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Intuitive physical reasoning about occluded
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Questions concerning the role of nature and nurture in higher cognition appear to be intractable if one
restricts one’s attention to development in humans. However, in other domains, such as sensory develop-
ment, much information has been gained from controlled rearing studies with animals. Here, we used a
similar experimental strategy to investigate intuitive reasoning about occluded objects. Newborn domestic
chicks (Gallus gallus) were reared singly with a small object that became their social partner. They were
then accustomed to rejoin such an imprinting object when it was made to move and disappear behind
either one of two identical opaque screens. After disappearance of the imprinting object, chicks were
faced with two screens of different slants, or of different height or different width, which may or may
not have been compatible with the presence of the imprinting object hidden beneath/behind them.
Chicks consistently chose the screen of slant/height/width compatible with the presence of the object
beneath/behind it. Preventing chicks from touching and pecking at the imprinting object before testing
did not affect the results, suggesting that intuitive reasoning about physical objects is largely independent
of specific experience of interaction with objects and of objects’ occluding events.

Keywords: naive physics; filial imprinting; object permanence; experience; biological predispositions

1. INTRODUCTION

What aspects of knowledge of the physical world are
apparent in biological organisms prior to their first con-
tacts with the objects of their knowledge and what
emerge thanks to the effects of experience with these
objects represents an issue that has spanned more than
2000 years of philosophical and scientific inquiry (see
[1,2] for reviews), with considerable social valence con-
cerning human nature and the role of education and
science in society. According to some theorists, human
infants are born with a conception of objects as spatially
bounded entities that exist continuously in time and
move continuously in space, maintaining their internal
unity and their external boundaries [1,3,4]. According
to others, by contrast, infants are born with learning
mechanisms that would allow them to establish object
concepts on the basis of a limited set of pertinent obser-
vations, arising from, for example, infants’ examination
of the displacements and interactions of objects and/or
infants’ action upon objects [5]. The fact that human
infants exhibit evidence for object permanence and infer-
ence about the physical properties of objects from about
14 weeks of age [6—13] is of course compatible with
both of these views, the former arguing for maturation
and the latter for learning.

Research has shown that non-human animals, both
mammals [14—17] and birds [18-20], also represent
and reason about physical objects. Controlled-rearing
studies of animals, so influential in charting effects and
non-effects of visual experience on visual development
[21], can be harnessed to chart similar effects on the
development of knowledge about objects [22,23]. In par-
ticular, the use of precocial species—which exhibit well-
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developed behaviour similar to that of adults soon after
hatching—combined with rigorous control of early
experience [24—27], may help to disentangle part of the
traditional controversy between nativist and empiricist
theories on the origins of object knowledge.

In the studies described here, we reared domestic
chicks (Gallus gallus) soon after hatching in isolation
with an imprinting object: a small red plastic cylinder
(figure 1a). On day 4, chicks were accustomed to rejoin
the imprinting object when it was made to move and dis-
appear behind either of two identical opaque screens
(figure 2a,b). At test, chicks were first shown the object
moving straight towards the screens while they were con-
fined behind a transparent partition (figure 2¢). Then the
partition was made opaque (figure 2d), in order
to prevent chicks from seeing the object and to guarantee
the slant (or, in other experiments, the height or the
width) of the screens to be invisibly changed, so as to
make one of the screens compatible and the other not
compatible (figure 2¢) with the presence of the imprinting
object hidden beneath (or behind) them. Chicks were
eventually released to rejoin the imprinting object
(during this test phase no imprinting object was actually
located beneath/behind either screen; figure 2f).

2. MATERIAL AND METHODS

(a) Subjects and rearing conditions

We used 103 naive domestic chicks (G. gallus) of the Hybro
strain (derived from the White Leghorn breed). All animals
were hatched from eggs supplied weekly to our laboratory
14 days after fertilization from a local commercial hatchery
(Agricola Berica s.c.r.l., Montegalda, Vicenza, Italy). Eggs
were maintained until day 19 in dark conditions at a
controlled temperature (37.7°C) and humidity (about

This journal is © 2011 The Royal Society
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Figure 1. (a) Standard rearing conditions for experiments (except experiment 4) showing the chicks reared singly with the
imprinted object. (b) In experiment 4, chicks were again reared singly but with only visual access (and no direct contact) to

the imprinting object.

50-60%) in an automatically turning incubator FIEM snc,
MG 100/150, and from days 19 to 21 (day of hatching) in
a hatchery with the same temperature and complete darkness
but lower humidity, to provide optimal conditions for hatch-
ing. For experiments 1, 2, 3 and 5, 6, 7, soon after hatching
chicks were transferred and reared singly in standard metal
home-cages (22 cm wide x 30 cm high x 40 cm deep) lit
from above by fluorescent lamps with food and water avail-
able ad libitum in a room kept at a constant 30°C. An
imprinting object (a red plastic cylinder; see figure la for
an example) was suspended by a thin thread in the centre
of each cage at about the chicks’ head height (see [28]).
The object was 5 cm high in experiments 1, 2, 4 and 5,
2.5 cm high in experiment 3, and always measured 3 cm in
diameter. In experiment 6, the object was either 10 or
5 cm high and always 3 cm in diameter. In experiment 7,
the object was either 6 or 3 cm in diameter and always
5 cm in height. In experiment 4, after hatching, chicks were
maintained in the hatchery where they had hatched, with
lower temperature (30°) for 2 days (note that for the first 3
days after hatching there are still sufficient nutrients available
from the yolk sac in newborn chicks [29]). On day 3, chicks
were reared in isolation for 4 h in a set of black Poliplack small
boxes (14 cm wide x 14 cm high x 14 cm deep) that were
completely closed apart from one side where a transparent
polyester partition screen allowed the chick the sight of the
imprinting object suspended 10 cm away, in front of each
cage (figure 1b). At the end of experiments, chicks were collec-
tively caged in groups of four with food and water available,
and on the same day were donated to local farmers, providing
the chicks with free-range conditions of rearing.

(b) Apparatus

The training and test apparatus consisted of a completely
white Poliplack arena (70 cm wide X 40 cm high x 80 cm
deep) with a starting box (12 cm wide x 12 cm high x
12 cm deep) positioned in the middle of the rear wall. At
the other end of the arena, 35 cm in front of the starting
box, there were two identical green Poliplack opaque screens
used as hiding locations and separated from each other by
5 cm. In experiments 1-5, the screens were 12 cm wide X
16 cm high; all the screens (with only exception of screens
in experiment 5, which were leant against the front wall)
had 3 cm sides bent back to prevent the chicks from seeing
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behind the screen whether the imprinting object was there.
In experiment 6, the screens were 12 cm wide x 11 cm
high during training, and the height was changed at test so
that one measured 6 cm and the other 16 cm; in exper-
iment 7, the screens were 7 cm wide X 16 cm high during
training and the width was changed at test so that one
measured 4 cm and the other 10 cm.

The arena was illuminated by a lamp of 60 W placed
exactly on the centre top of the apparatus and the behaviour
was video-recorded from above. The wall of the starting box
facing the screens could be covered either by a removable
transparent polyester substrate screen or a black Poliplack
opaque screen, each used as described below.

(¢) Procedure

In all experiments, with the exception of experiment 4, chicks
at 2 days of age were at first gently located into the arena,
accustomed to the novel environment with the imprinting
cylinder freely moving in it (10—20 min), and then habitu-
ated to follow the imprinting object when it was moved and
made to disappear 12 times behind either of two identical
opaque screens. For the subsequent 2 days, chicks were
deprived of food in the early morning (water was left avail-
able) in order to avoid sleep and/or reduced mobility. Four
hours later, each chick in turn was first confined in the start-
ing box of the training apparatus and shown, through the
removable transparent partition, the imprinting object disap-
pearing behind one or other of the two screens (figure 2a,b).
After disappearance of the object, the transparent partition
was removed and chicks were allowed to spontaneously
rejoin the imprinting object behind the opaque screen.
Chicks had to perform the choice correctly six consecutive
times out of ten trials in order to access the test. The
choice was scored as correct only when the chick approached
the screen and made a complete turn behind it, stopping
there. At test, chicks were confined in the starting box and
at first could watch, through the removable transparent par-
tition, the imprinting object moving towards the screens but
this time moving in a straight line towards the point midway
between the screens (figure 2¢); when the imprinting object
was halfway towards the screens, an opaque partition was
lowered (figure 2d) and either the slant (experiments 1-5)
or the height (experiment 6) or width (experiment 7) of
the screens was invisibly changed and the imprinting object
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Figure 2. An example of the general procedure of experiments. (a,b) At first, chicks were accustomed to rejoin the imprinting
object that could be observed through a transparent partition moving and disappearing behind either of two identical opaque
screens (training). (¢) During tests, chicks were first shown the object moving along a straight trajectory midline towards the
screens while they were confined behind a transparent partition. (d) Then an opaque partition was lowered and the slant
(or, in other experiments, the height or the width) of the screens was changed, and (¢) the imprinting object was removed with-
out the chick being able to see it, so as to make one of the screens compatible and the other not compatible with the presence of
the imprinting object hidden beneath them. (f) Eventually, the partitions were removed and the chick was allowed to choose

between the two screens.

was removed. The partitions were then lifted up (figure 2¢)
and the chicks were allowed to search for the imprinting
object (figure 2f).

In experiment 5, the starting box was moved trial by trial
5 cm back and forth (figure 3a,b): this was done in order to
prevent chicks from learning during training a specific
distance between the starting position and the hiding
locations. At test, after the opaque screen was lowered in
front of the chick (figure 3c), the slant of the screens was
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changed together with the front wall, which presented this
time a 5cm protrusion: this appeared to make the two
screens identical in height and with their bases aligned, as
they were leant against the wall (figure 3d).

Chicks were given ten consecutive test trials in exper-
iments 1-5 and twelve test trials in experiments 6 and 7.
In experiment 4, after the imprinting period, each chick
was given only two trials to become accustomed to the
disappearance of the object (rather then the ten trials


http://rspb.royalsocietypublishing.org/

Downloaded from rspb.royalsocietypublishing.org on February 15, 2011

4 C. Chiandetti & G. Vallortigara Naive physics by chicks

e

(a) (b)
4 | ‘ A
! 1
' I
' 1
\ 1
\ - _L '
\ Do oy
B "7 TTTN| Sem
e
ro_ . ______‘5cm g
.~ 5cm
(c) (d)

Figure 3. The procedure used during training in experiment 5. (a,b) Screens were leant against the front wall and the starting
box was displaced by 5 cm back and forth between training trials so that the chicks were accustomed to the distances used in the
test, during which they were shown the imprinting object moving along a straight trajectory midline towards the screens. (c)
The opaque partition was thereafter lowered to permit the slanting of the screens and the conformation of the front wall to
be changed. At this point (d) the two screens had different slant but identical height and were located at identical distances

from the starting cage on the floor.

used in the previous experiments) and soon after given the
test. The left—right positions of the screens at test were
changed according to a semi-random sequence [30]. In
each trial, the choice for one or other of the two screens
was scored from video recordings by an independent
‘blind’ observer.

Slant (experiments 1-5). Chicks were trained in the pres-
ence of two identical screens (90° in experiment 1, 75° in
experiment 5 and 45° in experiments 2—4) and allowed at
test to choose between two differently slanted screens (45°
versus 10° in experiment 1; 85° versus 65° in experiment 5;
80° versus 10° in experiments 2—4).

Height (experiment 6). Chicks were trained in the presence
of two identical screens (11 cm high) and allowed at test to
choose between two screens of different height (16 versus
6 cm).

Width (experiment 7). Chicks were trained in the presence of
two identical screens (7 cm wide) and allowed at test to choose
between two screens of different width (10 versus 4 cm).

3. RESULTS

In experiment 1, chicks first observed the imprinting
object disappear behind vertical screens (90°); during
confinement behind the opaque partition, one of the
screens was slanted at 45° and the other at 10° (the
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latter therefore being too flat to allow the positioning of
the imprinting object beneath it). Chicks preferred the
45° slanted screen (one-sample two-tailed z-test: n = 14,
t=30.930, p < 0.001; figure 4, experiment 1). In order
to account for any effect of the degree of change in
slant between training and test, in experiment 2 chicks
at first observed the imprinting object disappearing
behind one of two screens slanted at 45° and then allowed
to choose between a 80° slanted screen and a 10° slanted
screen. In this way, the degree of change in slant from
training to testing was exactly the same (35°) for both
screens. Chicks chose the 80° slanted screen (one-
sample two-tailed z-test: n =14, t=4.368, p=0.001;
figure 4, experiment 2). The preference was less pro-
nounced than that observed in the previous experiment
(experiment 1 versus experiment 2: p < 0.001, least sig-
nificant difference test post hoc comparison), suggesting
that in experiment 1 chicks were in fact also responding
to the different degree of novelty associated with the
change in slant between training and test. As a further con-
trol, experiment 2 was repeated with another group of
chicks, this time imprinted on a smaller object, the size of
which was compatible with occlusion even beneath the
10° slanted screen. Chicks did not show any preference
(one-sample two-tailed z-test: n= 17, t=1.482, p=
0.158; figure 4, experiment 3).
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Figure 4. Percentage of choice for the highest (less slanted)
screen in experiments 1-5 (group means with s.e.m. are
shown). *p < 0.05; **p < 0.01.

We wondered whether the possibility of pecking at the
imprinting object during rearing was instrumental to the
chicks’ intuition of impenetrability of the object. Exper-
iment 2 was therefore replicated (experiment 4) with
another group of chicks that could not peck the imprint-
ing cylinder because the transparent polyester substrate
screens prevented the birds from touching and pecking
the object during exposure (figure 15; see §2). No differ-
ence was observed with respect to experiment 2 (tp; =
0.545, p = 0.592): chicks showed the same preference
for the screen where the slant was compatible with the
presence of an object beneath it (one-sample two-tailed
t-test: n =9, t=3.015, p = 0.017; figure 4, experiment 4).

The height of the screen is likely to have been the cru-
cial physical dimension considered by chicks for making
a choice. We wondered, however, whether they could
have also used the slant of the surface as a cue, estimated
from only the difference in the shapes of the (trapezoi-
dal) projections of the two screens. To check for that,
in experiment 5 we let chicks observe the imprinting
object disappearing behind one of two screens slanted
at 75° and leant against the front wall; chicks were
then allowed to choose between an 85° slanted screen
and a 65° slanted screen. In this way, the degree of
change in slant from training to testing was exactly the
same (10°) for both screens. Furthermore, in order to
present the two screens at the same height and aligned
to each other, the screens were leant on a stepped
wall that jutted out 5 cm behind the less slanted screen
(see figure 3 and §2¢ for further details). Chicks
chose equally between the two screens (one-sample
two-tailed #test: n =15, t = 0.147, p = 0.885; figure 4,
experiment 5).

In experiment 6, we checked directly for the use of height
as a relevant property of the hiding screen, by imprinting
chicks on either a tall or a short imprinting object. Chicks
chose preferentially the highest screen when the (tall)
imprinting object could not have been hidden behind the
lowest screen because of its height (one-sample two-tailed
t-test: n="17, t=4.347, p = 0.005; figure 5, experiment
6), but not when the (short) imprinting object could have
been hidden by either of the two screens (=8, 1=
0.314, p = 0.763).

Proc. R. Soc. B
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Figure 5. Percentage of choice for the highest (left bars) and
the widest (right bars) screen in experiments 6 and 7 as poss-
ible hiding locations depending on the size of the imprinting
object (group means with s.e.m. are shown). *p < 0.05;
#tp < 0.01.

Similarly, in experiment 7, we checked for the use of
width as a relevant property of the hiding screen by
imprinting chicks with either a large- or a small-width
object. Chicks chose preferentially the largest screen
when the (large-width) imprinting object could not have
been hidden behind the smallest screen because of its
width (one-sample two-tailed z-test: n= 10, t=3, p=
0.015), but not when the (small-width) imprinting
object could have been hidden by either the two screens
(n=9,t= —0.632, p = 0.545; figure 5, experiment 7).

4. DISCUSSION

Human babies exhibit object permanence and rudimen-
tary reasoning about the properties of physical objects,
such as height, size and solidity, from about 14 weeks of
age [6,31]. This may be due to the fact that maturation
of the sensory and motor machinery for the effective
use of biologically predisposed object concept would
require some time to develop, irrespective of any specific
experience (e.g. [32,33]); for example, relative to recog-
nition of partly occluded objects in chicks and babies.
Alternatively, one could argue that 14 weeks provide
babies with enough time to experience some physical
properties of objects. In our experiments, chicks show
object permanence conception and inferences about
object physical properties of imprinting objects and
occluding screens at a very precocial age, when their
chances to have learnt object properties are, if any, extre-
mely reduced. Of course it is impossible to prevent an
organism from having sensory and motor experience. As
a minimum, one could argue that chicks could have had
the possibility of pecking (which occurs also # ovo in
order to hatch). However, any empiricist interpretation
of the data should be specific about the type of experience
needed in order to account for inferences about object
properties [34]. For example, generic experience of peck-
ing in itself cannot explain the results, for the simple
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reason that an animal like the chick could encounter
different types of physical materials—some soft, some
liquid and some offering resistance to pecking. Thus,
one should argue that it is the specific experience of
touching and pecking the imprinting object that is
crucial. However, the results of our experiment in which
chicks were completely prevented from any direct physical
contact with the imprinting object showed that this is not
the case. Chicks chose the screen with the proper slant
even after purely visual experience of the imprinting
object. Note that such a visual experience did not include
perceiving occlusive events associated with screens of
different width or height. Moreover, the imprinting
object that was visually available to the chicks was never
observed to contact other objects; thus our experiments
also ruled out the possibility that chicks learned some-
thing about object properties by observing the ways
in which moving objects interact with each other. Appar-
ently, chicks used their memories of the visual properties
of the imprinting object to judge whether the width and
height (but apparently not the projective shape as a cue
to slant) of the opaque screens were compatible with
the hiding of the imprinting object behind them.

Interestingly, human infants do not refer to height
initially: their judgements seem rather restricted to a
simple behind/not behind variable. Only later (by about
3.5 months) do they identify height as an occlusion vari-
able (e.g. [35]). Again, differences in the pattern of
development and the ecological requests faced by preco-
cial and altricial species may be crucial: chicks, which
move immediately after hatching, need to know immedi-
ately about the whole range of physical properties
associated with their mobile social partners in order to
survive in a natural environment, whereas babies could
easily delay development of some aspects of such knowl-
edge for some months, allowing more time to the
completion of neural maturation.

Animals can certainly learn a lot about the physical
properties of objects but what these results seem to
suggest is that they also possess innate core knowledge
mechanisms [13] that guide and constrain their intuitive
inferences (and thus presumably their learning) concern-
ing physical objects’ properties, such as occlusion and
size.
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