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Moore, 1977, 1983a, 1983b). The crux of the AIM hypothesis is that neonates can, at 
some level of processing, apprehend the equivalence between body transformations 
they see and body transformations of their own that they " feel " themselves make. 
The adult's gesture would truly act as a model against which infants would compare 
their responses (Meltzoff, 1990). 

EARLY TACTILE-VISUAL COORDINATION 

One .way of probing the foregoing viewpoint is to conduct converging experi­
ments-for example, testing whether young infants exhibit skills other than imitation 
that also rely on the abi li ty to appreciate and use intermodal equivalences. An 
experiment was therefore conducted to evaluate cross-modal matching in 1-month­
old infants (for reviews of cross-modal work with older infants, see, Rose, this 
volume; Butterworth, 1981a; Rose & Ruff, 1987; Spelke, 1987). 

To evaluate early cross-modal functioning, Meltzoff & Borton (1979) modified 
the standard visual paired comparison technique used for assessing recognition 
memory in infants (Fagan, 1970, also this volume). Such tests begin with a brief 
familiarization period during which the infant is allowed to look at a stimulus. Next, 
the infant is shown a pair of stimuli, one matching the original stimulus, the other 
novel. If infants show differential visual fixation to the familiar versus novel stimulus, 
this is taken as evidence for visual discrimination and recognition memory. Our 
experiment followed the same logic and general experimental procedure, except the 
infants were not allowed to look at the initial stimulus. Instead, they were given the 
object to explore tactually during the fam iliarization period. The tactual object was 
then removed and the infants given the paired-comparison visual test.b 

In pilot studies we attempted putting objects in infants' hands during the tactual 

bin most studies of visual recognition memory, infants of about 5- 6 months o ld fixate longer 
on the novel pattern (Fagan, this volume). However, the basic logic of the test paradigm holds 
whether the infants prefer novelty or fam iliarity. If there are no experimental artifacts, then any 
deviation from the 50% chance level (whether in one direction or another) during test indicates 
that the infant's experience during the fami liariza tion phase is influencing the preference 
during test; it indexes some sort of memory or retention phenomenon. Interestingly, the 
direct ion of infant preference, novelty versus familiarity, appears to depend on a host of factors, 
rather than being "naturally fixed" to the novel stimulus. Ten years ago I (Mel tzotf & Borton, 
1979, Table I; Meltzoff, 1981) described four factors that appeared to interact to determine the 
direction of infant preference: (a) age (developmental level) of the subject, (b) familiarizat ion 
time, (c) perceptual modalities used in fami liarization and test periods, and (d) the complexity 
of the stimuli. These factors seem to operate such that holding fami liarization time and all other 
things constant, older infants wil l tend to prefer novelty relatively more than younger ones; 
presumably this is because older infants process the information faster and identical amounts of 
absolu te study time are not psychologically identical. On the other hand, same aged infants may 
be shifted from a familiarity to a novelty preference by lengthening the study time (habituating 
the infant on the familiarization s timulus is an extreme version of this approach). One modal ity 
(e.g. , vision) may be a quicker mode of extracting particular stimulus information (shape) than 
another (e.g. , touch). The overarching idea is that the direction of preference reflects the 
degree of encoding of the familiarization stimulus and the match between the stored 
representation of the fami liarization stimulus and the test stimuli (cf , Meltzoff, 1981; Hunter, 
Ames & Koopman, 1983; Rose, Gottfried, Melloy-Carminar & Bridger, 1982; Wagner & 
Sakovits, 1986). 
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familiarization period. This procedure had to be abandoned, however, because 
neonates tended to grasp the objects rigidly rather than to explore them actively. 
Gibson's (1962, 1966) work with adults had already shown that cross-modal matching 
was particularly difficult , even for adu lts, if the subject is not allowed to actively 
explore the familiarization stimulus. Next, we tried putting the objects in their 
mouths. This proved successful-the neonates active ly explored them with their lips 
and tongues. 

Pacifiers were modified so that mouth-sized geometric shapes could be mounted 
on them (see FIG. 2). The tactual shapes used in the test were a small sphere and a 
sphere-with-nubs. Visual objects of the same shapes were constructed out of orange 
styrofoam for the infants to examine in the subsequent paired comparison visual test. 
The experiment evaluated the extent to which the infants systematically fixated the 
shape they had previously felt. 
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FIGURE 2. Shapes used to assess tactual-visual matching. (From Meltzoff & Borton, 1979; 
used wi th permission.) 

Two studies were conducted using infants about 1 month old (mean age = 29.4 
days). Both experiments commenced with a 90-sec tactual familiarization pe riod 
during which the infants orally explored either the sphere or the sphere-with-nubs. 
The tactual object was then carefully removed without the infant seeing it, and the 
infant presented with the visual choice. 

or the 32 infants tested in the first experiment, 24 fixated the shape matching the 
tactual object longer than the non-matching shape (p < 0.01 ). The mean percent of 
to tal fixation time directed to the matching shape was 71.8%, as compared with the 
chance level of 50% (p < 0.01). Several othe r recent studies corroborate the 
findings. Using d ifle rent st imuli , Gibson and Walker ( 1984) reported pos itive effects 
in a cross-modal task with 1-month-old human infants using oral exploration . The 
neonatal cross-modal effect was also replicated and extended by Pecheux, Lepecq, 
and Salzarulo ( I 988). In an intramodal discr imina tion task, Rochat (1983) confirmed 
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that infants in the first month succeeded on shape discrimination tasks when 
differently shaped nipples were inserted in their mouths. Streri (1987) and Streri and 
Spelke (1988) reported positive effects for a manual- visual test in 2- to 3-month-old 
and 4-month-old infants, respectively: Gunderson (1983) borrowed the cross-modal 
stimuli from our lab, pacifiers and all , and replicated Meltzoff and Bortons' results in 
a study using infant pigtail monkeys under 1 month of age. 

The inference that can be drawn from all this work with infants under 6 months of 
age is that some primitive abi lity to detect correspondences between touch and vision 
is basic to the perceptual system of human infants, possibly even of certai n nonhu­
man primates, without need for a protracted learning process. 

CROSS-MODAL SPEECH PERCEPTION: A RECOGNITION TASK 

One question that immediate ly arises concerns the generality of the cross-modal 
effects: ls there a privileged relation between the visual and tactual/motor systems, or 
is there evidence for cross-modal rela tions in other modalities as well? Another 
question concerns the basis of early cross-modal effects: What is the " invariant" that 
is recognized across modalities? The domain of speech perception provides an 
exceptionally rich arena in which to pursue such questions. It is clear, for example, 
that adults can recognize speech by eye, as they do when they lip-read. Visual 
information about speech is taken into account when faces are presented to listeners 
(Green & Kuhl, 1989; Massaro & Cohen, 1983; McGurk & MacDonald, 1976). At 
what age does speech attain a multimodal character? 

Kuhl and Meltzoff (1982) presented 4-month-old infa nts with a lip-reading 
problem. The major goal was to test whether young infants could recognize the 
correspondence between the visual and auditory manifestations of a speech act. We 
tested whether infants recognized that an /a/ vowel sound (as in " pop") corre­
sponded to one articulatory gesture and that an / i/ sound (as in " peep") corre­
sponded to another articulatory gesture. The infants were placed within a three­
sided enclosure (see FtG. 3). A film of two faces articulating the vowels was projected 
onto the front wall of the enclosure. One face was articulating the /a/ vowel, and the 
other the / i/ vowel. The two faces were life-sized and in color. The faces were filmed 
and edited so that they would articulate in perfect temporal synchrony with one 
another. The vowel sounds were presented from a loudspeaker placed midway 
between the two faces. 

Thirty-two 4-month-old infants served as subjects. The test was initiated with two 
sequentiallO-sec periods in which each visual face was presented without sou nd. The 
infant's attention was then brought back to the midline by flashing a small light 
between the faces. Then, one soundtrack (Ia/ or /i/) was activated and the films of the 
two faces were allowed to play for a 2-min test period. 

lf infants could detect correspondence between auditory speech and visual 
speech, they should look longer at the face that produced movements appropriate to 
the sound they heard. The hypothesis was supported. Of the total fixation time, 
73.6% was devoted to the face that matched the soundtrack, which is significantly 
greater than the 50% chance level (1[31] = 4.67,p < 0.001 ). An independent team of 
investigators has also reported a cross-modal matching effect for speech in 5- to 6-
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month-olds us ing consonant-vowel-consonant-vowel (CVCV) disyllables such as 
" mama" versus " lulu" (MacKain, Studdert-Kennedy, Spieker & Stern, 1983). 

Towards Specifying the Basis of Cross-Modal Speech Perception 

What is the psychological basis for these face- voice matches? Suppose in our 
experiment that the auditoria lly presented /a/ vowels happened to be longer in 
duration than the /i/ vowels, and the /a/ a rticulatory acts were s imila rly longer. If this 
were the case, infants could have succeeded on the task by using pure ly temporal 

FIGURE 3. Experimental arrangement used to test cross-modal speech perception in infants. 
(From Kuhl & Meltzolf, 1982. Used wi th permission.) 

in formation (e.g., the longer sound would have emanated from the longer vismtl 
movement). Nothing about the infants' representa tion of speech per se need be 
involved. This concern is real e nough because infants' ability to recognize temporal 
patte rns cross-modally has been demonstra ted (Dodd, 1979; Spelke, 1979, 1987). 

To tes t this possible basis for our speech effect , the /a/ and /i/ vowels were alte red 
to remove the spectra l in formation that distinguished the sets of vowels (their 
formant frequencies) while leaving the temporal and ampli tude aspects of the signal 
intact (Kuhl & Meltzoff, 1984). In a sense, we stripped away the "vowelness" of the 
signals and left a ll the o ther temporal parameters of the sound the same. If infants 
were succeeding on our task by using purely temporal pa tte rns to link the auditory 
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and visual events, then they should still succeed on this task. Using computer analys is 
techniques, both the time-intensity curves (the amplitude enve lopes) and the precise 
durations were extracted from each of the vowels used in the original experiment. 
Then pure-tone stimuli were compute r-synthesized that precisely matched these 
temporal parameters. These s timuli were synthesized with a frequency of200 Hz (the 
average value of the talker's fundamental frequency). The altered stimuli were used 
with another group of 32 infants of the same age as the origina l sample. The test 
procedure was identical to that of Study 1. The results fell to chance. Jt was not that 
the infants were inattentive to the faces in the presence of these a lte red stimuli. 
Infa nts spent an ave rage of 93. I% of the test time staring at one or the other of the 
articulatory gestures, which did not d iffer from that spent in Study 1 (90.3% ). 
However, the direction of their visua l fixations were no t driven by these a ltered 
auditory signa ls. Of the 32 infants, only 17 looked longer at the " matched" face. 

The results show that spectra l (formant frequency) information is critical to the 
detection of the face-voice correspondences in our experiments. In essence, infants 
can link up a particula r vowel quali ty and the sight of the articulatory movements 
that natura lly correspond to that sound. Work in our labora tory is now being directed 
at isolating the more precise spectra l information that is supporting the cross-moual 
effect. This research involves systematically taking apart the speech signa l- for 
example, presenting infants with signals tha t one by one isolate certain " distinctive 
fea tures" of the vowels. The aim of this line of work is to isolate the necessary and 
sufficient aspect of the auditory signal that a llows the infant to link it to the moving 
faces. Some progress has been made in this regard (Kuhl & Mcltzoff, 1984, 1988)- a 
venture that Gibsonian theorists would call specifying the inte rmodal inva riant. 
Regardless of the outcome of this research, the current findings suggest that the 
registration of speech signa ls is not sole ly the province of acoustic analyze rs. It may 
be fruitful , as well as more ecologically valid, to think of speech as a multimodal 
event (Kuhl & Meltzoff, 1988). Speech can be perceived by eye as well as by earl'; 
there is a multimodal representation of speech even in " pre linguistic" infants who 
arc too young to speak, and this may faci litate the ir eventua l mastery of language. 

VOCAL LMITATION: A PRODUCTION TASK 

The foregoing task probed the infant's knowledge of auditory- a rticulatory links 
in a perception task. A far more important skill, and a deeply re lated one, is the link 
between audition and articulation in production. Human infants acquire the vocal 
repertoire of their pa rticular cu lture by hearing and mimicking it. Even before the 
childre n' s first words e me rge , they will have adopted the particula r accent or tone o f 
the ir na tive language (e.g., de Boysson-Bardies, Sagart & Durand, 1984). 

This species-typical proclivity for vocal learning is no t widespread in the animal 
kingdom (Kuhl, 1988). We share this abi lity wi th avian species who learn their full 
conspecific song only if they are exposed to it during a critical period early in life 
(Marle r , 1974; Nottebohm, 1975). The evidence shows that early auditory experience 
is a lso critica l to the development of the vocal repe rtoire in humans. Early rearing in 

c For possibly related work at the neural level concern ing auditory- visual interactions in 
nonhuman an imals, see Meredith & Stein ( 1983, 1985) and Stein & Meredi th , this volume. 
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a particular language environment puts a long-lasting mark on one's speech patterns. 
Chomsky-not renowned for his emphasis on experience-has pointed to the role of 
early auditory exposure in the development of phonetics. He cites his own current 
Philadelphian accent, despite not living there for over 25 years, as a good instance of 
the long-lasting mark of early environment on the development of speech (Rieber, 
1983). 

When in development do humans begin mimicking the speech patterns they hear; 
when do they begin vocal imitation? The cross-modal speech studies provided a 
laboratory setting in which to study this issue. The stimuli were totally controlled, 
both visually and auditorially. There were no human interactions with the infant 
during the test, and the infants were seen in one visit with the test lasting approxi­
mately 2 min; thus there was no chance for the adult to shape the infant during the 
session. 

Imitation of Speech Sounds in Early Infancy 

Kuhl and I analyzed the vocal izations of the 64 infants who participated in the 
/a-i/ studies, as well as the vocalizations of infants in the ongoing studies using 
non-speech (pure tone) signals. The results demonstrated a clear superiority of 
human speech in eliciting infant vocalizations, even though the non-speech sounds 
were acoustically equated in loudness, duration, and temporal envelope to human 
speech sounds (Kuhl & Meltzoff, 1988, and in press). T his informed us about the 
stimulus characteristics effective in eliciting infant speech. It also provided suggestive 
evidence that young infants responded differently to animate (in this case, human 
speech signals) versus closely matched inanimate signals (temporally matched 
sounds from a nonhuman source). It is relevant to social-developmental theory that 
this distinction may be made in the auditory domain at this early age (Carey, 1985; 
Gelman & Spclke, 1981), and also that infants respond to human sounds by 
vocalizing ("talking back?") to them more than to the inanimate one. 

Rich though they arc, these data did not provide tirm evidence that infants' 
productions actually duplicated or were organized around what they heard. The 
infants' productions were, therefore, analyzed to determine the degree to which they 
conformed to the speech presented (Kuhl & Meltzoff, in press). Two approaches 
were taken-speech analysis by computer and perceptual scoring by a trained 
phonetician. 

The phonetician listened to each infant's productions and judged whether they 
were more •"fiJ-I ike" or "f;t/-like." Infant ~ a11his age do not typically produce perfect 
Iii vowels due to anatomical restrictions on their vocal tracts. They can, however, 
produce other high front vowels such as /1/ or /e/ (as in pip and pep, respectively). 
Similarly, a perfect /a/ is difficult for 4-month-olds, but similar central vowels, such as 
Ire/ and //\/ (as in pap and pup) arc elicitablc. Thus, the judgment made by the 
observer was a forced-choice one concerning whether the infant's vocalizations were 
more /a/-likc or more / i/ -like. The results showed that infants produced /a/-like 
vowels when listening to /a/ and /i/-likc vowels when listening to / i/, allowing the 
judges to predict with 90% accuracy the vowel heard by the infant from the 
vocalization the infant produced (p < 0.0 I). 
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The second type of scoring involved speech analysis by compute r and was guided 
by distinctive fea ture theory (Jakobson, Fant & Halle, 1952). The formant frequen­
cies of / i/ are spread widely apart (exhibiting the distinctive feature " diffuse" ), while 
the formants for /a/ are close together in frequency (exhibiting the distinctive feature 
"compact"). The fi rst and second formant frequencies were extracted from each 
infant vocalization, and the values of the diffuse-compact feature were calculated 
using the formulae devised by Fant (1973). The data showed that infants hearing / i/ 
produced vocalizations tha t were significantly more diffuse. Sim ilarly, infants hearing 
/a/ produced sounds that were significantly more compact (Kuhl & Meltzoff, in 
press). Thus young infants demonstra te a capacity for vocal imitat ion. 

LONG-TERM MEMORY, REPRESENTATION, AND 
THE CONTROL OF ACTION IN 1- TO 2-YEAR-OLD CHILDREN 

Imitation can only play a limited role in development if it is severely constra ined 
in te rms of the types of acts im ita ted or the temporal interval that can be spanned. 
For imitation to be of ,true fun ctional significance in infant psychology, infants must 
imitate object-re lated actions as well as the simple body movements and vocaliza­
tions discussed in the foregoing sections. Infants must also be able to imita te an event 
tha t they may have seen only once, perhaps hours or days earlie r. At what age do we 
find imitation from memory afte r significant delays? 

Meltzoff (1988a) conducted a study of deferred imita tion in a la rge sample of 
9-month-olds: 60 were tested immediately and 60 afte r a 24-hour delay. T hree 
different ta rget actions, each involving a different object, were shown to the infants. 
In the experimental condition, infants were shown a ll three actions on day I and then 
were presented with the objects e ither immedia te ly (immediate imita tion group) or 
afte r a 24-hour delay inte rval (deferred imita tion group). During the response period 
the infants' behavior was videotaped; it was subsequently scored by observers, who 
were blind to the treatment group, to determine how many of the ta rget actions had 
been produced. Three types of control groups were used to evaluate the chance 
likelihood tha t the ta rget acts would be produced spontaneously in the absence of 
modeling. T he control infa nts were subjected to the same general procedure as 
infa nts in the imitat ion conditions, except tha t they did not see the ta rget actions 
modeled. 

In the " baseline" control condition, the infants were simply presented the objects 
with no adult demonstra tion; this assessed the spontaneous likelihood of the target 
acts. In the " adult- touching" condition the adult touched each object during the 
stimulus-presentation period, but did not demonstrate the ta rget acts themselves. 
T his contro lled for the possibility tha t in fa nts might be induced into producing the 
ta rget behavior if they simply saw the adult approach and touch each object even if 
the exact ta rget action was not mode led. The third control, the "adult-manipula tion" 
condit ion, mimicked the imitation condition even more closely; the experimenter 
actively played with the objects during the display period Uust as in the im ita tion 
condition) but refra ined from demonstra ting the part icula r ta rget acts under tes t. 

A Condition ( 4) x Delay (2) AN OVA showed a main effect for condit ion 
(p < 0.001). A fo llow-up Newman-Keuls test showed that infa nts produced more 
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target behaviors in the imitation condition than in each of the controls (allp's < 0.05) 
and that the level of responding in the control conditions did not differ among 
themselves. There was no main effect for delay, and no Condition x Delay interac­
tion, indicating that the imitation effect was not dampened after the 24-hour delay. 
At the level of individual subjects, the most striking examples of intentional imitation 
came from those subjects who duplicated al l three of the behaviors they were shown. 
In the im itation condition 20% of the infants retained and accurately imitated all 
three of the displays. None of the 72 control infants did so, documenting that this is 
an otherwise improbable event in spontaneous play with these objects (p < 0.000 I ). 

The next swdy both increased the retention interval and broadened the range of 
acts that has been investigated {Meltzoff, 1988b). We used a retention interval of l 
week and investigated whether infants could keep in mind a wide variety of actions, 
including a novel action. Imitation serves the function of providing "no trial" 
learning in our species precisely because it allows the direct pick-up of novel 
behaviors from the observation of others. The ability to imitate novel acts after a 
delay would be of great adaptive sign ificance for an infant. 

Six different actions on differen t objects were shown to 14-month-old infants on 
day l. One object was a small wooden box with a translucent orange plastic panel for 

TABLE 1. Number of Subjects Producing Different Numbers of Target Acts as a 
Function of Test Condition 

Number of Target Acts 

Test Condition 0 2 3 4 5 

Baseline control 3 4 4 I 0 0 
Adult-manipulation control 2 4 4 0 2 0 
Imitation 0 I 0 6 3 2 

6 

0 
0 
0 

a top surface. The novel act demonstrated was for the experimenter to bend forward 
and bang the panel with the top of his forehead. The design of the experiment was 
similar to that just described (in which the performance of an imitation group was 
compared both to baseline and to adult-manipulation controls). 

An ANOVA on the number of target acts produced as a function of treatment 
showed that infants produced significantly more target actions in the imitation 
condition than in the control conditions, p < 0.05 (TABLE 1). Eleven of the 12 
subjects in the imitation condition duplicated three or more target behaviors, 
whereas only 3 of the 24 control subjects did so (p < 0.0001 ). What is most striking is 
th~.: aptitutlc these young infants exhibited for duplicating the novel act. Fully 06% of 
the infants in the imitation condition produced th is behavior as compared to none in 
the control conditions (p < 0.0001). 

Infants' Use of Symbolic Models to Guide Real- World Action 
and the Role of Simi/Qrity between the Model and the Self 

In all the research discussed in the foregoing sections, an adult served as the 
model. In such cases the infants arc directly mimicking with their own bodies acts 
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that were seen in 3-0 space with a minimum of differences between the stimulus (the 
adult's actions) and the response (the imitative act). It is a lso of inte rest whether 
infants can perform deferred imitation when there is " distancing" (Werner & 
Kaplan, 1963) or a symbolic re lation (Potte r, 1979) between the stimulus and 
response, that is, when the initial display is not in the identical format as the 
subsequent matching response. Television presents a miniature, two-dimensional 
depiction of actions in three-dime nsional space. Will infants readily pick up informa­
tion depicted in this type of 2-D representat ion and incorporate it into their own 
behavior? 

Meltzoff (1988c) tested imitat ion from TV models in subjects at two ages, 14 and 
24 months, under conditions of immediate and deferred (24-hour delay) imitation. In 
the deferred imitation condition, infants were exposed to a TV display of an adult 
manipulating a novel toy in a particular way, but were not presented with the real toy 
until they returned to the lab after a 24-hour delay. Note that the " real" object was 
not in the infant's pe rceptual fie ld during the televised display, and thus the infant 
did not have the opportunity of looking back and fort h between the TV depict ion and 
the real object. 

Infants did not treat the TV as real; they did not reach for the object in the TV, 
and they smiled a t the person on TV less than in the live situation. Nonetheless, 
infants as young as 14 months old used this type of minia ture model as a guide for 
their real-world actions. Infants' imitation from a TV display (a display that they did 
not confuse with a real person) provides a glimpse into the very earliest phases of 
their abi lity to use " models" of reality to guide their actions-an issue of significance 
in adult cognitive psychology, and the focus in a series of e legant studies by 
DeLoache (1987, 1989, in press). 

There are, of course, important difierences between the imitation-from-TV task 
and those devised by cognitive developmentalists such as DeLoache. The TV display 
used in our studies of infants has a fairly iconic link to the world it depicts (though 
some theorists emphasize the symbolic/representational aspects of pictures [e.g., 
Goodman, 1968) more than others [Gibson, 1979)). Nonetheless, it is of interest that 
preverbal infants can succeed using this iconic depict ion of reality as a gu ide for their 
own subsequent act ions, especially in view of DeLoache's (1987) data that 2.5-year­
old children unifo rmly fail on a related task in which they must use a small-scale 
model as a " map" to guide their behavior in a full -sized environment. Specifically, 
the children in her study were shown an object being hidden in a scale model and 
asked to find an analogous object in a corresponding loca tion in a large environment. 
The imitation-from-TV task would seem to be a lower-order task than the use of such 
small-scale " maps," because imitation involves recreating an act ion, whereas the 
DeLoache task involves projecting a spatia l relation between particular objects from 
one domain (in the scale-model space) to another. It would now seem profitable to 
investigate whether preverbal infants in the imitation task could succeed if the 
information were depicted by scale-model dolls or represented in a series of 
stick-figure drawings. 

Adu lts and older ch ildren often learn actions with special faci lity within situa­
t ions in which the model is perceived to be " like me." Hanna and MeltzofT ( 1989, 
1990) conducted a series of studies testing peer imitat ion among infants. Specifically, 
we wanted to see what would happen if infant " experts" (infants who had already 
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learned to produce a series of specific target actions) demonstrated particular target 
act ions to " infant novices" (who had no previous training). In the l 989 experiment, 
the novice 14-month-old infants were allowed to watch the expert 14-month-old 
infants manipu late the objects, but were not allowed to handle the toys during this 
peer model ing. A 5-minute delay period ensued before the observers were re­
presented with the test objects. In the peer imitation group, 80% of the infants who 
watched the peer modeling produced 3 or more of the 5 targets modeled, as opposed 
to only I of 20 control infants (p < 0.0001). Similar results have been found in a 
follow-up study using a 48-hour delay and a change of context ( infants were shown 
the display by a peer in the lab and given the recall test at horne) (Hanna & Meltzoff, 
1990). The striking level of success in these peer-modeling studies raises the 
(somewhat counterintuitive) possibil ity that in some cases infants may actually learn 
better from observing their peers than f rom the pedagogical forays of parents. 
Perhaps the actions of peers arc in some sense perceived of as more " like me," and 
therefore the proj ection from observed act ion to performed action is facilitated 
(Bower, I 982, 1989; Meltzoff, 1990). 

SIX ASPECTS OF INFANT COGNITION TN SEARCH OF 
ADULT CORRELATES AND NEURAL UNDERPINNINGS 

Six principal findings can be culled from the foregoing sections that concern 
cognition in infancy. T he implicat ions of these findings for recent work in neuro- and 
cognitive psychology will be considered in subsequent sections. 

(1) Long-tem1 memO!)'· The results on deferred im itation demonstrate that at 
least by 9 months of age infants have long-term memory for briefly displayed events 
(Meltzoff, 1988a). Infants were not allowed to learn the response through motor 
practice because they were not allowed to touch the toys during the demonstration. 
Yet, they imitated the model after the 24-hour delay. 

(2) Mem01y for a novel action. Is infant imitation from memory limited to acts 
that are already well -practiced and familiar? Mcltzoff ( 1988b) presented 14-month­
old infants with a series of actions, including a completely novel one that had a zero 
probabili ty of occurrence in the absence of model ing. The results demonstrated 
deferred imitation. Evidently, in fants can acquire a new response from a brief 
observation and no motor practice and can reproduce it after a significant delay 
interval- in this case, a delay interval of I week. 

(3) Cross-modal mem01y. Meltzoff and Borton (1979) showed that 1-month-olds 
could perform simple cross-modal matches for shape (or l.cxrurc) informMion. The 
design required sequential, not simultaneous, matching. Infants were given the 
shapes to feel in their mouths; the shapes were then removed, and only then were the 
visual shapes presented for the cross-modal recognit ion test. A good deal of work 
supports the notion that infants in the first 6 months of l i fe can perform cross-modal 
matches; this part icular experiment is of interest because of the age of the subjects ( I 
month old), and the fact that a sequential matching task was used. 

(4) The multimodal representation of speech in infams. Kuhl and Meltzoff (1982) 
presented 4-month-old infants with a lip-reading task. Infants detected the cross­
modal match between speech as picked up by eye and ear. Further experiments 
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showed that this was not due to c ross-modal timing information (e.g., the length of 
lime the sound was on and the lips were moving). T he results fe ll to chance when the 
auditory signal was a lte red so as to preserve timing info rmation, but to delete the 
spectral information necessary for identi fying the vowel. Kuhl and Meltzoff (1988, 
also in press) also found that 4-month-olds imita te speech sounds. There seems to be 
a special bond be tween the audition and articulat ion of speech in young infants, 
regardless of whether the ar ticulatory act is picked up by eye (cross-modal speech 
effect) or is self-genera ted (vocal imita tion). For young infa nts, speech appears to be 
represented in a non-modality-specific form, which e lsewhere led us to ta lk about 
" supramodal speech units" (Kuhl & Meltzoff, 1984, 1988). 

(5) Facial imitation in newborns: Coordination of perception and action. A series of 
studies showed that infants have a proclivity to reproduce e lementary body acts tha t 
they see. This is an inna te ability in the sense that we have demonstra ted facia l 
imitation in infa nts as young as 42 minutes old at the time of test. Imitation of facia l 
gestures implies that in fa nts have some capacity to equate their own unseen 
behaviors wi th gestures they see others perform. A common representa tional code 
may unite the perception and production of basic human acts. 

(6) Hints of a ve1y early capacity ro act from memory. Are neonates constra ined to 
direct mimicry in which the matching motor response is triggered concurre ntly with 
the perception of the adult 's action? In this case, early imitation would reveal an 
inte rtwining of the perceptual and motor systems, but would not implicate a memory 
component. Two experiments suggest that imitation goes beyond immediate percep­
tion and taps early memory and representa tion. 

(a) Meltzoff & Moore (1977) used a pacifie r to block immediate, on-line 
imitation. The pacifier was put in the infant 's mouth whi le the target action was 
demonstrated. Infants tended to suck on the pacifie r, thus engaging in competing 
motor activi ty during the display (Meltzoff & Moore, 1977, 1983a). T he adult then 
s topped the display and only then removed the pacifier. Even after the pacifier was 
removed, there was no evidence for an immediate bursting forth of the response, as if 
the response was fragile ly re ta ined in the motor system (on the tip of the infa nt's 
tongue, as it were). Infa nts frowned at the adult's now passive face, and often after a 
considerable pause, began to imitate during the 2.5-min period that followed 
(Meltzoff, 1981; Meltzoff & Moore, 1983a). There was also evidence that they 
corrected their response over successive efforts, despite the fact tha t they could not 
re-access the target display visually. 

(b) Meltzoff & Moore (1989) designed a newborn study in which the re was an 
alte rnation between a demonstra tion period and a passive-face pose. The data were 
analyzed to check whether the imita tion occurred sole ly during the demon~trll tion 

period and then dropped to chance when the target display was no longer perceptu­
a lly present. In other words, was "out of sight" fun ctionally equivalent to " out of 
mind" for the neonate? The results showed imitation even during the passive-face 
periods. Moreover, a microanalysis demonstrated that infa nts could initiate the 
imitative response during these passive-face periods; imita tion was evidenced during 
the passive-face period among subjects who had not begun their responses during the 
modeling (and thus could not simply be repeating motor patte rns that had been 
produced in the presence of the model). Experiments wi th longer delays are now 
under way. 
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The findings summarized above suggest that cognitive and neuropsychological 
theories will need to take into account that infants are capable of-indeed quite 
engaged by-complex equivalence mappings. Infants have as part of their innate 
represen tational system, or form with great faci lity, equivalence classes that proj ect 
not only within but also across sensory modalities (for related work with animals see 
Fuster, this volume, and Stein & Meredith, this volume). TABLE 2 summarizes the 
relevant findings from the foregoing sections. 

We have proposed that facial imitation in newborns is mediated by a process of 
active intcrmodal mapping (AJM). In our view infants use their representation of the 
adults' act as a model or guide for fashioning motor output. The AIM hypothesis 
would gain force if converging evidence showed that young infants arc capable of 
other cross-modal connections, especially ones involving facial movements. It is, 
therefore, of special interest that another phenomenon discussed here, the cross­
modal speech effect, requires that infants recognize a complex mapping between 
audition and oral movements. Although the data permit us to assert that the 

TABLE 2. Four Phenomena and the Types of Cross-Modal Connections They Suggest 

Phenomena 

Visual recognition after oral exploration 
Facial imitation 
Cross-modal speech effect 
Vocal imitation 

Type of Mapping 

Tactile -+ Visual 
Visual -> Motor 
Auditory ..... Visual 
Auditory -+ Motor 

visual- motor mappings involved in facial imitation are innately structured (imitation 
is shown within minutes or hours of birth), the same claim cannot yet be made about 
the auditory-visual mappings, inasmuch as experiments with subjects that young 
have yet to be done. 

In fact, there are at least three developmental alternatives for the cross-modal 
speech phenomenon. (a) The infants may simply have learned which articulatory 
gestures go with which sounds by watching and listening to adults. This would reduce 
to associative learning. (b) There may be an innately specified code that unifies 
auditory, v isu~ l , ~ nd motor re;tl inllions of human speech acts (Kuhl & Meltzoff, 
1982, 1984), in which case auditory- articulatory mappings are part of our biological 
endowmen t. If so, then a follow-up newborn study, as was performed on the gestural 
imitation case, would yield positive results. (c) However, there is also an intriguing 
third alternative that we have dubbed the "babbling account" (Kuhl & Meltzoff, 
1984, 1988). The crux of the idea is that the infants' own experience in listening to 
themselves cooing and babbling may play an important role in the development of 
the cross-modal speech effect. The possibility that self-generated experience may be 
used by infants is sometimes overlooked by developmentalists (for exceptions in the 
infancy literature see Bower, 1982, 1989; Studdert-Kennedy, 1986; and for related 
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points with birds, see Konishi, 1965; Marle r & Sherman, 1983; Nottebohm, 1975). 
The babbling account highlights the value of self-generated experience and a lso 
illustra tes a deve lopmenta l fra mework in which innate competencies provide foot­
holds fo r the infant to climb to the next level of functioning. 

How could such babbling experience he lp infa nts in the cross-modal situation? It 
could he lp only if infants can relate the a rticulations they see in our experiment to the 
audi tory-articula tory events they themselves produced during cooing and babbling. 
The research indicates that this is like ly. With regard to vision, in fa nts' ability to 
imita te visual gestures demonstrates that they can re la te mouth movements they see 
to the ir own mouth movements. T here is thus a foo thold on mapping the seen 
a rt icula tion to the ir own felt a rt iculat ions. Kuhl 's (1979, 1983, 1985) speech categori­
zat ion work demonstrates that young infants can recognize the equivalence be tween 
the vowels uttered across talke rs, including those produced by children and adults. 
T hus, the re is a lso a simila r foothold on the auditory side for infa nts recognizing an 
equivalence be tween the heard adul t vowels to their own. 

In short, infants have the requisite tools, as manifest by facia l imitation and the 
cross-ta lke r categorization of vowels, to use babbling and cooing expe rience to he lp 
solve the cross-modal speech task. Babbling provides infa nts wi th an auditory­
a rticula tory event in which /a/ sounds are produced by /a/ articulations with the ir own 
body. The cross-modal experime nt now re-poses that question fo r ano ther's body, 
not one 's own. T he information gained during the ir own babbling may contribute to 
infants' abili ty to recognize cross-modal equivalences fo r speech in othe rs. Infa nts 
would project knowledge acquired through the self system onto the domain of the 
othe r. This hypothesis is being evaluated through careful longitudinal work tracing 
the development of individual subjects. If it receives support, it would provide a 
ra ther neat developmenta l picture in which the (innate) mechanisms involved in 
facial imitation become more than striking competencies, and in turn provide a 
means of engendering other cross-modal abilities such as speech perception abilit ies. 

ON INFANT MEMORY AND ITS DEVELOPMENT 

Cognitive and neuropsychological work with normal adults, amnesic pat ients, 
and animals has led to many dist inctions wi thin the broad concept of " memory." A 
point tha t has repeatedly emerged is that the re a re reasons fo r dist inguishing 
between the retent ion of habits and skills tha t a re acquired through incremental 
learning over many tria ls versus the re tent ion of specific events o r episodes that may 
have occurred only once. Discussion continues about how to best characte r ize tha t 
distinction, but very generally, it has been captl!red in the te rms " procedural­
declarative," (Squire, 1987), " habit formation- memory formation" (Mishkin, Mal­
amut & Bachevalie r, 1984), "early memory system- late memory system" (Schacte r 
& Moscovitch, 1984), and " memory system I- memory system II (Sherry & Schacte r, 
1987). Tulving's (1983, 1985) three-tie red, hie ra rchical scheme of " procedural­
semantic-episodic" memory a lso divides the landscape in a re lated way. 

These distinctions in types of memory have been brought to the fore by cognitive 
and neuropsychologists, but it is sure ly something wi th which developmenta lists feel 
familiar (Mandler, 1983; Meltzoff, 198J ). Piaget also tried to capture the diffe rences 
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wi th his own terms (Piaget, 1952, 1954, 1962). He believed that young infa nts were 
capable of re taining what he called "sensorimotor habits or schemes," but that the 
young infant was incapable of acting on the basis of specific " mental images or 
representations" of perceptually absent objects or events. In essence, Piaget hypoth­
esized that a memory system of the habit/procedural kind was the developmental 
precursor, the necessary prerequisite, for the la ter emergence of one of the non­
habit, declara tive/episodic variety. He postula ted that this stage transition occurred 
at about 18 months of age. 

Young Infants Are Not Limited to a Habit/Procedural Memory System 

Are very young infants constrained to one variety of memory and not another? At 
what age do they gain access to the more mature system(s)? What is the basis for this 
development? The new data summarized in this chapter can be brought to bear on 
some of these questions. I conclude from these data that human infancy, even early 
infancy, is not best characterized as the operation of an exclusively habit/procedural 
system. A higher level memory system, a non -habit/procedural system is present well 
within the first year.d 

The clearest data are those from the research on deferred imita tion (as summa­
rized in points #I and # 2 in the foregoing list). Deferred imita tion tasks present 
infants with a situa tion that might be considered a nonverbal analogue to the cued 
recall tes ts that are used to measure memory in adults (Mandler, 1988, this volume; 
Meltzoff, I 985b, 1988a). Infants are shown an adult moving an object in a particular 
way on day I; they return after a 24-hour delay and are re-presented with the toys 
( the nonverbal cue). The question is whether they can ret rieve and repeat the action 
they saw the day before. T he results show that they can. 

T hree fea tures of the deferred imitation task make it particular ly interesting for 
modern theories of memory. (a) T he original display was presented for a brief period 
of time (20 sec). (b) T he infants were not a llowed to touch or handle the objects on 
day l; the adult merely demonstrated the to-be-remembered target act and then 
removed the object from sight. (c) Infants succeeded on novel tasks that were not 

d A good case could be made that infa nts' success on deferred imita tion tasks manifests 
decla rative memory (Squire , 1986), and a weaker case tha t it pe rhaps taps some sort of 
embryonic, nonverbal episodic-like memory (Tulving, L983, 1985) inasmuch as the relevant 
information is acquired during a short exposure , wi thout any practice period, and specific 
info rmation, and in some cases novel associations, are later reca lled afte r a significant delay. Of 
course, the " reca ll" is here indexed by infants re-creating o r re-enacting the event they had 
seen- it is nonverba l in na ture-no t by repeating a previously presented word or verbally 
desc ribing a particular event. One cannot d irectly ask preverbal infants whethe r they a re 
access ing a "specific persona l past experience" (We iskrantz, 1987), which would be he lpful fo r 
establish ing episodic memory (Tulving, 1987). It is for th is reason tha t I have been referring to 
the infa nt as having a functioning " non-hab it" or ·'non-procedura l" memory system. It seems 
jud icious not to try to fo rce our inte rpre ta tions of infa nt behavio r into pre-establ ished 
taxonomies of adult memory phenomena, especially when there is not broad consensus about 
how to handle bo rderl ine cases even wi thin the adull lite rature (e.g., Roediger, this volume; 
Roediger & Craik, 1989; Schacter, this volume; Shimamura, 1986). It is no t inconceivable tha t 
infants represent informat ion in ways that will prompt new categories, new d ivisions of the 
memory landscape-divisions that a re more specifica lly tai lo red to a variety o f nonverbal 
re tention phenomena. 
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part of their normal routines.'' These features are important because the demonstra­
tions of habit/procedural memory in amnesic patients, experimental animals, and 
normal adults often involve a lengthy acquisition period in which the motor pattern/ 
skill/rule is gradually acquired and well practiced (Sherry & Schacter, 1987). In the 
case of infant deferred imitation, the acquisition phase is not only brief, but infants 
do not engage in motor practice a t all-infants merely watch the display, in many 
cases a novel one. Success on this task strains an interpretation of it as exclusively 
habit/procedural memory because the infants are never given a trial in which they 
executed the to-be-remembered behavior in the first place. In an important sense, 
imitation involves a kind of " no-trial learning." As summarized in point #2 on the 
foregoing list, infants can perform deferred imitation of a novel act under these 
circumstances-they can acquire new information and re-create what they had seen 
from memory after a significant delay. 

An Innate Non-Habit Memory System? 

Piaget predicted that infants wou ld not exhibit deferred imitation (which he took 
as a measure of nonhabit memory) until about 18 months of age. Given the new data, 
one could now revise the time schedule and assert that this landmark developmental 
transition occurs at 9 months of age. That is, one could retain Piaget's general 
developmental model (non-habit/procedural memory emerging from a prior stage of 
an exclusively habi t/procedural type) and modify the age of his stage transi tions. This 
would be generally compatible with the work of neuropsychologists who argue that 
onset of non-habit memory is based on the ontogenetically late growth of limbic 
structures (especially the hippocampus and related structures) (Bachevalier, this 
volume; Diamond, this volume a; Mishkin, Malamut & Bachevalier, 1984). It would 
a lso be generally compatible with the view of cognitive psychologists who advocate a 
transition from "early" to " late" memory systems, but do not hold rigidly to Piaget's 
traditional 18-month-old timetable (e.g., Schacter & Moscovitch, 1984). In sum, a 
modified Piagetian view can be brought in line with modern neuropsychological and 
cognitive sciences views simply by shifting the age of Piaget's grand stage change 
from 18 months to about 9 months, based on the new data. 

As inviting as this may seem, it is worth recognizing that a non-habit form of 
memory may be functional far earlier in development-so early, in fact, that no 
tinkering with the transition age will do (Mandler, 1988; Meltzoff, 198 1, 198Sa). Such 
a memory system may exist at birth. If this is correct, it calls for a fundamental 
revision in developmental theory. In particular, we would need to abandon one of 
Piagct 's most cherished insights that a habit/procedural system, which he dubbed 
the "sensorimotor period," is a necessary developmental prerequisi te for the later 
emergence of a properly "representational" cognitive system. There may never be a 
time that the human infant is confined to a purely habit/procedural mode. In a very 
real sense, there may be no such thing as an exclusively "sensorimotor period" in the 
nonnalhuman infant. 

~'The most conservative reading of the published studies is that this is accomplished with 
facility by 14 months or age, the youngest age so far tested. Work is continuing to determine the 
lowest age bound or this ability. 
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Among the data that raise this unsett ling possibili ty are the fin dings of newborn 
imitation (especially point # 6; see also # 3). The data show that newborn infa nts can 
imita te after short delays when the to-be-remembered target is no longer in the 
perceptual fie ld, and the infants did not practice the response during its presence. 
Moreover, there is reason to believe that it is the infa nt 's recognition of a mismatch 
between the event in memory (the adult presenting the tongue-protrusion gesture) 
and the current perception (the passive-face pose) that serves to motivate the 
imita tive response in the fi rst place (Meltzoff & Moore, 1989; Meltzoff, Kuhl & 
Moore, in press). Thus, memory of now-absent events may be an integral aspect of 
early imitation. On this view, the ability to act on the basis of a representa tion of a 
perceptually absent stimu lus becomes the psychological starting point for infancy, 
not its crowning achievement / 

Deferred Imitation and Its Relation to Other Infant Memory Tasks 

At least fo ur tasks have been extensively used to assess infa nt re tention: 
conditioning procedures (Rovee-Collier & Fagen, 1981; Rovee-Collier, this volume; 
Watson, 1967), visual preference for novelty (Cohen & Gelber, 1975; Fagan, 1984, 
this volume), object hiding and recovery (Diamond, 1985, this volume b, c; Fox, 
Kagan & Weiskopf, 1979; Harris, 1987; Wellman, 1985) and deferred imitat ion 
(Mandler, this volume; Meltzoff, 1985b, 1988a, 1988b, 1988c). Relations among the 
first three have been discussed in the litera ture (e.g., Mandler, 1 984; Schacter & 
Moscovitch, 1984; Sophian, 1980). The relat ion of de ferred imitation to these other 
tasks has not been so fully explored, in part because the data are more recent, but 
a lso because good animal models are impossible (and therefore this memory task has 
not been as widely used as others). Nonhuman animals, including primates, show 
litt le or no facili ty on imitation-from-memory tasks, especially if no motor practice is 
allowed while the target act is perceptually present and novel acts are used (for 
reviews see, G alef, 1988; Meltzoff, 1988d, 1988e).g This section briefly considers the 
ways in which tests of deferred imitation complement the other three techniques 
traditionally used for investigating retention in human infancy. 

Rovee-Collier used a conditioning paradigm to study early memory and invest i­
gated length of retention interval, age differences, context, the stimulus features 
encoded, and memory reactiva tion (Rovee-Collier, 1984; this volume; Rovee-Coll ier 
& Fagen, 1981 ). Her stunning findings are an example of the value of programmatic 
research. The deferred imitation paradigm can add to the picture of infant memory 
provided by Rovee-Coll ier. Our deferred imitation tests differ from Rovee-Collier's 
tests in te rms of the type of informa tion re ta ined, and the differe nces a re re levant to 

! Elaborat ion of this statement requires further research with very young infa nts using a 
th ree-pronged approach: longer retention intervals, intervening activity, and novel acts. That is 
a major focus of the current research program. That said and underscored, it is also worth 
underlining that the study of neonatal imita tion provides one of the few avai lable techniques for 
investigating the true " initial sta te" of the human memory system(s) if one 's questions concern 
more than purely recognition memory. 

8Songbi rds are the exception. Note, however, that their delayed imita tion is severely 
restricted to a specific type of audi tory signal. This is in contrast to a more general capacity of 
infants for imitation on va ried domains-gestural, vocal, and act ions-with-objects. 
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what type of memory system may support the behavior. Deferred imitat ion is not 
based on an incrementally learned procedure (as in the case of Rovee-Collier's 
footkicks), but on the performance with one's own body of a specific act that was 
visually perceived during a brief episode. Our deferred-imitation test does not 
involve any motor practice during acquisition of the to-be-remembered event (no 
immediate imitation is allowed), and moreover, imitation is cross-modal in the sense 
that a target is presented visually and then matched motorically. The two tests also 
differ because the link between the stimu lus and the infant's response is not forged 
through condi tioning; in deferred imitat ion, the infant does not act on the objects in 
the first session, and thus no extrinsic reinforcement for producing the target 
response is possible. 

Work with both adult amnesic patients and experimental animals shows they can 
retain incrementally learned motor skill s, which has led some to argue that the 
retention demonstrated in in fant conditioning paradigms is the same kind of memory 
that is spared in amnesia (e.g., Moscovitch, 1984). The deferrec! imitation paradigm 
now adds to our arsenal of techniques for studying infantile retention. I t seems to me 
that there may be important dissociations between the mcmo1y of infants and adult 
amnesic patients and that this may be demonstrable on deferred imitat ion tests after 
24-hour and 1-wcck delays, especially for novel acts for which there is no motor 
practice on visit I. Young infants may remember things that are beyond the powers o f 
amnesic patients, despite the patients' clear superiority in general intelligence. Such 
studies remain to be done, but this is an instance in which results from infancy may 
inform work in neuro- and cognitive psychology. 

Similarly, the deferred-imitation paradigm also complements and broadens the 
type of information garnered from tests of visual novelty preference (Cohen & 
Gelber, 1975; Fagan, 1970, 1973, this volume). In deferred imitation, infants go 
beyond the regulat ion of attention; they do more than react to the " newness" of a 
pattern. In the case of deferred imitat ion, infants must produce an absent act without 
now seeing it and without having previously imitated it. Deferred imitation taps 
something more than simply habituation/attentional changes/preference for novelty 
and is more akin to cued-recall memory. 

Certainly it is possible for an organism to demonstrate retention through 
measures of attentional changes and sti ll not be able to act off of th is stored 
information. Bower (1967, 1971, 1982) described object-hiding tasks in which the 
infant seemed to indicate knowledge about the absent object by eye that was not 
exhibited in manual action (see Diamond, this volume a). Indeed, on the basis or this 
and other work on obj ect-hiding tasks, some developmentalists have wondered 
whether young infants might have a general deficit in " integrating their memory and 
action-generating abilit ies" (Baillargeon & Graber , 1988). I do not subscribe to th is 
thesis; the work on imitation clear ly requ ires young infants to act from memory. The 
results show they can do this by 9 months of age, and perhaps as ear ly as birth (see 
the foregoing point #6). T he root of infants' fa ilures on manual search tasks is 
probably not a general deficit in coordinating action and memory. 

Success on the manual object-hiding tasks requires more than memory for the 
absent obj ect and the ability to act from memory. A mong other things, it also 
requires executing planned means- ends sequences-itself a problem for young 
infants (e.g., D iamond, in press; Piaget, 1954); spatial knowledge that there is a 



MELTZOFF: TOWARDS A DEVELOPMENTAL COGNlTIVE SCIENCE 23 

physical place for an object to be " under" a solid occluder or that the hidden object is 
" to the left versus right"-another known problem (Acredolo, 1978, this volume; 
Bower, 1982; Butterworth, 1975; Butterworth, Jarrett & Hicks, 1982; Bremner, 1978; 
Piaget, 1954; Wishart & Bower, 1984); and, most important of a ll in my view, the 
belief that an object maintains its identity over disappearance transformations, that 
is, that the desired object remains " the same one" now that it is hidden- which is 
also a developmental problem area (Moore & Meltzoff, 1978). It is likely that one of 
these other factors , or their interactions with further components of the task (Bower, 
1982; Butterworth, 198lb; Bremner, 1985; Diamond, 1988, and this volume band c; 
Harris, 1987), accounts for the slow development of success in the classic infant 
object-permanence tests. In short, Piagetian object-permanence tests are not simple 
tests of retention or of the general ability to generate actions from memory; failures 
on such tes ts are difficult to attribute to these factors alone. The results from 
imitation-from-memory tests indicate that young infants can coordinate memory and 
action . 

ADDING DEVELOPMENT TO COGNITIVE SCIENCE: 
CHANGES IN REPRESENTATION AT 18 MONTHS 

Although I have embraced certain high-order cognitive functioning in early 
infancy, this does not mean I think there are no significant developments in infants' 
thought. Evidence exists that there is an important shift in the nature of children's 
representational capacity at about 18 months of age. Meltzoff and Gopnik {1989) 
have suggested that the crux of this development is the abi lity to consider hypotheti­
cal or possible objects, events, or experiences that have not been directly perceived. 
While pre-18-month-olds may remember certain things that they experienced in the 
past (using what we call empilical representations), they are unable to represent what 
they have never experienced (hypothetical representations). The emergence of this 
critical, perhaps species-specific, function appears to occur at 18 months of age. 

This shift from empirical to hypothetical representations can be documented 
across a spectrum of behaviors including the object concept, pretend play, and 
language. For example, in high-level object permanence tasks that are first solved at 
about 18 months of age, children need to do more than remember that a hidden 
object continues to exist in a particular place. This can be accomplished at much 
earlier ages, when children solve simple hiding tasks (e.g., Diamond, this volume b). 
In the high-level object permanence tasks, children also need to hypothesize the 
existence of the object at a brand-new location in which they have never before seen 
it hidden. Piaget {1954) invt:nlt:d a hiding la~k, whir.;h he:: r.;allt:d a "~erial invisible 

displacement," to tap this higher order capacity." Children fail dismally on serial 

11 In this task, the experimenter hides an object in his or her hand and then moves this hidden 
object under a series of three ocduders, surreptit iously dropping off the object at one of them. 
The infants are not given any perceptual evidence as to where the object is (they never actually 
see it dropped off). They must look in the last place they saw the object (the hand) and then 
deduce that because the object is not there, but continues to exist somewhere, it must be in one 
of the places the hand traveled a long its moving path. Children younger than 18 months 
typica lly look in the hand and then a re stumped. When they do not find the object in the hand, 
they cannot deduce where it must therefore be. 
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invisible displacement tasks before about 18 months, although these same children 
solve other, simpler hiding tasks with great facility (Gopnik & Meltzoff, 1986a, 1987; 
Piagct, 1954; Uzgiris & Hunt, 1975). One account of this dissociation among 
different kinds of object hiding tasks is that younger infants can represent the object 
in a place they saw it hidden (empirical representation), but cannot represent it in a 
place they never saw it hidden (hypothetical representation) (Meltzoff & Gopn ik, 
1989; Moore & Meltzoff, 1978). 

This psychological shift from empirical to hypothetical representation is also 
reflected in changes in imitative behavior and the emergence of pretense (Leslie, 
1987, 19.88a, 1988b). At about 18 months of age children begin to imitate what it 
would be like to be someone other than themselves ("'role taking"-as in pretending 
to be the mother). They also pretend that objects are other than what they arc known 
and remembered to be (''symbolic play" -as in pretending, wi th a guffaw, that 
crumbled typing paper is food to cat wi th a make-believe spoon- an act once 
demonstrated to me by my own 2-year-old). True symbolic or pretend play seems to 
emerge at about 18 months of age (Brcthcrton, 1984; Lesl ie, 1987, 1988a, 1988b; 
Lezinc, 1973). Such pretend play requires an " as if' stance that is beyond the 
capacity of the more reality-oriented, younger infant. 

In the linguistic area. there arc also profound changes in how children use 
language at about 18 months of age. A lthough there is ample evidence for the 
appearance of " first words" before 18 months. these words arc used largely for 
social/pragmatic purposes (thank-you, here;•are), or to name a few salient objects 
(mommy, juice) (e.g .. Gopnik, 1988). It is intriguing that at about 18 months children 
for the first time now begin to usc words to encode contrasts between possible and 
actual events (Gopnik, in press; Gopnik & Mcltzoff, 1985, 1986b). For example, at 
about this age words like gone begin to encode a contrast between what the child 
actually perceives and what the child might perceive. Ch ildren for the first time begin 
to say gone when seeing an empty slot in a novel object, thereby indicating that; 
something that they have never seen should be in this place (Gopnik. 1984; Gopnik &, 
Meltzoff, 1986b). It is also at about this time that children first begin to usc the word 
" no" to deny propositions. as in using the phrase hat off no to refer to a picture of a1 

man with his hat still on (Gopnik & Mcltzoff, 1985; Pea. 1980). This again suggcstst 
that the child can entertain a relation between the actual state of affairs and a: 
possible one. t 

Gopnik and I have thus suggested that these 18-month-old abilities demand more; 
than the kind of representation that is involved in deferred imitation. Dcfcrredj 
imitation-even imitation over lengthy retention intervals of 1 week- involves theJ 
re-creation of a specific empirical reality that was previously perceived. It involve!$ 
representation, but relies on an experience-driven or empirical representation, in the:: 
sense that the internal description concerns a state of affairs that was encountered ire 
the real world. The content of the representations of 18-month-old infants can alscs 
be about something else. By 18 months of age there has been the growth of a kind o 
second-order representational system and a capacity for hypothetical rcpresentae 
tions. This enables the child to wonder "what if," to contemplate "as if," and HO 

deduce " what must have been" in advance of, and often without, the pcrceptuag 
evidence. The neural basis of this regular and (perhaps) species-specific changta 
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remains an enigma. Its impact on human cognition is, however, far reaching (Bru ner, 
1986). 

SUMMARY 

This chapter began with a query about whether the re was any content to an 
enterprise called "developmental cognitive science," and if so, whether the fi nd ings 
could inform work in adult cognition and neuropsychology. Both questions can now 
be answered in the affirm ative. Evidence has been marsha led from infant studies 
concerning five topics of enduring interest in the cogni tive and neuro-sciences: 
cross-modal integration, imitation, the coordination of perception and act ion, mem­
ory, and representa tion. The data show that young human infants can detect 
equivalences between information picked up by different sensory modalities. This 
was demonstrated bo th in tactua l-visual perception of objects and auditory- visua l 
perception of speech. Results a lso show that pe rception and production are inter­
twined lite ra lly from the earliest phases of infancy, with 4-month-olds demonstrating 
vocal imita tion and newborns reproducing e lementary gestures they saw an adu lt 
pe rform. There seems to be a t ransparency between the pe rceptua l and motor 
systems, and it is conceivable that they may draw on the same inte rna l code. In fa nts' 
proclivity to imitate was used to investigate early memory. It was found tha t young 
infa nts were not constra ined to immedia te mimjcry, but could imita te aft e r signifi­
cant delays. The fi ndings support the infe rence tha t infa nts, perhaps as early as birth, 
have a functioning memory system tha t cannot be reduced to " habit format ion" or an 
exclusively " procedura l memory." It was proposed instead that the re is a ke rne l of 
some higher level memory system right from the earliest phases of human infancy. 
This does not imply tha t there is no development in the representational world of 
infants. Data were reviewed suggesting that the re is a wate rshed transformation in 
childhood cogn ition at about 18 months of age. However, this is not a change from a 
stage in which the re was a pure ly sensorimotor o r habit-based system. Rathe r the 
development was cha racte rized as a shift from using empirical o r experience-based 
representations to using hypothe tical representations, which concern possible reali­
t ies. T his developmenta l shift a llows children to project into the future "what must 
be" and deduce from the past "wha t must have been," in adva nce of, and sometimes 
in the absence of, strictly perceptua l evidence. T his capacity provides the underpin­
nings for the conduct of science itself. Its origins a re to be found in infancy. 
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