in these trials when they were interspersed with LSF trials. In both species
the global trials were not affected by this manipulation. It is of interest to note that, similarly
to what was observed here, the local trials were those affected by manipulation of attention
bias in our previous study (De Lillo et al., 2011). In that study, the direction of the effect was
consistent with an interpretation based on an attention bias. By contrast, here we observe an
effect that goes in the opposite direction from what was predicted and as such it is difficult to

explain.
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Several studies suggest that in humans global processing can be mediated by LSF
processing and local processing by HSF processing (Robertson, 1996; Shulman et al., 1986;
Shulman & Wilson, 1987). This is not due to the ability to discriminate the SFs in itself
though, because the global structure of images is still visible when LSFs are removed or
attenuated (Badcock et al., 1990; Carlson et al., 1984; Hughes et al., 1990; Fiorentini et al.,
1983; Norman & Ehrlich, 1987; Parker et al., 1996; Peli, 1992; Schyns & Oliva, 1994).
Moreover, Lamb and Yund (1993) showed that the removal of LSFs can slow global
processing but does not eliminate the global bias. Also, it does not affect the ability to switch
attention from global to local forms.

Importantly, SFs should not be considered global or local in themselves (see also
Sierra-Vazquez et al., 2006). Flevaris et al., (2011) adopted compound gratings where each
pattern included both relatively low and relatively high SFs, which overlapped
perpendicularly to each other. Then, they measured the effect of exposure to global-local trials
on the detection of these compound gratings. Their results demonstrated that the exposition to
global-local tasks can affect SF recognition. However, this effect did not depend on the
absolute value of each SF. Instead, the same SF could elicit different responses depending on
its relative role in the compound stimulus and not on its absolute value (e.g., relatively high or
relatively low SF in comparison with the other SF present in the compound stimulus).
Therefore, the fact that in our experiment 8.0 cpd patterns were considered as HSFs, while 0.5
cpd gratings were considered as LSFs, does not necessarily imply that these SFs should
trigger perceptual reactions toward local or global processing, respectively. Another study
which does not support the idea of a strict relationship between LSFs and global processing or
HSFs and local processing respectively, has been carried out by Dale and Arnell (2014). The
main purpose of their study was to evaluate if dispositional global-local biases can be altered

by various manipulations of high/low SFs in humans. In two experiments participants were
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asked to discriminate 0.76 cpd as LSF trials and 7.2 cpd as HSF trials. Before and after the
discrimination tasks, subjects were asked to perform some global-local trials and scores were
compared. Interestingly, they adopted LSFs and HSFs with cpd values very similar to those
adopted in the current experiment. Overall, they did not find substantial differences following
SF manipulations with the single exception of an effect on global performance after exposure
to HSFs. However, since it was the only significant result out of five different experiments,
authors argued that this effect could possibly have been found by chance and that it was not
necessarily meaningful, thus, they concluded that exposing to HSFs or LSFs does not affect
global-local processing.

Shulman and Wilson (1987) suggested that the distribution of attention to the local or
the global structure of hierarchical stimuli can affect subsequent SF recognition. Our results
are consistent with this, in showing that symmetrically to Shulman and Wilson’s (1987)
findings, SF can affect global-local processing, an effect that cannot be bottom-up.

As mentioned in the introduction, the traditional dichotomy top-down/bottom-up has
been challenged and a third type of attention deriving from selection history has been
proposed (Awth et al., 2012; Failing & Theeuwes, 2018; Theeuwes, 2019). Similarly to some
of these experimental findings, our effect is likely to be context driven. However, its direction
does not support an interpretation based on selective attention, even of this selection-history
type.

In conclusion, the present study provides, for the first time, some information about
capuchin monkeys’ ability to process different SFs. Furthermore, it suggests that it is possible
to produce an effect on global-local trials even in the condition when the prevalent MTS trials
feature stimuli which are not hieratical visual shapes. As the effect does not seem to be related
to low level perceptual processes, such as adaptation, our findings suggest that it cannot be

bottom-up. At this stage we cannot explain, on theoretical grounds, the particular direction of
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the effect we obtained. A replication of this effect with a larger pool of subjects would help
determine its consistency, whereas other basic manipulations of the procedure adopted here
could reveal the psychological determinants of contextual effects on global-local processing

with more precision.
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Figure 1
Stimulus Set Adopted in Experiment 1 as SS and S+ and Example of SF Matching Trial

Performed in Experiments 1 and 2

Main SFs patterns (SS and S+) a

0.25cpd 0.5¢cpd 1.0cpd 2.0cpd 4.0cpd 8.0 cpd
S- SS S+

Note. Stimulus set adopted in Experiment 1 as sample (SS) and correct comparison stimuli

b

(S+) (a). Example of SF matching trial performed in Experiments 1 and 2 (b). In this example
as sample and matching stimuli (SS/S+) 0.5 cpd are adopted, and as non-matching stimulus

(S-) 0.35 cpd (equal to 0.5 cpd -30%) is adopted.
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1021  Figure 2

1022  Percentages of Correct Responses Observed in Monkeys and Humans in Experiment 1

100 - a
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1025 Note. Percentages of correct responses observed in the different cpd conditions (0.25 cpd,
1026 0.5 cpd, 1.0 cpd, 2.0 cpd, 4.0 cpd, 8.0 cpd) in capuchin monkeys (a) and humans (b); error
1027  bars represent standard errors. **: p <.01; one-sample t-test.
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Figure 3

Response Times Observed in Humans in Experiment 1
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Conditions

T

4.0cpd

8.0cpd

Note. Median RTs observed in the different conditions in humans. Error bars represent

standard errors.
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1040 Figure 4
1041  Stimulus Set and Examples of Local and Global Trials Adopted in Experiment 2

1042

Spatial frequencies patterns a

Sss S-
0.5 cpd 0.65 cpd 0.35 cpd
0.5cpd +30% 0.5 cpd -30%

8.0 cpd 10.4 cpd 5.6 cpd
8.0 cpd +30% 8.0 cpd -30%

Hierarchical patterns b

Consistent
[ ss Rr Xx
Inconsistent
Cs sc RX Xr
Local Trial Cc
S- SS S+
Global Trial

1043

1044

1045  Note. SF stimuli (a) and hierarchical stimuli (b) adopted in Experiment 2. Both SF stimuli and
1046  hierarchical stimuli are reduced in the same scale. Example of local and global matching trials
1047 (o).

1048
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1049  Figure5

1050  Percentage of Correct Responses (Monkeys) and Response Times (Humans) in Experiment 2
1051

mControl mHSF OLSF a
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Conditions

1052

1053

1054  Note. Percentages of correct responses observed in monkeys for local and global trials,
1055 according to the different conditions of the task (a). Means of the medians of the Response
1056  Times recorded in human subjects for local and global trials, according to the different
1057  conditions of the task (b). Error bars represent standard errors.
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1059 Tablel

1060  Spatial Frequency Gratings Used in Experiment 1

Sample (SS) and

_ . Non-matching stimuli (S-)
matching stimuli (S+)

cpd -30% cpd +30% cpd
0.25 0.175 0.325
Low
0.5 0.35 0.65
) 1.0 0.7 1.3
Medium
2.0 1.4 2.6
_ 4.0 2.8 52
High
8.0 5.6 10.4
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Table 2
Individual Percentages of Correct Responses for Gratings of Different SFs in

Experiment 1a (Monkeys)

Subject 0.25cpd 050cpd 10cpd 20cpd 4.0cpd 8.0cpd

Pippi  52.1 81.25*** 68.8* 79.2%**  72.9%* 77.1%**
Rubens 53.9 62.7 76.9***  58.0 86.3***  72.0**
Gal 60.4 68.8* 51.0 66.7* 58.3 72.9**

Note. *p < .05, **p <.01, *** p <.001 (Binomial test).
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1069 Table 3

1070 Individual Percentages of Correct Responses for HSF and LSF Gratings Observed
1071 During the Local and the Global Tasks in Experiment 2a (Monkeys)
HSF (8.0 cpd) LSF (0.5 cpd)
Subject Local Global Local Global
Pippi 72.9 72.9 69.8 75.0
Rubens 67.7 70.8 75.0 64.6
Gal 78.1 85.4 65.6 58.3
1072
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Table 4
Individual Percentages of Correct Responses for Local and Global Trials in the Different

Conditions of Experiment 2a (Monkeys)

Local Trials Global Trials
HSF LSF HSF LSF
Subject Control  (8.0cpd)  (0.5cpd) Control  (8.0cpd)  (0.5cpd)
. 81.3 62.5 62.3 84.4 87.5 62.5
Pippi
71.8 68.8 75.0 68.8 75.0 75.0
Rubens
75.0 56.3 87.5 59.4 50.0 68.8
Gal
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1089  Experiment 1
1090 Experiment 1la: Monkeys
1091  Method

1092  Apparatus

1093
Experimental apparatus
Vertical _
panel
1094
1095 Figure S1. Apparatus adopted in the experiments with monkeys.
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Stimuli

Main SFs patterns (SS and S+)

0.25cpd 0.5cpd 1.0 cpd 2.0cpd 4.0 cpd 8.0cpd

Non-matching patterns (S-)

-30% +30% -30% +30%

2.0cpd
0.175cpd 0.325cpd 1.4 cpd 2.6cpd

0.5cpd I ' 4.0 cpd
0.35cpd  0.65cpd 2.8cpd 5.2 cpd

8.0cpd

- n .

0.7 cpd 1.3 cpd 5.6 cpd 10.4 cpd

Figure S2. Complete stimulus set adopted in Experiment 1. The set
consisted of 6 main spatial frequency gratings (0.25 cpd, 0.5 cpd, 1.0 cpd,
2.0 cpd, 4.0 cpd and 8.0 cpd) adopted as sample (SS) and correct comparison
stimuli (S+) and 12 gratings, derived from the main gratings either adding or
removing 30% of the cpd values, which were adopted as negative
comparison stimuli S-.
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Results

A repeated measures 8 (session) x 6 (spatial frequency condition) ANOVA was carried out.
The ANOVA did not reveal any significant main effect or interaction. Individual performance
(percentage of correct responses) across sessions is reported in figure S3.

SFs

——0.25 cpd
~—0.5 cpd
== 1.0 cpd

=20 cpd

—#=—4.0 cpd
100 ~o—8.0cpd

% Correct responses
g

Session

Figure S3. Individual percentage of correct responses in
each SF condition for each session.
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