Humans and monkeys share visual representations
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Conceptual abilities in animals have been shown at several levels of
abstraction, but it is unclear whether the analogy with humans
results from convergent evolution or from shared brain mechanisms
inherited from a common origin. Macaque monkeys can access “non-
similarity—based concepts,” such as when sorting pictures containing
a superordinate target category (animal, tree, etc.) among other
scenes. However, such performances could result from low-level vi-
sual processing based on learned regularities of the photographs,
such as for scene categorization by artificial systems. By using pic-
tures of man-made objects or animals embedded in man-made or
natural contexts, the present study clearly establishes that macaque
monkeys based their categorical decision on the presence of the
animal targets regardless of the scene backgrounds. However, as
is found with humans, monkeys performed better with categorically
congruent object/context associations, especially when small object
sizes favored background information. The accuracy improvements
and the response-speed gains attributable to superordinate cate-
gory congruency in monkeys were strikingly similar to those of hu-
man subjects tested with the same task and stimuli. These results
suggest analogous processing of visual information during the acti-
vation of abstract representations in both humans and monkeys;
they imply a large overlap between superordinate visual represen-
tations in humans and macaques as well as the implicit use of expe-
rienced associations between object and context.
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n a demonstration of monkeys’ abstraction abilities, Bovet and

Vauclair (1) reported that monkeys were able to classify new
pairs of real objects as “same” when belonging to the same su-
perordinate category (an apple and a banana, or a cup and a
padlock), while classifying other combinations as “different.”
The ability to perform a judgment of conceptual identity among
categories such as Food or Tools corresponds to an abstract level
of conceptualization (2-4), but the nature of the cerebral pro-
cesses, the mental representations involved, and their similarity
with those of humans remain unclear.

In monkeys, the ability to form and access perceptual classes
is the most extensively studied abstraction level. Categorizing by
perceptual similarity enables the formation of open-ended cate-
gories, which generalize to novel elements of the same kind (2, 3).
This categorical behavior emerges spontaneously even in ma-
caque monkeys with lesions of the lateral prefrontal cortex (5),
a structure in which neurons show category-specific selectivity
(6-8). In fact, building “perceptual concepts” (4) such as natural
visual categories—trees, cats, dogs, etc. (6, 9)—or artificial ones
such as letter categories (10, 11) could rely on relatively simple
mechanisms: a set of representative visual features involving
particular shapes or typical shadings could be used as diagnostic
information to categorize objects at this perceptual level (12).
Such processing in humans and monkeys is likely to take place in
the inferior temporal cortex, which has long been known to be
critical for object visual recognition (13, 14) and generalization of
object views (15). However, single-neuron activity within this re-
gion does not seem to reflect categorical information (9, 16-18).

At a more abstract level, conceptual behavior implies cate-
gorizing beyond the physical similarity between exemplars of
a class (3, 4). The few behavioral studies that have investigated
this abstraction level in monkeys dramatically increased stimulus
variety by using pictures of natural scenes and superordinate
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categories such as Food or Animal to avoid diagnosticity from
a restrained set of low-level visual cues (1, 19-22). In the Animal
category, for example, the large variety of perceptually different
instances of mammals, birds, insects, or fishes and the high
performance reached on new exemplars suggest an abstract level
of categorization and an ability for macaque monkeys to access
superordinate representations (23).

However, the claim that abstract representations are used to
perform the superordinate categorizations was challenged by the
finding that global scene statistics can predict the presence of
animals or objects in scene pictures (24). Indeed, to succeed in
such tasks, monkeys had been extensively trained by using large
image sets extracted from commercial databases (19-21). Be-
cause the animal images are much more likely to be pictured on
natural scene backgrounds than in urban contexts, the scene sta-
tistics that support the distinction between natural and man-made
environments (25, 26) and the presence of foreground objects
could potentially allow performance above chance. Monkeys
could have used such contextual regularities to reach high scores
without any conceptual representation of the object category.

Here, we adapted for monkeys the approach used in earlier
work investigating contextual effects on object processing during
visual scene categorization by humans (27): animal target objects
and man-made distractor objects were displayed randomly in ei-
ther man-made or natural scene backgrounds. Using such stimuli
should confuse the monkeys if they rely on global scene statistics
to perform the task. Possible similarities between the mental
representations used by humans and monkeys to solve such visual
categorization tasks were also investigated by using the categor-
ical object/context interference phenomenon. Indeed, in humans,
categorization performance is affected in terms of both delayed
reaction times and lower accuracies when the object and the
background context belong to different superordinate categories
(27-31), suggesting that the mental representations of object and
background context overlapped during task performance and
were “category-sensitive” at the superordinate level (27, 31).

Results show that monkeys’ categorization performance pri-
marily relied on the processing of animal/object information, and
that the scene background did not play a major diagnostic role.
Furthermore, the categorical interference between foreground
objects and background contexts had very similar effects on
monkey and human performance over a wide range of parame-
ters. These data suggest a high analogy between monkeys and
humans for the use of visual cues to access categorical repre-
sentation and their cerebral processing.

Results and Discussion

Two macaque monkeys (Dy and Rx) and 11 human subjects
performed the Animal/Non-Animal rapid scene-categorization
task developed by Thorpe et al. (32) and adapted for monkeys by
Fabre-Thorpe et al. (20). The response consisted of a button re-
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lease and a screen touch performed in under 1 s when a briefly
flashed stimulus (50 ms) contained an animal (go/no-go task; Fig.
1A4). The test stimuli were composed of 192 associations of four
achromatic scenes counterbalancing superordinate context cate-
gories (man-made and natural) and superordinate object cate-
gories (animal or man-made object): very varied animal and man-
made object exemplars were presented equally often in the natural
and man-made background contexts. Test stimuli were only seen
once by each subject, and backgrounds and objects were con-
trolled for various low-level visual characteristics (Materials and
Methods and Fig. 1B).

For monkeys, the sequence of stimuli randomly interleaved test
stimuli with familiar scenes to ensure the stability of monkey mo-
tivation and performance (33); first-trial responses to the test
stimuli were thus of crucial importance. Familiar scenes were taken
from the commercial photographs on which monkeys initially
learned the Animal/Non-Animal task and had been intermittently
trained and tested (for 5-6 y) (Materials and Methods); both
monkeys performed at 89% correct on these familiar stimuli during
the days preceding the present experiment.

Non-Similarity-Based Concepts in Macaque. For both monkeys,
first-trial performance on the test stimuli showed accuracy scores
significantly above chance, regardless of the nature of the stimuli
background (Fig. 1). The monkeys were able to use both man-
made objects and animals as the pertinent key target for task
performance: the proportion of hits outnumbered very signifi-
cantly the proportion of false alarms in both monkeys (Fig. 1C).
Monkeys were also able to ignore the scene background category
because global-task accuracy was well above chance level, re-
gardless of the environment category (Fig. 1D): natural (Rx,
71%; Dy, 67%) or man-made (Rx, 69%; Dy, 63%).

This task was particularly hard to perform given the high ratio
of test stimuli introduced among familiar pictures (1/3 test, 2/3

familiar stimuli). In addition, in the test stimulus set, objects av-
eraged only 6% of scene surface (range 0.2-22%), a much smaller
object/scene surface range than in familiar stimuli. Object loca-
tions in the test stimuli were also extremely varied at eccentricities
ranging from 0.2° to 24° from fixation (12° on average), which
probably accounts for the conservative strategy exhibited by both
monkegfs (there were more misses than false alarms: both mon-
keys, %~ tests, P < 10 x 107°) and the accuracy drop compared with
previous studies of our group [usually 90% correct (20, 21)]. In
fact, a similar drop in performance accuracy was also observed in
the 11 human subjects performing the same task with the same
test stimuli: they averaged only 80% correct, a performance that
has to be compared with the 94% correct usually reached by
humans on novel scenes (19, 32, 34).

Thus, despite their long training with commercial photographs
that mostly associate animals with natural backgrounds, the two
monkeys were clearly able to use object information and to ignore
background information when categorizing new scenes. From the
very first presentation of the manipulated stimuli, the bias at-
tributable to the scene background category only accounted for
~2-5% of the global accuracy (Fig. 1D), despite the relatively
small size of most objects within the scenes. Such immediate
generalization for new man-made objects and animal exemplars
presented in unusual scene contexts rules out the possibility that
scene background regularities alone could explain performance.

Such results obtained in monkeys show that superordinate
representations supporting abstract concepts do not necessarily
require high-level functions such as linguistic abilities or even
elaborate processing far from perceptual modalities (23, 35, 36).
Recent results indicate that superordinate categories are the first
to be accessed within the visual modality (37, 38). In fact, several
processing schemes have been proposed that combine such
coarse-to-fine visual processing (26, 39-41) with fast decision
mechanisms. For example, coarse visual information could be

Hits
A Rapid Scene Categorization using Animal vs Non-Animal Task 83%
A

correct reponse:
beep noise
juice reward (monkeys)

incorrect response:
redisplay (3000 ms)

go/no-go response
(1000 ms)

e False Alarms C
gl % Go responses

s+ Animal vs Non-Animal
Task Performance

D Accuracy for each
Background Category

% Accuracy

55
41
23
16 12
.

Animal objects (target scenes)}

de objects (di: scenes)

82
—_—

Humans| Rx Dy
79
2 .
69 =
] 63
IHumans Rx Dy

Fig. 1. Animal/Non-Animal categorization performance reached by human and monkey subjects on the first presentation of the test stimuli. (A) Animal/Non-

Animal task. Stimuli were presented for three frames unmasked on a black screen. When a scene containing an animal was flashed, subjects had to release
a button and touch the tactile screen within 1 s (target stimulus, go response); otherwise, they kept their hands on the button (distractor stimulus, no-go
response). Correct (go and no-go) responses were rewarded by a noise (and a juice drop for monkeys); incorrect (go and no-go) responses were punished by
the redisplay of the incorrectly categorized stimulus for 3 s. (B) Two examples of the 192 associations of four stimuli. For each association, the man-made and
natural backgrounds had equal average luminance and RMS contrast, and the animal and man-made object vignettes had equal surface, center-of-mass
location, luminance, and RMS contrast. (C) First-trial hit and false-alarm rates for the group of 11 human subjects and the macaque monkeys Rx and Dy. Bar
histograms for hits and false alarms correspond to the stimulus illustrations in the left and right columns, respectively. (Humans: paired t test, t = 26, df = 10,
P < 10 x 107 Rx: ¥ test, y*> = 122, P < 10 x 1072, Dy: ° test, y*> = 86, P < 10 x 107°.) (D) First-trial performance accuracy (pooling correct go and no-go
responses) computed separately for natural and man-made background stimuli. Bar histograms for the accuracies on natural and man-made backgrounds
correspond to the stimulus illustrations in the upper and lower rows, respectively. Dotted line represents chance level; error bars indicate SEM. (x° tests,
natural background—humans: contingency table, y* = 269, n= 11, P < 10 x 107>; Rx: 3> = 13, P < 0.0003; Dy: ¥* = 9, P < 0.003. y? tests, man-made background—
humans: contingency table, y> = 327, n = 11, P < 10 x 107> Rx: ¥ = 11, P < 0.001; Dy: y*> = 6, P < 0.02.)
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rapidly conveyed within the ventral pathway (21) or through the
dorsal visual pathway (39) to frontal cortices (42) in order to
prime object representations and facilitate subsequent detailed
analysis in the ventral visual pathway. Another possibility is that
midlevel areas in the ventral visual pathway might use inter-
mediate representations that could be sufficient for categorical
judgments (43-45). In both cases, coarse visual information is
presumed to be sufficient to trigger prefrontal cortex activity that
reflects the precise delineation of categorical boundaries rele-
vant for task performance, as proposed by Freedman, Miller, and
collaborators (6, 8).

Object and Context Congruency. Are superordinate visual repre-
sentations similar in humans and macaques, and do they involve
analogous mechanisms? To address these questions, we investigated
the interference between object and background categories: we
defined as categorically congruent the stimuli that associated con-
gruent superordinate object/context associations (animals pasted
on natural backgrounds or man-made objects on man-made back-
grounds). Conversely, stimuli that embedded animals in man-made
backgrounds or man-made objects in natural backgrounds were
considered to be noncongruent (31).

From the very first stimulus presentations, both monkeys and
humans exhibited 8% accuracy advantage for congruent com-
pared with noncongruent test stimuli (Table S1). Similar object/
context congruence biases have previously been described in
humans for rapid scene categorization using color stimuli (27—
31); such congruence effects were observed even on the earliest
behavioral responses, leading to the suggestion that it could re-
sult from feed-forward facilitation between neuronal populations
that are usually coactivated because of their selectivity to visual
features that are highly likely to co-occur within our environment
(27). Following this hypothesis, we predicted that this congru-
ence bias would be robust to short-term practice independently
from any improvement in task performance.

Monkey and human performances were thus compared for
three consecutive sessions in which all test stimuli where seen only
once a day. The monkeys further performed ad libitum for several
daily sessions on test stimuli only (9 sessions for Dy and 15 for
Rx). As illustrated Fig. 24, we observed a significant accuracy
increase with practice in both species, although it was less pro-
nounced in monkey Dy. Such accuracy increase with scene fa-
miliarity could be because of a higher success rate on difficult
stimuli (34) in particular for incongruent object/background
associations. However, no interaction between congruence effect
and task practice was observed in either species. In monkeys,
a two-way ANOVA (congruence X session) paired by subjects
yielded a main effect for categorical congruence [F(1, 43) = 90
P <10x107*1? = 0.17] and session [F(10,43) = 14,P <10 x 107,
n? = 0.26], without 1nteract10n between congruence and session
[F(10, 43) = 2, P > 0.1, 1> = 0.03]. Similar ANOVA performed
over the group of human subjects showed 51gn1f1cant effects of
categorical congruence [F(1, 65) = 299, P < 10 x 107 0% = 0. 39]
and session [F(2, 65) = 90, P < 10 x 107, n? = 0.24] and no in-
teraction [F(2, 65) = 3, P> 0.05, n* = 0.009]. Similar results were
obtained on reaction times (SI Materials and Methods). Thus,
although global performance could improve, the impairment
observed with incongruent object/background associations was
not reduced with practice in either species. This result reinforces
the hypothesis of hard-wired (dis)facilitation mechanisms be-
tween neurons selective for visual features (not) belonging to the
same superordinate categories, as mentioned above.

Are scene statistics the visual features that account for back-
ground interaction with object category? We tested this hypoth-
esis using Oliva and Torralba’s classification model (24) on the
stimuli of the current experiment. This model efficiently imple-
ments the major principles of scene gist recognition, considering
the global scene features (25) used in a number of recent scene-
recognition models (e.g., refs. 46 and 47). First, the simulation
was successful in selecting the animal scenes within a set of fa-
miliar images that monkeys had categorized over the years (768
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Fig. 2. Global Animal/Non-Animal task performance computed separately
for categorical congruent (blue) and noncongruent (orange) object/context
associations, reached by human (triangle) and monkey (circle and square)
subjects. (A) Performance accuracy for consecutive sessions (test stimuli, all
trials). Both species exhibited an accuracy increase with practice (linear
regressions—humans: coefficient = 3.2, R>=0.39,df =2, P< 10 x 107% Rx:
coefficient = 0.8, R? = 0.79, df = 16, P < 10 x 1075; Dy: coefficient = 0.4, R? =
0.24, df = 10, P = 0.06) but no interaction between categorical congruence
and practice (see text). (B) Accuracy and mean reaction time as a function of
object surface assessed as a percentage of the whole image; stimuli were
divided in four sets of equal size. The accuracy performance reached with
computer simulations (dashed lines) was computed for the Animal vs. Non-
Animal categorization task performed on the test stimulus set, after learning
had been achieved by using the monkey’s familiar training image set. Dot-
ted line represents chance level; error bars indicate SEM between object/
background associations.

photographs, model average accuracy 74%; note, however, that
Rx and Dy scored 95% and 96%, respectively, on such familiar
images). Second, it was successful in distinguishing between man-
made and natural scene backgrounds by using the current 768
test stimuli (averaging 83% accuracy). These results stress the
fact that processing image statistics could be a straightforward
mechanism for using contextual information. However, the model
failed completely at categorizing the manipulated test stimuli as
containing animals: it only reached 53% accuracy on congruent
and 50% on noncongruent ob]ect/context associations (average
accuracy vs. chance level, 2 test, not significant; congruent vs.
noncongruent, y” test, P < 0.005).

This failure, however could be accounted for by the small
animal size relative to previous experiments. We tested this hy-
pothesis by calculating simulation results by quartiles of the object
sizes, corresponding to 2%, 4%, 7%, and 11% of the whole image.

PNAS | May 3,2011 | vol. 108 | no.18 | 7637

PSYCHOLOGICAL AND
COGNITIVE SCIENCES


http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1016213108/-/DCSupplemental/pnas.201016213SI.pdf?targetid=nameddest=ST1
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1016213108/-/DCSupplemental/pnas.201016213SI.pdf?targetid=nameddest=STXT

L T

/

1\

=y

Although model accuracy increased mildly with object surface,
computer simulations only reached 54% accuracy on the largest
objects: the model based on scene statistics failed in object cat-
egorization.

On the contrary, this analysis performed on subjects’ behavioral
data showed an important size effect that was similar in both
species: performance improved with increasing object size for
both accuracy and mean reaction time (Fig. 2B; ANOVAs are
detailed in SI Materials and Methods). Interestingly, the accuracy
advantage for congruent compared with noncongruent stimuli
was highest for small objects (both species >9%), whereas the
smallest accuracy advantage was observed for the biggest objects
(both species <2%; Table S2 and ANOVAs in SI Materials and
Methods). The level of interference between context category and
object processing was thus similarly related in both species to the
background and object surfaces.

These results suggest that background statistics could play a key
role in the context interference observed when humans and
monkeys categorize objects in natural scenes. Even if background
statistics are not the diagnostic cues used by either species for
object categorization, they could play a role analog to the con-
textual cueing reported by Chun and Jiang in visual search tasks
(48): these authors showed that repeated associations between
spatial configurations and target locations helped subjects in
spatial attention tasks, despite the fact that subjects were not
aware of these repeated associations and were not subsequently
able to explicitly recognize them. In the present case, similar
implicit learning could have occurred through repeated exposures
to natural backgrounds associated with the presence of animals.
Such implicit learning could thus involve low-level visual cues,
including global scene statistics, consistent with their proposed role
in triggering the fastest responses during context-categorization
tasks (49).

These data suggest a high analogy between monkeys and
humans in the way they use visual cues to access categorical rep-
resentation, the underlying cerebral mechanisms, and their impact
on behavior. They suggest the existence of analogous context and
object superordinate representations in both species. This prop-
osition and its consequences in terms of processing speed are
further tested below.

Fast Access to Abstract Representations and Their Local Interaction. If
the processing mechanisms responsible for object/context inter-
actions are analogous in humans and monkeys, any advantage in
terms of processing speed should be similar in the two species.
More precisely, the underlying hypothesis of feed-forward facili-
tation implies that this processing speed advantage should be
significant from the fastest responses. Indeed, in humans, pre-
vious investigations of the influence of object/context congruence
on rapid go/no-go scene categorization (27, 31) reported that
scenes in which the object conflicted with the surrounding scene
backgrounds required an additional processing time of ~10-20 ms
for the earliest responses. We thus took advantage of the severe
time constraints imposed by the task to investigate whether the
early response onset would be delayed when object and context
categories are in conflict. We made the assumption that this delay
previously documented in humans would also exist for macaques,
despite the facts that the fastest reaction times were associated
with the biggest objects, and the biggest objects were associated
with the smallest congruence effect on average performance.

For this analysis, a large number of trials was needed that could
not be restricted to first-trial performance. For both species, all go
responses over all sessions were expressed by using 10-ms time
bins. Minimal reaction time (corresponding to the minimal input—
output processing time) was then determined as the first time bin
for which correct responses significantly exceeded false alarms,
using binomial tests. This temporal analysis was performed for
each subject individually.

Individual results showed that monkeys Rx and Dy exhibited,
respectively, 30-ms and 20-ms delays between minimal reaction
time on congruent and noncongruent object/context associations

7638 | www.pnas.org/cgi/doi/10.1073/pnas.1016213108

(Table S3 and Fig. S1). In humans, similar results were observed
despite a higher variability (0- to 40-ms individual delays), but
the reverse effect was never observed; this intrinsic individual
variability was likely enhanced by the fact that human subjects
performed far fewer trials than the monkeys did. Interestingly, in
all subjects, the earliest false alarms were produced when natural
backgrounds were presented: scene backgrounds efficiently bi-
ased behavior from the fastest responses.

Pooled across subjects (Fig. 34), the distributions of go
responses showed a general 50-ms advantage for monkeys com-
pared with humans. However, an equal delay of 30 ms in minimal
reaction time was observed in both species between the responses
to congruent and noncongruent stimuli (monkey, 200 vs. 230 ms;
human, 250 vs. 280 ms): when the object category conflicts with
the surrounding context, the additional processing time is similar
in the two species from the earliest responses. This finding was
further observed with a d’ analysis designed to evaluate how ac-
curacy varies with response latency independently of the subject’s
strategies. Stimulus detectability was computed over time by using
cumulative d’ scores, by computing d’ = z(hit) — z(fa) by 10-ms
time bin (Fig. 34 Inset). Data showed that performance with
congruent object/context associations reached higher d’ values
than with noncongruent ones with a similar temporal shift toward
shorter response latencies for humans and monkeys. Considered
in the frame of signal detection theory, this result indicates that
human and macaque cerebral mechanisms are equally sensitive to
the congruence of the visual features that determine object and
context categories.

To quantify how object size could affect the congruence effect
from the fastest responses, we computed minimal reaction times
with stimuli containing either the largest or the smallest objects
(Fig. 3B). Between the earliest responses to small and large
objects, a 30-ms delay was observed in both species, showing that
“larger is faster” (50) not only on average performance but also
for the fastest responses. For these large objects, object/context
incongruence delayed the earliest responses by 10 ms in both
species (Fig. 3C); this value can be compared with the 30-ms
average delay for all object sizes in both species reported above.

Such similar delays in monkeys and humans are surprising.
Direct behavioral comparisons have, until now, reported macaque
response latencies at about two-thirds of the human ones. This
principle seems to hold for ocular and manual responses for both
absolute latencies as well as for the delays induced by task
manipulations (21, 51, 52). A convincing explanation could be the
slow speed of intracortical connections that makes brain size
a critical factor in determining the time of information transfer
between cortical areas (20, 21). If it is the case, the similar delays
in humans and monkeys responses reported here are the likely
signatures of analogous local computations or, in other words,
analogous mechanisms that are embodied in restricted cortical
regions all along the processing pathways. For example, the above
30-ms delay related to object size observed during object cate-
gorization by human and monkey plausibly reflects similar neural
integration mechanisms in the ventral pathways of the two spe-
cies: indeed Sripati and Olson (53) recently reported that shape
selectivity of macaque inferotemporal neurons could develop 30
ms earlier for large stimuli compared with small ones. Here we
propose that the highly similar temporal dynamics of object/
context interactions observed behaviorally are the signature of
analogous fast visual mechanisms that locally process features for
object and scene category.

In summary, these results demonstrate first that macaque
monkeys can really perform Animal/Non-Animal categorization
tasks based on animals as a category and that they can do the task
irrespective of scene background content. Moreover, despite their
faster reaction times, monkeys exhibited highly similar behavior
to human subjects when facing object/context incongruence:
there was a similar accuracy impairment in object categorization,
similar reaction-time delays observed from the fastest responses,
and similar sensitivity to the object/background surface ratio. In
both species, the Animal representations used to perform the task

Fize et al.
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are sensitive to background cues but are mostly related to animal
feature information that needs to be generalized from a wide
range of animal types and shapes. These superordinate repre-
sentations presumably result from visual neuronal mechanisms
that operate in a coarse-to-fine scheme, where scene background
and object visual features are locally processed in parallel with
early interactions and competition for accumulating evidence in
favor of a category that is relevant behaviorally (54).

Nevertheless, it might appear surprising that humans and
macaques share these brain mechanisms and early representa-
tions. The extreme temporal constraints imposed in the task, in
particular the short stimulus duration (50 ms) that restricts the
time available for information uptake and the time allowed for
response production (1 s), may have emphasized the similarity
between humans and monkeys. There is little doubt that, with no
time constraints, humans could use more sophisticated strategies
that might allow them to perform the task at 100% correct, but
when forced to rely on fast early processing of visual information,
the cerebral mechanisms used by humans appear to be very
similar to those used by monkeys, a “cognitive brick” that would
be common to both species. Natural selection may have favored
the development of facilitatory mechanisms between populations
of object- and feature-selective neurons relatively early in visual
processing. If so, one might expect these categorical abilities
could be broadly shared across species.
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indicated for both species.

Materials and Methods

Subjects and Initial Training. Two male rhesus monkeys (Rx and Dy, both aged
14 y) performed a go/no-go task to categorize natural scene pictures as
containing (or not containing) animals. Initial training followed the pro-
cedure reported in Fabre-Thorpe et al. (20): learning was progressive, starting
with 10 images and gradually introducing new scenes every day over a pe-
riod of several weeks until both monkeys were performing well on ~300
stimuli. Although the monkeys' motivation and level of reward were kept
stable by randomly interleaving familiar and new stimuli, the recurrent in-
troduction of new stimuli (usually 10-20%) forced the monkeys to look for
an underlying rule to produce the adequate response rather than to rely on
stimulus memorization. Both monkeys had been trained for intermittent
periods on the Animal/Non-Animal task since 2005, but monkey Rx had first
been trained on a Food/Non-Food task since 1996 (19-21, 55). For both
monkeys, the set of familiar stimuli included at least 750 stimuli. All proce-
dures conformed to French and European standards concerning the use of
experimental animals; protocols were approved by the regional ethical
committee for experimentation on animals (agreement ref. MP/05/05/01/05).

Eleven human subjects (aged 23-50 y, 37 y average, five females) per-
formed the same categorization task using the same experimental setup.
Stimulus size in pixels and display were identical, as were behavioral control
(button release, screen touch, and the 3-s stimulus display that followed in-
correct decisions). Correct decisions were indicated by a beeping noise only.

Stimuli. In familiar and test stimuli, the Animal and Man-Made Object su-
perordinate categories include very varied exemplars. The Animal category
included mammals (57% and 65% in familiar and test stimuli, respectively),
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birds (23% and 15%), insects (2% and 6%), reptiles and amphibians (8%), and
fish and crustaceans (10% and 6%). In the test stimuli, man-made objects
included means of transport (16%), urban furniture (15%), house furniture
(16%), kitchen and water containers (17%), tools and toys (13%), interior
decoration (8%), and other various objects (15%). The familiar stimuli were
commercial photographs in which animals were usually large (or even very
large), centered, and focused by the photographer. In the test stimuli, a wide
range of object sizes and locations were used. Views of all of the test stimuli
with associated first-trial performances and a subset of familiar stimuli are
available at http:/cerco.ups-tlse.fr/~denis/fizePNAS2011. For further details
about test stimulus generation, see S/ Materials and Methods.

Procedure. In a session, human subjects performed the Animal/Non-Animal
categorization task once using the 768 test stimuli presented randomly
(about half an hour). Each human subject performed three sessions on a daily
basis to assess the robustness of the behavioral measures with three repe-
titions. For monkeys, test stimuli were introduced progressively, intermixed
with familiar stimuli. Twelve daily sessions were needed to record monkey
performance on the complete test stimulus set presented three times.
Monkeys were further tested on daily sessions (9 for Dy and 15 for Rx) using
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More detailed descriptions of the methods can be found in S/ Materials
and Methods.
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