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Abstract must therefore possess some understanding of the principles
which make the scene impossible. This paradigm was used
We present new evidence to support criticisms of infant famously by Karen Wynn to suggest that infants understand
looking time experiments. One such experiment, in whichbasic arithmetic [8]. A similar paradigm, in which infants
Baillargeon concluded from looking times that infants un- habituate to a basic scene before being shown either an im-
derstand object permanence, is examined in detail. An al-possible or a possible variation of it, is also quite popular. It
ternative model of infant cognition, using the idea that in- has been used in a number of studies to suggest infants un-
fants look longer at particular scenes based on visual pro- derstand various concepts about the laws of physics, such as
cessing at the pre-attentive level, rather than based on anyobject continuity [3]. The problem with these studies, crit-
understanding of the objects they are seeing, is suggestedics such as Haith claim, is that they assume too much about
The model is implemented on Nico, a humanoid robot cur- the conceptual understanding of infants based on percep-
rently being developed in the Yale Social Robotics Lab. tual evidence [4]. According to Haith, infants may behave
The validity of the model is established by running Nico the way they do without any knowledge of such concepts as
through a reenactment of Baillargeon’s initial experiment arithmetic, object continuity, or impossibility. Infants may
and achieving comparable results. The argument is madefollow much simpler rules for tracking objects and may re-
that while these results do not prove the suggested modekpond to novel stimuli, stimuli that the rules did not pre-
is correct, they do prove that the suggested model is suffi-dict, by looking longer at these stimuli, without giving any
cient for explaining Baillargeon'’s results. We conclude that thought to what is possible or impossible.
the demonstrated validity of the model prevents Baillargeon  Because of the difficulty of finding new ways to study in-
from claiming that the initial experiment provides proof of fant cognition, the debate remains unresolved. However, the
an understanding of object permanence in infants. We sug-field of robotics may be key to determining whether a less
gest that the model could be further validated by running generous model of infant cognition is sufficient to explain
Nico through other looking time experiments. the results of infant cognition studies [1]. If robots, fol-
lowing basic rules without any knowledge of higher-level
concepts, can replicate infant behavior, then it is possible
1. Introduction that infant cognition follows similar basic rules. Schlesinger
[6] created a very simple block animation based on Bail-
In the past few years, the validity of infant cognition largeon’s study [2] in which a cart moves down a track,
studies has been under debate. Because infants are unablgiefly passing behind an occluder. Schlesinger evolved a
to communicate their thoughts and, in the case of particu-neural network which received as input all the pixels in a
larly young infants, unable even to control their bodies in given frame of the animation, as well as all the pixels in the
meaningful ways, researchers desiring to determine whatfoveal area, the part of the animation at which the agent was
infants are thinking have been forced to rely exclusively on currently "looking.” The neural network produced as output
indirect cues such as looking times. In one popular looking directives on where in the scene the agent should look next.
time paradigm, the violation of expectation study, the infant After training the net with the basic animation, Schlesinger
watches a scene that is either physically possible or physi-tested it on animations corresponding to the possible and
cally impossible. If the infant looks longer at the impossible impossible scenes used by Baillargeon.
scene, the researcher concludes that the infant was surprised Schlesinger was able to draw parallels between the per-
by the scene because it is impossible, and that the infantformance of his neural network and the performance of in-

284



fants in Baillargeon’s study. However, because Schlesingerseconds. Because the scene was divided into two-second
used a basic simulation with a simplified animation to repre- segments, the infants had to lose interest for at least one en-
sent what his agent was seeing, his interpretations are opetire segment for the trial to end. As the scene began, the red
to criticism. The agent did not have to deal with real world screen stood in front of the track, occluding a small part of
constraints such as noise in an image, nor could it benefitit. In the first two-second segment, the red screen was lifted
from real world cues such as depth. Furthermore, becausaip into the air and then lowered. In the second segment,
the simulation involved evolving a net for a particular ani- nothing happened. In the third segment, the yellow cart ap-
mation, using the same agent to mimic other infant cogni- peared at the top of track, took approximately two seconds
tion studies would be a nontrivial matter. At the very least, to travel down the track, briefly disappearing behind the red
animations would have to be built for each study, and a sep-occluder, and then moved out of the infant’s view at the bot-
arate neural network might need to be evolved for interact- tom of the track. In the fourth segment, nothing happened
ing with each one. Even then, itis unclear whether the sameagain. Experimenters recorded the total time it took infants
types of results would be achieved. Thus, itis hard to justify to lose interest in this scene and then repeated the habitua-
generalizing his results to the performance of infants in the tion trials until the time in three consecutive trials was half
real world. of what it had been in the first three trials, at which point the
In the present paper, a new model of infant cognition infant was considered to have habituated to the scene. On
is proposed as an alternative explanation for the resultsaverage this required about eight habituation trials.
achieved in Baillargeon’s looking time experiment. Thisal-  After habituation was achieved, each infant was given
ternative model is a pre-attentive model, meaning the modelthe two familiarization trials again. Then, the infant was
presupposes that the results in looking time experiments cargiven three more trials. For half the infants, these tri-
be explained in terms of visual processing that goes on inals followed a possible-impossible-possible pattern, and for
the infant’s brain before the infant is consciously aware of half the infants the trials followed an impossible-possible-
any visual stimuli. If the model is correct, then infants do impossible pattern. The possible trials were the same as
not look longer at a particular stimulus because they makethe habituation trials, except that when the red screen rose
a conscious decision to look at what they find particularly into the air, the infants saw the green box sitting behind the
surprising. Instead, they look longer at a stimulus becausetrack. The impossible trials were the same except that when
of basic, automatic mechanisms. the red screen rose, the infants saw the green box sitting on
The model is implemented on the humanoid robot Nico. the track. This scene was considered impossible because
Because Nico is an embodied entity existing in the physical the presence of the green box on the track suggested that as
world, the robot must deal with all the constraints and cues the cart travelled behind the occluder, the cart was actually
facing actual infants, rather than merely those factors whichmoving through the green box. According to Baillargeon,
a programmer has thought to include in a simulation. The the infants looked at the impossible scene longer because
model is tested by running Nico through an experiment sim- they were surprised that one object could move through an-
ilar to Baillargeon’s. The purpose of this experiment is not other object. Since the impossible event apparently occured
to determine whether the model accurately describes whatoehind the red screen, Baillargeon concluded that infants
is occurring within an infant’s brain. The purpose is rather represent the locations of objects located behind occluders,
to demonstrate that the model could potentially result in in- represent the velocity trajectories of objects moving behind
fants behaving the way Baillargeon found them to behave. occluders, and understand object permanence, i.e. the idea
that one object cannot move through another.

2. Baillargeon’s Experiment
3. An Alternative Explanatory Model

In Baillargeon’s object permanence experiment [2], 6-

month-old and 8-month-old infants were first shown two  Our model begins with one of the most basic human per-
randomly ordered familiarization trials. In both trials, ayel- ceptual abilities: feature detection. Every human has neu-
low cart stood immobile on a downward-sloping track. A rons in the brain that are activated for certain types of visual
red screen, which would otherwise have occluded the cart,stimuli at certain locations in the visual field. These neurons
was held up above the track. A green box was placed onrespond at a pre-attentive level. They include neurons that
the track next to the yellow cart in one trial and behind the respond to stimuli of particular colors, neurons that respond
track in the other trial. After seeing both familiarization tri- to stimuli at particular depths, and neurons that respond to
als, infants were exposed to a series of habituation trials. Instimuli with particular motion vectors [5]. When an infant
each trial, they were shown an eight-second scene that resees a red ball moving through its visual field, the appro-
peated until they lost interest in it. They were considered priate neurons for a red object at a particular depth moving
to have lost interest when they looked away for at least two with a particular velocity are activated.
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Another basic cognitive ability that does not require con- location in visual space. The element’s activation does not
scious thought is the ability to create associations in theinhibit the activation of another pre-existing element at the
mind between two stimuli. Classical conditioning experi- same location in space, meaning that two elements may be
ments show us that even rodents can do this [7]. Supposeactivated for a single object. This quirk in the infant’s cog-
then, that human infants can build and remember associanitive ability will prove important in explaining infant be-
tions between groups of stimuli. These associations can behavior in Baillargeon’s study.
seen as very basic mental constructs, which will be called When an object disappears from the visual field, the ac-
elements. Imagine that an element is represented by an artivation of any elements associated with it will persevere for
ray of neurons, with each neuron in the array correspondinga short time and then cease. At this point, the element’s last
to a location in the visual field. In the case of the red ball, known location in the visual field will decay very quickly.
the infant might associate one such array with the rednessUnless the object reappears in a short time, the element will
the motion vector, the location in the visual field, and the lose all association with any location in visual space. The
depth in the visual field. If the infant later saw a red ball other associations, however, will remain for a longer time.
moving in the same direction very close to where the red As the infant gradually forgets the element, the element’s
ball element was first formed, the associations between alllevel of habituation will decrease. However, the more time
these features and the red ball element would cause the netthe infant has spent looking at the element, the harder it is
ron for the new red ball’s location to be excited. If, on the for the infant to forget the element.
other hand, the red ball vanished and a blue ball appeared
in its place, the neuron would be excited t(_) a Iesser_degree,4. Interpreting Baillargeon’s Results
as the element would share only the location, velocity, and

depth features of the new stimulus. .
Now, suppose we apply the model to Baillargeon’s ex-

Of course, remembering an element's location in the Vi- periment. Instead of imagining that infants understand and
sual field is only of limited use. A human's eyes are con- gre gple to habituate to an entire scene, the model suggests
stantly moving as the person focuses on different stimuli. that infants are merely habituating to a set of elements. In
Once an element disappears from view, perhaps by mov-he hapjtuation trials, the red screen is always in the infant's
ing behind an occluder, its last known location in the visual fig|q of view, while the cart is only in the field of view for
field quickly becomes unreliable. Therefore, it may be more 504t two out of every eight seconds. Thus, one might as-

useful to remember an element’s location relative to the 10- g, me that infants would habituate to the red screen much
cations of other.elem_ents, particularly if they.ar.e near eachyore quickly than they would habituate to the yellow cart.
other. Ong can imagine that there are associations betweeplowever, it seems plausible to suggest that when the stim-
elements in the infant's memory. If one element was last ;ji associated with an object change significantly, such as
seen moving behind a second, then there will be a strong,ynen the red screen moves up and down, the degree of ha-

association between the elements, and simply looking at they;y,ation decreases. Since the red screen remains stationary
second will excite the neuron for the first at the same loca- ,ost of the time. it may become much more interesting to

tion. the infant during the two seconds when it is moving. Since

The model can be examined in greater detail, althoughthe yellow cart is always moving, its motion would be less
details beyond the basic framework are little more than exciting. Suppose that the infant will never look away dur-
speculation. When an object appears in the visual field, if it ing the two seconds when the red screen is moving. Once
shares any features with any elements in the infant's mem-the infant has habituated sufficiently to the red screen, the
ory, those elements will be excited for the object’s location infant will look away during the two seconds before and af-
in the visual space. If an element is sufficiently excited for ter the red screen moves, as nothing happens during these
a particular location, then it will become activated for that intervals. However, the infant must look away for a total of
location. This has several effects. First, an element’s acti-at least two seconds for the trial to end. This means that un-
vation at one location in space inhibits its activation at other less the infant looks away immediately at the beginning of
locations, meaning an element cannot be activated for moreone of the intervals where nothing happens, the infant will
than one location at the same time. Second, an element'ieed to look for some time beyond the length of these in-
activation inhibits the creation of a new element at the sametervals for the trial to end. The only remaining interval is
location, so the infant will not make the mistake of assum- the two seconds when the yellow cart is visible. Thus, the
ing an object is both an old element and a new element.infant must completely habituate to the yellow cart before
Thirdly, the element’s activation causes the infant to habitu- the infant will look away for a total of two or more seconds.
ate to the element, meaning the infant will find the element  During the intervals between trials, none of the objects
slightly less exciting than it has in the past. Finally, the ele- are visible to the infant. Presumably, during these inter-
ment’s activation stimulates the infant to look at the object’s vals the infant partially forgets the elements associated with
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the red and yellow objects, losing some of the habituation
to these elements. After each trial, the infant has seen the
objects for more time and thus has more trouble forgetting
their elements, so after each trial the infant dehabituates to a
lesser degree, causing each successive trial to take less time.

In the possible test trial, the green box is introduced. The
green box was visible during the familiarization trials but
not during any of the habituation trials, and thus it is much
more interesting to the infant. However, the box is only
visible while the red screen is moving up and down, and
this is not the period when the infant looks away. Thus, the
green box has little effect on the total time of the trial.

The impossible event is similar to the possible event, but
with one important distinction: the green box is placed on
the cart’s track. The infant may not realize this, or even
know what a track is. However, this distinction also means
that the green box’s depth, i.e. its distance from the eyes of
the infant, is the same as the depth of the cart. When the red
screen moves up and down, the infant creates a green box
element and associates this element with its depth, with its
color, and with the red screen element, since it was last seen
being occluded by the red screen. During the first cycle of
the impossible trial, as the yellow cart appears, it catches
the infant’s attention, and the infant’s eyes move to follow
it. As the cart moves behind the red screen, it is briefly
located directly next to the screen. The infant’s green box of which control Nico’s "eyes.” One pan motor rotates each
element is excited for the position of the red screen becauseeye from side to side, while a third tilt motor rotates both
of the association between the red screen and the green boxeyes up and down. The eyes each consist of two small cam-
The green box element is also excited because the yelloneras. One camera possesses a wide field of view, and the
cart is located at the same depth as the green box. Some afther camera, which represents the fovea, possesses a nar-
the time, this may be sufficient to activate the green box for rower field of view. Nico also possesses a torso and an arm,
this location. As the yellow cart comes out from behind the although only software for controlling the head was used in
red screen on the other side, it again may excite the infant'sthe present experiment.
green box element for that location. Since the cart moves
quickly on, the activation is very brief. However, because 5 1. Nico's Software
elements that have disappeared from view persevere for a

hort ti he inf i i he i i o .
short time, the infant continues attending to the imagined Nico is controlled by a set of software modules running

green box for a little while longer, while the yellow cart . i
moves on. Because the infant has had less time to habituaté! paraliel on 16 networked computers. Some of these mod

. . . . ' ules have been ported from code written for Cog, a hu-
to the green box in previous trials, the infant finds the green . .
. . ; manoid robot at MIT, while other modules have been de-
box more interesting than the yellow cart. Thus, the infant

pays less attention to the yellow cart and so habituates toveloped by members of the lab. The modules pass informa-

the cart at a slower rate. It takes the infant more time to tion to each other through the "port system.” Each module

habituate to the yellow cart, and so the impossible trial takesperforms a basic cognitive operation similar toa function
more time to complete. that might be performed by a particular area in the human

brain. The modules can be divided into perceptual process-
ing modules and behavior control modules.
5. Methodology The basic purpose of the perceptual processing modules
is to extract information from the video cameras that make
The cognitive model was implemented by building a up Nico’s eyes. The lowest-level modules detect single-
memorymodule for the robot Nico. Nico is a humanoid pixel features in the image. For example, the color mod-
robot currently being developed at the Yale Social Robotics ule detects bright colors in an image. The skin module de-
Lab. Nico is designed to both look and behave like a nine- tects colors that are likely to be skin tones. The motion
month-old infant. Nico’s head contains six motors, three module detects motion in the form of changes in a single

Figure 1. Nico, an upper-torso humanoid
robot used in the implementation of our al-
ternative model
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Skin

Motion

Figure 2. The Visual Processing Pipeline: the image is passed to the Skin, Color, and Motion modules,
each of which produces a saliency map; the PAV module performs a weighted summation of their
output and boxes interesting objects; the memorymodule performs habituation and chooses the most
salient object (the images shown above represent typical output from each module)

pixel's intensity over time. Each of these modules producesused for behavioral control are saccade and smooth pur-
a saliency map, a grayscale image in which the value forsuit. These modules represent two different types of eye
each pixel represents the degree to which the module foundnovements found in humans. A saccade is a movement in
that pixel to be salient. which, after a person first becomes interested in an object,

The pre-attentive vision module, or PAV, receives any th€ Person’s eyes quickly move to a position in which they

combination of saliency maps and performs a weighted are fixated on that object.. Smooth pursuit is used after_ a
summation of their values, using weights determined either S3ccade has placed an object in the center of a person’s field
by the user or by some other module. Because the weight®f View. As the object moves around in space, the person’s
are variable, PAV can be adjusted to cause Nico to pay moregyes follow that object, so that it remains in the center of the

attention to particular types of stimuli. After computing the P€rson’s field of view. In Nico, both of these modules re-
weighted sum, PAV groups neighboring highly salient pix- ceive boxes from PAV telling them where in the visual space

els together to form boxes. These boxes generally corre-Objects of interest are located. They perform basic transfor-
spond to actual objects in the physical world. For example, Mations to determine how far or quickly the eye rotation

if PAV is attending to color and a red ball is placed in front MOtors should move to compensate for any discrepancy be-
of it, it would box all of the adjacent red pixels together to Ween the most salient object's location and the center of
form a box representing the location of that ball in the vi- the visual field. They produce output in the form of motor
sual field. PAV can also be adjusted to change what types ofc0mmands that are sent to an arbiter, which keeps track of
pixels will be grouped together in the same box. For exam- Whether Nico is currently engaging in a saccade or smooth
ple, it can be set to box skin and color separately, so that aPUrsuit and passes on the appropriate command to the motor

green toy and the hand holding the toy are treated as distinc{0dule, which actually communicates with the eye motors.

objects. It can even be set to box differ_ent colors sepa_rately, Because Baillargeon conducted her experiments with a
so that a blue object and a yellow object that are adjacentred object, a yellow object, and a green object, the color

in the v?sual field are keptdi:'stinct. Once PAV has found its module was used as the sole input to PAV in the present
boxes, it sends the most salient ones on to the next mOdU|eexperiment. PAV was set to box differently colored pix-

There are several modules which may use the outputels separately, based on the assumption that infants have
from PAV as their input. Two such modules which are no trouble distinguishing between two adjacent objects of
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different colors. A separate instance of the color and PAV As the element’s level of habituation increases, the box’s
modules was run for each of Nico's eyes. Only the wide saliency decreases. However, if the box to which Nico is at-
field of view cameras were used, as they provided sufficienttending begins moving after remaining stationary for some
detail for a foveal view to be unnecessary. The two PAV time, the associated element’s level of habituation jumps
modules each passed their output boxes to depth, a modulelown, and the box immediately becomes more interesting.
that matches up the PAV boxes from the left and right eyes After the box stops moving, the level of habituation returns
and outputs the horizontal disparity between them. Dispari- to its previous level.

ties values give a rough idea of the relative distance fromthe Because the details of how habituation works in an in-
eyes to an object, i.e. the object’s depth. However, on theirfant are unimportant for the present experiment, rtream-
own they are only reliable if the eye cameras are parallel ory module does not not use a realistic implementation of
and stationary, so they could not be used as an indicator othabituation. The implementation is simply designed to be
absolute depth in the present experiment. The output fromsulfficient for fitting the data from Baillargeon’s experiment.
both the left eye’s PAV module and the depth module were While an element is visible, Nico habituates to the element

connected to thenemorymodule. at a steady rate. This continues until the element leaves
Nico’s sight or it reaches a saliency of 0, at which point
5.2. ThememoryModule Nico ignores the object with which the element is associ-

ated completely. When an element disappears from Nico’s

. . view, Nico remains habituated to the element for several
The memorymodule receives PAV boxes as input and : o
seconds and then slowly begins to lose habituation. How-

produces its own modified boxes as output. The mOdlJleever, Nico does not lose all habituation to the element. The

uses an array of elements to "remember” what it has seen_.". o . .
. e . minimum level of habituation to an element, which begins
over time. When it first receives a box from PAV, repre-

. S . o at 0 when the element is first created, gradually increases
senting an object in the visual field it has not seen before, ) .
) . : . as Nico habituates to an element. After the element leaves
it matches the box up with a disparity from depth, repre-

senting the object’s relative depth. It then associates one oTNICOS sight, Nico's level of habituation can drop no lower

. : than this value. Thus, every time Nico sees the element, it
its elements with the features of the new box. It stores the : . . .
takes Nico less time to habituate to the element. This allows

element’s color and location in the visual field. If there is . . . . i
- Nico to habituate more quickly on each successive trial run,
currently another visible element that has been present for.

some time. it associates the new element with that old ele_Just as the infants did. The minimum level of habituate can-

ment stori’ng the new element’s location and depth reIativenOt rise higher than a little above 1/2, so trial times will not

to the old element. This is a somewhat simplistic treatmentdr0p significantly below half of the initial trial time.

of the infant cognition model, since there are presumably .

many more features that may be associated with an object.5'3' The Experiment

However, thememorymodule is limited by Nico’s current _ , _ . .

perceptual abilities. The features mentioned are sufficient Baillargeon’s experiment was replicated by building a

for replicating Baillargeon’s experiment. short metal ramp. A toy train with a yellow piece of poster
Every timestepmemoryreceives a set of boxes from board affixed to it represented the yellow cart. It traveled

PAV. It first checks to see whether those elements that weredoWn the ramp behind a thin red screen, the occluder, which
visible the previous timestep are still visible. Elements that 0uld be lifted and lowered. A thin green folder represented
are currently visible are associated with a location in the
visual field and with a colorMemorythen checks to see
whether elements that were not visible the last timestep are
now visible. If an element was last seen near its associated |,
relative element, it will be strongly associated both with its
last known depth relative to that element and with that el-
ement’s location. Suppose element A disappears while di-
rectly adjacent to element B. If a box with the same coloras |
A later appears near B, it will activate element A. However, = A
if a box later appears adjacent to B and that box does not =~ =
have the same color as A but the box is at the same relative
depth, it can still result in the activation of element A.

When Nico is attending to a particular PAV box, i.e. Figure 3. The Setup: the cart moves down the
when that box is the most salient, Nico habituates to the ramp, behind the occluder
element associated with the box at an especially high rate.

Cart (yellow)

Occluder (red!
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the green box. It could either be clipped to the front of the

track immediately behind the red occluder or be held up in L !
a vice a good distance behind the occluder. Because Nico’sf 8 —* |
depth perception is poor, the green folder appearedto be a| =0 < '
the exact same depth as the yellow cart when it was clipped £ 4 £ == aitan
to the ramp. The fact that it was actually a thin folder rather | § \'\«\ 4 | |=—Possible Test
. .. . @ \ —a— |mpossible Test
than being a box placed across the ramp is irrelevant since| ~ __ .
Nico has no understanding of three-dimensional objects.
The trials were run in a dark room with a light shining di- = '
rectly onto the ramp. No other brightly colored objects in & T——— —Cm—— '
. . a . Trial 1 Trial 2 Trial 3 Trial4 Triald Tralb  Test
the room received enough light to distract Nico. Trial

Because Nico’s habituation to objects is free of the myr-
iad arbitrary factors that may affect infants, a simpler crite-
rion was used for ending the habituation trials. Instead of
ending when Nico concluded three consecutive trials in at
most half the time of the first three trials, the trials simply
ended when Nico concluded a single trial in half the time of
the first trial. After each trial, the red occluder was covered ing from differences in the way the scene was presented by
so that there were no salient objects in Nico's field of view, the experimenter. In the initial trial run, Nico met the cri-
and Nico was given time to lose habituation to the elementsterion for losing interest in the scene after 61 seconds. On
in its memory. If a shortcut hadn’t been programmed in to the sixth trial, Nico lost interest after 25 seconds, meeting
speed up this process, it would have required a delay of atthe criterion for ending the habituation trials. These results
most 80 seconds between each trial, which does not seenare similar to those achieved by Baillargeon, who found that
to be an unreasonable amount of time. Because Nico hasnfants on average showed a 50% decrease in trial times in
no understanding of the objects it sees beyond their associthree consecutive trials after the eighth trial.
ation with elements in Nico’s memory, the familiarization After the sixth trial, Nico’s state was saved. The saved
trials were deemed unnecessary and were not used. state was tested on the "possible” and "impossible” test tri-

Finally, because there simply was not time to run the als. On the "possible” test trial, in which the green folder
experiment in two-second segments, the segments weravas placed far behind the red occluder, the green folder
lengthened to three seconds, meaning that the entire scenfailed to interfere with Nico’s performance because its as-
repeated at 12-second intervals rather than 8-second intersociated element was only activated while the red occluder
vals. This also meant that Nico had to lose interest in the was up. This trial took 24 seconds, about the same as the
scene for three seconds before a habituation trial endedsixth habituation trial. On the "impossible” trial, in which
The criterion for ending a trial was further increased to four the green folder was located directly behind the red oc-
seconds so that occasional mistakes by the experimentecluder, the green folder’'s associated element was activated
that might have caused one of the boring segments to lasimmediately before and immediately after the yellow cart
for slightly longer than three seconds would not result in moved behind the red occluder. This activation did not in-
a trial ending prematurely. These changes should not haveerfere significantly with the habituation to the yellow cart
affected on the generalizability of the experiment, as Bail- simply because Nico had already been exposed to the cart
largeon did not claim there was anything significant about on six previous trials, and so it took Nico very little time to

Figure 4. Time required to habituate in the
habituation and test trials

using 8-second cycles. habituate to the cart. However, the activation did prevent
Nico from losing interest in the scene when it otherwise
6. Results would have because the activation of the green folder perse-

vered for several timesteps after Nico had fully habituated to
the yellow cart. As a result, the "impossible” trial lasted 33
seconds, 9 seconds longer than the "possible” trial. This dif-
ference was similar to the difference that Baillargeon found
between the possible and impossible trials.

Nico’s state was saved after each trial so that if a compo-
nent of the system should crash, the trials could be contin-
ued from the same point with the same habituation values
used for each element. The data that will be reported was
obtained from a single series of trials. However, because . )
there is no random factor in Nico’s system, there is no rea- /- Discussion
son to suspect there would be any variation in multiple runs
of the experiment. On occasions when trials were repeated, The result from the "impossible” test trial is particularly
comparable results were achieved, with any variation result-interesting because while the increase in total time for the
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trial was expected, the reason for the increase was uneximportant to remember that Nico is still in the process of
pected. The prediction was that the "impossible” trial would being developed. As new modules that extract new features
take longer because Nico would habituate to the yellow cartare built for Nico, Nico will be able to more closely approx-
more slowly, whereas what actually happened was that theimate the suggested model of infant cognition. That model
trial took longer because Niko took an interest in the imag- was not merely designed to match Baillargeon’s results. It
ined appearance of the green element. This result demonwas also meant to be applicable to other looking time stud-
strates one of the great advantages of robot studies: no maties. As individual studies are tested out using Nico, the
ter how well thought-out a model may be, it is impossible model can change to accommodate those studies. Eventu-
to say for certain how the model will work until the model ally, the model may have to be thrown out entirely. After alll,
is tested in the real world. There are simply too many fac- it is designed to be a possible model, not a correct model.
tors to consider all of them in theory or test all of them in As long as it or some other model that can be tested with a
simulation. With a robot, a scientist can test a theory in the robot remains a possibility, experimenters who use looking
real world while at the same time being able to look into the times to study infants will have to concede that their inter-
robot’s head and see exactly how its cognitive operationspretations of cognitive abilities may be a little too generous.
are interacting with the feedback from the world.
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