(

au. R, Cameron, A.. Fisk. N.. & Glover, V. (1998). Fetal exposure 1o maternal cortisol. Lancet,
352.707-708.

Huether, G. (1998). Stress and the adaptive self-organization of neuronal connectivity during carly
childhood. Intermational Jorrnal of Neuroscience, 16, 297-306.

Huizink. A.. Robles de Medina. P, Mulder, E., Visser, G., & Buiteloar. ). (2002). Psychological
measures of prenatal stress us predictors of infant temperament. journal of the American Acad-
enn of Child & Adolescent Psychiatry, 41, 1078~1085.

Martin, R, Noves. J.. Wisenbaker. J.. & Huttunen, M. (2000). Prediction of early childhood nega-
tive emationality and inhibition from maternal distress during pregnancy. Merrill-Palimer Quar-
terly. 45, 370-391.

Novak, M., & Sackett. G. (19961 Reflesive and early neonatal development in offspring of pigtailed
macaques expased o prenatal psychosocial stress. Developmental Psychobiology, 29, 294,
O'Connor. T.. Heron. J.. Golding, J.. Beveridge, M., & Glover, V. (2002). Maternal antenatal anxi-
ety und children’s behavioural/emotional problems at 4 years. British Journal of Psychiatry, 180,

502-508. .

Schacider, M., & Moore. C. (2000), Effects of prenatal stress on development: A non-human pri-
mate model. In C. Nelson (Ed. ). Mlinnesota Sympositns on Child Psychology: Vol. 31. The effects
of carly adversity on newrobehavioral development (pp. 201~244), Mahwah, NJ: Erlbaum.

Sjostrom. K. \alentin. L., Thelin, T.. & Marsal, K. (1997). Maternal anxicty in late pregnancy and
fetal hemodynamics. Europeun Journal of Obstetrics and Gynecology, 74, 149~155.

Welberg, L. & Seckl, J. (2001). Prenatal stress, glucocorticoids and the programming of the brain.
Jowrnal of Neuroendocrinology. 13.113-128.

Critical Thinking Questions

1. What leads the author to believe that maternal stress can cause development
changes in a fetus?

2. Summarize the findings from animal studies on the role of prenatal maternal
stress.

3. Describe the challenges and approaches for conducting research on prena-
tal stress in humans.

4. What does the author conclude about the state of the science when it comes
to the role of prenatal maternal stress in humans?

Infants’ Physical World

Renée Baillargeon
University of Illinois

Abstract

Investigations of infants’ physical world over the past 20 years have revealed two main
findings. First, even very young infunts possess expectations about physical events
Second, these expectations undergo significant developments during the first vear of
life, as infants form event categories, such as occlusion, containment, and covering
events, and identify the variables relevant for predicting outcomes in each categon
A new account of infants’ physical reasoning integrates these findings. Predictions
from the account are examined in change-blindness and teaching experiments.

Keywords
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Over the past 20 years, my collaborators and | have been studying how infants use
their developing physical knowledge to predict and interpret the outcomes of
events. This article focuses on infants’ knowledge about three event categories:
occlusion events, which are events in which an object is placed or moves behind
a nearer object, or occluder; containment events, which are events in which an
object is placed inside a container; and covering events, which are events in which
a rigid cover is lowered over an object (Baillargeon & Wang, 2002). [ first sum-
marize two relevant bodies of developmental findings, and then point out dis-
crepancies between these findings. Next, [ outline a new account of infants’
physical reasoning that attempts to make sense of these discrepancies. Finally. |
describe new lines of research that test predictions from this account.

All of the research reviewed here used the violation-of-expectation method.
In a typical experiment, infants see an expected event, which is consistent with
the expectation examined in the experiment, and an unexpected event, which
violates this expectation. With appropriate controls, evidence that infants look
reliably longer at the unexpected than at the expected event indicates that they
possess the expectation under investigation, detect the violation in the unex-
pected event, and respond to this violation with increased attention.

PRIOR FINDINGS

Beginnings

Infants as young as 2.5 months of age (the youngest tested to date) can detect
some violations in occlusion, containment, and covering events (see Fig. 1}. For
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Fig. 1. Examples of violations detected by very young infants. The top row illustrates an
occlusion violation: The toy mouse disappears behind one screen and reappears from
behind the other screen without appearing in the gap between them (Aguiar & Bail-
largeon. 1999). The middle row illustrates a containment violation: The cbeckerboard
object is lowered inside the container. which is then slid forward and to the side to reraal
the object standing in the container’s initial position (Hespos & Baillargeon, 2001b). "H?e
hottom row illustrates a covering violation: The cover is lowered over the toy duck, slid
hehind the left half of the screen. lifted above the screen, moved to the right, lowered
behind the right half of the screen. slid past the screen. and finally lifted to reveal the

duck (Wang. Baillargeon. & Paterson. in pross).

example, in one occlusion experiment, 2.5-month-old infants saw a toy mouse
disappear behind one screen and reappear from behind another screen. The

infants detected the violation in this event, suggesting that they believed that the -

mouse continued to exist after it became hidden, and realized that it could not
disappear behind one screen and reappear from behind another screen without
appearing in the gap between them (Aguiar & Baillargeon, 1999). ‘

In a containment experiment, 2.5-month-old infants saw an experimenter
lower an object inside @ container: the experimenter then slid the container for-
ward and to the side to reveal the object standing in the container’s initial posi-
tion. The infants responded to this event with increased attention, suggesting
that thev believed that the object continued to exist after it became hidden, and
realized that it could not pass through the closed walls of the container (Hespas
& Baillargeon. 2001b).

In 4 covering experiment, infants aged 2.5 10 3 mon(h.s saw a toy duck rest-
ing on the left end of o platform: the middle of the platform was hidden by a
screen slighily taller than the dudk. Ah"éxperimenter lowered a cover over the
duck. sli(l‘il{c' cover behind the left half-of the screen, lifted it above the screen,

Yo

moved it to the right, lowered it behind the right half of the scrc( id it past
the screen, and finally lifted it to reveal the duck. The infants detected the vio-
lation in this event, suggesting that they believed that the duck continued to exist
after it became hidden, and expected it to move with the cover when the cover
was slid but not lifted to a new location (Wang, Baillargeon, & Paterson, in press:.

How do 2.5-month-old infants detect these and other {e.g., Luo & Bail-
largeon, in press; Spelke, Breinlinger, Macomber, & Jacobson, 1992: Wilcox.
Nadel, & Rosser, 1996) occlusion, containment, and covering violations® It does
not seem likely that very young infants would have repeated opportunities tw
observe all of these (or similar) events and to learn to associate each event with
its outcome. Rather, it seems more likely, as suggested by Spelke (19941, that
from an early age infants interpret physical events in accord with general prin-
ciples of continuity (objects exist continuously in time and space) and solidin tor
two objects to each exist continuously, the two cannot exist at the same time in
the same space). Later in this review, [ return to the question of whether these
principles are likely to be innate or learned.

Developments

Although by 2.5 months of age infants already possess expectations about occlu-
sion, containment, and covering events, much development must still take place
in these expectations. Recent research has revealed two main findings. First.
for each event category, infants identify a series of variables that enables them
to predict outcomes more and more accurately over time. For example, at about
3.5 months of age, infants identify height as an occlusion variable: They now
expect tall objects to remain partly visible when behind short occluders (Bail-
largeon & DeVos, 1991). At about 7.5 months of age. infants identify another
occlusion variable, transparency: They now expect an object to remain visible
when behind a clear, transparent occluder (Luo & Baillargeon, 20041,

Second, infants do not generalize variables across event categories: They learn
separately about each category. When infants identify a variable in one event cat-
egory weeks or months before they identity it in another categony, striking lags can
be observed in their responses to similar events from the two categories (see Fig.
2). For example, in one series of experiments, 4.5-month-old infants saw an exper-
imenter lower a tall object either behind (occlusion condition) or inside {contain-
ment condition) a short container until only the knob at the top of the object
remained visible above the container. The infants detected the violation in the
occlusion but not the containment condition; further results indicated that only
infants ages 7.5 months and older detected the violation in the containment con-
dition (Hespos & Baillargeon, 2001a). In other experiments, 9-month-old infants
watched an experimenter either lower a tall object inside a short container until
it became fully hidden (containment condition) or lower a short cover—the con-
tainer turned upside down—over the same object until it became fully hidden
(covering condition). The infants detected the violation in the containment but not
the covering condition; further results revealed that only infants ages 12 months
and older detected the violation in the covering condition (Wang et al.. in press:.
In yet other experiments, 7.5-month-old infants saw an object standing next to u
transparent occluder (occlusion condition) or container (containment condition

4~



Height in Occlusion and Containment Events
4.5 months

Height in Containment and Covering Events
9 months

Transparency in Occlusion and Containment Events
7.5 months

Fig. 2. Examples of lags in infants’ reasoning about the. .same'v.aria'ble in differe'nt event
categories. The top two rows illustrate the lag in infants' identification of the helg}'\t vari-
able in containment as opposed to occlusion events. Although 4.5-month-old infants
detect the violation in the occlusion event, it is not until infants are about 7.5 months
old that they detect the violation in the containment event (Hespos & Baillargeon, .20013').
The middle two rows illustrate the lag in infants’ identification of the height vanable.m
covering as opposed to containment events: Although 9-month-old infants detect the vio-
lation in the containment event, it is not until infants are about 12 months old that they
detect the violation in the covering event (Wang, Baillargeon, & Paterson, in press)..The
bottom two rows illustrate the lag in infants’ identification of the ransparency variable
in containment as opposed to occlusion events: Although 7.5-month-old infants detect
the violation in the occlusion event, it is not until infants are about 10 months old that
thev detect the violation in the containment event (Luo & Baillargeon, 2004). ‘

(
Next, a large screen hid the occluder or container, and then an experimenter lifted
the object and lowered it behind the occluder or inside the container. Finally. the
screen was lowered to reveal only the transparent occluder or container. The
infants detected the violation in the occlusion but not the containment condition.
only infants ages 10 months and older detected the violation in the containment
condition (Luo & Baillargeon, 2004).

These results indicate that infants do not generalize variables from occlu-
sion to containment or covering events, but learn separately about each evens
category. Thus, the height variable is identified at about 3.5 months in occlu-
sion events, but only at about 7.5 months in containment events and 12 months
in covering events. Similarly, the transparency variable is identified at about =3
months in occlusion events, but only at about 10 months in containment events.

A NEW ACCOUNT OF INFANTS' PHYSICAL REASONING

Discrepancies

The developmental evidence | have just discussed suggests that the expecty-
tions infants acquire about events are not event-general expectations that are
applied broadly to all relevant events, but rather event-specific expectations.
Infants do not acquire general principles of height or transparency: They iden-
tify these variables separately in each event category. But if infants are capable
of acquiring only event-specific expectations, how could they possess event-gen-
eral principles of continuity and solidity, and as early as 2.5 months of age? One
possibility is that infants’ learning mechanism is initially geared toward acquir-
ing event-general expectations, but soon evolves into a different mechanism
capable of acquiring only event-specific expectations. Another possibility, which
[ think more likely, is that infants’ general principles of continuity and solidit
are innate (Spelke, 1994).

Whichever possibility one chooses, difficulties remain. [f infants interpret
events in accord with general continuity and solidity principles (whether learned
or innate), one might expect them to detect all salient violations of these prin-
ciples. However, we saw that although some continuity and solidity violations
are detected as early as 2.5 months, others are not detected until much later.
Recall, for example, that infants younger than 7.5 months do not respond with
increased attention when a tall object becomes hidden inside a short container,
and that infants younger than 12 months do not respond with increased atten-
tion when a tall object becomes hidden under a short cover.

A New Account

A new account of physical reasoning (see Fig. 3) attempts to make sense of
infants’ early successes and late failures at detecting continuity and solidity vio-
lations (Baillargeon, 2002; Wang et al., in press). This account rests on four
assumptions. First, when watching a physical event. infants build a specialized
physical representation of the event that is used to predict and interpret its out-
come. Second, all of the information, but only the information, included in the
physical representation hecomes subject to infants’ general principles. Third. in
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Fig. 3. A new account of physical reasoning in infancy (Baillargeon, 2002; Wang, Bail-
largeon. & Paterson. in press).

the first weeks of life. infants’ physical representations are rather impoverished:
\When representing an event. infants typically include only basic sRatial and tem-
poral information about it. For example, when watching a containment event,
infants represent that an object is being lowered inside a container. Tlns mff)f-
mation captures the essence of the event, but leaves out most of.lts details:
whether the container is taller or wider than the object, whether it is transpar-
ent or opaque, and so on. .
Fourth. as infants form event categories and learn what variables to consider
in each category. they include information about these variables in thei‘r p.hysi-
cal representations. \When watching an event. infants represent thf: basic infor-
mation about the cvent and use this information to categorize it. They then
access their knowledge of the event category selected; this knowledge specifies
the variables that have been identified as relevant to the category and hence
that should be included in the physical representation. Going back to our exam-
ple. infants who have identified height as a containment variable would ir?clude
information about the relative heights of the object and container in their rep-

resentation of the event: this information would then become subject to their -

general principles. enabling them to detect violations involving tall objects and
short containers. o

Thus. according to this reasoning account, even very young infants shox'.ﬂd
Jetect continuity and solidity violations that involve only the basic information
they can represent: and much older infants should fail to detect continu.ity and
<olidity violations that imvolve information about variables they do not yet include

in their physical representations.

TESTS OF THE ACCOUNT

Change-Blindness Effects

According to the reasoning account, infants wha have not yet identified a vari-
1ble as relevant to an event category, and hence do not include information about
this variable when representing events from the category, should be unable to
detect surreptitious changes involving the variable; in other words, they fhould
be blind to these changes. An experiment wigh. 11- and 12-mf)nth-old infants
v i : . o (1 1 ! ‘
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tested this prediction; this experiment built on the findings that height is identi-
fied at about 3.5 months as an occlusion variable but only at about 12 months
as a covering variable. The infants watched an experimenter lower a tall cover in
front of (occlusion condition) or over (covering condition) a short object: next, the
cover was removed to reveal an object as tall as the cover. Both the 11- and the
12-month-olds detected the change in the occlusion condition, but only the 12-
month-olds detected the change in the covering condition. As predicted by the
reasoning account, the 11-month-olds in the covering condition were blind to
the surreptitious change in the height of the object (Wang & Baillargeon, 2004a).

Teaching Effects

Another prediction from the reasoning account concerns teaching effects. If
infants could be taught a new variable in an event category. then they would
include information about this variable when representing novel events from the
category, enabling them to detect violations involving the variable earlier than
they would otherwise. Wang and 1 recently attempted to teach 9.53-month-old
infants the height variable in covering events {Wang & Baillargeon, 2004b 1.

What might be the key ingredients in a successful teaching experiment?
The process by which infants typically identify a new variable in an event cate-
gory is assumed to be one of explanation-based learning and to involve three
main steps (e.g., Baillargeon, 2002). First, infants notice contrastive outcomes
for the variable (e.g., they notice that when a cover is placed over an object. the
object is sometimes fully and sometimes only partly hidden). Second. infants
search for the conditions that relate to these outcomes (e.g., they detect that the
object becomes fully hidden when it is shorter than the cover. and becomes
partly hidden when it is taller than the cover). Finally, infants build an expla-
nation for these condition-outcome data using their prior knowledge le.g..
infants’ continuity and solidity principles specify that a tall object can extend to
its full height inside a tall but not a short cover).

In line with this analysis, the infants in our experiment received three pairs
of teaching trials. Each pair consisted of a tall- and a short-cover event. In cach
event, an experimenter rotated the cover forward to show its hollow interior.
placed the cover next to a tall object (to facilitate height comparisons). and then
lifted and lowered the caver over the object. The abject became fully hidden in
the tall-cover event, and partly hidden in the short-cover event. Different covers
were used in the three pairs of trials. The infants next saw test events in which
a novel tall (expected event) or short (unexpected event) cover was lowered over
a novel tall object until it hecame fully hidden. The infants detected the violu-
tion in the short-cover event, suggesting that they werce able to identify the height
variable in covering®events during the teaching trials. Positive results were also
obtained when a 24-hr delay separated the teaching and test trials.

Subsequent experiments examined some of the assumptions behind our
teaching trials. As expected, infants showed no evidence of learning when the

teaching trials were modified so that they provided either no contrastive out-

comes (the object was shorter and became fully hidden under the tall and short
covers), no condition information (the cover was never placed next to the tall
object on the apparatus floor, making it difficult for infants to compare their
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heights), or no explanation (false bottoms inside the covers—revealed when the
covers were rotated fonvard—rendered them all equally shallow). The infants
tested with the shallow covers were exposed to the same condition-outcome
data as in our original teaching experiment, but could not make sense of the fact
that the tall object became fully hidden under the tall but shallow covers.

FUTURE DIRECTIONS

I have focused on a small portion of infants’ physical world: their knowledge of
occlusion, containment, and covering events, Similar analyses can be offered
for infants’ knowledge of other event categories, such as support and collision
events (e.g.. Baillargeon. 2002). Together, this evidence provides strong support
for the account of infants physical reasoning presented here, and more gener-
ally for the notion that both event-general and event-specific expectations con-
tribute to infants’ responses to physical events.

In future research, my collaborators and I plan to expand our reasoning
account in several directions. Infants recognize that events involving inert and
self-moving objects may have different outcomes, so a complete account should
explain infants’ reasoning about both event and object categories. Furthermore,
to make sense of events as they unfold, infants must not only represent indi-
vidual events but also integrate successive events, so a complete account should
specify how infants link successive physical representations.

We are also beginning to explore possible connections between infants’ phys-
ical reasoning svstem and other cognitive systems. For example, infants can at
first include in their physical representations only objects they direetly see or
have seen: only after some time are they able to infer the presence of additional
objects. perhaps when connections are forged with a separate problem-solving
system. Similarly, infants are at first limited to reasoning qualitatively about con-
tinuous variables (e.g., height or width); only after some time do they become
able to engage in quantitative reasoning about these variables, perhaps when
connections are formed with a system for representing absolute spatial infor-
mation. Finally, infants may not reveal some of their physical knowledge in action
{as opposed to violation-of-expectation) tasks until suitabie connections are
established with the svstem responsible for planning and executing actions
(Berthier et al., 2001).

As researchers continue to make progress in understanding how infants
attain and use their physical knowledge, we come closer to unveiling the com-
plex architecture that makes it possible for them to learn, so very rapidly, about
the world around them.
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Critical Thinking Questions
1. What are occlusion, containment, and covering,
about how infants understand physical events?

2. What is the violation-of-
infants? Why would thi

and how do they inform us

expectation method and why is it used in research with
S same method not be used in studies with adults?

3. What does change blindness tell us about an infant's expectation for an event?



