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Introduction

The sell is certainly the first and one of the most intriguing sources ol
stimulation that the infant encounters, We create a diversity of rich and varicd
types of stimulation (o all the sensory sysiems throoph our actions in the context
of a changing environment. The infant moves her hands o her face and mouth:
sees and feels her body moving and hears her own vocalizations: and af the same
time sees, hears, and feels people and other abjects moving around her, Through
our exploratory activities, we discover properties and affordances of objects and
events in our environment, and at the same time and in the same way, our sensory
systems specify the nature of our own actions and properties of the self,

Information abouot the self accompanies information about the environment. and
the two are inseparable. Egoreception accompanies exteroception. like the other
side of a coin. Perception has two poles, the subjective and the objective, and
information is availahle o specify bath. One perceives the enviromment and
coperceives onesell (L. Gibsan, 1978, p. 126).

In the quote above, Gibson (1974} points out the reciprocal nature of exploring the
self and the environment. He suggests that when we look at our environment, we
perceive objects and events, and at the same time we obtain information about the
position and motion of our head, body, arms, and hands. When we walk, optical
information (flow patterns) specifies our changing position in space and at the
same time the unchanging positions of objects and surfaces in (the environment,

We perceive oursell in relation to the environment, In this manner, knowledge of

the self and the world develops hand in hand.

What are the origins of our unique abilities for self-reflection, possession of a
self-concept, and understanding of sell as both subject and object? It is sugpested
here that the sell-understanding of adults develops from the percepiual experiences
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ab mfancy, The action systems of the infant interact with the COVIrommen W creme
at first a preconceptoal and then a more explicit and accessible hasis of knowledge
about the self. This chapter will focus on the development of (wo kinds of
knowledge about the self in early infancy: intermedal information relating one's
seen and felt motons, and featural information about one's visual appearance.
Knowledge about these aspects of self derive from different sources of information
and thus may develop separately, but in an interrelated manner. The provocalive
question of, when do infants know that the stimulation from the self specifies the
self, will also be explored in the context of the infant's inereasing sensitivity o
these two sources of information.

History

Accounts of the nature and development of self-perception abound. They are
Characterized by diverse taxonomics, differing theoretical perspectives, and
divergent empirical approaches. James {1890) distinguished between twao primary
aspects of the self the existential self, or "L" and the empirical self, or "me."
This distinction persists in our current thinking. The "I" is considered the
"knower," the agent of action, the self as subject, and is experienced through four
kinds of awareness: agency, distinciness, continuity in time, and ability 10 reflect
on the self. The "me" is considered to be the self as object, the sum of all one's
parts, including material, social, and spiritual aspects (see reviews hy Buticrwaorth,
1990; Damon & Hart, 1982, 1988; Harter, 1983), Along similar lines, Rochat (in
press) has recently described the *1" as the “situated self” stemming froun
perception of the self as a separate entity in the environment, and the "me" as the
“identified self," entailing concepiuil knowledee ahout the self,

How does this sell-knowledge develop? Baldwin {1902, Fread (19223, and,
more recently, Mahler and Furer (1968) describe the infant as lacking the capacity
for sell-awareness and born into an adualistic state of fusion with the environment,
Piaget (1954, 19a67) also espouscd this view and described the "adualistic
confusion” as characterizing much of the first vear of life, Infants, according 1o
Piaget, experience no distinction between the self and the not-self. Not until the
age of & or 9 months do they come to gracually differentiate themselves from other
objects and events in the environment,

In contrast with these traditional views, there is now a resurgence ol inleres
i the early origing of self-perception in infancy, Recently, a number of
mvestigators have rejected the adualistic view and have posited that infants are
capable of dilferentiating some aspects of self during the first days of life (e.g.,
Butterworth, 1990, 1992; Gibson, 1993: Lewis, 1979, Meltzaff, 1990 Neisser,
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1988, 1993; Rochat, in press; Samuels, 1986). For example, Rochat (in press)
proposcs that the perception of selfl as a separale and causal agent ("situated self")
develops in the first months of life and is a developmental precursor to the
conceptual sell (Midentified self), The Gibsons (EJ., 1969: 1.1 1966 1979
provide one of the most well-developed accounts of the origins and development of
sell-perception, which is based on perceptual experience. Their ccolugical view
rejects the notion of early fusion with the environment and emphasizes the
interdependence between perception of the self and perception of the world (as
conveyed by the quote above). All the senses have both a propriospecific
(specilying sell) and an exterospecific (specilying other) function. Thus, the act of
perceiving entails both sell-perception and perceplion of the environment at the
same time, This enables infants to directly perceive a differentiated self from the
beginning.  According to this view, the infant comes into the world prepared o
deteet invariant information specifying the self through all the senses. For
example, vision provides powerful information for the self through changes in the
optic array that result from one's motion.  Posture and locomaotion are controlled
through vision, even in young infants (see Butterworth, 1990, for a review)
Research in the areas of perceptual and cognitive development has proliferated
in recent years and has shaped our view of the infant's developing sense of self. It
suggests that young infanis have a growing awareness of sell across the [irst
months of life. Body awareness is demonstrated through patterns of tactual
exploration and self-directed behavior in neonates; they systematically explore their
own hodies and anticipate the arrival of their hand (o their mouth by mouth
opening (e.g., Rochat, Blass, & Hoflfmeyer, 1988; see Bulterworth, 1990, for 4
review). Even neonates show imitation of facial expressions, demonstrating an
intermodal representational system for the body (Meltzoff & Moore, 1977 1983,
Furthermore, young infants correct their imitative responses to gradually
approximate the gestures of the model, suggesting that they have access (o
proprioceplive information (Meltzoll & Moore, 1994). Visually guided reaching
is present in neonates (Hofsten, 1980}, and young infants can adapt the trajectory
of their reach to catch a moving object (Hofsten, 1983) and show anticipatory
hand-shaping when reaching for objects of different sizes (Bower, Broughton, &
Moore, 1970). Young infants detect the contingency between their leg motion and
that of an attached mobile (Rovee-Collier & Fagen, 1981} and quickly narrow
down their response o the one limb that is attached o the mobile (Rovee &
Rovee, 1969), Infants also use visual information o adapt their posiure (e.q.,
Berienthal & Bai, 198%; Buterworth & Hicks, 1977; Lec & Aronson, 1974), and
even neonates are able to compensate for different gravitational forces when
moving their limbs (Van der Meer, 1993). Preliminary results also indicate that |-
month-old infants distinguish between a touch on the cheek by their own hand

352 LORRAINE E. BANRICK

versus a touch by that of another object and show a rooting response only 1o
objects other than the sell {Rochat, in press). Furthermore, by 1 1o 2 months of
ape, looming objects clicit avoidance reactions (Ball & Tronick, 1971 Nanez.,
1988; Yonas, Pettersen, & Lockman, 1977},

These ahilities show an impressive awarcness of the body in space and Hime,
They demaonsteale how infants adjust their actions to environmental change, and
they support Gibsen's ecological view that exploration involves perception of both
the world and the self a1 the same time, and in the same way,  These converging
findlings are consistent with the view that infants perceive the self as a separate
entity in the frst months of Tife and are capable of both accommodating to changes
in the environment and acting as agents of change on the environment. The
evidence for this conclusion is robust and comes from a variety of domains that tap
different response svstems and wtilize different procedures. However, the evidence
is also indirect and therefore must be viewed as a working hypothesis an present.

Overview and Definition of "Self"

This chapter explores the intermedal bases for self-perception in early infancy, |
will review evidence from a serics of studies conducted in our lab that sugeests that
infanis make important strides toward perceiving and understanding the self, even
during the first hadf vear of life, Early experience serves o establish a foundation
of knovwledpe abour the sell that s ancantecedent 1o laer sellf-awareness aml sell-
understanding, The view of self articulated here is consistent with thay developed
by the Gibsons. A central tenant of this view is that sell-knowledpe is rooted in
the perceptual experiences of infancy. Further, the infant is seen as a differentiated
cutity from the H!EITI,I capable of pereeiving the sell and the environment in relation
terome another throogh detectng invariant relations. Sell-perception provides the
basis for knowledge about the sell and for the development of a conceptual
understanding of the self, The perceptoal and conceptoal modes of expedencing the
self are viewed along a continuum.. This has been succinctly pointed out before:
"To perceive the environment and to conceive it are different in degree, not in kind,
One is continuous with the other" (Gihson, 1979, p, 258}, "Just as pereeiving and
conceiving the covironment are different in degree but not in kind, so are
perceiving and conceiving onesell™ (Grene, 1993, po 117). Thus, as Greng
suggests, the conceplual understanding of sell emerges from the perceptial
experiences of infaniy.

Here, the self is considered 1o be a constellation of perceptions, beliefs, and
knowledge about different aspects, including the sell as a differentiaed entiry: as
Iaving a unigque identity that persists through time and space, as having a
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particular visual appearance, 4 way ol moving, sound of one's voice, odor wd
taste, being a causal agenl, a social being and of a certain gender, o name some
aspects. Other investigators recently have also emphasized the diverse sel of
phiepomena that fall under the wnbrella of “self.” Samuoels (1986) identifed 11
puiential bases for sell-perceplion in infancy, including body boundaries,
perceptuil invariants, and social conlingencies, Certainly the diversity of topics
represented in this volume attests o the mubtifaceted nature of our concept of e
sell, as well as to the resurgence of interest in the topic.

Meisser (1988) distinguishes between five kinds of self-knowledge, each based
on different sources of information, including the "ecological” and "interpersonal”
sclves, both hased on perceptions; the "extended” sclf, based on memory; the
“private” sell, hased on conscious experience and feelings; and the "conceptual”
sell, based on belicls and assumptions. Thus, Neisser has differcotiated aspects of
“the sell™ accordipg to the type of information accessed, that is, pereciving,
remembering, expericncingflecling, or conceiving,  According to Neisser (1993,
p.3), “each kind specifies a different aspect of the individual and s implicitly
delines a different sort of sell.” 1 find it more useful, however, (o view the sell as
having many related aspects or domains defined by comtent. These domains or
aspects cut across the five kinds of self described by Neisser (1993). For example,
e sound of my voice, the appearance of my lace, or the contingency that specifics
1 am an agent of action are all aspects that are perceived, remembered, cxperienced,
and conceived, What is perceived today becomes remembered or conceived
tomorrow, Given this view and the assumption that perception and conception lie
along a continuum, it is likely that knowledge of different aspects of the sell
develops at different rates, Thus, at onc time, the infant may posses only
percepiual infonmation aboutl one aspect (e.g., appearance of the face) and a
conceploal understanding of another (o2, [caose things o happen in the warld),
IT the distinction between pereeption and conceplion is one of degree, there can he
no clear boundary between them, and the point where conceptual undersianding
begins and perceptual knowledge leaves off cannot be uniformly defined ar clearly
demarcated. It is therefore not surprising that studies with dif ﬁ;tr{'.n['pr[}cfdurr:‘r. and
content areas yield divergent eriteria and ages of onset for conceptual knowledge of
selfl,

To summarize the view presented here, the development of sell-koowledge
beging with the perceptual expericnces of infancy, There is bt one sell with
many facels. Exploration in infancy leads to the progressive elaboration of different
aspects of seil, including differentiation of aspects of both the "1 {perceploal) aml
then the "me" {conceptual) within a given domain. Developient of ktiowledge
aboul various aspects of sell may proceed al dilferent rates, w different ways, and
on the basis of diflferent sources of information. Yet the overall effect is the
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evolution of a coordinated system of knowledge, This is seen as a gradual process
of differentiation of both relatively distinet yet interrelated processes, where
knowledge in one domain may inform exploration in another, and differentiation of
some aspects precedes and Tacilitates differentiation of others. Knowledge about
the self, of course, also evolves in the context of our general knowledge about the
world, and 15 both inflluenced by and influences the attainment of general
developmental milestones. Muoch research lies ahead before these processes are
identified and their interrelations delineated. This chapter reports a [irst step in this
dircetion, My focus is on the development of two different and interretatled bases
for self-knowledge: visoal mformation abont the self and contingent feedback from
sclf-motion, The "visval sell™ inclodes what is commaonly referred (o as one's
appearance. [t consists of all the visual characteristics of the face and body that
distinguish us from others, that is, "what | look like." The "conlingemt self”
entails the perception of a relation between one's own actions and their
conscquences, which in this case is the resulting visual stimulation. This is an
intermodal relation between vision and propricception. [t is also an imporiant
basis for perceiving cavsality and the seff as an agent of change in the
environment, Before reviewing research on these two topics, let us pul this in the
contexl of prior research on self-recognition in children and toddlers,

Studies of Self-recognition

In the past, systematic stucies of the development of self have primarily Tocused
on the development of self-recognition in twoddlers and young children, using
behavior in from of the mirror as an index of self-recognition. In a paradigm
oripinated by Gallop (1970} for use with primates, the child's nose is
unobtrusively marked with a rouge spot, and the child is placed in front of the
mirror. The age at which children first show mark-directed behavior and attempt to
wipe off the spot has been considered the onset of self-recognition. Ttis assomed
that this behavior reflects the existence of a mental representation of self against
which the mirror image is comparcd, Mark-dirccied behavior typically emerpes
sometime between 15 and 20 months and is typical by about 2 years of age
CAmsterdam, 1972: Johnson, 1982 Lewis & Brooks-Gunn, 1979 Lowveland,
1987; Schulman & Kaplowitz, 1977; see Anderson, 1984; Ciccheni, Beeghly,
Carlson, & Toth, 1990; Damen & Hart, 1982; and Harter, 1983, for reviews).
The atiempt to wipe off the rouge spot is inferred 1o indicate self-recognition on
the hasis of featural and contingency information. [t entails an undersianding that
the self has stable featres that do not include a rouge spot on the nose. 1L may
reflect some degree of conceptual understanding of sell (the "me") rather than
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perceptual knowledge of sell (the "1"). Furthermore, this ability is delayed in
children who are mentally retarded (e.g., Mans, Cicchelli, & Stoule, 19783, which
indicates ils association with cognitive development. Nevertheless, it appears thi
the ronge-spol task provides a stringent test of self-recognition, given its reliance
on a number of complex abilities that most also undergo development.  For
cxample, e infant’s understanding of the properties of reflecting surfaces develops
with age (Loveland, 1986), and the response sysiem used (o index self-recognition
fmark-directed behavior) may also develop with age and 8 thus not well soited for
use in testing young infants.

Pricr o the time when toddlers demonstrate sell-recognition by their behavior
in the rouge-spol mirror 1ask, rescarchers have observed a progression of diverse
behaviors in front of the mirror or video image of sell, with varying consisicncy
across studies (sec revicws by Damon & Harl, 1982, 1988; and Harter, 1953),
Dixon (1957) postplated four stages of behavior in front of mirrors, including: 13
interest in the mother's reflection but not their own (4 months); 2) social behavior
tovwstrd their miml;imngt {5-7 months); 3) distinguishing their own image rom
that of another infant (7-12 months); and 4) avoidance of their image, Amslerdam
(1972} and Schulman and Kaplowitz (1977) also found a social stage, and
Amsterdam noted an avoidant stage (13-24 months),

Because the mirror provides both featural and contingency information for self,

Lewis and Brooks-Gunn (1979) attempted to separate these sources of information
using video images of the self. They tested recognition on the basis of mirror
contingency while controlling for leatural information by showing a live video
image of self paired with a prerecorded image of self. Discrimination hetween the
twor 1ypes of images was foond at 9 months (see also Amsterdam & Greenberg,
1977, Howewver, it was not untl 15 mooths that infants were able o discriminate
a prevecorded Glm of themselves from that of another child, indicating their ability
ty use featural information for sell-recognition in the absence of contingency. The
authors hypothesized that contingency information is an important basis of self-
recognition and that self-knowledge develops in four stages: 1) an atlraction o
faces of infants; 2) recognition of sell through contingency; 3) recognition of one's
permanent features; and 4) self defined by categorical features independent of
contingency,

Butterworth {1992} succinctly summarized the literature in this arca and
delineated five stages of responding to mirror and video images of self, similar io
those proposed by Lewis and Brooks-Gunn: 1) attraction o images of others {0-3
months); 2) contingency detection (3-8 months), 3) awareness of the self as a
permanent object (B-12 months); 4) differentiation of the infant's own image from
that of others (12-15 months); and finally 5) facial fealure recognition (15
months-2 years), Other investigators have focused on delineating the refation
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between mirror behavior and stages of cognitive development, For example,
Bertenthal & Fisher (1978) found a predictable sequence of five behaviors in
infants between the ages of 6 and 24 months that correlated with object concept
development: tonching one's image, using the mirror 10 locate a hal attaehed (o
sell, locating a toy, succeeding in the rouge-spot task (a1 stage 6 of vhjea concepl
desvelopment), amd finally naming one's image. However, Lovelaul (1986)
deseribes the changes in children's behavior in front of the mirror as refecting a
developing understanding of the nature and properties of reflecting surfaces, That
is, the mirror is 4 special ol for medisted perception, whose affordances take
vears 1o discover. This word of caution is well taken and highlights the imporiance
af using convergent approaches in exploring complex phenomenon such as the
development of knowledge about the self,

Only a lew studics have cmpirically tested self-perception in infams younger
than 9 months using videos or other visual representations of sell. Benocrt, Smith,
and Loboschefski (1992) recently found that S-month-olds could discriminate a
photo of their own face from those of same-aged peers following preexposure 10 a
moving video display of a peer, but not following preexposure o the sell,
Papousck and Papousek (1974) found that 5-month-olids discriminated a live video
image of self from a prerecorded image of self. [nfants showed preferential visual
fixation of the noncontingent, prerecorded display. In a subsequent study (Field,
19749), 3-month-olds responded ditferently o s contingent mirror inage of sell and
a noncontingent presentation of a peer. They looked more to the self, but smiled
and vocalized more (o the peer,  Although both of these studies sogpest that
discrimination of contingent information elicited by the self emerges in carly
wfancy, both bad procedural confounds that made interpretation difficult. First, by
recording the noncontingent video film of self under different conditions from that
of the contingent film, 'one introduces the possibility that amount of body motion
displayed by infants in the different conditions may have differed and then served as
a basis of discrimination, Second, the use of the face ereates a potential confound
ol differential eye contact and eye motion in contingent and noncontingent displays
because the mirror image provides constant eye contact. Papousck and Papousck
(1974) attempted to separate eye contact and contingency by using viden cantrols.
They did find an effect of eye contact; however, the overall effect of contingency
was still evidenl. Babrick and Watson (1985) conducted a study with S-month-olds
to determing whether they could in fact discriminate a video film of self from tha
of another infant on the basis of contingency alone, using a method that eliminaed
the above confounds. This research is discussed in detail in the next section,

The research reviewed here has revealed a developmental progression of infants’
behavior in front of the mirror, leading (o evidence of self-recognition in the rouge-
spot stadies by the age of 15 months, The understanding that the mirror image
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signifies the sell s implicit in the child's meaninglul response of allempling o
remove the rouge spol using the mireor reflection as a guide. However, ane muost
be cautious in making cross-age comparisons aboul psycholpgical phenomenon on
the hasis of a response system that may also undergo development {e.g., sce
Porges, 1979). The fact that children under the age of 15 months Tail o wipe offa
rouge spol reflected in the mirror does not necessarily mean that they fail to
perceive the image as specifying the self oras related o the self. Tt may reflect
their developing awareness of the properties of reflecting surfaces or a development
in the child's motivation to remove a spot on the nose, for example. Further, il
should be noted that control conditions assessing the ability of younger children to
attempt o wipe off a spot thal was directly visible on the sell or on another person
were nol typically included in these studics. Consequently, it appears that s
measure is more approptiate for toddlers and young children; therefore, the age
onsel of self-recognition has been overestimated, Assessing the "meaning” of
stimulation to the infant is a difficolt sk and requires inoovative reseirch desigos
and convergent méthods, By using other measures maore appropriate for youny
infants, the origing of scll-perception and seli-recognition can be more effectively
examined at yvounger ages. Two sets of studies are described in the next sections
that answer many of the methodological concerns raised here.

Investigations of "The Contingent Self"

The perception of a contingency between one's behavior and its effects on
something in the environment is an extremely important accomplishment, It
deflines the infant's early orientation wward the world with respect to effectineness
and competence, on the one hand, and helplessness, on the other. It forms the
hasis for the infant's sense of self as an agent of action in the enviromment
Research has demonstrated that young infanis are compelent perceivers of
contingencics. For example, they detect the relaton between leg kicks, sucking, or
vocalization and various forms of auditory and visual stimulation inchading lights,
tones. and the movements of a crib mobile (e.g., DeCasper & Fifer, 1980; Kalnins
& Bruner, 1973; Rovee-Collier & Fagen, 1981; Sigueland & DeLucia, 19649,
Watson & Ramey, 1972}, They are also sensitive to social contingencies {e.g.,
Murray & Trevarthan, 1985). However, these types of contingencies differ from
those provided by mirror or video stimulation. The former are imperfectly related
to the haby's behavior. When the infant engages in a social interaction {e.g., the
infant smiles. the moither smiles) the infant's behavier has only a moderale
probability of eliciting the mother's hehavior, and the mother's behavior ocenrs
with a certain probability in the absence of the infanl's behavior (see Watson,

158  LORRAINE E. BAHRICK

1985), Although easily detected by the infant, these kinds of contingent relations
are far from perfect.  Furthermore, when the infant tums onoa light display by
kicking his leg (e.g., Watson, 1979), the onset of the visual display is contingent
on the frequency of the infant's behavior, but the direction, intensity, and duration
of motion does not covary with the light display. When the infant moves his leg,
causing an attached crib mobile o move, his behavior is conjugately related (o e
movement of the mobile, Neither provides stimulation that is perfectly isomorphic
with the infant's behavior like that of mirror or video stimulation.

Bahrick and Watson (1985) hypathesized that the imperfect contingency tested
in these studies specifies to the infant a class of social ohjects that have potential
for interaction.  In contrast, the perfect contingency provided by mirror or video
stimulation specifies the self, and may serve as an early basis Tor distinguishing
between what is sell and what 15 not self. Stimulation from the mirror provides a
perfectly contingent relation between how one moves (proprioception) and (he
consequent visual stimulation from that motion, The observer can feel his or her
awn hody motions through propriceeptive feedback and can ohserve the conseguent
visual stimulation. Mo object other than the sell is capable of providing
stimulation that is perfectly correlated with one's felt motions, Consistent with
the hypothesis of Lewis and Brooks-Gunn (1979), we suggested that the
contingency between visual and proprioceptive information for one's body motion
could serve as an impoertant basis for sell-perception in early infancy. For example,
this kind of information is available cach time the infant moves her body; the
infant can both see and feel her hand opening and closing. This information is
invariant, amodal, and specifies the self (Gibson, 1.1, 1966, 1979 E1., 19649),
The proprioceptive-visoal contingency is available from birth onwanl and may
potentially provide the basis for one of the earliest forms of sell- perception.
Perception of this cottingency arising from body motion can provide a simple and
reliable hasis for distinguishing self from not-sell.

Bahrick and Watson (1985) assessed the ability of S-month-old infants (o
make use of this kind of contingency in distinguishing a videno of self from one of
another infant, In a serics of four experiments, we presented infants with a live
video (ilm of their own legs moving {contingent display), side by side with a film
of another infant’s legs, or a prerecorded film of their own legs (noncontingent
displays). All infants were fitted with yellow booties prior (e flming, and their
legs and feel were portrayed in an inverted position on the screen, much like the
infant would experience by looking down at his own legs (see Figore 1),

[nfants received four 60-second trials of the contingent and noncontingent displays
side by side. The lateral positions of the two displays were counterbalanced across
subjects. The design of the study corrected for several confounds inberent in prior
video and mirror studies, The problem of differential eye contact between live
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versus prereconded displays or displays of other infants was eliminated hy using
images of the infant's leps rather than face. Feawral differences were minimized
Elt.'r:;.‘u'ﬁ displays of self and other by Tiing all infants with yellow bootics,  The
potential for differential amounts of body motion across different types of displays
was also chiminated by vsing a yoked control design, That is, each infant’s live
[ilm served as the prerccorded [lm for the next infant. Finally, in other mirror and
video studies, the infants had visual access to the motions of their own body; thus,
the question of whether infants actually detect propricceptive information could not
b addressed (Field, 1979, Papousck & Papousek, 1974). Visual access permitted
detection of an intramedal (rather han intermodal) contingency. That is, a direct
comparison between the visual stimulation from the mirror and the visual
stimulation from one’s body motion could be made. To eluninate this possibility,
the infant’s direct view of bis own body was occluded in Experiments 24,

FIGURE 1. An example of the visual displays portraying a live and a prerecorded film
of the infant’s legs. From Bahrick & Watson {1985).

In three separate studies, we Tound that 5-month-old infants showed a significant
visual preference for the noncontingent display. In Experiments | and 2, where
infants saw a live film of their own legs alongside that of another infant's legs,
they showed significant preferences (p <005, p <.001, respectivelyy) for the films
of the other baby. This oceurred even when the infant's view of their own legs
was occluded in Experiments 2 and 3. Moreover, in Experiment 3, when featural
differences between the contingent and noncontingent displays were eliminated
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altogether (by presenting two films of the baby's own legs), infants again showed
a robust preference (p <.001) for the noncomtingent display, That is. they watched
a prerecorded film of self more than o live film of self, These fndings demonstealed
that 3-month-old infants are capable of detecting the perfectly contingent relation
between their own body motion and the visual stimulation provided by therr live
video image: However, they showed more interest in the imperlect contingency
provided hy a film of another infant's legs. A further study was conducted 1o
assess performance of younger infants in this task, Three-month-old infants viewed
a live film of their own legs and a filim of another infant's legs side by side, as in
Experiment 2, Results, however, indicated no significant preference for one display
over the other. Given that 3-month-olds deteet contingency under other conditions
(c.g., Rovee-Collier & Fagen. 1981; Watson & Ramey, 1972), it seemed unlikely
that they failed to detect the contingent relations in this setup. Further analyses
revealed a disiribution that was significantly himodal. That is. some infunts
predominately watched the contingent display of self, whereas others warched the
noncontingent display of the other infant, Cansistent with other recent findings
{Bahrick & Pickens, in press; Hunter & Ames, 1988), it appeared thal visual
prelercnces were in transition from  familiarity (o novelty, yielding a nul
preference overall. Thus, it may be that 3 months is an age of transition from the
infants’ preference to explore the perfect contingency generated by their own hody
maotions o the imperfect contingency afforded by social objects, These findings,
along with those of Field (1979), which indicate that 3-month-olds ook maore i
their mirror image than 1o a peer, sugpest the possibility that at some point prior
to this age, infants may have a general visual preference for the stimulation from
sell. Together, this research demonstrates that by 5 months, and possibly carlicr,
infanis are sensitive to the intermodal proprivceplive-visual contingency specilying
selland sell-motion, This ability is viewed as a fundamental basis for knowledpe
about the sell and may underlic early differentiation of self from other.

Rochat (Rochat & Morgan, 1995, this volume) recently extended our
investigation of temporal contingency (o the domain of spatial contingency. Our
rescarch manipulated temporal contingency and held spatial contingency constant
across the side-by-side presentations,  Rochat and Morgan's work complements
turs by manipulating spatial contingency and halding tempaoral conlingency
constant across the side-by-side presentations. They presented 3- and 4 1/2-month-
old infants with two live films of their own legs side by side. The legs were
presented from different perspectives, including an egn versus an observer view,
with or without a right/left reversal. In one study, infants saw two epo views of
their legs, one normal and the other with a right/left reversal. This caused a
discrepancy in the spatial mapping and the dircetion of movement of the video
image, with respect o the infant's legs, Results indicated that infants ar hath ages
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demaonstrated a significant preference for the incongruent display with the right/len
reversal,  This shows a sensitivity Lo spatial contingency; in particular, the
dircctionality of the leg motion, A Turther stody found no evidence of sensilivily
to spatial arientation per se when dght/lelt was not reversed. These results extond
those of Bahrick and Watson (1985) by demonstrating that infants detect the
visual-proprioceplive contingency generated by their own moton on the basis ol
spatial as well as lemporal infonmation,
A further extension of our research investigated both temporal and spatial

comtingency and was conducted using films ol the infant's' arms and hands

(Schmuckler, 1994, this volume), In a study identical o ours except for the body
part filmed, Schmuckler presented 5-month-olds with a live display of their own
arm and hand alongside a prerecorded film of another infant's moving arm and band,
both presented from the same ego view. Infants showed a significant preference for
e noncontingent, prerecorded film. This resolt replicates both our Dindings of
sensitivity 1o temporal contingency and the direction of this effect. In a second
study, which was ddentical 10 the first except that both displays were presented
with a right/lelt reversal, no significant preferences were found, This converges
with Rochat's (Rochat & Morgan, 1995, this volume) lindings and suggests the
importance of spatial congruence in the directipnality of motion for detection of
temporal contingency. Also consistent with Rochat's findings, a third study
demonstrated a significant preference [or the noncontingent display when the views
of both the live and prerecorded displays were novel Tor the infant (filmed
underneath the palm), but right/left oricmation was properly aligned. This suppgests
that as long as the right/left directionality of motion is preserved, spatial
arientation per se is not critical for perceiving temporal contingency. Taken
together, the results of these three sets of studics show a remarkably consislent
patiern. By 5 months, infants are sensitive o proprioceptive information for the
temporal contingency and directionalily of movement of their bodies with respect
1o a visual display of that motion, and they show this seasitivity by selectively
watching the more novel, noncontingent display.

This research raises a provocative question: Does the infant know that the
legs/arms displayed by the live video image are their own? That is, does the
contingency provided by this stimulation actually specify self 1o the infant, and if
not, al what age does this understanding emerge? It is quite possible for infants (o
show discrimination of self from other on the basis of contingency or between one
view of self and another, without attriboting the contingent stimulation to the self,
That is, the preferences could be based on familiarity with contingency rather than
a full understanding of the meaning of the stimulation. This is an important
question that cannot be addressed by the present data, but is the focus ol current
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research in our lab and is revisited below in the context of research on the wisual
self.

Investigations of "The Visual Self"

The visual self can be seen as having two overlapping components, the "visual-
featural self™ and the "visual-dynamic” sell, The visual-featural self refers 1o what
we lypically think of as our visual appearance: "what | look like." [t includes all
of our permanent features and distinctive visual qualities, such as hair style, by
type, facial configuration, etc. It is consistent with our commaonly held definition
of self-recognition. Mirror and video stimulation also provide information abou
dynamic visual qualitics, The dynamic information for self consists of distinetive
motion patterns, body postures, idiosyncratic gestures or facial expressions, and
the relative movement of facial features that are typical of an individual, This
information is also visuwally conveyed and may serve as a basis of sell-recognition.
Featural and dynamie information overlap in that motion provides excellent
information for the visual appearance of an object (Gibson, 1969). For example,
through mation, infants can abstract invariant relations that specify the shape of an
object mare easily than when the object is still (e.g., Owsley, 1983; Kellman &
Spelke, 1983).

As a first step toward assessing the development of knowledge about the
visual sell, we conducted a study o determine whether and at what age infanis
could differentiate between a video film of their own face and thiat of an age-
matched peer (Fadil, Moss, & Bahrick, 1993). Although prior research had
documented excellent discrimination of both moving and still faces by infants and
even neonates (e.g., Barrera & Mauer, 1981; Bushnell, 1982; Fagan, 1972, 1976),
no researchers had yet assessed whether young infants could discriminate between
the self and a peer solely on the basis of visual-featural information. Results of a
study by Lewis and Brooks-Gunn (1979) suggested this ability did not emerge
until the age of 15 months, when infants frst distinguished between their own
pretaped video image and that of another child,

Infants of 5 (V= 24) and & months (N = 32) were tested in a visual preference
test under both a moving and a still condition,  The infant's own face and upper
hody (wearing a yellow hib) was prerecorded while he/she watched an interesting
toy presented in four different locations. This generated a film of the infant from
the shoulders up, moving naturally while looking toward the left, right, center, and
upward directions (or the reverse sequence), following the off-camera toy (see
Figure 2). Thus, in the moving condition, consisting of four 30-second trials, the
faces of both the sclf and peer were shown side by side, oriented in the same
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general direction on each trial. In the still condition, consisting of four 15-second
trials, still projections of the infants' faces were shown side by side, following the
same posc sequence as before. This was accomplished by displaving a lrtozen
image from the prerccorded film, A frame with a represcntative example of cach
face was selected, one from cach orientation, A yoked-control design was used so
that the face of each infant served as the face of the peer for the next infant of the
same age. This controlled for any differences between faces {e.g., facial
allracliveness, activity level, affect, etc.) with respect to the main variahie in
guestion (sell vs. peer). The lateral positions of the two images were altermated
across trials,

FIGURE 2. An example of the visual displays poriraying an image of the self side-by-
side with that of a peer. From Fadil, Moss, & Bahrick (1993}

Results indicated that both the 5- and 8-month-old infants spent i significant
proportion of their total looking time (p <.01 and p<.05 for 5- and B-month-plds,
respectively) fixating the image of the peer (see Figure 3). Furthermore, when the
results were broken down according (o condition, both the 5- and 8-month-olds
showed a significant looking preference for the peer when the faces were moving,
but only the 8-month-olds significantly preferred the pecr when the faces were still,
Results of the S-month-olds were in the expected direction, but attenuated. These
findings provided clear evidence that bath 5- and 8-month-old infants are able to
discriminate the visual appearance and/or movements of their own [ace fram that of
an age-matched peer. Furthermore, consistent with the view that motion provides
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an apportunity for abstracting propertics of objects (e, Gibson 1969 Owsley,
1983; Kellman & Spelke, 1983), it appears that making the distinction between
sell and other was somewhal easicr when the faces were moving rather than still.
The hasis for this discrimination muost bave heen visual-featural informagion o #
months of age hecanse infants in this group were just as good ol discriminaiong the
still as the dynamic displays. AL S months, dynamic visual information may have
played a more important rode, or perhaps the moving displays provided better
information ahout the visval features of the faces. In either case, discrimimtion of
the visual-sell appears (o be present long before the age of 15 months ohserved by
Lewis and Brooks-Gunn { 19749,
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FIGURE 3. The proportions and standard deviations of wtal looking tme (FTLT) spenl
fixating the display of the peer by 5- and 8-month-olds for all trials, and for the moving
and sl comnditions separately.  From Fadil, Moss, & Bahrick (1993),

When might this ability have developed? We replicated the above study using
younger infants aged 2 and 3 months,  Results demonstriated no significant
preferences for one image over the other at the age of 2 months, However, by 3
months of age there was an emerging preference for the image of the peer by the
second block of wials (p <.05), These findings suggest tat the abikity (o
recognize one's Fce and distingoish it from that of another infant emerges between
the ages of 2 and 3 months. Although it is unlikely, one cannot rule out the
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possibility that this ability mipht cinerge even carlier aind might be expressed as a
visual preference for the self, which would be consistent with our pricr
speculations about e detection of visual-proprioceplive contingeney.  Lacking
delinitive data with younger infants, however, we must conclude Uit infans’
performance al 3 months is the best indicator of the emerging ability 1o
differentiale between the faces of self and other, 1t is remarkable thal infanis as
young as 3 or 5 months are familiar enough with their own visoal Appearances
and/or motions to recognize their own faces as familiar and 10 discriminate them
from those of other infants of the same age.

How might this abilily have developed? Prior experience with their mirror
image anay be an important basis for this ability, Parents completed a
questionnaire regarding the extent of their infant's exposure W their mirror image,
video images, and photographs of self, Results indicated that all hut 2 of nur 104
infants had at least weekly experience with their mirror images, and most had daily
exposure. Al B, 5, 3, and 2 months, the percentage of infants who had daily
exposure W their image in the mirror was 885, R7%, B3%, and 679, respectively,
However, all infants had negligible cxperience with photos or videos. Thus,
exposure 1o the mirror may account for infants' familiarity with their visual
images, )

These lindings again raise the question of whether the infants undersiood the
meaning of the video stimulation they viewed. Infants could have shown
discrimination and recognition of their image on the hasis of familiarity, withoul
an understanding that the image belongs 1o the "self." At what point might the
infant come to understand that "this is me!"? Experience with mirror stimulation
provides a perfect contingency between visual and proprioeeptive stimulation that
specifies sell. Furthermore, infants have been exposed to this kind of perfect
visual-proprioceplive contingency from birth onward in their interimodal
explorations of their own bodies. We do not yel know when the ability to deten
the relation between visual and propricceptive stimulation emerges, although
research reviewed earlier (e.g., Meltzoff & Moore, 1977; Nanez, 1988: Rochal. in
press; Van der Meer, 1993) suggests it may be as early as the HArst month of life,
However, it scems both feasonable and parsimonious to suppose that trough
mirror contingency, the appearance of the infant's face comes o signify the self,
That is, once the perfect conlingency between one's body motion and the visual
stimulation from that motion specily self, then the face and its features abserved in
the mirror may also come to specify self because of (e perfect visual contingency
observed. In contrasl, if no contingency were observed or the contingency did nol
specily sell to the infant, the experience of seeing one's face in the mirror might al
first be like that of seeing a familiar peer. In essence, without sell-recognition, the
mirror image of self would be similar 1o that of a familiar face 1o the infant, At
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what point in development the familiar face scen in the mirror is perccived as
belonging to the sell' is a provocative question for future research, It may OCcur as
soon as the perfect contingency is detected, or it may develop over time and
experience with the mirror

One way to get closer to an answer o this question is by distorting the
features of the infant’s face in a video display and observing the infant's reaction.
We can distort the features of the infant's face and the peer's face in the same
manner, and assess whether infants respond differemly from the way they respond
under normal, "undistorted” conditions. Given that infants of 5 and 8 months
previously showed a significant looking preference (o the pect under a nondistoried
condition, if they switched their preference to that of the self under a distorted
condition, this would be evidence that their own face is perceived as special or
different from that of a peer. This could be taken @5 preliminary evidence that the
face seen in the video display is perceived as specil: ying the self, Pul another way,
il infants detect "something different about me," then one would expect that they
would now look to the self rather than the peer, even thongh the peer face s also
distorted in the same manner as the self. On the other hand, if infants do not vel
attribute the image to the self, then their own image should be treated just like a
familiar face. Becavse both the familiar and novel faces would posses the same
iistortions, infants ought to prefer the novel face as hefore becanse it would still
be the more novel of the two faces,

Following this logic, 5- to B-month-old infants (¥ = 14} were tesied in a
procedure similar to before, but under only the moving condition hecause it
provided the most robust results. They were all marked with two rouge spots, one
om each cheek. The rouge was unobtrusively applied by the parent in the waiting
room, prior to filming for the study. The infants’ faces were then prerecorded as
before, but 1o shorten the filming procedure, only two orientations were used: the
right and left 34 views. Then the forced-choice preference test was administered.
It was identical to the moving condition of the prior study, except infants viewed
trials of their own and another infant's face side by side, both displaying bright
rouge dots on each check, Results were strikingly different from before, This
time infants showed a marginally significant visual preference for the image of
sell, consistent with our predictions of self-recognition (f (13) = 2.04, p =.06).
Further, when compared with the prior results of the 5- and 8-month-olds, infants
showed a significant shift in the direction of attention (Hed) = 3.67, p = .0005).
That is, previously, when no ronge spots were visible, infants showed a preference
for the novel face. However, when rouge spots were visible, they shifted their
altention to the familiar face; the self. Given that both the peer and sell had the
same novel features, it is onlikely that this shift in the direction of the visual
preference was due to novelty. Rather, it is more likely that by the age of 5
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months, infants recognized the image of their face as specifying the sell or as
somchow different and more special than that of a peer,

These findings of an attentional shift from the undistorted 1o the distoried
conditions are only preliminary and require replication, Thus, the conclusions are
lentative. However, along with our prior findings of discrimination between video
displays of the selfl and peer by 3-, 5-, and 8-month-olds, the implications stand in
sharp contrast to some prevailing views and 1o the interpretation of data from the
self-recognition studies with toddlers. Specifically, our rescarch calls into question
two conclusions drawn from the prior body of rescarch: First, that infants do not
discriminate their own face from that of another infant until the age ol 15 months;
and second, that it is not until 15-18 months that the image in the mirror is
atiributed to sclf (e.g., Amsterdam, 1972; Butterworth, 1992: Damon & Harl,
1988; Lewis & Brooks-Gunn, 1979), In contrast, the resulis of our research show
that by 3 months of age, discrimination of self from other on the hasis of visua)
information provided by the face is possible, Furthermore, our attentional shift
data suggest that same understanding of the meaning of this stimulation occurs
well before toddlerhood and possibly by 5 months of age. This is, however. not (o
suggest that such young infants have a well-developed concept of self. There is g
great deal of learning and developmental change that must occur in the months and
years ahead (see Damon & Hart, 1988, for a review). The data do sugpest that 5-
o B-month-old infants may perceive the stimulation generated by the sell as
different from that generated by others in important ways, Fulure research will
explore the nature of this difference;

Concluding Remarks

This chapler summarized research exploring the development of infants’ sensitivity
lo two types of information for self: intermodal proprioceptive-visual conlingency
and visual-featural information. Several findings and conclusions emerged from
these studies:

1. Detection of visual-proprioceptive contingency for temporal relations
is present by 5 months of age and perhaps earlier (Bahrick & Watson, 1985
Schmuckler, 1994). Sensitivily to visval-proprioceptive contingency for
spatial relations is also present at 5 months (Rochat & Morgan, 1995
Schmuckler, 1994) and emerges by 3 1/2 months {Rochat, 19953, Thus, the
potential for perceiving self and differentiating self from other on the basis of
temporal contingency and spatial congruence between visual and
proprinceptive information is present carly in infancy,
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2. Even by the age of 2 months, infants are freguently exposed 1o
mirrors. Most infants in our samples at each age 2, 3, 5, and & muonths) were
exposcd to their own mirror images at least daily, This may scrve as a basis
for familiarity with their own visual appearance,

3. By 3 mounths of age, mfants are able (o discriminate between g
prerecorded videotape of their own face and that of awother infant (Fadil, Moss,
& Bahrick, 1993), They show a preference Tor the face of another baby over
their own, demonstrating familiarity with their own visoal appearance.  This
finding stands in contrast to prior conclosions that featoral discrimination of
one's own face [rom that of a peer does oot emerge until 15 months of age
{Lewis & Brooks-Gunn, 1979),

4. Preliminary results suggest an attentional shift when featres of the
infant’s face as well as that ol a peer are marked with a rouge spol. [nlanis
aged between 5 and 8 months no longer prefer to watch the face of a peer.
Rather, they tend to watch their own face more, This suggests that there is
something different or special about stimulation from the self,

Thus, evidence of sell-knowledge is apparent in two domains in carly infancy,
Contingency and visual-featural information are different sources of information for
sell, and thus their development may proceed according to different timerables,
Howwever, they also form part of a coordinated svstem of knowledge about the self,
Development in one domain influences development in the other. The perfee
contingency generated by visual stimulation from one's body motions s excellent
information for self and for differentiating between what i self versus not-sell, 1
may serve as a primary source of information about the sell. Through expericnce
with mirror stimulation, sensitivity to this perfect contingency may subsequently
Facilitate the understanding that one™s visual features specify the sell, Futore
research in our lab will unravel the imterdependence between development in thesg
two domains by conducting training studics with infants who do not yet show
evidence of discriminating the self from another infant in video presentations,

As discussed carlicr, Gibson's (1979) theory posits that our perceploal sysiems
provide information about the sclf and about the environment at once, This view
provides a point of departure Tor the developmental process and suggests that
infants perceive a differentiated self from the beginning,  Although the lindings of
infant and newhom capahilities outlined in the beginning of this chapter and the
dita presented here are consistent with this view, the conclusions are still
inferential. There is no direct test of whether a preverbal infant knows that the self
is 4 separate object among other objects in the environment, or recognizes that
“this is me!" in the mirrer. Ascribing meaning to the infant's actions or ability (o
discriminate between two displays is a difficult task, and conclusions should he
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viewed with caution, At a minimum, converging evidence from varied approaches
is required, This problem is especially apparent if our criteria for self =recognilion
include conscious awareness of the sell as separate (c.g., Berlenthal, 19973, Adong
similar lines, most recent discussions of the development of self suppest Ut the
mfant's understanding of self is at first "preconceptual” or pereeptual (ep,,
Butterworth, 1990; Meltzoff, 1990; Neisser, 1993: Rochat, in press), and kder,
knowledge of self becomes "conceptual.” We eventually auain a self -concept thal
is available to conscious awareness. | would agree that sellf-knowledge progresses
from perceptual to conceptual; however, the dichotomy scems arhitrary. At whal
point docs the transition from preconceplual to comceplual knowledge occur and
lww does this ocour? At present, there is no single or best answer to this
guestion.  The view claborated here is thar through development, there is a
growing awarcoess of the sell as separate. Perceiving and conceiving fall alony a
continuum and differ in degree, not kind, Knowledge aboul the sell becomes
progressively more claborated, explicit, and available to consciousness in a number
ol different domains. This development may occur at different rates for information
in different domains, and development in one domain mity influence development
in another. Thus, knowledge in some areqs may hecome more explicitly
conceptual prior to knowledge in other areas. This process may even continue into
adulthood, as self-understanding evolves and implicit knowledge becomes more
explicil. Thus, there is no single point where the system of knowledge about the
sell shifts from perceptual 1o conceptoal, nor is there & point where kntwledge inoq
single domain shills from perceplual o conceptual, It is a dynamic, pracdual, and
ongoing process over the lifespan,

In the context of these words of caution, the research reported here challenges
the prevailing view that the child's conceptual understanding of the significance of
his or her mirror image and other stimulation from the self does not emerge uniil
well into the second year, The attentional shift ohserved in infants when Teatures of
their own faces are distorted suggests that there is already a growing awareness of
something special about the visual stimulation from onesell that sets il apart from
that generated by others. Beéfore revising our view of infants’ inderstanding of the
meaning of their images in the mirror, however, it is important to replicate these
Nindings and to provide converging evidence from other domains and with different
procedures. Research is currently in progress in our lab o gddress tliese issues.
Furthermore, when taken together with the ongoing discovery of new capahilitics
in infancy for detecting and responding to stimulation ansing from the self (see
other chapters in this volume), it is clear that our concept of the emerpence of self-
knowledge requires updating. Because this topic stands at the interface between
perception, cognition, and social and personality development, new discoveries
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about the infant’s emerging sense of self promise 1o have a far-reaching impact on
theories in developmental psychology.
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